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nnii'Ai M 'lo ^mi': 'rwi^x rji;'i'ii I'JM’I'iox 


This book has been compiled with three general classes of readers in mind, i.e., the 
student, the repairman, and the car owner. 

To make the book as practical as possible, the underlying principles involved in each 
oai'ject are first discussed. When once the student has mastered the fundamental principles 
of the main parts of an automobile he will understand all makes of cars. Although the con- 
"uction may vary, the principle of operation remains practically the same. 

If the book is used by the repairman as it should be used, he will have it always available 
./’• immediate reference, at the Ijench as well as at home. If he will use the book intelligently, 
he will find practical suggestion and advice covering many questions that he will encounter 
in the shop, in the garage, or on the road. 

The average car owner is in much the same situation as the student, in his need of the 
'.occssary knowledge to enable him to meet emergencies with intelligence, and to maintain 
is car without relying on advice from others. 

'I’hc sci('ntifi(! principles embodied in the highly developed cars of today are merely 
improvements on the early designs, now discarded. Hence many of the old designs are il- 
Mstrated and discussed, in order that the modern type may be thoroughly understood, 
loreover, the hundreds of illustrations have been assembled with a view to showing 
graphically every point discussed. Many of these are not drawn to scale; the exaggerations 
at they show are intentional, in order to bring out clearly the point discussed and the 
inciple involved. 

The truck and tractor arc each related to the automobile, and hence they are given full 
jace in the general scheme of the book. 

The plan of the book is to present this information in the form of Instructions, in place 
f the conventional chapters. If the student will proceed systematically through the book, 
digesting each Instruction before passing to the next, and if, in addition, he can have a car 
available for practical demonstration and experiment, he should emerge at the end with a 
mind stored with all the necessary facts and principles. 

The Table of Contents and the Index, used intelligently, will quickly lead the reader 
to any subject on which information is sought. The book embodies sixteen principal sec¬ 
tions. If the reader will now turn to pages v and vi, the sixteen sections with the eighty-six 
nstructions will be noted. Also, turn t o page 1153 and notice the arrangement of the Index. 

The thirteenth edition was completely re-wrltten; the fourteenth, fifteenth, sixteenth, 
seventeenth, eighteenth and nineteenth editions were partly revised; and in this 
"wentieth edition, further revisions and additions have been made. 

The author is under obligations to many of the engineers and the several trade journals 
f the automotive industry. While credit is given in the following pages wherever it is due, 
, is a pleasure to the writer to express his gratitude in a comprehensive manner. The writer 
3 also indebted to Mr. W arren A. Taussig (assistant editor) for valuable services rendered. 

A. L. Dyke 


■^T. Hotfis, Mo., 1943. 




THE WORKING PRINCIPLES OP THE GASOLINE AUTOMOBILB: Th« j^ciple of the gaeoline engine, iUnstratitt 
Xue four-Htrokt cycle, are shown in tiie four upper illustrations The essential eyelemt wnioh cause the engine to operate are includdb 
nankeiy, the/Ml^/eed and carburtium system and the electrical system. Transmiision of power from engine to road wheels is shoHW 
’n the lower illustration. The parts shown in red constitute the drive eyetem. * ^ 

^ Aldioogh appeases and construction may vary i n different makes of oars, the prineipU of opefroHon ie fundamentally the earn*, 
I be purpose of this mk is to explain the principle of all parts, to point out the diiffcrencee in eonetruction and deeign, and 
osiruot inlsi4iip. adfueting and tepacrino sMh unit of the automooUeT 


See **Note/' page ponamitiK pumoa 
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AUTOMOBILES 


The automobile^ is a self-moving vehicle. The in¬ 
ternal combustion engine* is commonly used for 
motive power. 

Types of automobiles, as discussed in this book, 
can b^t be classified according to utility, as follows: 
1. Those designed for 


for carrying passengers, 
automobueSf taxicabs and 


termed: vasseri^ger 
motorcoachea (buses), 

2. Those designed for carrying and hauling 
freight, termed: trucks (also motor trucks), and 
tractor trucks. 


3. Those designed for drawing vehicles or imple¬ 
ments, termed: tractors. 

Transmission of the power from the engine to the 
drive wheels on the motorcoach, truck and tractor 

is similar in principle to that employed in the pas¬ 
senger automobile out there is considerable variation 
in the construction*, arrangement, and operation of 
the units, which are usually more powerful and 
rugged, also, additional units are sometimes em¬ 
ployed. 

Passenger Automobile 

The passenger automobile, also frequently ealhui 
^^passejiger car," and sometimes ^'pleasure car" are 
terms generally applied to an automol)ile resf‘rv(^d 
for frrivate use. Most of the text in this Ix^ok is 
devoted to this type*. 



Fig. 1. A passenger automobile; four-door sedan. 


Taxicab 

Taxicabs are passenger automol>iles for hire. 'I'hev 
are similar t^ the paasenger automobile in construc¬ 
tion and operation. A taximeter is generally us<*d on 
taxical)s to calculate the fare; one tyt)e is descrilxid 
on page 1071. 



Fig. 2. A taxicab. 


Motorcoach 

Motorcoaches (buses^) nrp automobiles generally 
used to carry passengers for a fixed fee. They may 
l^e classified into two general types; namely: (1) cilif 
or traimt type for city and suburban use, (2) inter¬ 
city type, as explained on page 974 *. 



fig. 8. An inter-city type motorcoach. 



Fig. 4. A city or transit type motorcoach. 


Truck 

The truck and tractor truck are types of auto¬ 
mobiles designed for carrying and hauUng freight^,*. 



Fig. 5. A four-wheel tractor truck with a conventional type 
of cab% drawing a semi-trailer. Dual wheels and tires* are on 
the live rear axle of the tractor truck and dead axle of semi¬ 
trailer. This tractor truck, according to the terminology given 
in footnote on page 959, would be termed a "4^2," and the 
semi-trailer 

For truck classification, and types of truck chassis 
drives, and other information pertaining to trucks, 
st'e pages 959-963. For truck and bus engines, see 
pages 974, 975 and Insert No. 3. 

‘The word automobile is derived from the Greek word “auto” 
meaning "self' and the French word “mobile” meaning “to 
move,” thus sHf-moving or self-propelled. 

’Internal combustion is a term applied to engines where the 
fuel combusU f)r burns inside of the engine cylinder, as ex- 
plainc<i on page .30, The uaxoline enaine is the t>"pe commonly 
used. The automotive ty;>e Dxesrl engine (see page 1024, ques- 
ti(m 2, and page 1022) also recognizetl as an internal combus¬ 
tion engine, is rapidly coming into favor on motorcoaches, 
trucks and tractors. 

’A study of the mechanical specifications of passenger aulo- 
mohiles (p. 1060), Tnotoraxichcs (p. 998), trucks (p. 964), and 
tractors (p. 996) is advised, as these specifications will give 
the reader valuable and up to ilate information on the general 
construction of modern automobiles. 

*The word bus is shortened from the w'ord “omnibus; a 
public veliicle traveling on a fixed route taking passengers.” 

^Freight applies to ang property transported, as materials, 
goods, or live at«)ck, etc., for example, a truck may be utilize^! 
to carry foods, steel, mamifacture<i products, earth, cinders 
or other things too numerous to mention here. 

•Both city, and inter-city types of motorcoaches are similar 
in many respects as far as basic structure is concerned, the 
♦lifferences being in the construction and arrangement of the 
seats, <loors and interior anointment. Many t)f the inter-city 
type are air conditioned. The hydraulic type of transmission 
(see Addenda page 74) is used on some motorcoachee designed 
for city and suburban use. For motorcoach, truck, and tractor 
engines, see pages 975, 082 and Inserts Nos. 3, 4 and 4A. 

The power plant in many of the present day motorcoaches 
is mounteii in an upright transverse (crosswise) position in 
the rear, enclosed in an engine compartment, with the radiator 
on the side. The drive may be either a vertical, angle, or right 
angle bevel drive to the rear axle; or mounted under-floor 
with a straight line drive to rear axle. One example is a six 
cylinder in-line engine placed horizontally, i.e., on its side, 
another employs a horizontally-opposed twelve cxdinder engine 
(see pages 977, 975); other arrangements may be longitudinally 
at the front inside, or at the front under a hood. Reference to 
motorcoach specifications wdll give the engine location on vari¬ 
ous motorcoaches. Examples of an angle drive, also a vertical 
drive, with engine mounted in the rear, are shown on pages 977A 
and B. See also Specifications motorcoach. 

^ConventioiULl type of oab is explained on page 061. 

*Dttai tires. See footnote 10, page 961. 
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TYPES OF ENGINES 


The following pages exemplify types of automobile psoline engines The modern engine 

employs either four, six, eight, twelve or sixteen cylinders. All engines discussed operate on the four- 
stroke cycle principle. 

The cylinders may be arranged “in-line,” or two blocks in “V” formation. 

The valves may be arranged vertically, or at an angle, and all on one side of cylinder, which would designate 
the cylinders as the L-head type. They may be arranged vertically, or at an angle and on opposite sides 
of cylinder, which would designate the cylinders as the T-head type. They may also be arranged vertically, 
or at an angle and in cylinder-head (overhead), which would designate the cylinders as the 1-head type. 
Another arrangement of the valves is to place them horizontally. 



Willys eight "8-SO” ennne with eight in-line, L-head type of cylinders and 
▼alves on the side of cylind^, operated by one camshaft on the side. End sec¬ 
tional view. 


Cylinder arrangement: vertical, eight-in-line, L-head. cast in one block, water ctxded; detachable head. 
Valve arrangement: poppet type valves on one side of cylinder with valves set at an angle. Valve operation: 
by one camshaft on the side of engine. Camshaft drive: from crankshaft by means of sprocket and silent 
timing chain. Names of parts follow. 


1— Manifold heat control lever 

2— Manifold beat control valve 

3— ^Exhaust manifold 

4— Intake manifold 

6— Oil pump driven gear 

5— Oil package to main and camshaft bearings 

7— Oil pump shaft assembly 

8— Oil pump pinion 

9— Ventilator 

10— Main oil distributing passage 

11— Oil pump suction passage 

12— Oil pan tray 

IS—Oil pump suction pipe 


14— Oil suction bell 

15— Oil suction pipe 

16— Oil strainer 

17— Oil drain plug 

18— Oil measuring rod 

19— Oil filler pipe 

20— Oil relief valve spring 

21— Oil relief valve spring retainer lock nut 

22— Timing hole cover 

23— Oil relief valve spring retainer 

24— Oil relief valve plunger 
26—Passage to oil relief valve 
20—Ignition distributor 


For spedflcatioM of the Willys and other efiginee see pages 1065-1062. 
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Cylinder arrangement: vertical, six-in-line, L-head, cast in one blo(^k, water cooled, deta(jhable head. 
Valve arrangement: p<jppet type valves on one side of cylinder with valves set vertical. Valve operation: 
by one camshaft on the side oi engine. Camshaft drive: from crankshaft by means of sprocket and silent 
timing chain. Names of parts follow. 


1 —Distributor; 2 —Exhaufet valve 
:i —Valve guide 
4' -Exhauat manifold gasket 
5—Manifold heat shiod 

fi—Intake manifold. (The down-drHff carburetor i« placed on 
top of manifold instead of underneath j 

7— Intake to exhaust manifold gaaket 

8— Gasoline fuemer 

0—Gasoline fuemer auket 

10— Exhaust manifdd 

11— Intake manifold cover plate 

12— Valve spring; 13—Valve chamber cover plate 

14—Valve spring retainer; 15—Valve spring retainer hick 

10 —Valve ebamW cover plate gasket 

IT—Valve tappet adjusting screw 

18—Valve tappet adjusting screw nut 

10—Valve tappet guide 

tiU—Valve tappet; 21—Oil passage 


22— Crankcase ventilator outlet pipe 

23— Ignition cable tube and bnicket 

24— Distributor grease cup 

25— Water passages 

26— Combustion chamber; 27 -'Piston 
28—Cylinder head gasket 

20—Piston ring Nos. 1, 2, 3, 1 

30— Piston ring No. 6 

31— Cylinder water jacket cover gasket ' 

32— Cylinder water jacket cover 

33— Piston pin bushing; 34—Piston pin 
35—Crankcase oil filler or breather pipe cover 
:i0 —Crankcase oil filler or breather pipe 

37—Oil pass^e 

;J8—Connecting rod cap bolt 

39— Oil pan gasket 

40— Oanksliaft . 

41— Oil pan; 42*;^^il^pan drum plug 


For ipeciilcatioiu of the Chrysler and other engines see pages 1056-1062. 
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Pierce-Arrow series “itO” engine, with six cvUnders in-Une» 
repre.>.ents )im example of au engine with T-head type of cylin- 
ers aiul valves on both sides of cylinders, operated by a cam¬ 
shaft on each side, bud heeti(inal \ie\\. 


Cylinder arrangement: vorticnl, six-in-lino, T-h(‘tul, oast intone block, wator-cooled, clotachablo head 
Valve arrangement: poppet typo valves on opposite si(l<‘s of cylinders. Valvt'S are set at an anj<le. Twc 
inlet anti two exhaust valves per cylinder, termed ^hliml valves.'' Valve operation: by two camshafts. 
One camshaft operates tlie inlet valves on one side of the engine and the othtT camshaft operates the 
exhaust valves on the other side of engine. Camshaft drive: from crankshaft by means of helical timing 
gc'urs. 

Note: The Pierce-Arrow T-heud cosine is no longer in pro<laotion. The L-head, eight-in-line engine is now used all Pierce- 
Arrow oars. For specifications of the Tiene-Arrow and other engines see pages lO.WlOtl'i. 















Bttick Mries and *‘8-Q0** engine. Side sectional view showing how the one CAmsbaft-on-the-side q;>erates the ▼slTes-ln- 

ehe*head by means of valve push>rods and rocker-arms. For speclflcetlons of Buiok and other engines see pages 106fr~1062. 
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Fig. 3. Pretsore leea oumg 
system with oil filter and tempera¬ 
ture regulator of the Buick series 
“50, 60, 80 and 00" engines. Oil 
is supplied under pressure from the 
oil pump to all main, connecting rod 
and camshaft bearings. A second- 
aiyline from the oil pump delivers 
oil to the oilfiller ana thence to the 
hollow rocker-arm shaft. Timing 
gears and generator shaft front 
bearings areiubricated by the over¬ 
flow of oil from the rocker-arm 
shaft. Cylinder walls, pistons and 
piston pins are lubricated by oil 
forced through a small hole drilled 
through the lower end of each con¬ 
necting rod which meters with the 
hole in crankshaft once each revolu¬ 
tion. This is termed a force-feed 
engine lubrication system. 

The oil filter removes from the 
crankcase oil, all particles of dirt 
and carbon not already eliminated 
from circulation by the oil pump 
screen. 

Fig. 4 (lower left illust.). Oil 
temperature regulator: Acts as a 
cooler for the oil by preventing a 
rise in temperature, under con- 
, tinned high-speed driving, to a 

k, --^ -- point where the lubricating quality 

of the oil would be reduced. It also acts as an oil heater when engine is started cold, since the temperature of the water in the 
cooling system, under control of the radiator shutter, is raised more quickly than the temperature of the oil in the sump would be 
raised without the aid of the temp^ature regulator. 



FRONT BEARING 
LUBRICATION 


This regulator, in its dual capacity, tends to equalise temperatures of the engine oil and cooling water, thereby providing a 
more uniform temperature of engine parts with a consequent uniformity of heat expansion throughout the engine. 

It consists of a radiating core through whose passages the oil is circulated and which is water jacketed by a shell flanged to the 
cylinder block and connected to the water pump by a hose. All water from the pump is forced through this shell and contacts 
with the surfaces of the rotating core. 


The operation of the temperature regulator is as follows: When the engine is started cold, the high viscosity of the oil builds 
up a resistance in the core passages of the regulator sufficient to caase a by-pass valve in the oil pump to open and permit direct 
passage of the oil to the bearings without circulation through the regulator. To shorten the period necessary to warm the oil 
sufficient to allow circulation through the temperature regulator, the pressure relief valve discharges the excess oil back into the 
pump b<^y instead of the oil sump. 

When the temperanire of the engine oil is raised sufficiently to reduce its viscosity to a point where the resistance to flow in the 
core passages of the regulator is less than that required to hold the by-pass valve open, this valve will close and all the oil supphed 
by the pump passes through the core of the temperature regulator, where it is still further warmed by the water surrounding the 
core. ^ 


If the car is then driven at high speed for any considerable length of time, the temperature regulator then assumes its function 
as an oil cooler. 

Fig. 5 (lower right). Crankcase ventilator: Prevents harmful dilution of the engine oil by water and fuel. This system utilises 
the crankshaft with its counterweights and torsion balancer as a blower to force the vapors consisting of fuel and water, from the 
crankcase into the valve-lifter compartment. A vent at the rear of the rocker-arm cover permits air to be forced into the cover and 
this air is forced also into the valve-lifter compartment, carrying with it vapor from within the rocker-arm cover. An opening from 
valve-lifter compartment is connected to an outlet pipe between Nos. 4 and 6 cylinders for expelUng vapors below the engine side 
pan. 

This system does not remove all fuel dilution, but a small amount is not harmful and is really nece-ssary in cold weather. It does, 
however, remove all of the water dilution under average driving conditions. The car owner may assist in preventing harmful dilu¬ 
tion by avoiding the use of “choke” longer than necessary, by not idling engine at extremely slow si)eeds for long j^riods, by not 
fliushing engine with kerosene, by seeing that compression is good, ignition system functions properly and ttiat carburetor is cor¬ 
rectly adjusted. 
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Stutz series “MA * engine with eight in-line, I-head type of cylinders and valves 
overhead in cylinder-head, operated by one overhead camshaft, 'rhree-quarter and 
part sectional view 


Cylinder arrangement: vprtical eight-in-line, I-head, cast in one block, water-cooled, detachable head 
Valve arrangement: fK)ppet type valves in cylinder-head (overhead). Valve operation: operated off of one 
overhead camshaft. The earns wipe directly on the valve caps screwed on the ends of the valve stems. 
Camshaft drive: from crankshaft by two silent chains and sprockets. The lower chain drives the accessory 
shaft at 1.2 times the crankshaft sireed and the transfer sprocket at 5/6 times the crankshaft speed. Lubri¬ 
cation is full-force-fecd ^vnth oil circulated through engine under pressure by a gear oil piunp located at the 
right front of engine somewhat above the oil base to prevent any possibility of freezing. The oil pressure 
regulator is located at the right side of crank-case. 






Cro 60 -Bection through valve. 


Sttttt aeriea “MA** engine. Front view with chain covert re¬ 
moved ahowing the names of parts. For tpecificationa of StuU 
sad other engines see pages 1066-1062. 
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Duesenberg model “J” engine with eight in-line, I-head type of cylinders and 
valves overhead in cylinder-head inount^ at an angle, opcratetl by two overhead 
camshafts. Cross sectional front view. 


Cylinder arrangement: vertical, eight-in-line, I-head; the eight cylinders arc cast in one block, water- 
cooled, detachable cylinder-head. Valve arrangement: dual, popi>et^type valves in cylinder-head (over¬ 
head), mounted at angle to vertical center line of cylinder-head. Valve operation; the inlet valves on the 
left side are operated by one camshaft and the exhaust valves on tlie right side are oi>erated by another cam¬ 
shaft, Camshaft drive: two endless silent timing chains with automatic adjustment drive camshafts and 
accessory shafts. The lower chain (J-558) drives the generator shaft, water pump shaft, and transfer 
sprocket for upper chain. The automatic idler sprocket (J-552) automatically adjusts the chain for wear. 
The upper chain (J-559) drives the two camshafts from driven transfer sprocket of lower chain. An automatic 
idler {J-.556) maintains the correct tension which automatically compensates for wear. Lubrication: full- 
force-feed system. Names of some of the parts follow. 


J-lOO—Cylinder block 
—Oil gauge float 
J>159—C)il gauge float bracket 
J-174—Oil gauge float assembly 
J-200—Oil pan 

J-201—Oil pan R.H. gasket; J-202—I..H. gaeket 

J-205—Oil pan baffle plate; J-206— Screen 

J-336—Crankshaft small counterweight 

J-400—Cylinder head 

J-406—Valve; J-408—Valve guide 

J-409—Inner valve spring; J-410—Outer spring 

J-411—Valve spring retainer 

J-412—Retainer wedge 

J-413—Valve tappet; J-416—Tappet guide 

J-41S—Valve tappet guide clamp stud 

J-420—Valve tappet adjusting nut 


J-421—Valve tappet adjusting sleeve 

J-422—Valve tappet adjusting shim 

J-459—Camshaft bearing stud 

J-471—Exhaust camshaft 

J-485—Camshaft plug 

J-5ol—Crankshaft sprocket 

J-552—Lower adjusting sprocket assembly 

J-553—Accessory shaft sprocket 

J-555—Transfer sprocket assembly 

.1-556—Upper adjusting sprocket assembly 

J-557—Camshaft sprocket 

J-658—Lower chain; J-559—Upper chain 

J-752—Water pump drive shaft 

J-860—Oil pump body; J-857—Oil pump gear 

J-858—Oil pump idler gear 

J-863—Oil pump drive shaft 


For tpeciflcationi of the Duesenberg and other euHiues see pages 1055-M)62. 
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mounted Ind wd««*o»*rh2?5^-tyP« of cy indert 

SMUonal end view. Names of plirts?! i^e^lJder'^2Mlf»»t1f' <>“« camshaft, 

the itasolme tank at rear of cnrTthere are two s^ukte eJllJnJi*’ . ' ■^’ (eicept for 

line, vacuum tank, stratnera and Basoune systems; each has its own feed 

pump; 5. oil euclion piS^7e y^rankf.T^l'’:?.*'’." ‘^.Pn®’ P®«* 

ventilator; 9. air filter-lUca^hnft^j”nMiKp.j??o®“? 'ventilator thermoatat; 8, crankcase 
1.1, valve sUencerTunger in Sh-wt ’ cocker-arm; 13, valve; 14. oil filler: 


Cylinder arrangement: V-type. 



- T r, . aid u.-)eu to prevent clatter 

automatic adiSsteV m^^“'it iSITto'^lriv!. ^^ain, as the use of 

the same cham. ^ generator and water pump as well as the camshaft with 


the automatic valve 8ilen3uu''‘'‘OU'irihp\‘iT rocKer-arms keeps the dash-pots of 

the lower connecting r^Si„«is prwSed tWnr£.p^?J’iT‘f‘®^- LubricaSn to 

from the main bearings. Each connwtinir md in riflf ^*"*^*f m the crankshaft throws for oil supply 

the piston pin whiohTs lofll^ b S TSerefra bearing so that oil can r^a^c^ 


xdi 





Elg. 2 (left). Tiiiiias;>cliftiii: One timing chain 
drives from crankshaft timing-sprocket to the cam¬ 
shaft timing-sprocket and generator. An idler gear 
with an automatic adjuster takes up chain wear. 


Fig. 3 (right). Crankshaft has eight throws and 
five main Marings. Bearings are steel-backed. 
The end thrust is taken by the center main bearing. 
Cylinders are staggered, permitting side-by-side 
straight connecting rods. 



Fig. 4. Valve silencer: The 
overhead valve mechanism is pro¬ 
vided with hydraulic automatic 
valve silencers that automatically 
maintain practically zero valve 
clearance and effectively prevent 
tappet noise. The valve rocker- 
arm is operated in the usual way 
from the camshaft by a push-rod. 

Each rocker-arm, however, oper¬ 
ates on a flanged eccentric bushing. 
A dai<h-pot and plunger are located 
directly below the fiange of this 
eccentric bushing, the plunger biar- 
ing against a cam on the fiange. 
Upward pressure of a spring under 
the plunger, which operates in oil, 
keeps the eccentric always in such 
a position that the rocker-arm 
touches both the valve stem and 



the push rod. This pressure is not 
great enough, however, to hold the 
valve open. 

The dash-pot cylinder below the 

S lunger is kept full of constantly 
Iter^ oil and this oil prevents the 
plunger from being forced down as 
the valve opens and closes. The 
clearance between the plunger and 
the cylinder is just enough to let the 
plunger move downward slowly to 
compensate for wear and expansion 
as the engine heats up. 

Valve adjustment: As the clear¬ 
ance is automatically held at aero, no 
valve adjustment in the usual sense 
of the word is necessary. The auto¬ 
matic silencers take care of all vari¬ 
ations due to wear or to valve grind* 
ing operations. 


There is, however, provision for an initial adjustment to secure the proper position of the eccentric ram, and if this adjustment 
is disturbed, it must be corrected to the proper standard. To make this adjustment, the silencer plunger must be held down as far 
as it will go. This can be done by using a special tool in the upper hole of the plunger to release the poppet valve inside the plunger. 
The eccentric must then be turned so that the cum rests on the plunger while it is thus held down. With the cam and plunger in 
this po.sition, the adjlisting screw in the rocker-arm should be set to allow .030* clearance between the rocker-arm and the valve 
stem. Important: The plunger must be held all the way down with the cam resting on it when making this adjustment. 

This adjustment can made either with the engine running or with the enmne stationa^. If the engine is not running, the 
piston must be at the firing point for each cylinder, while the adjustment for tliat cylinder is made. If the engine is running, it 
is simply necessary to hold the plunger down and check the clearance with the feeler, making adjustments as necessary. 

Note: See page 59 for hydraulic valve lifters (valve silenetrs) as appHe<l to engines with valves-on-the-side. 


Cadillac V-12, series twelve-cylinder “V*' t 3 rpe engine is of the same design and principle as the 

larger V-16, but has twelve (tyliiiders. The cross sectional view of the V-16 engine would m fact pass for 
the V-r2 engine with minor dilYerences, for example, the tyi)e of carburetor intake muffler attached to each 
carburetor (see illustration below). This device is used to neutralize the sound waves which silence air roar 
noises in the carburetor intake. The piston displacement of the V-16 is 452 cubic inches and the V-12, 368 
cubic inches. 

The V-12 engine cylinder blocks are mounted at 45® angle, allowing the use of the same type of overhead 
valve mechanism as on the V-16. This 45® angle iiermits mounting the carburetors and manifolds on the 
outside of each block as on the V-16 without making the hood as bulky as it would be if the cylinders were 
at 60°, which is the theoretically correct angle. With the greater number of cylinders on this engine over¬ 
lapping far more than on any 8-cylinder engine, the difference in the intervals between the powder impulses is 
not noticeable. For firing impulse or intervals, see page 424C. ’ • 

For the electrical system, firing order, ignition timing, etc., see pages 424C-424E. For specifications of Cadillac engines and 
others, see pagea 1055-1062. 



^ V.12, (wriei twelve-cylinder engi 

Rightrsiae view. Similar to the V-16, ana many of the parte i 
interchangeable. 

znii 













ss3=^»;:srs!jn^^ 

Radiator Left Block " I 


on Filler and Breather Pipe • 
-Oil Level Indicator 


pWater Pipe Crankcase 
to Cylinder Left Side 



Timing Chain 
Crank Shaft Sprocket 
Oil Pan Drairt*Plug 


Generator Bracket 

Generator 


Oil Pump 


Lincoln eight-cylinder V-type engine (1931). Sectional front end view. Names of parts are shown 
on illustration. 


Cylinder arrangement: V-typ(*. Two banks o£ four I^head cylinder blocks, eaf^h cast in one block with 
detachable cylinder-heads. Cylinder blocks are mounted at aii included angle of <>()°. (Cylinders are not 
staggered, therefore connecting rotls are of the forked and plain type. Valve arrangement: ixjppet tyjx^ 
valves on the side of each cylinder block. Valve operation: op()rat<^d off earns on one camshaft ny means of 
valve-lifters. Camshaft drive: the cahishaft and water pump are driven from crankshaft by means of 
sprockets and one silent timing chain. 

Carburetor; Stromberjj type Plain tube down-draft type with fixed orifices. A hydraulic throttle 

return check acts in conjunction with the fn^e-wheeling feature of the car to prevent engine from stalling 
imme^tely after the foot accelerator is released and the car coasts along without any drag on the en^ne. 

Cooling is by a forced water circulation system consisting of the centrifugal water pump, radiator, 6-blade 
fan, condenser tank and thermostatically controlled radiator shutters. 

Clutch is a double disc, dry plate type. Transmission is of the free-wheeling type incorporating the over¬ 
running clutch principle with the standard three-speed gear shift. 

Engine lubrication is of the force-feed type. 

For tpecUlaitkms of the IJncoln and other engines see pages 105iy-1062. 
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Marmon sixteen-cylinder, V-type wi>h I-head type of cylinders at an anRle of 4.V and valves overhead 

in cylinder heuds, operated by one camshaft. LiKht-'.uie vle^^ Names of parts: 1, air (leajier; 2 , l)rcath)nK tul>e.s; 
earburettir; 4, duplex down-draft intake manifold: .■>, imicr'di.stributor: ♦’*, modulator to relieve tor.«;onal vibration on the 
('ninksliafl: 7, neuerator; 8, water puniii; t*. oil purifier inlet; H), erankj’a.-e breather; 11. flywheel; 12, oil purifier; Id, 
starter. No crank is provided, it beinn impractical to crank euftine by hand Alean.s b^r rotutiiiK the engine to make 
tinuiig adjustments are provided on the flywheel of engine; 1 I, hand-brake lev<*r; b". gear-shift b*ver; Ifi, e.thaiist inarii- 
f<dd; IT, carburetor control arm; 18, rocker-arm tension .spring; lb, pu.-^h rod; 20 , rocker-arm; 21, spark plug; 22, wiring 
manifold 


^Cylinder arrangement: N’-typo. hpiik.s of eight l-he;nl cylimlors at an angle of or inclined 22' 

' leal, tlius giving a power imjtnlse every l/S turn of erankshaft. Tlu' Bring onler is IL, dH 


t3L. 


off tlic vertiet 

711, 2L, 4R, oL, IR, 8L, (il^, oL, 2R, oR, 4L, Sit. Cylinders are not staggered as eotineeling rods ar(‘ 
forked. Cylinder block is aluininuin alloy with steel cylinders ])re.sst‘d into ]dace. Cylinder walls arc eastt 
hardened. Crankcase and cylinder block one pieet*. \\ ater-eook'd. Valve-seats, spark plugs and com¬ 
bustion space eoinjtleti'ly surrounded by water, (.\vlinder-head is detachable and made of aluminum silicon 
eopiHtr alloy and v^alve si\its an' aluminum bronze. Combustion chamber is machined. Valve arrange¬ 
ment: ]H)ppet tyiK‘ vjilv(‘s in eylinder-lu'ad (ovTrhea<i). Valve 
operation: o|)eraU*d off the earns on one camshaft by means of 
valve-lifters, nush-rods and valve-roekers. Valve springs are double 
variable pitch. Camshaft drive: from crankshaft by means of 
tripple roller chain. 


Lubrication: Force-feed lubrication is provided by a gear type oil pump for 
every rotating bearing in the engine—the rocker-arms by mcaius of a hollow 
rocker-arm shaft and tlie valve mechanism by means of dnlleti holes in the 
rocker-arms. The main bearings are lubricated by means of oil line.s to each 
main bearina, whicli, in turn, lubricate adjacent connecting n>d bearing's by 
means of drilled oil leads in the crankshaft, C'arnshnft bearings are lubrieatecl 
by pressure from the rorresnonding main bearings. Cylinder walls lubncHletl 
by oil stream spray from hole in connecting reals. 


Miscellaneous specifications: Cylinders: Ih; bore and stroke: 3 l/S'^x 
on displacement: 490.8 cu. in.; horsepower: S.A.E. 62.5; brake horst 


pis¬ 
ton displacement:'490.8 cu. in.; liorsepower: S.A.E. 62.5; brake horsepower: 
200 & 3.400 r.p.m.; displacement horsepower ratio: 2.454 cu. in. per horse¬ 
power; Compression ratio: 6 to 1; horsepow'er engine weight ratio: one horse¬ 
power for each 4.05 pounds weight; engine weight: 930 pounds, including 
ecimpment; engine equipment; oil filter, air cleaner, gas filter, heat indtoator, 
down-draft carburetor, modulator, DeJeo Itemy electrical system, clutch, clutch 
aiul brake pedals; spark plugs: metric, one per cylinder; intake manifold; 
duplex down-draft typo cast in a single piece for both cylinder blocks; carbure¬ 
tor: dimlex type; exhaust manifold: for each cylinder block with separate muf¬ 
fler and tail pipe; pistons: trunk type, slotted skirt, aluminum alloy, heat 
treated with two compression rings and one oil ring above piston pin. 
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C^ver remov^ showing the accessible over- 
head valve mechanism of the Marmon sixteen- 
cylinder engine. 








Viking V -30, eight-cylinder V-typc engine with cylinders at an 
angle of OO** a/id horizontal valves operated by one camshaft. 
End sectional view. 


Cylinder arrangement: V-type, Two banks of four staggered cylinders cast integral with crankcase arc 
placed at an angle of 90®. Cylinders water-cooled. Cylinder-heads detachable. Connecting rods side-by- 
side. Valve arrangement: poppet type valves placed horizontally. Valve operation: operated off the cams 
on one camshaft 10, by means of valve-rockers 9.' Camshaft drive: by one silent chain 11, from crankshaft 
timing sprocket to camshaft timing Sf)rocket. The camshaft 10 is chain driven, while the fan, water i)ump 
and the generator are driven by separate V belts. 

Crankcase ventilation: Approximately one-third of the carburetor air supply is drawn from the crankcase, 
entering at the breather port 1, and sweeping through the (Tankcase to a duct 2, into (jarburetoi* 4. The air 
intake of carburetor is provided with air cleaner 3. 

Manifolds: The exhaust manifold 6 (tarries the hot gases outside and above the intake sysleni fi. Mot 
gases from the left block rLse and arch over the engine and pass to the front, where thev join those from the 
right-hand bank to pass downward and backward to the muffler. A manually controlled valve is provided 
to divert exhaust gases from the arch to pass about the intake passage and hasten the warming up period. 

Carburetor; The carburetor 4 is mounted above the engine adjacent to and surrounded by the inlet ports. 
From it the fuel travels with a down-draft and divides into the two blocks, all of whose inlet valves are equi¬ 
distant from the carburetor, and thence into the combustion chambers. Gravity assists the flow of gases to 
the combustion chambers. Diaphragm type fuel-pump feed to carburetor is employed. The throttle lever 
is shown at 8 and choke lever at 7. 



Viking engine lubrication is a full-force-fecd 
system. Oil from the oil pump 1, submerged iu 
the crankcase, is carried through leads in the en¬ 
gine walls and the crankshaft 12, to all crank¬ 
shaft and connecting rod bearings. From the 
main bearinp it is carried on to the camshaft 10, 
which is drilled for its entire length as an oil lead. 
The connecting rods 13 are rifle drilled to carry 
oil under pressure to the piston pins. From the 
camshaft bearings 14, the oil travels upward, 
still under pressure, to the rocker-arm support¬ 
ing shaft 15, and to the rocker-arm bearings. 
The lead to the oil gauge 16 is taken from the 
rear camshaft bearing 14. 

For spedflcAtloiui of the Viking and other engines see 
pages 10^1002. 
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Cylinder arrangement: vertical, six-in-line, I-head, water-cooled. 

Valves: sleeve type. Two sleeves, one within the other, travel up and down between the piston and the 
cylinder wall in such a manner that when the openings in the upper ends of sleeves, and also in the cylinder 
wall, come into register with each other, an opening into the cylinder is created. 

The intake openings for fresh gas are on one side of the cylinder; on the opposite side are the exhaust 
openings through which burned gases are expelled. 

These sleeves are moved up and down by short rods connected to an eccentric shaft, taking the place of 
the camshaft in the poppet type engine. This movement of the sleeves is very similar to the operation of 
the valves on a steam engine. 

Eccentric shaft drive. The eccentric shaft takes the place of the conventional camshaft (see next page). 
It is driven from crankshaft by means of sprockets and one timing chain. 

Lubrication is of the force-feed type with oil circulated through engine by an internal gear pump located 
on the right side forward end of engine below' ignition distributor. 


1— Exhaust manifold 

2— Ignition distributor 

3— Timer shaft driving collar 

4— Pump and timer driven gear 

5— Oil pump shaft assembly 

6— Oil pump pinion 

7— Oil pump discharge pipe 

8— Oil pump suction pipe 

9— Oil distributor pipe 

10— Oil lead to center main bearing 

11— Oil suction bell 

12— Oil strainer 

13— Oil etrai&er cover 


14—Oil strainer cover nut 
l.'i—Oil strainer suction pipe 

16— Oil measuring rod 

17— Lead to oil relief valve 

18— Oil pan tray 

19— Oil relief valve cane 

20— Oil relief valve spring retainer lock 
nut 

21— Oil relief valve spring retainer 

22— Rectifier to crankcase oil return tube 

23— Oil relief valve spring 

24— Oil relief valve plunger 

25— Lead to oil pressure gauge 


26— (^il passage to eccentric shaft bearing 

27— Oil rectifier cylinder suction passage 

28— Oil rectifier 

29— "Intake header 

30— Rectifier to intake header sueiiou 
pipe 

31— Intake header tube 

32— Cylinder to rectifier suction pipe 

33— Manifold heat control lever 

34— Manifold heat control valve 

35— Int-ake manifold 

36— Intake heater pipe 
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Willirs-Knight ‘S7 ’ sleeve-valve engine. Side sectional view showing how the eccentric shaft 29 operates the inner sleeve con¬ 
necting rod 25, outer sleeve connecting rod 25, and the inner and outer sleeves. I'iic eccentric shaft 29 is driven from crankshaft 
sprocket 20 by a .silent timing chain 12 to eccentric shaft sprocket 15. Names of parts follow. 


1— Inner sleeve 

2— Outer sleeve 
3 —Piston 

4— Water pump bearing grease cup 

5— Fan bearing oiler 

5—Fan pulley adjusting screw 

7— Water pump packing gland 

8— Piston pin lock screw 

9— Water pump 

10— Piston pin 

11— Piston connecting rod 

12— Timing chain 

13— Fan 

14— Ficcentric shaft bushing—front 

15— Ficcentric shaft thrust plunger 
15—liccentric shaft sprocket 

1 4 —Fan driving pulley 

18— Fan belt 

19— ('bain cover oil sdul 

20— Crankshaft sprocket 

21— (Jil leads to eccentric shaft bushings 

22— Crankshaft main bearing—front 

23— Oil passages in crankshaft 

24 - Oil distributor pipe 

25 Inner sleeve connecting rod * 


25 Outer sleeve «'oiinecting rod 

27— Oil strainer cover 

28— Oil suction bell 
2f> dieceiitric shaft 
.'10 - Crankshaft 

31—Crankshaft main bearing—center 
.32—Ficcentric shaft bushing —rear 
.33 -Oanksbaft main bearing—rear 

34— Oil pan tray 
3.5—F'lywheel 

35— Ciylinder-head 

37— Cylinder cover baffle thimble 

38— Cylinder cover 

39— Intake port in sleeve 

40— Kxhaust port in sleeve 

41— Water outlet 

42— Thermostat 

43— Ciylindcr-head sealing ring 

44— Oil ring 

45— Intake heater pipe 

46— Intake manifold 

47— Intake header 

48— Oil rectifier 

49— Cylinder to rectifier suction pipe 

.50—Oil rectifier cylinder suction pas.sage 


I'5>r specifications of Willys-Knight and other engines see pages 105o'1051 
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Franklin serifs "15” air-cooled engine with six in-line I-head type of cylinders and valves overhead in cylinder-heads operated 
by one camshaft on the side. Hight-^ide vie\\ of the unit-power-pluni. 


Cylinder arrangement: vcrtiral, six-in-lino, I-hcad, air-ooolod. Cylinders are cast individually of nickel 
iron. Valve arrangement: poppet tyjxj valves overhead, in individual detachable aluminum alloy cylinder- 
heads with bronze insert valve-seats. Kocker-arms are mounted in a cast/-iron case mounted on top of 
cylinder-head. Valve operation: operated off the cams on one camshaft on the side of engine by means of 
valve-lifters, valve push-ro<ls and valve-rock(‘rs. Camshaft drive: from (Tjinkshaft by means of one silent 
timing chain. Cooling: individual aluminum alloy detachable cylinder-heads are provided with large hor¬ 
izontal cooling fins. The cylinders have similar horizontal cooling fins of vast metal. The cooling blast of 
air from the front-mounted blower (lo" turbine fan) is passed over the cylinders and head horizontally as 
shown in illustration below. Flow of air is regulateil by thermostatically controlled shutter mounted in the 
hood front. Lubrication: pn^ssure or forccvfccfl from gear pump to header supplying main and connecting 
rod bearings, valve oiler and timing chain. Cylinders and i)istons recanvc a stream of oil from a meU^red out¬ 
let ill the connecting rods. Oil pump relief valve s(‘t to read 40 to 4.5 pounds at 32 m.p.h. with oil at room 
temperature. Pressure taken at end of valve oiler intake pipe. Valves are lubricated by an autornatii* 
valve oiler. Engine oil is fed to the valve oiler from the oil pump. The oiler filters the oil and distributes it 
to the valves and mechanism. Cafiacity of oil reservoir is 0 quarts. 

For specifications of the Franklin and other engines see pages 1062. 



View showing how the cooling blast of air is pas-sed over 
the cylinders and head horisontally. 


XXIX 

















Pierce-Arrow, models 41 and 42, unit-power plants consisting of an eight-cylinder in-line engine, clutch and trans¬ 
mission, showing the right-side view. Horsepower of engine is 132 with a bore of 314*'. stroke 5 " and piston displace¬ 
ment of 385 ou. in. Transmission is the free-wheeling, constant mesh, helical gear tvpe with standard three-speed 
gear shift. Clutch is double plate with spring loaded torsional damper incorporate in the hub of clutch. 


Cylinder arrangement: vertical, eight-in-line, L-head, cast in one block and integral with crankcase, 
water-cooled, detachable head. Valve arrangement: poppet tyi)e valves on right side of cylinders with 
valves set at an angle. Valve operation: by one camshaft on right side of engine. Camshaft drive; from 
crankshaft by means of sprockets and one non-adjustable short silent timing chain. Names of parts follow. 


1— Timer-distributor; semi-automatic. Two individual coils, 
condensers and dual contact-breakers are used; one set 
for each four cylinders. The distributor rotor has two 
high-tension electrodes, one is a brush in contact with a 
ring or race in distributor cap, the source of supply, the 
other is the gap lead to spark plug segments. One contact- 
breaker fires four cylinders and the other contact-breaker 
fires four cylinders. The firing intervals are 45® apart. 

2— High-tension wiring conduit or manifold 

3— Spark plugs, one per cylinder; 7/8'^ 

4— Detachable cylinder-head 

5— Exhaust manifold 

6— Duplex exhaust heated intake manifold 

7— Thermostat unit which automatically governs the heating 
of intake manifold. 

8— Vacuum connection to intake manifold for windshield 
wriper; 9—Valve housing covers 

10— Carburetor, duplex type with two mixing chambers, each 
serving four cylinders independently. Outside mixing 
ohaml^r feeds 1, 2, 7 and 8 and the inside 3, 4, 5 and 6. 

11— Crankcase ventilating tube to carburetor air intake horn; 
draws moisture and water vapor from crankcEise; prevents 
crankcase dilution and back pressure in crankcase 

12— Carburetor connection for closing choke and lifting auxil¬ 
iary needle for starting when engine is cold. The choke 
butterfly valve itself is fitted with a small spring-loaded 
poppet valve to prevent overchoking. 

The carburetor throttle valve (left side of engine) is inter¬ 
connected with starter pedal to open throttle valves in 
carburetor to facilitate starting. 

13— Carburetor idle adjusting screws; approximately 1 K to 
1 3/4 turns after screws are seated provides adj istment. 

14— Carburetor accelerating pump needle adjustment: ap¬ 
proximately 1 turn to left after screw is seated provides 
adjustment. 

15— Carburetor float level inspection plug; adjust so gasoline 
level is 1/16'' below bottom of inspection hole. 

10—Carburetor high-speed jets; non-adjustable 

17— Carburetor choke tube support connection 

18— Inspection cover to read flywheel markings for ignition and 
valve timing 

19— Pipe plug which can be removed to listen to explosions 
when adjustii^ carburetor. Adjustment should m made 
with four cylinders running. Four cylinders can be cut 
out by disconnecting high-tension wire at coil, or at primary 
connection P on distributor. 

20— Carburetor combination sir intake silencer and cleaner. 
During cold weather F is down, closing louvers D, and air 


1 Model 43 power plant Is similar, except it develops 125 h.p. 
with a4 3/4stroke and has a piston displacement of 366 cu. in.: 
helical timing gears are employed for camshaft drive instead of 
a silent timing chain, thus reversing the direction of the oam- 
ihaft; a single ignition coil and other minor difler^o^ 


is drawn through C, taking hot air off exhaust pipe. In 
warm weather F is up and louvers are open and air is drawn 
in at D. These louvers are arranged in such a manner that 
the normal air flow from front to rear below the car is 
reversed, thus causing the louvers to act as an inertia air 
cleaner. A wire mean air cleaner is also provided in the 
unit. The pipe is not insulated with sound absorbing ma¬ 
terial, yet tne system is highly effective as an air intake 
silencer for carburetor hiss. Adjustment for opening and 
closing louvers is at E. 

21— Fuel pump. The fuel line is completely insulated against 
heat to prevent vapor lock (overheating of gasoline). 

22— Oil pressure adjustment: 30 lbs. at 40 m.p.h. with oil hot, 
(using No. 30. S.A.E. oil). Turn adjusting plug to right 
to increase pressure. 

23— Dual fan belt. Drives fan, generator and water pump. 
Adjust very ti^ht, or so that a total deflection of belt 
will be 1 inch with 20-lb, scale pull. When renewing belt, 
always replace both. 

Engine lubrication is of the force-feed type. Oil is forced by 
pressure from a positive gear-driven gear type pump through 
cored passage in crankcase to hollow crankshaft, to all main and 
connecting rod bearings, and through a rifle drilled camshaft to 
the six camshaft bearings. Oil is also distributed from main 
bearings through cored passages direct to each individual valve- 
lifter, also, to timing chain sprocket. Cylinder walls and piston 

f iins are lubricated by a spray from metered hole in the top of 
ower part of connecting rod. Oil is filtered through a replace¬ 
able oil filter. 

Valve clearance: .006" exhaust valves and .004" intake 
valves; engine hot. Temperature approximately 160°. 

Valve timing; exhaust opens 40° BBC; closes 12° ATC. In¬ 
take opens 5° ATC; closes 45° ABC. Total intake period 22o°; 
total exhaust period 232°. 

To time valvea: Adjust No. 1 intake to .010" clearance with 
piston on top dead center of compression stroke (tiiis clearance 
necessary due to special cam design.) When engine is cranked, 
clearance will be taken up between valve-lifter and valve stem 

when line of marking on flywheel-- is directly under 

ointer when looking through inspection hole 18 in flywheel 
ousing. Adjustment to be made when engine is cold. After 
this operation and after installing timing chain, adjust valve 
clearance as specified under valve clearance above. 

To install timing chain: Remove hood, radiator and timins 
chain cover; remove cap screws in camshaft sprocket. Specid 
to^ used to center chain cover with crankshaft when replaced 

Ignition timing: With distributor f^l^ advanced, spark 
should occur when flywheel marking is directly under 

pointer. Then synchronise on Time with stationary 

contact-breaker and synchronise with movable contact-breaker. 
Spark should occur 7 ^ before top dead oenWr. Points break 
every 45°. 
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Reo models “30-35” engine with eight in-line, L-head 
type of cylinders and valves on the side of cylinders, oper¬ 
ated by one camshaft on the side. View shows the tull- 
force-feed oil circulation system. The Keo is an example of 
one of the engines which use cored and gun-drilled passages 
to carry the oil to the bearings. A hydrostatic oil-level gauge 
on the in.strument board registers the amount of oil in the 
oil pan by quarts. 


Cylinder arrangement: vertical, eight-in-line, L-head, cast in one block and integral T^ith crankcase 
water-cooled, detachable head. Valve arrangement: poppet type valves on one side of (cylinder with valves 
set vertical. Camshaft drive: from crankshaft by means of si)rockets and silent timing chain; one camshaft 
on the side. Names of parts follow. 


1— Timer-distributor 

2— F^xhau.st munifold 

3— Duplex intake manifold 

4— Camshaft 

5— Gear driven from camshaft 

(i—Timer-distributor and oil pump drive shaft 

7— Crankshaft 

8— Oil pump, gear type 

9— Oil lead to oil filter and then to bearings through cored 
passages 

10— Oil drain 

11— Dash oil level indicator pan unit showing air chamber a, 
air tube b and air delivery tube c. (This is the KS oil 
level Telegage; see index.) 

12— Oil relief valve 

13— Oil filter 

14— Oil passage up connecting rod (thus identifying the lubri¬ 
cation system as a full-foroe-feed system.) 

15— Water distributor manifold 

16— Piston 

17— Valve head and seat 

For specifications of Reo and other engines see pages 1055- 
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Packard “eighth ” series, eight-cylinder i«-Une engine, showing side sectional view of the full-»orce-feed oiling system. 


Cylinder arrangement: oight-in-liiu', L-hfud, oast in one block, wat(‘r-cooW; detachable head. Valve 
arrangement: imppet type valves on one side of eyliinlers. Valve operation; by oiu' camshaft on the side. 
Camshaft drive: from crankshaft by mean.s of sprockets and silent tirnint^ cK^iin. Ff.r specifications of the 
J’ackard and other engines s<^e pages 1()55--1(X)2. 


Lubrication Ls banned a full-foree-feed system ao 
cording to the ela.s.sitications of engine lubrit^ation 
sy.st(‘ms in this book. 

Oil is drawn from crankca.se reservoir through 
strainer located at the pump housing and is pumped 
to the main oil di.stributing manifold, which is suf)- 
jx)rted from the crankshaft bearing caps. 

From manifold oil is supplied to tlie nine main 
crankshaft bearing.s through holes drilled in tlie bear¬ 
ing caps. lndei)end(*nt oil passages in the. crank¬ 
shaft, leading from the main bearings, carry the oil 
to the connecting rod lower end bearings and through 
a hole drilled lengthwi.se in the connecting rod to the 
piston pins. 

All cam.shaft bearings are lubricated by oil which 
is forced to the hollow camshaft from the oil lead 
running from the crankshaft rear bearing to the 
camshaft rear bearing. 

After passing through the cam.shaft and lubricat¬ 
ing the eight camshaft bearings, the oil passers out 
through holes In the camshaft spro(;ket onto the 
chain. The chain carries oil to the gc'iu^rator 
sprocket, which also has holes, allowing the oil to 
pass down to the generator shaft bearing. After 
these bearing are supplied with oil, the surplus 
drains back into the crankcase oil reservoir. 

The cylinder walls are lubricated by oil spray 
thrown from the connecting rod lower end bearings. 
Holes drilled in the crankcase allow the oil mist to 
rise into the valve compartments and lubricate the 
valve mechanism. Baffle partitions located cross- 


wis(‘ in the bottom of tl)(‘ crankcase' retard surging of 
the oil. 

Oil by-pass valve: In cold weather the crankcase 
oil becoine.s very thick and a short time elapses be¬ 
fore it beconie.s thin enough to be thrown off from 
the coimecting rods in sufficient quantities to thor¬ 
oughly lubricate the cylinder walls. Unvaporized 
gasoline is also drawn into the (jornhustion chambers 
by exce.ssive use of the choke in starting, which tends 
to wash the oil from the cylinder walls. 

I’hese conditions are liable to cause a scuffing of the alu¬ 
minum pistons. In order to prevent this occurrence and in¬ 
sure adeciuato lubrication of the pistons and cylinders when 
starting, an oil by-pass valve is located at the rear of the crank¬ 
case and is connected with the carburetor choke. 

An oil manifold on the side of the cylinder block is connected 
to this valve and, whenever the choke is pulled out, oil is 
pumped onto the skirt of each piston. This auxiliary lubricator 
functions only when it is needed, which is during the starting 
and warming-up period. It i.s operated in conjunction with the 
cfiokc and is shut off when the choke is pushed in. 

An oil filter is mf)unted on the left side of the engine. 

Oil pump; A gear pump is located at the lowest point of the 
crankj’Hse and forces oil from this reservoir througn the lubri¬ 
cating system as shown. The pump is operated by a shaft 
driven through a spiral gear on the camshaft. 

The oil is strained before entering the pump through a cyl¬ 
indrical screen which surrounds the pump inlet. This strainer 
may be withdrawn and cleaned whenever necessary by first 
draining the oil from the crankcase and then removing the small 
plate on the bottom of the crankcase. 

No adjustment of the pump gears is required, the oil pressuro 
l>eing regulated by the relief valve, which is controlled by the 
tension of a coiled spring. The inlet to the relief valve is con¬ 
nected with the pump discharge passage and any excess pressure 
causes the valve to open and allows the surplus oil to return to 
the inlet of the pump. Engine should be warm when checking 
oil pressure adjustment. 
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Hudson Great S, ei^lit rylinders in-line oiiKiiie sliowinj? the double flow circulating splash oiling system Front end sec¬ 

tional view.' 


Cylinder arrangement: vortical, (‘i^lit-ia-liius l.-luatd, <ast in one block and integral with crankcase, 
water-cooled and forceil circulation by pump driv(‘n by V-typ(‘ tan belt, detaehat>le head in two parts. 
Valve arrangement: [)opp<‘t typ(‘ valvt‘s on right side of cylinders with valv(>s set vtTtical. Valve operation: 
bv one camshaft on riglit side of engjn(‘. Camshaft drive: from crankshalt 24, by means of sproektds and 


silent timing (‘hain. The same chain <lriv(‘s aec(‘ssory 
distributor shtift 4, through g(‘ars as shown. 

The engine lubrication system on (lie lliuPon (iroal s i.s 
termed a double flow circulating splash system and is not a 
force-feed pre.s.'^urc aystem. The chief advantages claimed for 
thi.s .sy.stem are: efficiency not afTectod by bearing wear, in- 
Htantaneous lubrication in cold weather, agifatnin of oil keep.s 
dilution to a minimum, and oil groov'es in boanng.s are large 
enough to by-pass dirt or carbon particles without scoring 
bearings. 

Oil pump circulation and cooling: A valvcle.ss oil puiui) of 
the oscillating type and of double capacity is nunmted on the 
right aide of the engine at the front, on the outside «.»f engine 
See Fig. 2. The plunger 1, Fig. 1 , i.s operatetl by a .sliaft 2 , 
driven oy gears d from distributor shaft 4. This plunger draws 
oil through strainer o in lower half of oil pan or oil re.-'ervoir. 
through pipe 0, to an external pipe 7 leading to oil pump. Oil 
is forctnl out of pipe .S to ehain ca.se at front of engine, and 
through pipe 9 to an oil diainbutor by-pass 10 at right rear of 
crankcase, thus a double flow of oil is alternately pumped 
through two independent feed line.s from the oil pump. 

From the by-pass 10, oil flows to the rear, or No. 8 trough, 
a.s shown at A, Fig. 3. The oil from the chain case flows to 
the front, or No. 1 trough H, Fig. 3. I-Yom th 9 .se two points oil 
flows through a senes of baffles and with the spla.sh action of 
the connecting rod dippers 12, Fig. 1, the oil is traii.sferred to the 
respective dipper troughs towarcTthe center of engine, where ii 
i.s lifted by splash and returned through C, Fig. 3, to the lower 
half of oil pan or oil reservoir 14. 

By means of baffling, Fig. 3, the oil that retiirn.s into the 
lower oil pan is made to flow from the center toward the ends 
and then back toward the center before it can be picked up by 
the oil pump, thereby reducing the oil temperature 4.'> degree.*>. 
insuring a heavier protective mm of cool oil to all bearings and 
operating parts. 


1 Also applies to the Essex Super-Six. Some of the differ¬ 
ences of the Essex are: six cylinders instead of eight; cylinder- 
head in one piece; cooling is thermo-syphon; has same compres¬ 
sion ratio of 6.8 and same bore and stroke but with six cylinders; 
piston displacement is 175.28 cu. in., giving an actual developed 
horsepower of 60 at 3.300 r.p.m. N.A.C.C. hp. rating is 19.8. 
The Hudson Great 8 has a bore of 2 7 / 8 ", stroke of 4 and 
piston displaoomont of 233.7 ou. in. N.A.C.C.. hp. rating is 26.4. 


."li.ilt 23, Avhioli (lnv(‘.s gencnitor (iinvl, :ilso nnvo.s 


Splash circulation: 4'he jiihtons, pi.stori pins and cylinder 
walls are lubricated by mist, caused by the .splash of the con- 
iH'ctitig rod dippers 12 , h'lg 1 , in the troughs of the upper oil 
pan The excess of oil drams inio gutters 13 (there are 8 in 
Hudson and 4 in Ivsscx) which arc incliruKi and lead to the mam 
bearings, thus conveying oil to a small reservoir above each 
mam bearing, feeding them by gravity. 

An oil-pressure gauge mounted on the instrument fiaiiel 
should show a i)res.sure of from 3 to 4 pounds when engine is 
nmnmg. If oil gets below 2 lbs it is probably due to oil being 
very thm, ur to an air leak in one of the oil lines. Engine .should 
be stopped and the eause found 

Oil pressure regulation. Xo adjustment is provided. In 
ru'.e of emergem'y, pre.ssure can be inereasetl by removing spring 

shown in 10 of h'lg 1 . and .stretching it, hut this is not a 
recommended praeiiee; the eause should be found. 

Amount of oil in oil reservoir of engine is shown on the com¬ 
bination electric gauge ()n instrument panel marked “Gasoline 
or Oil” when the ignition eleetrolock is turned “on.” and the 
button between the ignition electrolock and choke control but¬ 
ton i.s pushed in. Bayonet type oil gauge 2 (j>, ahso provided. 

Add sufficient oil at filler every 2.50 miles to bring level to the 
full mark. Drain and refill reservoir every 2,.500 niilew,* using 
eight quarts of medium heavy body oil. In summer use S.A.E. 
30. In winter reduce viseo.sity to insure flow under tempera¬ 
tures encountered. 

Names of parts not mentioned in text (see Fig. 1): 11 , pipe 
to oil pressure gauge on imstrunient panel; 15, oU trough; 1.5a. 
distributing baffles in upper oil pan; 16, electric oil level gauge 
float; 17. chain eccentric adjusting plate; 18, exhaust and intake 
manifold; 19, carburetor heat control valve for heating the fuel. 
This valve is interconnected with throttle valve so that, as the 
speed is increased, less exhaust gas is diverted around the riser 
through which the fuel passes; 20 , wiring conduit; 21 , water 
outlet; 22, camshaft; 23, accessory shaft which drives generator 
direct and distributor shaft by means of gears. This shaft is 
driven by the same chain which drives oam^aft; 24, crankshaft; 
25, flywheel; 26, bayonet type '•il level gauge; 27, rear engine 
support; 28, detachable cylinder head in two parts; 29, con¬ 
nection to float from combination electric oil and gasoline 
gauge; 30, piston; 31, connooting rod; 32. spark plug; 33, valve. 










Hupmobile, model H and U (1931), engine vnth eight In-line, 
L-head type of cylinders and yalves on the side of cylinders, oper¬ 
ated by one camshaft on the side. The Hupmobile is an example 
of an engine using radiator cooling of the lubrication oil. 


1— Carburetor air cleaner and air intake silencer 

2— Carburetor: a down-draft, twin type, model “DD-3” Stromberg. An 
As-Ke fuemer is used for vaporizing gasoline at the carburetor for quick 
starting. When the starter pedal is depressed, the throttle is slightly 
opened and the fuemer connected. 

3— Dual intake manifold; 4—Exhaust passage. 

5—Double butterfly heat coi^rol. Controls the passage of the 
exhaust gases around the intake manifold jacket for heating 
the mixture when engine is cold or below normal running 
temperature and to r^uce the use of the carburetor choke 
to a minimum. It is connected with heat control button 
on instrument board; 6—Exhaust pipe. 

7— Double valve springs to eliminate spring surge; wound 
right and left. 

8— Rocker-arm type of valve-lifter made of chromium ball 
steel reducing tne reciprocating weight, thus more efficient 
at high speeds. Note oil pressure passage; 9—Camshaft 
mounted m six bearings. 

10— Fuel pump and filter (Stewart-Warneifmechanically driven 
type). There are two fuel-feed lines. The gasolme feed 
Ime extends to within 1 of the bottom of gasolme tank, 
leaving a 2-gallon reserve. The reserve supply line (marked 
by red paint) extends to bottom of gasoline tank. Both 
lines lead to a two-way cock from which point one line 
leads to fuel pump. 

11— Double oil pump; 12—Oil pump intake screen; 13—Oil drain. 
14—Outlet pipe for the oil cooling system; 16—Oil 

pipe lead from pump to oil filter. 

16— Oil-pressure relief valve and regulator. Idling 
speed pressure adjustment is provided as w^eJl 
as for high speeds. 

17— Lead to oil filter; 18—Direct line full flow oil 
filter; all oil passes through it going to the 
bearings. 

19— Lead to oil distributing pipe and thence to main 
bearings and moving parts. 

20— Large drilled passage through crankpins in 
crankshaft insures priming supply of oil when 
starting. Centrifugal force acting on a greater 
volume has a tendency to increase the pressure; 

21—Same as 20. 

22— Crankcase ventilator; carries off excess heat 
and injurious fumes from interior of engine. 

23— Connecting rod; rifle drilled full length for oil- 
pressure feed to piston pin. 

24— ^Piston. Light weight alloy split skirt tyiKj. 

25— High-compression cylinder-head combustion 
chamber; compression ratio is 5.2 to 1. 

26, 27—Water outlet. 

28—Timer-distributor; semi-automatic advance; 

dual breaker-contacts; 29—Ignition coil. 

30—A special designed water distributing manifold 
which keeps all cylinders equally cool. Cool¬ 
ing is forcOT circulation by pump. 


Cylinder arrangement: vertical, eight-in-line, L-head, cast in one block and integral with crankcase, 
water-cooled, detachable head. Valve arrangement: poppet type valves on one side of cylinders with 
valves inclined. Camshaft drive; from crankshaft by means of sprockets and silent timing chain; one cam¬ 
shaft on the side. 


Lubrication of engine is full-force-feed to all main, connecting rod, camshaft bearings, valve mechanism, 
and through drilled connecting rods to piston pins. There are two oil pumps in the oil pump housing 11. 
One circulates the oil through the radiator to be cooled. The other circulates oil under pressure for engine 
lubrication throui^ the filter 18, and through pipe 19, to the main oil distributing manifold, thence to all 
bearings and moving parts as mentioned above. An oil-pressure relief valve 16 is- provided in the line to 
prevent excess pressures being built up. 


Oil cooling;: As power is increased, oil temperatures jjenerally go up, which lowers the oil viscosity beyond 
that which is considered thoroughly safe for main bearing loads. In the Hupmobile this condition is taken 
care of by partitioning off 2 inches of the water radiator core at the left side, E, Fig. 2, supplyinj^ this section 
with separate header tanks, top and bottom, and using it for cooling the oil. By this means oil 
temperatures at main bearings, it is claimed, have been reduced from a possible peak of 260"^ 
to below 200® F., under the severest conditions. 

Oil is forced through this radiator core E under pressure by a separate pump. A, Fig. 2, the 
lead line B, however, having incorporated in it a pressure relief valve D to prevent excess pres¬ 
sures being built up in the core. The hot oil is taken into oil pump A from the upper level of 
the oil sump and cool oil is discharged through return pipe G at a lower level H in close prox¬ 
imity to the intake of the engine lubricating pump. 

For specifications of the Hupmobile and other engines see pages 1065-1062. The Hupmobile employs a helical 
gear free-wheeling transmission on all models. 
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The right and left side of an engine is to the right and left hands when sitti: 
above is the right aide of the Studehaker Commanacr, 


ng in one of the seats of the car. View shown 
series “70,” eight in-line. L-head type of engine with clutch and trans- 
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mission (free-wheeling type) combined in one unit, termed a unit-power-plant. The view shown below is the left side of the same 
engine. The front cylinder is No. 1, or cylinder nearest the radiator. For specifications of the Studebaker and other engines see 
pages 1055'-1062. 
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V ASSEMBLY OF THE AUTOMOBILE 

The automobile is made up of four component units: the running gear, the power plant, the drive 
aystem, and the control members. These parts are subdivided into other units, and each of these will 
be treated separately farther on. Although the construction of the different makes of cars may vary, 
»he principle or purpose of the parts remains the same. 
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Fig. 1. The running gear, consisting of the front and rear aales, springs, pressed steel frame, and steering device. The main 
gasoline tank is shown attach^. 

Fig. 2. The power plant is now suspended on the frame of the running gear. The power plant in this example consists of an 
eight^ylinder V-type engine with the clutch, clutch housing, and transmission all mounted as one unit. It is, for this reason 
termed a *‘unit power plant.** 

Fig. 3. The drive system is now attached. This consists of a propeller or drive shaft encased with a universal joint inside of 
the torsion tube. On many cars the drive or propeller shaft is not encased. Tho above is termed the chassis. 


XXXVl 





































































INSTRUCTION No. 1 
ASSEMBLY OF THE AUTOMOBILE 

GENERAL EXPLANATION 


The Kinds of Motor Cars 

There are three different kinds of motor cars: 
first, the gasoline motor car; secondly, the steam 
car; thirdly, the electric car. 

The p;asolin6 motor car is by far the most popular 
and it is with this that we are mainly going to deal. 

The steam car, silent, smooth, and easy on tires 
is comparatively seldom seen. 

The electric car, almost invariably in the form of 
a brougham or coup4, is heavily handicapped by 
being unable to run for more than a few hours with¬ 
out a fresh charge of electricity from its head¬ 
quarters, and is in less general use. Our attention 
will be devoted to the car with the gasoline engine 
for the motive power. 

The Component Parts of a Motor Car 

A car may be made up as a whole of two distinct 
parts, the body and the chassis. 

The body, which is the work of the body builder 
and which has been brought by him to a wonderful 
pitch of perfection, hardly concerns us, so we will 
unscrew the bolts that secure it 

to the frame of the chassis and stand it to one side 
—for the present, at least—so that we can examine 
the chassis underneath. 

The chassis is the entire car (Fig. 3, opposite), with 
the exception of the body. The chassis, for our pur¬ 
pose, must also be divided into its main parts as 
follows: the running gear, the power plant, the 
transmission system, the control system, the equip¬ 
ment and accessories. 

The running gear consists of parts as follows: 
front and rear axles, wheels, springs, frame. 

The power plant (Fig. 2, opposite), consists of 
parts as follows: the motor with its fuel system, the 
carburetion system, the ignition system, the cool¬ 
ing system, and the lubrication system. 

The drive system consists of parts as follows: the 
clutch^ the change-speed gears, the drive shaft with 
its umversal joints, and the differential. 

The control system consists of parts as follows: 
the steering device, the throttle and spark control, the 
hand levers, the foot pedals, and the brake system. 

The construction of the parts of a motor car may 
vary, but their purpose is the same. While it is 
true there are ^ different firms making 

automobiles, they all employ in the construction of 
their cars the parts enumerated under the various 
headings. For instance, one manufacturer may 
suspend the power plant on the main frame, others 
use a sub-frame; some use a clutch of the type, 
others use a clutch of the disk type—but 

they all use frames and they all use clutches. 
Farther on we shall explain the different construc¬ 
tions involved in these parts; but bear in mind that 
the fundamental principle or purpose of each part 
does not change. 

As we progress, the reader will gain an idea of 
the different constructions of the component parts 
now in TOneral use. For instance, there are two 
kinds of front axles in general use: the tubular type 


and the solid type. There are two types of con¬ 
struction of rear axles in general use: tne live axle 
which revolves and is driven by a bevel gear and 

E inion, and the dead axle which does not revolve, 
ut on which the wheels are driven by chain and 
sprocket; and so on, throughout the whole construc¬ 
tion of a car. 

It is now clear that if the reader masters the 
principle and purpose of these parts, it will be no 
diflBcult matter to understand the variations in 
construction, and when he has completed the study 
of the various constructions he will have gained 
sufficient knowledge to enable him to understand 
the construction of all cars. 

Purpose of the Parts of the Running Gear 

The front wheels run free on the axle, and guide 
the car. They are called the guiding wheels and 
are moved from side to side by means of a steering 
device, and the direction of the car is controlled in 
this manner. The rear wheels are revolved by the 
engine and drive the car. 

The front axle is fitted with steering knuckles on 
which the guiding wheels run. These steering 
knuckles are moved by means of a rod which con¬ 
nects to the steering device. The front axle is 
fitted with spring blocks and spring clips which hold 
the springs m place. 

The rear axle revolves. The housing over the 
axle is fitted with spring blocks and clips similar to 
the front axle, that is, if it is a *ffive’^ axle. 

The springs act as a cushion and protect the 
machinery and the occupants of the car from undue 
vibration and shock. They also hold the frame. 

The frame of an automobile is made of pressed 
steel and is the foundation which supports the power 
plant, change gears, levers, steermg device, fuel 
tankj body, etc. Each part is bolted to the frame 
and IS kept in proper relation to each of the other 
parts. Tne frame is usually suspended, with the 
springs resting on the axles, as shown in Fig. 1, and is 
called the ‘‘overhung’’ method of spring suspension. 
Sometimes the springs are fastened below the axles, 
called the “underslung” method of spring suspen¬ 
sion. The front springs are usually “overhung” in 
either case. 



Fig. 1. In the upper illustration is sliown the "overhung” 
spring suspension. Note that here both front and rear springs 
and also the frame are above the axles. In the lower illustration 
is shown the "underslung,” a form of spring suspension in which 
the frame is above the axles, but with the springs below. 

A sub-frame is sometimes placed inside of the 
main frame to support the power and drive plant. 

The steering device is usually attached to the 
frame. By turning the steering wheel, the car is 
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^ided through the control of the direction of the 
front wheels. 

Brakes are fitted to automobiles for stopping or 
slowing down, and are usually fitted to a drum on 
the hubs of the rear wheels. 

Purpose of the Parts of the Power Plant 

The engine furnishes the power that drives the 
car. It \b usually located in the front part of the 
frame, if it is a multiple-cylinder type of engine. 

Suraension. Multiple cylinder engines usually 
have four, six, eight, or twelve cylinders. If of the 
double-cylinder opposed type^ it is usually placed 
across the frame. If a multiple cylinder, ‘^single- 
unit power plant,it is usually suspended at three 
or four points. This is called ^^three-point'^ or 
**four-point’' suspension. 

The carburetor mixes air with gasoline, and is 
connected direct to the intake pipe on the engine. 
The carburetor is connected to the feed pipe from 
the gravity tank. 

The gasoline tank is usually placed under the 
seat or at the rear of the car, and gasoline is fed to 
the carburetor through a small pipe or by the 
vacuum system (as explained under Carburetion). 

The exhaust pipe connects to the exhaust mani¬ 
fold and runs to the muffler, which is usually placed 
at the rear of the car. The exhaust pipe permits 
the burned gases to escape. The muffler, placed at 
tlie extreme end of the exhaust pipe, silences or 
mufiles the noises from the explosions in the engine 
cylinders. 

The ignition system is a part of the electric plant. 
It consists either of a storage battery and coil, dry 
cells and coil, a generator, or a magneto. The coil and 
battery electric system was formerly placed on the 
dash, while the magneto or generator is placed on 
the engine and is run by the cam shaft or crank 
shaft, through the medium of silent chains. The 
modern coil and battery system with a timer and 
distributor is now placed on the engine. 

The cooling system consists of the radiator, water 
pipes, circulating pump and fan. The object of the 
cooling system is to keep the engine from getting too 
hot when the explosions take place inside of the 
cylinders. 

The lubrication system of the engine is for the 
purpose of keeping the bearings and rings and other 
moving parts from wearing. This subject as well 
as the others mentioned wiU be treated separately, 
fartW on. 

Purpose of the Transmission and How the 
Rear Axle Shafts Are Revolved 

The transmission, or the speed-change gears, is 
that part which transmits the power from the engine 
to the driving wheels throu^ a system of speed- 
change gears. 

A clutch is placed between the engine and the 
transmission; this permits the engine to run free, 
or, when “tnrown in,” connects the engine to the 
change-speed gears and drives the car. The clutch 
is operate by a foot pedal and is thrown *‘in” or 
“out” by the driver. 

In A locomotive, the'piston rods are connected direct with 
the wheels, through the medium of the cross-head, and con¬ 
necting rod, so that when steam is applied the locomotive 
moves. In f n automobile, the engine may be disconnected 
from the transmission by means of the clutch, so that the 
motion of the transmisifon or of the entire car may be stopped 
without stopping the engine. 


Change-ge^ principle: When a bicyclist wants 
to race on a level track ho gears his wheel up high, 
so that one revolution of the crank takes him the 
greatest possible distance. Yet if he takes thit 
wheel on the road and encounters a hill, he must 
get off and walk or exert an extra lot of power—he 
needs a wheel geared lower. 

In the same way, when an engine is required to 
do more than ordinary work, as climbing a hill, the 
transmission or change-speed gear contains from 
two to four changes of gears and helps out the 
engine by changing to the gear ratio requiring 
less motive power. It allows the car to move at 
various speeds while the speed of the engine is 
unchanged. 

When in low gear, the engine makes quite a num¬ 
ber of revolutions (10 or 15), while the wheels re¬ 
volve once, which makes the car move forward 
slowly, but with considerable force, so that it can 
go up a steep hill or through sand or mud. 

When in second or intermediate gear, the engine 
makes from 7 to 12 revolutions to one revolution of 
the wheels, which moves the car faster than the low 
or first change of gears, but with loss force. 

When in third or high gear, the engine makes 
from 3 to 5 revolutions to one revolution of the 
wheels, which gives the car high speed over good 
roads. 

If the car should be going up a steep grade while 
on high gear, the work would be more than the 
engine could do, and it would stop unless one of the 
lower speeds were shifted in. There would then be 
considerably more pull on the wheels. 

The operation of the change of gears is effected 
by means of a side or center lever. Change of 
gears can be made instantly. The transmission 
also contains a set of reverse gears, which, when 
thrown in, will reverse the motion of the car with¬ 
out reversing the motion of the engine. 

The transmission may be connected so that it 
drives the wheels by the following methods: First, 
by a driving shaft (Fig. 2) connected to the rear 
axle, which it revolves by means of bevel gears, the 
wheels and axle turning together. This axle re¬ 
volves and is called a “live” axle. Second, by a 
single chain (Fig. 3) connected to a “live” reat axle, 
the wheels and axle turning together (now obsolete). 



Fig. 2. rropellor or drive-shaft driving method. 



Fic> 3. Single-chain driving method (obaoleta) 
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Third, by two chains (Fig. 4), one connected to 
each rear wheel, which run free on the axle, like a 
buggy. This is called a ^*dead'* axle because it does 
not revolve. 



Fig. 4. Double-chain drive method. Seldom used on 
passenger-car automobiles, but used on trucks to a limited 
extent. 


Drive System 

The connection between the engine and the wheels 
b called the ‘‘drive system.” 

The drive shaft connects with the end of the 
transmission shaft by means of a universal joint. 
A universal joint is usually at the rear end con¬ 
necting with the differential drive pinion shaft. 

The universal joints permit the parts mounted on 
the rear axle to move up and down, thus preventing 
the movement of the axle from interfering with the 
drive of the car. 

The torque rod' is usually placed between the 
housing on the rear axle and the transmission case. 
The object of the torque rod (or torque arm, as it 
is now called) is to prevent the axle housing from 
twisting when the power or brakes are applied. 

The drive pinion connects to the rear end of the 
drive shaft and drives the large bevel gear, which 
is connected to the differential. 

The front wheels on an automobile run free on 
the axle. For this reason the outside wheel is able 
to revolve faster than the inside wheel when the 
car is turning a corner. 

When a yehicle turns a corner, the outside wheels 
revolve faster than the inside wneels, because they 
travel a longer distance. 

The wheels in the rear must do the same thing; 
if they were forced to revolve at the same speed, 
one would slide because it could not keep pace with 
the other. 



Fig. 5 Fig. 6 Fig. 7 


Fig. 5. Sectional view of a “wood artillery" type of wheel 

Fig. 6. Sectional view of a wire wheel. 

Fig. 7. Sectional view of a disk wheel. 

Wood Wheels^ 

The wood wheel does not pos 

sess the lasting qualities of metal, and costs less 
It is usually termed the “artillery type” (see Fig. 5) 
A steel rim is fitted over a wood felloe which holdt 
the tire. 



Fig. 9. Wood wheel with hub complete, rim and tire 
mounted. 


When they run free on the axle, they would take 
care of this themselves^ but as both are driven by 
the engine, the transmission or rear axle is fitted 
with a differential, at times erroneously called a 
compensating gear. This device is automatic, and 
permits the wneels to revolve at variable speeds, 
although both are driven by the engine. 

Wheels 

Tires made of rubber are fitted to the wheels to 
take up the vibrations Hiat are too sudden for the 
springs to absorb. 

The wheels of an automobile are smaller in diame¬ 
ter than horse-drawn vehicles, due principally to the 
fact that at the high speed the automobile travels, 
the wheels would have to be built entirely too heavy 
to sustain the strain. Automobile wheels must be 
very strong, because of the weight that they must 
support, and the strain that they are under. They 
are made of wood or wire (see illustrations. Figs. 5, 
6, and 7). 

Wheels are divided into thiCe classes (Figs. 5, 6 
and 7): wood, wire, and disk wheels, the latter type 
being made of metaL 


The artillery type of wood wheel is shown in Figs. 
8 and 9. Note that the spokes meet at the center 
and are bolted between the metal hub flanges. 
Wood felloes are shrunk on to the wooden spokes to 
carry a steel felloe band, and on the steel felloe 
band, a steel rim is fitted to take the tire. 

Easy riding qualities always have been claimed for 
the wire wheel, and this is largely due to the fact 
that the weight is centered in the hub and that the 
car weight is suspended from the top spokes, whereas 
in the wood wheel the weight is taken on the spokes 
at the bottom. Road shocks, therefore, are more 
readily transmitted through the wood spokes to the 
hub of the wheel than in a wire wheel. With a wire 
wheel, it is claimed^ acceleration is much improved 
because the wheel is set in motion more pasily by 
virtue of the lighter rim. In other words, the hub 
of a wire wheel, wherein is centered the weight of 
the wheel, literally wraps the spokes about it, and 
the spokes in turn pull the light rim after them. 

# 

If wood apokea become loose and aqueak, the cause la 
usually due to dryness, from lack of ws^ng. To remecfy, 
swell the spokes bv soaking well with water. If this fails, 
consult Index, “Wheels, ^okes loose," where further dis> 
cussions are referred to. When wood spokes break, new ones 
ean be fitted. 


1 Also termed radius rods —see p. 7. The torqucj arm is seldom used. Torque tube drive is now used on several passenger and 
light oars—see p.. 7. Hotchkiss drive Is extensively used on both passenger oars and trucks, the torque reaction being resisted by 
the springs—see p. 7.'With Hotohkias drive two universal joints and a slip joint (pp. 860, 24) are generally used. One universal 
joint is generally used with torque tube drive. * Wood and wire spoke wheels are obsolete—see footnote p 602. 
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Wire Wheels 

Wire wheels are lighter and are Merally of the 
demountable t 3 j)e, that is, the wheds are demount¬ 
able, but not the rim. The triple-spoke construc¬ 
tion is the favored ty^e. 

When wire wheel spokes break or become loose, new ones 
can be inserted or loose ones tightened, similar to the treatment 
given to bicycle spokes. Hub caps on wire wheels must be 
tight, otherwise there will bo an intermittent clicking noise. 

The parts of a wire wheel are shown in Figs. 10 
and 11. The rim on this wheel is of the clincher 
type. It usually is a straight-side 

type of rim. 


Rims are not demountable on wire wheels (see 
Index under ^^Wire wheel rims).” 

Wire wheels usually come in sets; five detachable 
and interchangeable wheels and five hubs make a 
set—four on the car and one spare, all detachable at 
the hub. All are usually interchangeable, front or 
rear, right or left. Unscrewing and replacing the 
hub cap is all that is necessary in changing the 
wheels. The spare wheel may be carried with the 
tire inflated ready for immediate attaching to any 
of the hub mountings. Wheels of this type are 
usually equipped with a built-in locking device, 
which adds safety without interference to the quick- 
chanee feature. See also Index under ^‘Wire 
wheels.” 



Big. 10. Rear wire wheel with 30 x 3 H clincher rim 
Note the brake drum attached to the hub flange. 

Fig. 11. Front wire wheel with 30 x 3)^ clincher rkn 
The parte are shown in the illustration. 

Disk Wheels 

Disk wheels are now popular and add considerably 
to the appearance of a car. The steel disk is usually 
dished and welded or bolted to the felloe, or the 
wheel is-made in one piece with demountable rims. 
The hub is usually bolted to the ^sk. Disk wheels 
are also made of wood, but steel is used most. 

Easier ri^g qualities, rapidity of wheel change, 
and the ability to keep them clean are some of the 
major things claimed for the disk wheel. See p. 602. 

The wood disk wheel is made from the same grade 
of wood as used for airplane propellers and is lamin¬ 
ated in such a way that the gram in each lamination 


nms in a different direction. These wheels are 
claimed to be of about the same weight as spoked 
wheels, but to have four times the lateral strength. 

With many of the disk wheels it is not necessary 
to carry a spare, only a rim being necessary. On 
others the entire wheel is changed. See Index under 
^‘Disk-wheel rims.” 

Mud guards or fenders are always fitted over the 
wheels, to protect the car and occupants from the 
mud toown by the wheels. 

Meaning of Wheel Base and Tread or Track 

The wheel base of an automobile is the distance 
(in inches) between the rear axles and the front 
axles. The long wheel base rides easier than a 
short wheel base. The frame must be sufficiently 
stiff^ however, to prevent sagging from the weight 
resting on it. The wheel bases vary from 80 inches 
on runabouts to 144 inches on larger cars. 




Fig. 13 


The tread (also called track) is the distance the 
two wheels are apart measured parallel with the, 
axle. The standard tread is 66 inches, measured 
from center to center. 

The treads of wagons and carriages vary in different parts 
of the country.^ In the Southern states it is 60 inches; in the 
West 48, and in most of the other parts of the country 56 
inches. Small, light cars are sometimes made with a smaller 
tread than 66 inches, but this is exceptional. 

The road clearance is the distance from the lowest 
point of the car to the road. For rough roads, a 
greater clearance is required than for smooth roads, 
as a high place in the road would strike parts of the 
machinery that hung too low. The front axle, 
which is solid and heav\% is usually curved down in 
the center, so that it will be the firet part of the car 
to strike a high place^ thveby protecting the deli¬ 
cate parts behind it. 

The Body 

The automobile frame, with all parts of the run¬ 
ning gear, the transmission, engine, and other parts 
of the mechanism, when it is without the body, is 
called the chassis. Different types of bodies may 
be attached to a chassis, and are generally fastened 
down with bolts. 

.^though there are many special makes of bodies 
which are given special names, the illustrations that 
follow will rive the reader the names of tlpie standard 
type of bodies. 
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Bo'dy Nomenclature 

Types of body following is reprinted from the 
S. A. E. Handbook, issued oy the Society of Auto¬ 
motive Engineers, Inc., New York City, N.Y. Re¬ 
vised by the Passenger-Car Division and approv<Mi 
by the Standards Committee, January, 1930.* 



Roadster.—An open-type body having one cross 
seat. A compartment in the rear deck accommo¬ 
dates business equipment or luggage. The top is 
of weatherproof fabric and may be folded. Equip¬ 
ment includes removable side-curtains and provision 
is usually made for folding the windshield. 

Sport Roadster.—The rear deck is provided with a 
rumble scat accommodating additional passengers. 
Equipment frequently includes golf loclcer in the 
rear deck. In other respects this type is similar to 
the Roadster. 

Phaeton.—An open-type body with two cross 
seats, usually accommodating five passengers. Fold- 
ing-tjq)e windshield and folding weatherproof fabric 
top with removable side-curtains are usual equip¬ 
ment. 

The seven-passenger Phaeton is generally the 
same except the additional length necessary for the 
auxiliary seats in the tonneau. 

Sport and Imperial Phaeton.—Similar to the 
Phaeton in generd type with various refinements or 
extra equipment. Wire wheels, trunk rack and 
ultra-modish finish are common attributes of this 
type. The Imperial type is accepted to indicate a 
tonneau windshield. 

Touring Car.—^Generally longer bodies than the 
I^aeton, permitting the use of auxiliarv seats in the 
tonneau, for the accommodation of additional pas¬ 
sengers. In other respects similar to the Phaeton. 

Coupe.—^An enclosed single-compartment body. 
Passenger capacity varies with arrangement of seats 
or the length of wheelbase. Two doors are pro¬ 
vided; back panels and top are permanent and the 
rear deck accommodates a luggage compartment. 
Small coupes have a single cross seat accommodating 


two or three passengers, while the larger coup)e8 
frequently provide a staggered seating arrangement 
which, with an auxiliary seat beside the driver, may 
accommodate as many as five passengers. The 
larger t 3 q)es arc also generally provided with quarter 
windows. 

Sport Coupe.—A Coupe especially adapted for 
sport use, with fixed top, frequently of fabric mate- 
nal with landau joints. The rear deck is usually 
provided with a rumble seat accommodating addi¬ 
tional passengers. Various refinements or extra 
equipment are frequently provided such as ultra- 
modish finish, wire wheels, and golf club locker in 
rear deck. In other respects this type is similar to 
the Coupe. 

Cabriolet or Convertible Coupe.—Similar to the 
Sport Coupe with provision for converting to an 
open-type. The rumble seat and fender wells are 
usual but not restrictive features of this type. 

Coach.—^An enclosed two-door type body, with 
permanent back panels and top. A nill-wddth cross 
seat in the tonneau accommodates three passengers. 
Two separate seats in the front accommodate the 
driver and an additional passenger, and by folding 
down, allow miobstructed exit or entrance to rear- 
seat passengers. Fender wells and trunk racks are 
frequently provided but are not inherent features of 
this type. 

Sedan.—An inclosed four-door type of body with 
permanent back panels and top. A full-width cross 
seat in front and rear. Passenger capacity from five 
to seven according to wheel-base or body design. 
Auxiliary folding seats in rear for accommodation of 
extra passengers in the larger types. May or may 
not be provided with windows in the rear quarter. 

Variations from the standard Sedan type may be 
variously designated as: 2-Window Sedan, 3-Win¬ 
dow Sedan, Club-Sedan, Close-Coupled Sedan, 
Landaulet Sedan, etc., but there is not sufficient 
uniformity in these variations to justify specific 
standardization. 

Landau.—A closed-type body with provision for 
opening or folding the rear quarter, by the use of 
landau joints. This usually precludes the use of 
quarter windows. 

Landaulet Sedan.—Similar to the Landau Sedan 
in appearance but made with a stationary rear 
quarter. Landau joints are mounted on the rear 
quarter but are non-operative. 

Imperial Sedan.—A drop or sliding glass parti¬ 
tion between the driver’s compartment and the 
tonneau is the distinguishing feature between this 
type and the Sedan, which it resembles in all other 
essential respects. 

Town Car.—Same as Imperial Sedan with or with¬ 
out rear-quarter windows and without a fixed roof 
over front compartment. A folding or removable 
weatherproof fabric top over the front compartment 
is a usual but not restrictive feature of this type. 

Convertible Sedan.—Similar to Sedan type with 
provisions for converting to an open-type car. Both 
the all-weather feature and the top are convertible. 


*SAE discontinued this and other Automobile NomencUUure 
Janviary, 1941, and substituted a brief generic form instead. 
See "Note" at bottom of Insert No. 1. 


. nomenclaturejariei with different automobile manufacturers. The following terms however are used by several: Rood- 

FnaeUm, Two^^ Sedan, F(mr-do^ Sedan, and Limousine. Although the last mentioned is not included on this page, 
It is Atili in use (see page 107o for definition). For latest current body nomenclature as used by the various manufacturers, it is sug¬ 
gested that the reader obtain literature from various automobile dealers. 


INSTRUCTION No. 2 
ORIVE METHODS: Drive-Gear Reduction 

VARIOUS DRIVE METHODS 


The power from the engine is transmitted through 
the transmission; and is applied to the propelling 
of the car by those parts called the drive. 

There are three methods of transmitting power to 
rear-axle shafts: the double-chain drive, requiring a 
*'dead^' rear axle; the single-chain drive (seldom 
used); and the shaft or propeller-shaft drive, which 
requires a “live” rear axle. 

There are seven drive methods: single chain 
(obsolete); double chain; internal gear (page 929); 
double reduction (page 925); double reduction 
internal (page 933); worm (pages 17, 914, 920, 954, 
956); bevel gear (Fig. 3 below). The last men¬ 
tioned is the type generally used on passenger cars. 

Double-Chain Drive 

The double-chain drive is seldom used on plea¬ 
sure cars^ but is used on trucks. 


When, as is usual in cars of this type of drive, the 
en^e is in front, the crank shaft is parallel to the 
sicfes of the car, and therefore at right angles to the 
rear axle. The power developed at the crank shah 
must therefore be turned at right angles in order 
to apply it to the wheels (see Fig. 1). This is done 
by means of bevel gears, which are in the trans¬ 
mission case. 



Fig. 1. 


The power is transmitted from the crank shaft of 
the engine to the square shaft of the change-speed 
gear by gears, as explained farther on. The square 
shaft carries a bevel gear that meshes with another 
bevel gear carried on the jack shaft (Fig. 1). 

The jack shaft passes across the car, running in 
bearings in the gear case and on the frame. It is 
held so rigidly that while it is free to revolve, its 
bevel gear is mways in correct relation to the bevel 
gear on the square shaft of the transmission. 


The jack shaft is in two sections, between the 
inner ends of which the differential is placed, the 
differential, of course, being beside the bevel gear 
that drives the jack snaft. 

At each end of the jack shaft, outside of the frame, 
is a sprocket which is in line with a corresponding 
sprocket on the rear wheel of that side (Fig. 2). 
Over each pair of sprockets passes a chain that 
transmits the revolutions of the jack shaft to the 
wheels which run loose on the ends of the dead axle. 



The chain most commonly used for automobiles 
is called a “roller chain.” It consists of side pieces 
in pairs, each pair being secured to the adjoining 
pairs by rivets passing from side to side. On these 
rivets are steel rollers which revdve as they touch 
the sprockets. These rollers fit the space between 
the teeth of the sprockets, and as the chain bends 
around, the sprockets the rollers are stationary, 
while the rivets turn inside of thefn. 

To give the best service, the chain must run true; 
that is, the sprockets over which they run must be 
.in line, the links of the chain must fit the teeth, and 
the sprockets must be exactly circular. If the 
sprockets are out. of line, the chain will be forced 
to bend sideways. If the links do not fit the teeth, 
there will be a grinding that will cause rapid wear, 
and there will be danger of the chain jumping off. 
If the sprockets are not exactly circular, during one 
part of the revolution the chain will be slack, and 
during the other part will be drawn tight, stretch¬ 
ing it. 

The double-chain drive has advantages on heavy 
cars. By its use the weight of the car is carried 
by a “solid” or “dead” axle, which is lighter than 
a divided “live” axle of the same strength can be. 
If a solid axle is bent, it can be straightened easily, 
while it requires an expert mechanic to straighten 
a bent live axle. 

The disadvantages of double-chain drive are the 
diflBculty of properly lubricating the chains, their 
rapid wear m consequence, and the liability of 
chains to stretch and jump off the sprockets. 


Engine 
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Propeller or Shaft Drive 

In this type, a shaft connects with the 
main ^aft of the transmission and is extended to 
the rear axle, where it ends with a small bevel gear 
called the drive or driving pinion. See Figs. 3, 
and page 28. 

This driving pinion meshes with a bevel gear on 
the differential housing that is mounted between 
the inner ends of the two parts of the live rear axle, 
called the axle-driven gear, or differential '"ring 
gear,^' or ‘‘master gear,“crown wheel,“ etc. 

The propeller or driving shaft always has one, 
and sometimes two, universal joints in between the 
gear box and drive pinion on rear end, so that the 
moving of the rear end, as the axle receives the 
jolts of a rough road, does not affect its driving. 

The drive and driven gears are contained within 
a casing or housing that supports the bearings for 
the parts of the axle and also the end of the driving 
shaft, so that the bevels are held in the same relation 
to each other, regardless of the moving of the axle. 

The advantages of this type of drive are that all 
of the moving parts are enclosed and protected 
from dust, and run in grease or oil, which means 
perfect lubrication. 

Radius Rods 

Radius rods, also called “distance rods" and 
“strut rods,** are mostly used on commercial cars 
using a double-chain drive. They extend from a 
point alongside of the frame in line.j»with the jack 
shaft, thence to the rear axle. Thus they keep the 
chain at the proper tension and the distance from 
sprocket to sprocket the same, no matter how rough 
tne road. A turn buckle is provided to insure 
adjustment. Radius rods are not used on propeller- 
shaft-driven cars in the manner described above, but 
on two or three propeller-shaft-driven cars they are 
used as shown in Fig. 7. Many trucks 

are equipped with radius rods. 


A torque tube is often used instead of a separate 
torque arm. The propeller or drive shaft revolves 
inside of the tube (see Fig. 6). 



Fig. 5. “The Hotchkiss drive.** A semi-elliptio spring is 
lued to t^kc the thrust. The forward end of the spring is not 
shackled, but oscillates on a pin, and this takes the thrust and 
torque. The rear end is shackled and is free o move under 
stress. 

Fig. (). A torque tube, which takes both the drive and 
torque; Holls-Royce rear axle. See also Fig. 7, page 16. 

Fig._ 7. Radius rods on the Dusenberg, which take both 
the drive and torque 


The Torque Member 


Torque means turning movement, or twist. The 
torque arm,, torque tub^ radius rod, or the rear 
springs represent four different methods of prevent¬ 
ing torque reaction. The torque arm, or ra^us rods 
extend irom the cross-member near the transmission 
♦o the housing on the rear axle (construction varies). 



Fig. 4. One type of construction of a torque arm is shown 
in the illustration. Note the arm (N), extending from the rear 
axle housing to a sprii^ arrangement or torque pillar attached 
to a cross member, in Une with the drive shaft. See illustra¬ 
tion (S) (N). 


The tendency for the driving pinion to climb the 
ring gear when starting or driving a car causes the 
rear axle housing to twist in the opposite direction 
to the road wheels. So it is torque reaction which 
the torque member prevents. 

What is known as the “HotchJdss drive method” 
is where the torque and the drive are taken through 
the semi-^lliptic rear springs. The main leaf of each 
of these is made strong enough for this added duty, 
and the construction does away with torsion tube, 
torque arm, and radius rods. 


Gears and Chains 

Spur gears are noisy and are not used very much 
except for the transmission. They were formerly 
used for driving the cam shaft. The helical 

tooth gear or silent chain, is .now used to a 
great extent for driving the cam shaft. 

The worm and worm gear are used as 

a final drive on the rear axle of trucks. 



etVELflHlOH SPROCKET CHAIN SILENT CHAIN 

Fig. 8 


The • spir^ gear can 

be placed as shown in the illustration above, and 
may thus be used to drive pumps and distributors. 

^®vel gear is used extensively for 

the final drive on rear raes of automobiles. 

with a spiral tooth. 
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The bevel gear with straight teeth, as shown, is used 
for final drives, but the spiral tooth bevel gear, being 
more quiet, has taken ita place to a large extent. 

The worm and worm gear make a wiping con¬ 
tact and the spiral, more of a rolling contact. 
When accurately made, worm gears run with great 
smoothness and silence. The worm may en^ge 
either from above or below the gear wheel. The 
angle of the worm and gear may be as much as 45 
degrees. The worm is made of hard steel and the 
worm gear of bronze. See Index 

The sprocket chain is used on double-chain-driven 
trucks. See Index under ^‘Chains for trucks,^* 
showing the roller-type sprocket chain. 

The silent chain, with special sprockets to take 
the chain, is used extensively for driving the cam 
shaft, generator, etc., especially on *‘V -type en¬ 
gines. See Index under ^‘Silent chains.” 

The setting of bevel gears so that they will mesh 
properly without noise requires careful adjustment, 
as there must be as little play as possible without 
having the teeth bind. See Index under “ 
drive pinion.” • 



^OG CLUTCK 

Fig. 9. 


DRIVE-GEAR 

The speed of the crank shaft is reduced so that 
the road wheels turn once while the crank shaft 
revolves from three to five times with the high¬ 
speed gear engaged. 

On cars with single-chain drive (now obsolete) 
this is done by having the transmission sprocket 
smaller than tne axle sprocket. If the reduction 
is to be three to one, that is, if the crank shaft 
revolves three times to one revolution of the axle, 
the axle sprocket will have three times the number 
of teeth that the transmission sprocket has. 

The reductiod on pide-chain-driven cars is some¬ 
times made at the bevel driving the jack shaft, but 
usually at the sprockets. 

On shaft-driven cars, the reduction is made at 
the rear axle-drive gears. The driven gear (N3) 
(Fig. 12) on the rear axle is given as many more 
!;eetn than the drive pinion (R3) on the driving 
shaft as is necessary for the reduction that is required. 

In the worm drive, the reduction is governed 
as explained under “Worm-gear ratio”; see Index. 
In other words, the size of the worm could be 
changed without its chanring the speed. (The 
angularity of course would have to be the same in 
both cases.) 

To make the point clear as to just how the speed reduction 
is brought about in the worm drive, imagine the screw thread 
on a vise shaft which draws the jaws together. If that thread 
is coarse, with only a few to the inch, the jaws would move 
toward each other rapidly and of course it would take some 
power to move it; if, on the other hand, there were quite a 
number of threads to the inch, the jaws would move more 
slowly but it would take less power to exert the same pressure. 

When the “gear ratio” of a car is spoken of, it is 
often referred to as the reduction between the 
engine crank shaft and rear axle. Thus, for in¬ 
stance, a “gear ratio of 4 to 1” is where the drive 
shaft makes four revolutions to one revolution of 
the road wheels on the high gear. 


The dog clutch is used in the transmission €md 
can be used for couplings for various driving pur¬ 
poses, as for instance, with the magneto, etc. 

When the "dog clutch” is used in the transmission, one dog 
is placed on the clutch shaft and the other on the square main 
transmission shaft. On modern transmissions, gears with 
internal teeth are used instead of the "dog clutch." 

Drive Pinion and Driven Ring Gear 

The drive pinion (R3) is shown in the illustration 
below (Fig. 10). This pinion is attached to the end 
of the drive shaft. 

The differential ring gear (N3) is also shown in 
Fig. 10. This gear is attached to the differential 
housing, and is driven by gear (R3). Thus the 
drive is transmitted to the rear-axle shafts through 
the differential. 



Fig. 10. 


Note that both gears (R3) and (N3) have beveled 
teeth which are straight. The typo of gears in 
general use have beveled teeth which are not straight 
but spiral shaped. 

REDUCTION 

This term, “gear ratio,” should be termed “total 
gear reduction,” as the term “gear ratio” could be 
^plied to the transmission, or to the rear axle. 
Thus a distinction is made as is explained below. 

Difference Between “Rear-Axle Gear Ratio,” 
“Transmission-Gear Ratio” and 
“Total-Gear Reduction” 

Rear-Axle Gear Ratio 

“Rear-axle gear rat io” refers to the number of times 
the propeller shaft (P), Figs. 11, 12, turns over to 
one revolution of the rear axle differential ring gear, 
axle shafts and wheels. 

To find the rear-axle gear ratio on any car, divide 
the number of teeth in the driven gear (N3) on the 
differential, which in this instance has 71 teeth, by 
the number of teeth on the drive gear, which in 
this instance has 16: thus 71-r 16=4.437 revolutions 
of the propeller shaft (P), to one of the axle shafts or 
wheels. 

Transmission Gear Ratio 


“Transmission-gear ratio” refers to the ratio be¬ 
tween the engine.crank shaft and the propeller shaft P. 



Fig. 11. Direct or high gear. Note that the drive is direct from 
the engine crank shaft to the drive pinion (R3), to the driven 
ring gear (N3). Gears (R) and (N) are meshed at all times. 


On direct or high gear (Fig. 11), the ratio is 1 to 
1, meaning that the en^e crank shaft turns over 
one revolution to one of the propeller shaft (P), be¬ 
cause ihe engine crank shaft is CCfinected direct 
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through the transmission to the propeller shaft P. 
Thus it is termed ‘^direct drive/' 



Rg. 12. Low or first gear. Note that the drive is from the 
crank shaft to the drive gear (R), to the driven gear (N), to the 
drive gear <R2), to the driven gear (N2), to the drive gear (R3), 
to the driven gear (N3). 

On first or low speed (Fig. 12), the ratio is 3.121 
to 1, meaning that the engine crank shaft turns over 
8.121 times to 1 of the propeller shaft (P). 

To find the transmission-gear ratio, multiply all 
of the driven gears together and all the drive gears 
together and divide the product of the driven gears 
by the product of the drive gears as follows/ 

N,31teethXN2,29t-rR,16tXR2,18t«3.121 obtained thus: 
81X20««899, the product of the driven gears and 16X18a 288, 
product of the drive gears, therefore, 899 •7-288 = 3.121. 



. fIntermediate or second gear. Note that the drive 

18 from the engine crank shaft, to the drive gear (R), to the 
driven gear (N), to the drive gear (Rl), to the ariven gear (Nl), 
to the drive gear (R3), to the driven gear (N3). 


Total Gear Reduction 

^ **Total gear reduction" refers to the number of 
times the en^e crank shaft turns over to one 
revolution of the axle shafts or rear wheels. This 
is governed by the diameter of any gear transmit¬ 
ting power to the rear-axle shaft. 

To find the total gear reduction, multiply the 
''transmission-gear ratio" by the "rear-axle ratio." 

To find the total gear reduction when in first or 
low speed, multiply 3.121^ the transmission ratio, 
^ 4.437, the rear-axle ratio, and we have 13.847. 
Thus the engine crank shaft turns over 13.847 times 
to 1 of the rear-axle shafts or rear wheels. 

To find the total gear reduction when in second 
speed: 1.705X4.437 = 7.565 revolutions of the en¬ 
gine crank shaft to 1 of the rear wheels. 

To find the total gear reduction of third or high 
speed: 1X4.437=4.437 revolutions of the engine 
crank shaft to 1 of the rear wheels. 

To find the total gear reduction of reverse: 
3.74X4.437 = 16.594 revolutions of the engine crank 
shaft to 1 of rear wheels. 

The foregoing examples of ratios are those used on the 
Cadillac Type 69 car. The Cadillac sometimes gives a 14- 
tooth drive pinion (R3) on the heavy closed cars and for 
touring cars used in hilly countries. The rear-axle ratio would 
then be: 71 ■M4 *5.071 rev. of propeller shaft P, to 1 of the 
rear wheels. 

Miscellaneous Ratios 

Ford: Rear axle ratio N3, 40 teeth-^-R3, 11 teeth *3.636. 
Transmission ratio, Ist speed 2.75; 2nd speed 1; reverse 4. 

Overland 4 : Rear axle ratio, N3, 45 teeth -fR3, 10 teeth - 
4.5, transmission ratio, Ist speed, 3.62 to 1; 2nd, 2.03 to 1; 
high, 1 to 1; reverse, 4.83 to 1. 

Dodge: the rear-axle ratio is 4.17 to 1. 


^ On second speed (Fig. 13), the transmission ratio 
in this example is 1.705, meaning that the engine 
crankshaft makes 1.705 revolutions to 1 of the pro¬ 
peller shaft P, This transmission ratio is found by 
following the same rule: 

N,31t XNl,22t -^R,16t XRl ,25t = 1.705.* 



Fig. 14 Fig. 15 


Fi«. 14. Reverse gear. Note that the drive is from the 
ctave gear (R) to the driven gear (N), to the drive gear (RG), to 
the idler gear, to the driven gear (N2), to the drive shaft (P), 
^the rear axle. The idler gear gives a reverse motion to shaft 


Pig. 15. Neutral gears. Note that the drive is from the 
^ve gear (R) to the driven gear (N). Gears (R) (N) and 
shaft (S) revolve independently of shaft (P). Thus the rear 
axle is not connected with the crank shaft of the engine. 


On reverse speed (Fig. 14) the transmission ratio in 
this example is 3.74 to 1, meaning that the engine 
crank shaft turns over 3.74 times to 1 revolution 
of the propeller shaft (P ). This transmission ratio 
is found by following the same rule. 


thus: 


N,31t XN2,29t -899 -fR.] 6t XRG.lfit -240. 
899 +240 -3,74. 


Note: Sliding gear is pushed over to the extreme left 
and meshes with an “idler gear behind gear (RG). The idler 
gear then meshes with (N2) and reverse gear (RG). This 

S ves a reverse motion to propeller shaft (P). The teeth on 
le “idler gear’* are not considered, as it is both a driven and a 
drive gear. 


* Driven gears are designated in the illustrations as (N), (Nl)i 
(N2), eat. Drive gears are designated as (R), (Rl), (R2), etc. 


On some cars, for instance the Locomobile model 48, Mercer 
Series 5, and Pierce-Arrow Models 31 and 51, there are 4 
speeds and on 4th the transmission ratio is 1 to 1. On Loco¬ 
mobile 48 and Picrce-Arrow 51, first speed transmission ratio 
is 4 to 1. On the Mercer, 3.75 to 1. 

On some cars with four speeds, the 4th speed is higher than 
1 to 1; for instance the Wasp with 4 cylinders 4% XSH. the 
4th speed transmission ratio is .73 to 1. The rear-axle ratio 
is 3.7, therefore the total gear reduction would be .73 X3.7 - 
2.701 revolutions of engine to 1 of rear wheels. On 3rd speed 
the Wasp transmission ratio is 1 to 1; on Ist or low, 2.69 to 1. 
The total gear reduction on 1st speed is 2.69X3.7=9.953 
revolutions of the engine crank shaft to 1 of the rear wheels. 

Truck-Gear Ratios^ 

Federal 8-ton truck: Rear-axle ratio, 9.25, transmission 
ratio, let speed, 4.40; 2nd, 3.08; 3rd, 1.76; 4th, 1; reverse, 5.28. 

Federal 6-ton truck: Rear-axle ratio, 13.66, transmission 
ratio, let speed, 4.99; 2nd, 3.16; 3rd, 1.79; 4th, 1; reverse, 
5.78. 

Replacing a Drive Pinion 

When replacing a drive pinion (R3) with one of a 
different diameter, it is always necessary also to 
replace the driven ring gear (N3), because the teeth 
will mesh too tight at either the big end of the tooth 
or the little end of the tooth, due to the fact that 
the teeth are cut at a different angle. See Index: 
"Differential gear, how to replace." 

Relation of Engine Crank Shaft to Periphery of 
Road Wheels 

If the rear axle ratio on a certain car is 4.437 to 1, 
and say for instance, high gear is being used, then 
the rear wheels, no matter now large or how small 
the wheels or tires may be, will revolve 1 revolution 
to 4.437 revolutions of engine crank shaft. 

It is then clear that the larger the rear wheels 
or tires, the harder will be the pull on the engine, 
and that the smaller the rear wheels or tires, the 
easier will be the pull by the engine. 

- See Index under **Q. M. C. *two-mnge* truck irentmiieion.* 


Note. These i>agee refer to ettrly-mudel oars. The method of computing the ratios is practically the same on later models. 
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STEERING PRINCIPLE 


Principle of Steering 

The steering device is placed on the left-hand 
side of the car. On early model cars it was placed 
on the right-hand side. 

The principle: In steering a wagon, pulling on one 
of the reins swings the horse to that side. The 
shaft or pole is attached to the arie, and the axle is 
pivoted to the king pin, and all swing with the horse. 

If you go straight ahead, the front and rear wheels 
of any vehicle move in straight lines. To make a turn 
to one side or the other, the front wheels are swung 
so that they are at an angle with the rear wheels. 

Whenever the front wheels stand at an ande with 
the rear wheels, the vehicle will turn, and it will 
continue to turn until the front wheels are swung 
back to a straight line again. 



Because each wheel is square with its axie end^ 
and both axle ends point to the center of the circle, 
each wheel is square, or perpendicular to, a radius 
of the circle. If both were perpendicular t6 the 
same radius, which they are not, the wheels would be 
parallel witn each other. 

Thus, while the front wheels of a horse-drawn 
vehicle are always parallel to each other, the front 
wheels of an automobile turning a comer are not 
parallel to each other on the same radius. 

The steering mechanism must be so arrangeci 
that the front wheels are parallel when the car is 
running straight ahead, but stand at an angle with 
each other when turning a corner. 



Fig. 3 


Each of the pivoted axle ends (2, Fig. 3), which 
are called ‘^steering knuckles,’^ has a steering knuckle 
arm (3), projecting from it. 

The ends of these two arms are connected by a 
rod called a ‘^steering knuckle tie-rod'* (6). When 
the drag link is moved endways, both wheels move 
with it. 


Fig. 1. Showing how a front axle of a horse-drawn vehicle 
gives the direction in which a horse-drawn vehicle runs. 

Fig. 2. Showing how the front wheels of an automobile give 
the direction in which the car runs. See next column, giving 
the meaning of ^^ttuning radius.*’ 

In a horse-drawn vehicle, the front wheels are 
square with the axle, for wheels and axle swing to¬ 
gether. (See Fig. 1.) 

In an automobile, the front axle does not swing, 
but each wheel swings on a pivot at the end of the 
axle, known as the Ackerman principle. (See 
Fig. 2.) See also page 910. 

It would not be practical to steer an automobile 
as a horse-drawn vehicle is steered, for the axle 
would have to be very heavy to support the weight, 
and besides, it would be so hard to swing it that 
steering would be difficult. Another reason is that 
the body would have to be raised up high, so that 
the wheels could go under it in making a short turn, 

A fixed front axle is always used on automobiles. 
The pivots on which the front wheels swing must 
be as close to the hubs of the wheels as possible, 
for the closer they are, the less leverage there will be 
to overcome, and the easier it will be to steer, with 
less liability to break. 

When a wagon or automobile turns a comer, it 
moves in the.arc of a circle. , 

In a horse-drawn vehicle, the front axle, because 
it swings on the king pin, always points to the center 
of the circle (Fig. 1). Notice that both wheels 
are perpendicular to the same radius of the circle 
and to the axle in Fig. 1. 

The front axle of an automobile is fixed and can¬ 
not turn, and therefore only its pivoted ends point 
to the center of the circle (Fig. 2). Notice in ]^g. 2, 
that axle does not move, but that each wheel moves. 

When running straight ahead, the front wheels 
of an automobile are square with the axle. WThen 
turning, the front wheels are not square with the 
axle, but at an angle with it. 


The two steering arms are not parallel, but incline 
a little toward each other. If they were parallel, the 
two wheels would be parallel, no matter how the 
tie-rod w^ moved. As they are not parallel, mov¬ 
ing the tic-rod moves one of the wheels through a 
greater angle than the. other, depending on the 
direction in which the tie-rod is moved. 

Turning radius: I'he radiiia in which a car can turn. For 
example, a turning radius of 15' would mean that the car 
could be turned in a circle measuring 15' from its center or 
3(/, or can be turned in a street Siy wide if on one side of the 
street. If the steering device is on the left, a car can usually 
be turned in less space by turning to the right and vice versa. 

Factors determining the turning radius are: (1) wheel base: 
(2) maximum an^e at which the front wheel can be turned 
from the front. The average turning radius is 12 W' to 15', 
or a circle of 25' to 30' dia. See Fig. 2, page 10, whi^ will no 
doubt make the explanation clearer. 


Steering Methods 

There are two methods in general use: (1) the 
*^fore and aft*' method; (2) the ^oross method.'* 

The “fore and aft" method is shown in Fig. 4. 
With this method the reduction gearing is usually 



Fig. 4 (left). The "fore-and-aft" method. 

Fig. 5 (right). The * cross steering" method* 

Note: The rod (K) in Figs. 4 and 5 is usually termed a "drag 
link.** The S.A.fi. have recommended the yse of the term 
**steerins gear ooimeoting-rod** for this put 
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in the bottom of the steerine device and the tie- 
rod (B) is usually behind the front axle. 

The **cross steering'^ method is shown in Fig. 5. 
With this method the reduction gearing can be 
either at the top or bottom, and the tie-rod (B) 
can be either in front or behind the front axle. 

The Ford **T” model “Four” Overland and Chevrolet 
'*Foar Ninety" employ planetary gears for reduction. The 
Ford gears are at the top of the steering column (Fig. 9), 
and on the Overland model “Four” and Chevrolet, the planet¬ 
ary gears are at the bottom. 

Types, of Steering Gears 

There are a number of methods for reducing the 
ratio of movement of the steering column shwt to 
that of the arm (J). 

(1) Pinion and sector type (see Fig. 6). 

(2) Worm and sector type (Fig. 7). Note that 
the teeth are only on a section of the sector. 

(3) Worm and worm-wheel type (Fig. 8). 

(4) Planetary type. Note that the gears are at 

the top of the device on (Fig. 9). 

(5) Screw and nut type (Fig. 10). Movement of 
this nut is up and down which moves the arm (J). 

(6) Screw and half-nut type (Fig. 11). This is 
the Lavine steering, gear. Adjustment is at the 
bottom of this device. 


The breaking of any part of the steering connec¬ 
tions is more likely to cause a wreck than the break¬ 
ing of any other part of the car, and must be watched 



Flg.» 


carefully. The parts must be kept tight enrugn to 
prevent play, but must not be so tight as lO make 
steering hard. All parts must be kept well lubricated. 


(See Index for *‘Steering gears, adjusting.*') 


SPRINGS 


All vehicles intended to move at more than a very 
slow speed must be provided with springs. Springs 
not only protect the occupants from the vibrations 
of a rough road, but also keep the machinery from 
being shaken to pieces. 


Fig. 12 Fig. 13 



Fig. 14 Fig. 15 (upper) 

Fig. 16 (lower) 


The size and strength of the springs depend on 
the weight of the vehicle. Springs that are too 
weak will not give sufficient protection, and if they 
are too strong they will not have enough resiliency. 

Types of springs are: Full elliptic, 

half or semi-elliptic, quarter-elliptic, three-quarter 
elliptic, and cantilever. 

The full-elliptic was formerly used on a great 
many oars for the rear, as in Fig. 12. In some 
instances it was used in front 


The cantilever spring system (Figs. 14 and 15) 

The illustration shows how it compares with the 
ordinary half-elliptic principle shown in Fig. 16. 

In the cantilever spring the forward end is shackled and 
the axle is attached to the rear end. Tha center of the spring is 
attached to a trunion or bearing on the frame. Thus the spring 
has a certain amount of movement about its center. One good 
feature of this form of spring is that it reduces the unsprung 
weight of the axle. The shaded parts of the respective springs 
show the comparative amount of the unsprung weight. In 
the cantilever form of spring the heaviest part of it is supported 
by the frame. See also Fig. 5, page 7 (Hotchkiss drive). 

The half-elliptic spring (Fig. 16) is used for the 
rear and, to a great extent, for the front, as in Fig. 13. 



Fig. 17. Three quarter elliptic. 



Fig. 18. Half-elliptio-end suspension. 



Fig. 19. Three haIt*elliptio spring-ooaoh style of suspension. 

Other arran^ments of half-elliptic springs for 
the rear are wown in .Figs. 17, 18, and 19. 
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SHOCK ABSORBERS 


The tires are primary shock absorbers imd if you 
wish to get the full benefit from tires, keep them 
inflated up to the point of supporting the load, 
but not at too high a pressure if cushioning effect 
is desired. The Tow pressure balloon tire is an 
excellent shock absorber and protects the car as 
well as the passengers (see also page 594). 

The springs are secondary shock absorbers and 
to get full benefit from the springs, which slide on 
each other when in action, keep them well and 
constantly lubricated between the leaves (see 
pages 172, 762, 763). 

Breakage of a spring means breakage of one or 
more of the leaves. Breakage almost always 
occurs in the expansion that follows a heavy com¬ 
pression, and not during the compression. In other 
words, it is the rebound mat usually breaks the spring. 

Devices called shock absorbers are attached to 
the springs to check the up or rebound movement, 
and are supplementary devices to aid the tires and 
springs in absorbing the shock when driving over 
uneven or rough roads. There are four t3^es of 
shock absorbers in general use: (1) friction type; 
(2) pneumatic or air type; (3) spring type; (4) 
hydraulic type. 

Friction type: The spring rebound is retarded by 
friction. 



Fig. 20. Exac^le of a friction type shock absorber (Hart¬ 
ford): Arms (A) (B) are attached to frame and axle. All these 
movable frictional parts offer constant resistance to the vibra¬ 
tion of the spring in both directions. When the wheel strikes 


an obstruction, the arms come together, but instead of flying 
back, as does the free spring, it is retarded by the friction ana 
moves gradually to its normal position, as the friction is always 
the same while the tension of the spring diminishes as it 
approaches its normal postion. 

An adjustment dial (F) and indicator (G) provide means of 
securing the correct tension for the car. A spider compensat¬ 
ing spring (E) takes up any little wear automatically, thus 
keeping the friction uniform after adjustment is made. 

There are several different constructions of the friction type. 
The "Stabilator” (page 729), “Stewart^” and “Amoo” ore some 
makes of a different construction (not illustrated). 

Pneumatic or air type: The downward motion bf 
the spring is cushioned by air, and the rebound is 
checked by air. The oil is used as a piston seal. 

Fig. 21. Example of a pneumatic or air-type shock absorber 
(Westinghouse): An air chamber is made up of two sections, 
one of which telescopes into the other. The outer section 
(A) is attached to a bracket on the frame of the car. The 
inner section is attached to one end of the spring (B). The 
chamber is partly filled with oil, through the Ailing plug in 
cap (C). The filling plug is fitted with a Schrader tire type of 
air valve through which the chamber may be charged witn eir 
at any desired pressure. 

Auxiliary spring type: The downward motion is 
cushioned by an extra or auxiliary spring, and the re¬ 
bound is checked by either the same spring or another. 



fHg. 21A. Example of an auxiliary spring type shock absorber 
for the Ford (K-W Hoad Smoother). Tt consists of a curved 
leaf spring (1) mounted on an assembly (2) of such design that 
the downward motion is cushioned and the rebound is checked. 
When striking an obstruction, the shook is gently absorbed by 
the leaf spring which straightens out before the rebound begins. 
The rebound is checked as soon as it begins, through the link 
suspending this device from the frame. 

There are two auxiliary springs (A) in front and two in the 
rear (B), on each side. (C) shows one side of the rear. This 
shock absorber also checks side-sway and has six points of 
free movement which keep the body level, regardless of road 
conditions. 

There are several different constructions of the spring-type 
shock absorber. 

Hydraulic type: The rebound is checked by the vis¬ 
cosity of oil, the working parts being immersed in oil. 

The Hoo-Dye is an example of a hydraulic type which con¬ 
trols both the recoil and the compression. Manufactured by 
the Houdaille Co., Buffalo, N. Y. 


BRAKE CONTROL AND CONNECTIONS 


Automobiles are fitted with two sets of brakes, 
called the ‘^running service^' or 'Toot brake,*' and 
the "emergency* or "hand brake," the terms "foot 
brake" and "hand brake" being the correct terms. 

The foot brake is applied by pressing on a foot 
pedal, and is the one most in use because of its 
convenience, and is used most when runniifg. 
Because it is used most, it requires more attention. 

The usual method of connecting the foot brake is 
by a contracting band on the outside of '^the brake 
drum on the rear wheel hubs, called the "external 
contracting band brake." 

The hand brake is usually applied by a lever at 
the side (or center) of the driver's seat, so placed 
that he may apply his whole force to it. This 
brake is seldom used while running. It is usually 
applied when the car is left standmg^ in order to 
keep the car from rolling down an incline. The 



Fig. 22. Method of ooxmeoting the two brakes in rear. Ths 
a^itftment for dualising the pull on each rod, can bo mado 
at the turn buckle. 
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hand-brake lever connects in almost every instance 
with the internal expanding brake inside of brake 
drum on rear wheel nubs, but occasionally will be 
found connected by a contracting band over a drum 
mounted on the main transmission shaft. See also 
bottom of page 885. 

The foot-brake pedal is the right pedal and the 
left pedal is the clutch pedal, on almost all cars. 

Brake Equalizers 

When the foot-brake pedal or hand-brake lever 
is applied, thb pull should be the same on each brake 
on each wheel. If one brake rod is longer than the 
other the brake effect is not equal on both wheels, 
and this has a tendency to make the car skid. 

To overcome this, a brake equalizer is used, the 
principle of which is shown in Fig. ?2. The rods 
(R) are placed in bearings: the rod (F), connects 
with the toot brake, and rod (H) with the hand brake. 

If a brake squeaks^ it is an in^cation that it is 
dirty and needs cleaning. The dirt clogs the pores 
in the surface of the lining and glazes it over. Gaso¬ 
line or, better, kerosene, will remove the dirt. The 
wheel should be removed and the linings cleaned 
with a stiff brush, such as a tooth or nail brush. 

Types of Brakes 

There are two distinct types of brakes in general 
use: the external contractmg and the internal ex¬ 
panding type. 

The external band brake is a flexible steel band 
faced with an asbestos or fabric composition, called 
‘^Raybestos*' or ^^Multibestos,^' etc. Setting the 
brake causes friction between the brake drum and 
the Unings, hence the use of asbestos composition. 

Band brakes are of two kinds: Single acting and 
double acting, the latter being an improvement over 
the former. 



Fig. 23 (upper) Fig. 24 (upper) 

Fig. 26 Cower) Fig. 26 Cower) 


The single-acting band brake (Fig. 23) binds only 
when thednim is revolving in one direction, having 
very little grip when the drum is revolving in the 
same direcuon in which the band is being pulled. 
This form is going out of use for automobiles, for 
it cannot be depended on to hold the car from run¬ 
ning down hill badcward. 

The double-acting band brake (Fig. 24) is more 
practical, for it holds with the drum revolving m 


either direction. In this form, both ends of the 
brake are attached to the lever or pedal, and are so 
anranged that while one end is being pulled in one 
ejection, the other end is being pulled in the oppo¬ 
site direction. This binds on the drum so tightly that 
it may be depended on to hold the car in any position. 

The brake-band may either be contracted around 
the outside of drum, called the “external brake 
band,” or expanded within it so that it bears against 
the inside wall of the drum, called the “internal 
expanding brake.” Sometimes the internal brake is 
made of metal. 

The internal type of brake formerly 

in use is 

shown in Fig. 27. This is a double-acting, expand- 
ing type, and which acts internally against the 
inside of the drum. This brake shoe is lined with 
Raybestos, Thermoid or some similar material. The 
internal brake can be actuated by a cam (C, Fig. 25; 
also Fig. 3, page 884) or by a toggle-joint Fig. 4. 

A combination of internal expanding and external 
contracting brakes are shown in Fig. 26. Lever (A), 
(connected with foot-brake ped^, operates the 
external brake and lever (B), connected with the 
hand-brake lever operates the internal brake. See 
also Fig. 27, below. 



Fig. 27. A combination of an internal expanding and external 
contracting brake on brake drum of rear-wheel hub. OB is 
the outer or external and IB ia the inner or internal. B is the 
hand-brake rod operating the internal brake. H is the foot- 
brake rod operating the external brake. An example of a<^ust- 
ing this tjnpe of brake is shown on page 889, Fig. 9, which ia 
similar. For the method of adjustmg and relinii^ brakes, 
see Index. This subject is treated in the Repair Section of 
this book. 

Brake drums are of two types: single and double, 
the former being in general use. See page 885. 

The two-wheel brake system 
The two rear wheels are usually fitted with a com¬ 
bination internal expanding and external contracting 
type of brake similar to Fig. 27. 

The four-wheel brake system utilizes a brake 
on all four wheels, and they may be internal expand¬ 
ing, external contracting, or a combination. 

The fom-whed type of brake hfs the advantage of equalising 
the braking strain on the four wheels, eliminating skidding, 
and making po^ible quick stops at high speeds with a very 
smooth action. It also lengthens the life of tires and brake 
lining. 


There are three principles of operation of the 
four-wheel brakes: the mechanical, the hydraulii^ 
the air principle. See page 885. 
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.Fig. 28. Example of a 4-cylindcr car (Overland 4), Note the spring suspenmon need on this make of car, which is termed 
"triplex suspension," moaning that there are three points of contact on suspension. Engine, 4 cylinders; bore, 3-5s', stroke 4'; 
actual h. p., 27; crank-shaft main bearing, 3; wheel base, 100'; tread, 50'; rear axle ratio. 4}4 to 1; rear-axle shnftn, fa floating; 


land specifioatinns. 



LecomoUl« ChaMlk. Tbc **M'* Trp« R-7- The “4r* Type M-7 


Fig. 29. Example of a 6-cyIinder heavy eftr (Locomobile 48). Engine, 6-cylindcr; bore, 4H^; stroke, 5yi': actual h. p.,90; 
crank-shaft main bearing, 6; wheelbase, 142': tread, 66'; tire sizes, 37' x 5'; fuel capacity, 30 gal.; water capacity, 7H gal.; 
transmission, four speeds and reverse; clutch, multiple dry disk; rear axle, full floating. See Specifications, pages 1055 to 
1062, for later Locomobile specifications. 






































INSTRUCTION No. 4 
AXLES; DIFFERENTIALS; BEARINGS 

FRONT AXLES 


The front axle of a modern car carries about 80 per 
cent of the weight of the engine, and must at the same 
time withstand the shocks and jars that it receives 
through the steering wheels* it must therefore be 
strong and stiff. It also carries about 20 per cent to 
40 per cent of the weight of the entire car. 

Front axles are of two types: tubular and solid 

(Figs. 1 and 2). Formerly, axles were made of 
heavy steel tubes, but steel drop forgings with a 
cross-section of the form of the letter I, called “I- 
beam^' type are considered to give better results. 

The center of the axle is usually bent down, so 
that it is the lowest point of the car except the 
wheels; this is done in order to protect the mechan¬ 
ism from being struck by high spots in the road. A 
rock or stump, standing up high enough to hit the 
fly wheel, will first strike the axle, which is strong 
enough to withstand a blow that could easily 
damage the engine. 

The steering spindles are that part of the front 
axle on which the front wheels revolve and are made 
of nickel steel, heat treated. The steering spindles 
are sometimes fitted with either roller or ball bear¬ 


ings. The steering knuckle is that part which fit# 
into the yoke of the axle. The steering arm of the 
device connects with the steering knuckle thrust 
arm, and the movement of the steering wheel guides 
the direction of the wheels. See page 1107 for t]rpes 
of front axle steering knuckles (the Elliott and 
Lemoine). 



REAR AXLES 


There are two types of rear axles: ^‘dead axle*^ and 
'^liveaxle.'* (Load is 60 to 80 per cent of car weight.) 

Dead axles are stationary, with the wheels run¬ 
ning free on the end of the axle, and are usually 
made as shown in Fig. 3. The wheels are usually 
revolved by chain and sprocket. 

Live rear axles is the name given to axles that 
revolve with the wheels^ and are known as ^^plain” 
live axle, *‘semi-floating” axle, ‘‘three-quarter 
floating” axle, “full-floating” axle. 

The axle shafts on a live axle are in two sections 
(see G, Fig. 7, page 16). The inner end connects 
with the differential gears; the outer ends connect to 
the wheels. It is necessary to support the axle 
parts in a strong housing (H) and to brace it in 
order that the })arts of the axle do not sag or get out 
of line. 

Types of Liv« Rear Axles 

There are two types: the “plain live rear axle” 
and the “floating live rear axle.” 

The plain live rear axle is the type where the 
inner ends of the axle shafts support the differential. 
See Fig. 3A. Note that the bearings are on the axle 



Fig. 3A. Plain live type of rear axle. 
Fig. 3B. Floating type of rear axle. 


shafts. If 

the axle shafts are withdrawn the differential would 
drop out of place. 

To remove axle shafts the complete rear axle assembly must 
be removed from the oar and the *‘divided housing’‘ separated. 

See also pages 862, 863. 


The floating rear axle is the type where the 
differential supports the inner ends of IJie axle 
shafts. See Fig. 3B. Not^e bearing is on outer 
ends of differential housing. If a^de shafts are 
withdrawn differential would not drop out of place. 

Types of Floating Rear Axles 

There are three types, the “full-floating,” “semi¬ 
floating,” and the “three-quarter floating.” The 
floating t>q)e is used more than the plain live type. 
See also page 863. 

The type of floating axle is determined by: (1) 
whether or not the wheel bearing is on the outer end 
of the axle shaft or on the axle housing; (2) the 
lo(^ation of the bearing or bearings; (3) the method 
of connecting the axle shaft with the wheel. 

Full-floating type (Fig. 4). Two bearings in each 
rear wheel are mounted on the axle housing, placed 
on each side of the center of the wheel. Thus the 
wheels run on the housing and the housing supports 
the weight, not the axle ^afts. 

All of the bending stress due to weight or static force and to 
skidding force is carried by the housing. 

The outer ends of the axle shafts are not supported 
by the wheels which do not depend upon the axle 
shafts for alignment. The wheel could run inde¬ 
pendently of the axle shaft in its bearings on the 
housing if necessary. Thus the axle shafts turn 
freely within the housing and bear only the torque 
(twisting effect) or stress of turning the wheels. 
The axle shafts are said to “float” within the housing. 

The wheel can be driven by a jaw clutch or flange, 
but the true full-floating axle is driven by a jaw 
clutch (D, Figs. 4 and 4A) which fits into notches 
in the driving flange (F). Note (D) is an integral 
part of the axle shaft. 

Note: On some types of full-6oating axles (see Fig. 35, page 
877), the axle shaft is keyed (sometimes squared, or splined on 
others) to the flange and to remove the axle shaft the flange bolts 
are removed. This is termeii a ^‘seven-eighths floating type.** 

To remove axle shafts (Fig. 4), it is not necessary 
to remove wheels. Remove hub caps (not shown) 
and withdraw shafts (see also page 864). Techni- 


Note. I^ependent front wheel auepension.. a development since this was written, is now extensively used on pnssenger auto¬ 
mobiles. There are several types, some of which are described on Addenda naves 30>35. 
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cally speaking, the axle is not a true full-floating 
type if the shaft is keyed to the wheel. 



Semi-floating (also called a “fixed-hub*' 

type) is shown in Fig. 5. Outer ends of axle shafts 
are fixed, or keyed to the hubs of wheels, usually 
with keys (F) and nut (N). 

The bearings (one on each outer end) are mounted 
directly on the axle shafts; thus the axle shafts 
support the weigh*, and carry the bending stress, 
torque, and the skidding and turning force. 

To remove axle shafts (Fig. 5): The axle shafts 
on most semi-floating axles can be withdrawn from 
the axle housing without removing the entire rear 


axle, but it is necessary first to remove the wh^ls 
by loosenine nuts (N) and draw the wheel off with 
a wheel puller; see pages 863, 864, 883 for further 
instructions. 

For removing differential on different types of rear axles, 
see pages 863, ^9. 

The three-quarter floating type, also called the 
*'flanged-hub” or “flanged-shaft'^ type, is shown in 
Pig. 6. The rear axle housing extends into the hubs 
of wheels as in the full-floating type. The outer 
ends of axle shafts fit into the nub flange and are 
splined as in Fig. 6 (could be k^ed), and the flange 
is bolted to the wheel hub. Only one bearing is 
used on each wheel hub, usually placed directly 
under the center of the wheel and mounted on the 
axle housing (the two bearings in Fig. 6 are con¬ 
sidered as one set of bearings). 

The outer end of axle shafts are supported by the 
wheels which depend upon the axle shafts for 
alignment. 

In the flanged-ehaft axle, eapecIalW where only one bearing 
is used under the center of the wheel, the stresses (stndns) are 
quite similar to those in the semi'fioating type. The sUading 
force and that of turning corners is on the axle shafts. 

To remove axle shafts (Fig. 6) it is not necessary 
to remove the wheel, but to remove the flan^ bolts 
and pull out the flange and axle shafts. See also 
pages 863, 868, and Fig. 27, page 921. 



Fig. 7. Illustration of a three-quarter floating type of rear axle ^armon as an example), complete with bevel driven gear 
(B). The driving axle shaft (G), does not support any dead weight. The road wheels run on ball bearings (I) carried on the outer 
ueeve or casing of the axle. The details are as follows: (A) propeller-shaft connection; (B) driving-pinion shaft; (C) ball-thrust 
bearinn; (D) l:^vel-driving pinion; (E) large bevel; (F) differential gear;^) half of driving axle: (H) tubular outer casing or sleeves 
(I) baUl^nng for wheels; (J) driving ends of axle (squared or keyed); (K) roller bearings in differential case; (L) drum of internal 
and external brake; (M) hub of detachable wire wheel; (N) casing enclosing bevel gear and differential. 

Note. The power la transmitted from the driving bevel (D) to large gear (E) this being bolted to the case of the differential 
(F), thence by tne inside pinions to each half of the driving axle. It is usual to **anchor'’ the outer casing enclosing the differential 
gear to the chassis by means of torque tube or hound rods bolted to the upper and lower points of the gearcase which counteract the 
tendency for the whole casing to twist round from the reaction of the dnvi^ effort. On some c^rs the rear springs are made to 
serve as torque rods. The mrust, which is heavy between gears (X>) and (E) is taken up by ball bearing (C). 


TYPES OF REAR-AXLE DRIVE GEARING 



The power of the engine is transmitted at right 
angles to the rear axle and road wheels by means of 
bevel gears (P and W, Pig. 8), or by a worm and 
worm gear (Fig. 10). Bevel gears are used on passen¬ 
ger cars and the teeth are either straight cut (Fig. 8), 
or spiral, (Fig. 9). The ratio of the 

diameter of these gears ranges from to 1, to 5 to 1, 
and the ratio determines the high gear or direct 
drive of the car. 
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The *'spirar* tooth bevel gear*' (Fig. 

9), is a popular type of gear tooth used to a con- 



Fig. 9. Spiral bevel gears. 

siderable extent. This type, if accurately made, is 
very silent. 

In a straight-tooth bevel gear (Fig. 8), any given 
tooth goes in and out of mesh at one time along its 
entire length. In the spiral bevel the meshing 
starts at one end of the given tooth and gradually 


moves towards the other end. Therefore, two 
teeth are in mesh at all times. 

W(MH 



Pig; 10. The worm type of gear. The worm can be over¬ 
head or underneath the worm gear. 

The *Vorm and worm gear** is used 

on commercial cars or trucks, 

where a large reduction of gearing is necessary. 

It is made with 

the worm overhead, or underneath. The worm 
drive is very quiet and eflficient. 

The *'single-chain drive’* is now obsolete. It 
will not therefore be dealt with. 


THE DIFFERENTIAL 


Purpose of the differential: It is necessary to 
fit an automobile with differential or compensation 
gears, in order that the rear wheels may revolve at 
different speeds when the car turns a corner, while 
at the same time both are being driven by the engine. 
This gear is automatic, and operates according to the 
resistance of the road against the wheels. 

Principle; There is more resistance to the turn¬ 
ing of the inside wheel than the outside wheel when 
the car is turning; consequently the outside wheel 
may revolve faster. It is necessary for the outside 
wheel to revolve faster, because it nas a longer dis¬ 
tance to travel than the inside wheel. The same 
applies to a wagon, but the wagon wheels run free on 
the axle, therefore a compensating device is not 
necessary. 

In illustration of this, see Fig. 12, and note that 
if the car is turning to the right, the wheel A must 
revolve faster than wheel B. Also refer to Fig. 11, 
and note that the axle shaft A, being attached to the 
wheel, must revolve faster than ajue shaft B, when 
turning to the right and vice versa if turning to the 
left. Therefore, to compensate for this difference in 
speed of the two wheels and axle shafts, bevel gears 


(E) on the ends of the axle shafts (Fig. 11), mesh 
with the small bevel gears (D), called "compensat¬ 



ing** or "differential gears,** which are free in bear* 
in^s on the housing or differential case attached to 
driven-ring gear R. 

As long as the car travels straight ahead and the 
resistance of both rear wheels is the same, these gears 
(D) do not turn, but when the car turns, then greater 
resistance is offered to the inside wheel; therefore 
the compensating gears (D) with their spindles (DI). 
turn in their bearings, permitting the outside wheel 
to revolve faster than the inside wheel. In fact, 
the inside wheel could be stationary or revolve 
backwards if necessary. 
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Fig. 11. Illustration explaining the rear-axle drive B^etem and the differential-gear action. The drive pinion (P) on 
the end of the drive shaft drives the large bevel gear (R) wmeh is connected to the differential case. Note that the entire differ 
ential case revolves on bearing. The power ap^ed to the axle shafts (A and B) is then carried through the small bevel gears 
(D), which have spindles (DI) running free on bearings in the differential case. When the resistance is equal on both rear wheels 
and split-axle shafts (A and B), the gears (D) drive the bevel gears (S) on the end of the axle shafts, thus causing each axle shaft 
to revolve at the same speed. If resistance is greater on one axle shaft than on the other, the small bevel gears (D). with their 
gpindles CDH, turn free in their bearings, thus permitting axle shafts (A and B) to turn at different speeds. 

Note. Hmid gear design is now in general use for final axle drives of paasetiger automobUea and aome light trucks —see pp. 1079A. 
883A. Double reduction final drives/or trucks, like the worm drive, permit greater speed reductions than could be obtains with the 
usual spiral bevel gear final drive. i.e., without increasing the bevel drive gear to ati extremely large diameter. See pp. 956-95S. 
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A study of Fics. 11, 12, 13, and 14 will make this 
principle clear. Note that the drive of the rear axle 



Fig. 13 


Fig. 14 


is through the drive pinion P, to gear R, thence 
through the differential case attached to it, then 
through the compensating gears D, to the bevel 
gears E, attached to the ends of the rear-axle shafts. 
You will observe that either axle shaft (A or B) could 
be held stationary, yet the other shaft could revolve. 


Example of Differential Action 

In order further to understand the action of the 
differential, refer to Fig. 11. Let us assume that 
the gear ratio of the rear axle is 4 to 1, which would 
mean that the ratio of bevel-driven gear (R) to drive 
pinion (P) would be 4 to 1. Consider that the 
engine is running at the rate of 1,000 r.p.m. 

Consider gears (D) station^^, that is, w'e will 
assume, for the sake of explanation, that the spindles 
(DI) cannot turn on their bearings. Since the 
engine is running at 1,000 r.p.m., and the gear ratio 
is 4 to 1, the bevel-driven gear (R) would revolve 
1,000 ^ 4 = 250 r.p.m. Since the gear (R) is directly 
attached to the differential case, the latter will also 
revolve at the rate of 250 r.p.m. As we have con¬ 
sidered the differential gears (D) as being stationary 
with respect to the differential case, they merely act 
as a direct connection between the differential XJase 
and the axle-shaft gears (E); consequently gears 
(E) will also revolve at 250 r.p.m., causing axle shafts 
(A) and (B) with their w'heels to revolve at 250 r.p.m. 
This is exactly what happens when the car is travel¬ 
ing straight ahead, since there would be no effort 
exerted to cause gears (D) to revolve; consequently 
we can consider them stationary as assumed above. 

Now consider gears (D) free to revolve, that is, 
we will permit the spindles to turn in their bearings. 
Now let us hold the axle shaft (B) stationary, and 
see what happens. The gear (E) attached to (B) 
will also remain stationary. The gear (R) and the 
differential case will still revolve at 250 r.p.m,, thus 
causing the spindles (DI) to pass around the station¬ 
ary gear (E) attached to (B) Sit the rate of 250 r.p.m. 
This would cause the gears (D) to revolve rapidly 
within the differential case as they rolled around the 
stationary gear (E) attached to (B). Now let us 
consider what happens to the gear (E) attached to 
the axle shaft (A). The motion of the differential 
case would tend to revolve (A) at 250 r.p.m. as 
explained above, but the rapid rotation of the gears 
(D) would also impart a'further rotative effort to 
the gear (E) attach^ to (A), with the result that (A) 
womd revolve faster than 250 r.p.m. This is 


exactly what would happen if the car was abruptly 
turned to the right, as (B) would then remain 
stationary. 

The relative speed of (A) to (B) can easilv be 
determined^ because the sum of the speeds oi (A) 
and (B) will always equal twice the speed of the 
driven bevel gear (R). Let us assume that (R) 
revolves at 2w r.p.m. as stated: then the sum of 
the speeds of (A) and (B) would be twice 250 = 500. 
If (B) is permitted to revolve at 250 r.p.m., then (A) 
will also revolve at 250 r.p.m., since their sum is 500. 
If (B) is only permitted to revolve at 100 r.p.m., 
then (A) will revolve at 400 r.p.m., since 100+400 
= 500, or, in other words, 500—100 = 400. If (B) is 
permitted to revolve at 200 r.p.m., then (A) will 
revolve at 500—200 =300 r.p.m. 

Thus is seen the effect of the differential when the 
car is making a sharp or gradual turn. When mak¬ 
ing a gradual turn, (B) will revolve at nearly the 
same speed as (A), while, when making a sharp turn, 
there will be a great difierencc between the speeds 
of (B) and (A). 

Q. i: If tho car waa driven through mud, snow, aanil, or on a 
greany street, and the wheel attached to tho axle shaft (B) 
(Fig. 11) should strike an obstruction that would cause 
that wheel to stop, describe what would happen. 

Ans: Gear (E) attached to axle shaft (B) would also stop, thus 
causing the wheel attached to axle shaft (A) to spin, since 
it has slight traction on tho slippery road. 

Q. 2: Suppase you wore starting from a ptandstill on a slippery 
road and one wheel should start to spin, and tho car failed 
to move, what would bo the reason and remedy? 

Ans.: The wheel which is spinning would have no traction, that 
is it could not grip the road; thus it would spin and tho 
other wheel, even though it had traction, would remain 
stationary. The remedy would bo to put on skid chains, 
if available, or to tie a piece of rope around tho tire, or to 
throw dry dirt or twigs under the wheel which spins, in 
order to give it traction or grip. 

Q. 3: When tho wheel spins, for example, the one attached to 
axle shaft (B) (Fig. 11), what action is taking place in the 
differential? 

Ans.: The drive pinion (P) would be driving the driven bevel 
gear (R) thus causing the differential case to revolve with 
it, Tho axle shaft TA> with i^s gear (E) w'ould remain 
stationary; th(5 differential gears (D) would revolve rapidly 
around the stationary gear (E) attached to axle shaft (A). 
Tho motion of the differential case would tend to rotate 
gear (E) attached to (B) at the same speed as that at which 
the differential rase is rotating, and the speed of (B) will be 
further increased by the fact that tho gears (D) are revolv¬ 
ing rapidly, as formerly explained. 

When a double-chain drive is employed, the dif¬ 
ferential is placed on the jack shaft. The jack shaft 
is in two parts similar to a live axle. 

Srar-gear differential; Most of the differential gears are of 
the bevel-tooth typo. Tho spur-^oar typo (Fig. 15) is seldom 
used. Note that the illustration is that of a differential with 
a sprocket which was formerly used on a single-chain driven car. 



Fig. 16 


BEARINGS' 


Every part of the car that moves with a rotary, There are three different tjmes of bearings in 
sliding, or other motion is supported in bearings, general use: the plain, roller and ball bearings, 

which together with proper lubrication reduce wear 
said friction- - 


* 8m page 1066* ‘‘How to order bearinga.** 
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Bearings are called upon to do two kinds of work: 
to take a radial load or a thrust load or a combina¬ 
tion of both. 


A radial load is a load or pressure perpendicular 
to the shaft supporting the load. For instance, the 
wheel bearings of an automobile, when running on a 
perfectly level road, are subject to radial loads. 

Thrust load is a load or pressure parallel to or in 
direction of the shaft. When the automobile strikes 
a curve, a thrust load is imposed on the bearings in 
the wheels—that is, to the side, or endwise. 



Fig. le. Pure radial load. 

Fig. 17. Combined radial and ilini.-it load. 

Fig. IS An awkward way of roHiHting a combined bnd- 
IliruHt and radial load. 


We might illustrate the relation between thrust 
and radial loads in this way: A man could be con¬ 
sidered as being subjected to pure radial load when 
walking on an absolutely level surface (Fig. 16), 
but when this man walks along a hillside, without 
either ascending or descending the hill, as illustrated 
in Fig. 17, he is subjected to a combination of 
radial and thrust load; the thrust load having a 
tendency to push him down the hill.^ 

If a straight roller were called upon to take a 
thrust load as well as a radial load, it might be com¬ 
pared to the man in Fig. 18, he would need a crutch 
to prevent his toppling over. Therefore a ball- 
thrust bearing would be necessary at the end of 
the straight roller bearing (Fig. 22, below). 

Plain bearings are usually on the main crank 
shaft, cam shaft, and connecting rods of an engine 
and take a radial load. Plain bearings can also be 
designed to take thrust loads. 

Roller bearings are used in the wheels, rear axle, 
transmission, and other places and when straight, as 
in Fig. 19, they can onl/ take .a radial load. The roller 
itself runs over an inkier race and inside of an outer 
race, case hardened. 



Fig. 19 Fig. 20 


When a roller is tapered, it runs over a cone-type 
hardened race (Fig. 20), and inside of an outer race, 
arranged as in Fig. 21. This tvpe of roller bearing 
will take a radial and a thrust load without the use 
of a separate thrust bearing. 



Fig. 21 Fig. 22 


The groove in the race and roller (Fig. 21) take 
the thrust load as well as the cone shape*of race. 

A straight roller bearing, to take a thrust load 
ae well as a radial load, would require a separate 
thrust bearing (Fig. 22). 

Ball bearings are also used on the wheels, rear 
axle, transmission and other places and are divided 



Fig. 23 Fig. 24 


into three general classes; cup and cone, annulai;. 
and thrust. 


Metal 

Separators 




Single double row bearlnff^ 
aanular baU bearings 

Fig, 25 Fig. 20 Fig. 27 


ball thrust 


The cup and cone bearing is shown in Fig. 24, and 
is used on many cars in the front wheels. This type 
of bearing is used extensively on bicycles. It is 
designed for radial loads, but is capable of with¬ 
standing considerable thrust also. It is adjustable. 

The annular ball bearing is a bearing with an 
inner and outer race, which is grooved and hardened. 
They are not adjustable. This type can be a 
“single row’' of balls (Figs. 23 and 25) or “double 
row” (Fig. 26). The single row takes a radial load. 

The races of the double row are so shaped that 
it will withstand considerable thrust as well as a 
radial load. It is used where space would not per¬ 
mit the use of a separate radial and tlirust bearing. 
This bearing is used extensively for supporting the 
drive f)inion and taking the drive-shaft thrust in the 
rear axles. 


The ball thrust bearing is shown in Fig. 27. This 
bearing can be used only where the load or stress is 
strictly a thrust or end-to-end load. This type is 
often used in clutches and is extensively used on the 
propeller shaft driving the propellers of motor boats. 

The two parts the balls touch are called races. 

The one or two balls at the lower side support the 
entire weight and must be strong enough to hold up 
without being crushed. In automobiles, the balls 
are large and run in size up to 1 in. di. hardened and 
polished. 

Sometimes balls wear flat or crack; if so a click 
will be heard and they must be replaced with perfect 
balls at once. 

If one or more of the balls break in the annular 
self-contained bearing, pick out the pieces and run 
in on it and immediately secure another complete, 
or have it repaired by the manufacturer or a cop' 
cern specializing in this work. If a ball breaks in 
a cone-type bearing it can be replaced. 


• From Amertran Auiomobile /Jioeti, 



INSTRUCTION No. 5 
CLUTCHES: Principle and Construction 


GENERAL EXPLANATION 


Purpose of the Oiitch 

Tlie word “clutch’* as used in connection with 
automobiles, indicates a device 

^ which 

parmitSvtiie'engine to be connected with, or discon¬ 
nected from, the transmission, so that the car may 
or may not move while the engine is running. 

The clutch is connected and disconnected from 
fly wheel of the engine by a foot lever. 

When disconnected from the flywheel of the 
engine there is then no connection between the 
engine and rear axle. 

When the clutch is connected with the flywheel 
of the engine, the power of the engine is connected 
with a rear axle—if the gears of transmission are 
not in “neutral” position. 

If gears are in neutral position, the power of the 
engine would end at the end of the secondary shaft 
of transmission. 


Because a steam engine has behind it the pressure 
of the boiler, it can be called on to supply much 
more than its regular horse power for short inter¬ 
vals. A gasoline engine has no reserve power to 
call on, and cannot deliver more than a fixed horse 
power. 

When the gasoline enmne is required to start the 
car, it must overcome the inertia of the car. This 
might be mreater than the power of the engine could 
accomplish, and the engine might be stopped instead 
of the car being started. 

If the clutch made an immediate connection be- 
jlween the engine and the drive, the power of the 


engine would have instantly to overcome the in¬ 
ertia of the standing car. 

The power of the engine coming from the revolv¬ 
ing of the fly wheel, and the explosion that might 
be occurring in one of the cylinders, it would prob¬ 
ably be stopped instead of the car being started. 

If, However, the clutch is made so that the engine 
takes hold gradually, the inertia of the car will be 
overcome, and it will move faster and faster as the 
clutch permits the engine to apply its power more 
and more. 

This is done by making the clutch in such a way 
that when it is applied, it slips, instead of instantly 
making a connection between the engine and the 
drive. 

When the clutch is “let in,’* it connects the crank 
shaft of the engine through the fly wheel with the 
transmission through the clutch shaft, and if the 
gears are in the “neutral” (gears out of mesh) posi¬ 
tion, the counter or secondary shaft in the gear case 
of transmission will revolve without moving the car. 

If the clutch is “in” and the gears are meshed, the 
course of the power from the crank shaft of the 
engine (Fig. 1) will then be through clutch, through 
gears, through drive shaft, driving pinion, large 
bevel gear on differential, through differential gears 
to axle shafts and wheels. 

Clutches have two chief parts: one part (usually 
the fly wheel) is attached to the crank shaft of the 
engine, the other part (cone or disk or plate) is at- 
taSed to the clutch or main shaft of the transmis¬ 
sion. 

When the two parts are separated, that is to say 
when the “clutch is thrown out” by the clutch pedal, 
they are independent of each other and the engine 
can run without moving the car. 


* T*‘ SQUARE SHAFT OF , 



PANOZ ARE POIMTS V/HERE POWER TO REAR AXU CAN BE Cl 
DISCQNNECTEO 

X-SUOINO OEARS ON tRANSHISSION saUARE SHAIT T-TRANS. ARE SHAFT 

Fiff. 1. lUuBtratlon explain* how the power ia tranamitted from engine to clutch, thence to secondary or counter ahaft. 
Note drive parts are fly wlwel, clutch, clutch shaft, drive gear (O), secondary shaft gear (S), and gears on secondary shaft. The 
driven gears are the sliding gears (X) on the square shaft (T). 

Hoto. Thl* power to the rear axle ia 

abaft turn free from tb. to wbeel, and at (Z) when the drive and driven gear, “y^tral fr not in tMah. (Thia and of the 
•Quart shaft (T) runs fxiae in the e^ of the clutch shaft, and ia not actually separated at (Z), as shown above.) 
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Clutch Action 

Note in Fig. 1 the power from the engine is trans¬ 
mitted to the clutch shaft only through the clutch 
when in the rim of the fly wheel (if disk or plate 
type, then by the disks or plates as explained under 
that type of clutch). 

Observe that the clutch shaft does not connect 
with the engine, but runs free at the end (Y), at all 
times in the hub of the fly wheel. The cone part of 
the clutch is connected with the clutch shaft so 
that when the cone turns, the clutch shaft must 
also turn. But observe that the cone slides on the 
square part of the clutch shaft so that it can be 
pushed out by the pedal or in by the spring. See 
also, Figs. 2 and 3. 

When the friction part of the cone is out of the 
fly wheel, power ends at the fly wheel. 

When the clutch is in, then power ends at the end of 
the secondary or countershaft, if gears are in 
neutral, in wmch position they are seen in Fig. 1. 


The surface of the cone that bears against the fly 
wheel rim is often covered with leather. Some 
manufacturers use fabric material, running in oil. 
This part can be replaced. 



Fig. 2 


Fig. 3 


The Disk Clutch 


When the two parts are connected, that is, when 
the clutch is “let in’^ by releasing the clutch pedal, 
the clutch cone on the clutch shaft is forced into 
frictional contact with the inside face of the fly 
wheel by means of a clutch spring and held there. 
The two parts being thus connected force the clutch 
shaft, gears (O and S) and secondary shaft to 
revolve with the engine, but do not drive the car 
unless the gears on the secondary shaft and the 
square shaft (T) are in mesh, or unless connection 
is closed at Z (Fig. 1) by dogs or an internal gear 
connection, which would be high speed. 

When the clutch is “let in,” the part on the'fly 
wheel does not grip the part on the cone clutch 
immediately, unless they are moving at the same 
speed. 

If they are moving at different speeds, which is 
usually the case, or when the part on the trans¬ 
mission is stationary, the two parts slip. This 
slipping continues until the two parts re\ olve 
at the same speed, when they bind together 
firmly. When ‘^thrown out,” they must separate 
instantly. 

A disk or any other type of clutch used with the 
gear type of transmission is placed in the same 
relative position, back of the fly wheel, between 
the fly wheel and gear case. Although the construc¬ 
tion may vary, the reader will note that the clutch 
is necessary on all cars. 

Clutch pedals: The left-foot pedal on all cars 
of standard design is the “clutch pedal” and on the 
right the “foot brake pedal.” 

Types of Clutches 

There are four types of clutches : 
the cone, disk, plate, and expanding type. ^ 

The disk clutch (formerly called the “multiple 
disk”) is a clutch with more than three disks and 
can be a lubricated disk clutch or dry disk clutch. 
A plate clutch is one wherein one plate is clamped 
between two others. 

The Cone Outch 

This type of clutch is built into the flv wheel, and 
the fly wheel forms one of its parts. The rim of the 
fly wheel is broad, and the inside of the rim is made 
BU(^htly funnel-shaped, forming the surface against 
wmoh the cone part of the clutch presses (Fig. 2). 


The disk clutch (formerly termed “rnultiple 
disk”), consists of a number of disks which are 
)ressed together when the clutch is “in,” the 
riction between them causing one to drive the 
other. This type of clutch is very compact, and is 
frequently built inside of a metal housing cast to 
the engine frame. See Fig 4, next page. 

To illustrate the principle of the disk clutch 
place a silver dollar between two silver half-dollars, 
and squeeze them together between the thumb and 
forefinger of one hand. With the other hand, try 
to revolve the dollar, but not moving the halves. 
It requires only a slight squeeze to produce suffi¬ 
cient friction to make it impossible to move the 
dollar. 

Multiple disk clutches are of two general types: 
those that operate in an oil bath and those that run 
dry; called lubricated and dry types. 

The lubricated disk clutcn runs in oil; its disks 
are usually alternate steel and bronze or all steel 
disks. The type that runs dry is usually composed 
of steel disks, one set of which is faced with a fric¬ 
tion material of woven asbestos fabric. 

Principle of the Lubricated Disk Type 
of Clutch 

Parts; Fig. 5 shows the parts of the clutch sep* 
arated from each other. The disks (A) are at¬ 
tached to the flange on the engine shaft; the smaller 
disks (B) are attached to the transmission shaft. 
The large disks (A) and small disks (B) are placed 
alternatmg. 

The two flanges (F and FI) have pins extending 
from them, the disks (A and B) having holes so that 
they may be slipped on the pins or studs (P, PI) 

The studs (PI) of the small disks (B) pass through 
the openings in the large disks. Thus the outer 
edges of the small disks come in contact with the 
inner edges of the large disks. All of the small disks 
(B) connect with flange FI, which has a square hole 
and slides on the clutch shaft by movement of the 
clutch pedal. 

All the large disks (A) connect with the flange (F), 
which is connected to the engine shaft. 

Ass^bled clutch: As will be seen from Fig. 4, 
which is the clutch assembled, the two flanges are 
connected only by the friction between the large 


'The cone tj/pe und eJkpandxno type clutch are not now generally used for driving automobiles. The nlaie type is in general use 
for paMenger oars (see pp. 22, 846, 1091), and the disk type for heavier v^icles, such as some buses ana tractors (see pp. 21, 22, 
992). The /fuid coupling Is rapidly gaining favor for passenger automobilec (see Addenda pp. 72, 7G>. 
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and small disks, when the spring presses the parts 
together. The entire clutch is placed inside a casing, 
and runs in oil. 



STUDS FOR 



5- driven rinos 

Fig 5 


When the clutch pedal is pressed forward, the 
clutch is thrown out,’' the oil then flows between 
the,disks and when the clutch is ^'in” and the spring 
presses the disks together, the oil is squeezed out 
from between them. While it is being squeezed out 
the clutch is slipping, and it begins to bind when the 
pressure has squeezed it out and the disks in conse- 

S jence feel the effect of the friction. When the 
utch is ^'thrown out,” one set of disks may re¬ 
volve independently of the other, for they are not 
connected in any way. 


Hele-Shaw Lubricated Type of Disk Clutch 

In the Hele-Shaw disk clutch (Fig. 6), a similar 
principle is adopted. The plates consist of a 
number of alternate bronze and steel disks ujuch 
thinner. They are corrugated to increase the grip. 

Half the plates are rotably connected by grooves 
with the driving member, and the alternate half 
with the driven member. When the clutch pedal is 


M 17 



Pig. 6 


released, the clutch spring presses these disks .to¬ 
gether, and they all rotate as a solid mass. When 
the clutch pedal is depressed, the spring pressure is 
removed and the plates separated. 

Referring to the illustration (Fig. 6) the outer oil-tight case 
(1), to which the driving bronze plates (16) are keyed, is bolted 
to the fly wheel of the engine. The inner core (2) is keyed 
directly to the clutch shaft and to it are keyed driven steel 
oUtes (17) 


The clutch is shown engaged as normally held by the spring 
which actuates the ring (7) and the sliding presser (3). 
To facilitate quick disengagement, small springs (26) are fitted 
between the cueks. 

The case is oil-tight, provision being made for the replenish¬ 
ment of the oil through a plug (6) for the purpose. 

Adjustments are made by means of an adjusting nut (8), and 
excessive spinning or dragging is prevented by a cone brake (10). 

Principle of the Dry Disk Type of Clutch 

Fig. 7 illustrates a dry disk type of clutch 

The driving disks (A) are covered 
on both sides with a friction material, composed 
largely of asbestos, and are driven by six keys in 
the clutch ring (H) which is bolted to the engine fly 
wheel (G). 

The driven disks (B) arc not covered. These disks 
are carried on the clutch hub (E) and drive it 
through six keys on the hub. The clutch hub is 
keyed to the transmission shaft (F). 



Fig. 7. The Cadillac disk clutch—dry type. 

When the clutch is engaged by allowing the clutch 
pedal to come towards you. the spring (C) forces all 
of the disks together. Tne resulting friction be¬ 
tween the disks (A) and (B) drives the clutch shaft 
(F)and the car, when the transmission control lever 
is in other than the neutral position. 

There are no adjustments. The clutch pedal 
should be adjusted occasionally to compensate for 
wear on the facing of the clutch disks. There is one 
point (D) on the clutch for lubrication. 

There are 17 steel plates, having 9 driven disks and 8 driving 
disks. The coil spring is held under 3(X) lbs. compression. 

The Single-Plate Clutch 

The S. A. E. term the disk clutch (formerly called the 
“multiple disk”) a clutch with more than three disks. 

The single-plate clutch is where one plate is 
clamped between two others. It is a popular type 
of clutch. It is a variation of the disk type, tne 
latter comprising a large number of narrow disks, 
while the single-plate type usually consists of but 
three broad disks or plates, the ordinary type having 
two driving plates and one driven plate. 

An example of a single-plate clutch is described 
in detail in the following matter. In this type, the 
clutch effect is created by wedging the plate. The 
type which will now be described i 9 the Borg and 
B^k make, shown in Fig. 8, next page. 
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Borg & Beck Single-Plate Clutch 

Principle: This type of clutch runs dry. The 
action is best understood when it is kept m mind 
that among 
group: disk 
can stand st 

other parts being ‘‘anchored" to the fly wheel, must 
always revolve and drive with the latter. 

When clutch is “in": The asbestos friction 
rings (10), though not positively attached to either 
the driving or the driven parts, will, in practice, 
"freeze" to the unpolished faces of the inner case of 
fly wheel and thrust-ring (8). They will thus 
always run bodily with the fly wheel. 


the revolving parts, only the driven 
(11), shaft (13), and brake collar (20). 
ill when the flv wheel is runninir: all 


When clutch is “out’*: The foot lever is applied 
which telescopes the coil spring (14) back, by action 
of the throw-out sleeve (lo), which causes the roller 
(7) to withdraw a sufficient distance from the face 
of the thrust-ring (8), to permit the latter, with its 
companion friction-ring (10), to “back away" bodily, 
from friction-disk (11), thus releasing the disk from 


the friction-grip, and permitting it and other driven 
parts to come to a stop, while the fly wheel and parts 
anchored to it revolve. 

Adjusting the Single-Plate Dry Qutch 

Take-up action The roller-seat face of the 
thrust-ring (8) is formed on three, equal suc¬ 
ceeding, take-up “inclines" (25); the ring being 
Ji-inch thicker, at the high end of each “incline" 
(25) than at the beginning, or low end. The three 
thrust-levers (6) are mounted upon, and equally 
spaced by, the adjustment ring (5); and this ring 
is adjustably mounted against the inner face of the 
cover (2), by means of the adjustment-bolts (4), 
of which there are two, through slots (3) in the cover. 

When the bolts (4). are “slacked," and shifted 
in their cover-slots (3), they control and shift with 
them the ring (5), the latter carrying with it the 
levers and rollers (6 and 7). thus shifting all the 
rollers to new seats ^against tne non-shifting thrust- 

> See also Index under ‘’Borg dt Beok olutoh,** whioh is also 
discussed in the Repair Section of this book. 
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ring: and| these seats being farther up the ring 
“inclines” (25). Where the inclines are thicker in 
cross-section, the ring is necessarily thrust so much 
farther ^ward the other friction parts, to com¬ 
pensate for any friction wear, and to maintain, at 
all times, a perfect friction grip. 

Therefore to adjust the clutch, the clutch is held 
entirely out. With the clutch thus held “out,” it 
is only necessary to “slack” the adjustment-bolts 
(4), tap either of them “clockwise,” in the slot (3) 
on the cover, a quarter or half-inch or any other 
distance required, thus shifting the ring (6), and 
carmng the levers and rollers to new seats, upon 
thicker sections of the thrust-ring. This compen¬ 
sates for the friction wear which made the adjust¬ 
ment necessary. 

If too much oil gets into the clutch and causes 
slipping: It will be necessary in this case to un¬ 
screw the bolts (4) about three turnSj have some¬ 
one hold out clutch, and let the oil drain out. It is 
also desirable to squirt gasoline into the interior of 
the clutch to wash out the oil. If slipping con¬ 
tinues, the trouble is due to oil working into the 
dutch housing and it must be separated from the 
main oil supply of the oil pan of the engine. 

Removing clutch: First remove the transmis¬ 
sion. Mark the clutch cover that bolts to the fly 
whed with a punch and place a corresponding mark 
on the fly wheel, in order that it may be put back in 
the same position. The cover plate must not be 
turned. 

Replacing clutch: There are two asbestos fabric 
rings; one lies against the face of the fly wheel (10), 
ne:irt to tWs comes the driven plate (11), then an¬ 


other friction washer (10). The cast thrust ring 
(8) comes next, but before installing, make sure that 
the driving pins (9) are in place in the inside of the 
fly-wheel nm. Drop the thrust ring (8) in position, 
so that the three slots fit over the pins (9). The 
adjustment ring (5), with its parts assembled to it, 
should not be installed. The adjusting ring (6) 
fastened to the cover plate by means of two cap 
screws and cover plate bolts to the fly wheel. 

A clutch brake is provided, and this comes into 
action when the clutch pedal is pushed all the way 
down. The purpose is to stop the transmission 
gears from spinning when the clutch is disengaged. 
The throw-out collar (15) presses against the Drake 
collar (20). The clutch brake is mounted on the 
transmission shaft and is faced with asbestos fabric. 

If the clutch is worn, trouble will be experienced 
when shifting gears into first speed when car is 
standing. The clutch will appear to drag and will 
continue to drive the transmission gears when fully 
disengaged, so it will be difficult to mesh the gears. 
To remedy this remove the oil pan; have someone 
hold out the clutch, while the throw-out clutch and 
collar are examined to see if the collar (20) actually 
touches the brake or not. If it does not, the trans¬ 
mission should be removed, and if the brake-friction 
facing is in good condition, there is no need of 
installing a new one. See that the throw-out is not 
coming in contact with the brake flange and ascer¬ 
tain if it should be adjusted so that these two points 
form a contact. 

Note. Always remember to drive with the foot off the clutch 
pedal. Make sure that the clutch pedal does not strike or 
press against the too board. See also, Index under "Adjust¬ 
ing clutches." 


UNIVERSAL JOINTS 


A universal joint is a flexible connection between 
two shafts, which permits one to drive the other, 
although they may not be in line. Refer to Figs. 
9,10,and 11 and study the principle. Universal joints 
are usually placed forward and rear of the drive 
shaft. They are also termed “cardan joints.” 


Pig. 9. Fig. 10. 

CJniveraal joint in a straight line. Out of line. 



Fig. 11. Angular drive. 



Fig. 12. Straightrline drive. 


Universal joints are necessary on automobiles 
with shaft drive, for while one end of the driving 
shaft is attached to the transmission shaft, which is 
on the frame, the other end is connected to the axle, 
and is oonstantly moving up and down as the wheels 


follow the roughness of the road. If no universal 
joints were used, the shaft would jam in its bearings 
from the up and down movement of one end of it. 



Another type of universal joint is the flexible 
Thermoid-Hardy (Fig. 13). This joint is used only 
on “straight-line” drive. It consists of flexible discs 
secured to spiders on the ends of the shaft by means 
of bolts and corrugated washers. This assembly 
is bolted between a spider on the rear of the trans¬ 
mission and another on the front of the pinion shaft. 
The only attention these joints require is to see that 
all bolts are kept tight. 

See Index for “Universal joints, adjusting,” etc. 

Angular and Straight-Line Drive 

The angular drive is where the transmission is 
above the axle, as in Fig. 11. 

The straight-line drive (Fig. 12) is where the 
drive shaft is in line when the car is carrying an aver¬ 
age load, and is thrown out of line only to the extent 
that the chassis moves up and down on the springs. 
The variation is as great in one direction as another, 
but on the angular type, the shafts are never in align¬ 
ment and the universals are required to act though 
a considerable angle. 





INSTRUCTION No. 6 

TRANSMISSION: Principle and Construction; Gear Shifts 


GENERAL EXPLANATION 


Purpose of a Tranlmission 

When a bicyclist wants to race on a level track, 
he gears up his wheel with a larger sprocket, so 
that one revolution of the crank taKcs him farther. 
Yet if he takes his wheel, with this large sprocket 
on the pedal shaft, out on the road where there are 
hills, he must get off and walk or exert an extra 
lot of power. This clearly shows that if a bicyclist 
wants to speed while on the level, and yet take all 
hills, he must change the drive sprocket. 

The same principle applies to the automobile. 
For this reason the automobile is provided not only 
with two changes of gears (instead of sprockets), 
but sometimes with three and even four changes of 
gears. These gears are contained in a gear-box 
usually placed back of the clutch. 

The principle upon which all change-speed gears 
work is the fact that when two gear-wheels or spur- 
gears are meshed together the larger wheel turns 
more slowly than the smaller wheel. 

As an example, a gear-wheel with 10 teeth, in 
mesh with a second wheel having 20, would revolve 
twice as fast as the latter, the explanation being 
that when the 10-tooth gears of the smaller whed 
have moved round once they will have engaged 
with only 10 teeth of the larger wheel, and there¬ 
fore will have turned the larger wheel through only 
half a revolution; that is, it will be necessary for 
the smaller wheel to revolve twice in order that the 
larger one may revolve once. 

With this piece of elementary information, we will 
observe that in the gear-box (see below) there are 
two shafts—the upper one coming from the engine 
through the clutch, and the lower one continuing 
to the back axle. 



Fig. 1. This illustration is intended to simplify the explana¬ 
tion. In actual practice the arrangement is slightly different. 

Each shaft is fitted with three different sized 
gear-wheels numbered in the illustration, 1, 2, and 3. 
Those on the upper shaft are fixed to the shaft it¬ 
self, but those on the lower shaft are able to slide 
on a ke 3 rway, to right and left along the shaft. The 
shaft is not round like the upper one, but is squared, 
so that although the sleeve of the gear-wheels can 
slide backwara and forward, they cannot revolve 
independently of the lower shaft. 

In order now to vary the speed of the car, it is 
only necessary to slide the gear-wheels along the 
lower shaft until the correct two gears come into 
mesh to form the gearing required. 

The illustration, for instance, shows the inter¬ 
mediate speed-gear in mesh, but were we to move 
the gears to the right so that wheels 1 and 1 come 
into mesh, we should put the car on its first speed, 
that is its lowest speed, so that, with the engine 
running normally, the oar would be moving very 


slowly^ the driving gear being much smaller than 
the driven gear. 

When, however, the sleeve is moved to the left, 
so that gears 3 and 3 mesh, the effect is reversed. 
Now we have the driving gear much larger than 
that driven, and the result will be that when the 
engine runs normally the car will be traveling at a 
very high speed. 

The sides of the teeth of the gears are usually 
made like the point of a chisel, so that when two 
gears are brought together they will mesh easily. 
(To ''mesh^^ means that the teeth of two gear¬ 
wheels become engaged.) 

Types of Transmissions 

There are three t 3 rpes: the sliding-gear, plane¬ 
tary, and friction-disk type. 

The planetary type used on the Ford (Fig. 8), 
is explained in the Ford Instruction. The friction- 
disk type (Fig. 9) is now seldom used. 

There are two types of sliding-gear systems: 
the old-style progressive type (Fig. 2) and the 
modern selective gear type, pages 27 and 28. 

The progressive type was discarded because it 
was necessary to pass one gear through another 
which made a clashing noise and was difficult at 
times to operate. 

With the selective type it is not necessary for the 
sliding gear to pass through another gear. It is 
easier and quicker to operate and considerably less 
noisy. It is with this type that we shall deal. 



U 


Fi^. 2. A three-speed progressive type of transmission, 
showing the lever and gears in ‘‘neutral’*^ position; an obsolete 
method. Note, in order for do^ (A) to reach dog (D), which 
would be high gear or direct drive, it would be necessary for 
the sliding gear^) to pass through gear (F); or to reach 
reverse, by gear (P) being meshed with (R), it would be neoes* 
sary for gear (P) to pass through gear (£). 
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and the shift can be made without one gear passing 
through another. 

The relation of the gears to the clutch is shown in 
Fig. 10. The principle of the selective type of 
transmission is shown on pages 27 and 28. 

Referring again to Fig. 10, note that the power is 
transmitted from the fly wheel to the clutch, thence 
from the clutch shaft to gear (O and S), through the 
sliding gear for first q$ second speed. For high speed, 
small dog-clutches on the sliding gear (X), on the 
square shaft (T), mesh with dogs on gear (O), 
which makes the drive direct to the rear axle. See 
also Fig. 12. 



Fig. 12. Tranainission square drive shaft (130) and sliding 
gears (136). 

obtained bv shifting (SG-1) forward so that dogs 
(139) woula grip; then the drive would be direct to 


(139) would gnp; then the dnve would be direct to 
operation. The gear-change ratio, or gear desired, the rear axle, but the countershaft and its gears 
IS ^Wected’’ by movement of the gew-shift lever, would also turn, but not being in mesh with the 
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driven gears it would make no difference. Reverse 
would be obtained by shifting (SG-2) back until it 
meshes with the idler gear, which would reverse the 
direction of drive shaft (130). 

Remember—gears cannot be shifted until the 
lever is brought to **neutrar^ position. 



Fig. 13. The lower half of transmission with countershaft 
(120) and its gears which are permanently attached thereto. 
Idler gear (138), clutch or main drive gear (128), and clutch 
shaft (134) are also illustrated. 

A Modern Selective-Gear Type of 
Transmission 

The transmission, Figs. 11, 12, 13 arc 
to show relation of parts and working principles. 

In the modem transmission, parts are arranged 
different: The Mft rails (140, 147, Fig. 11) arc 
on top of transmission (sec 3, Fig. 18, p. 28); 
countershaft is lx4ow main shaft; (>ngagcmont of 
high speed, instead of dogs (139, Fig. 12), is made 
by meshing internal teeth of one gear over external 
teeth on the other gear (see 8 and 9, Fig. 18, and 
18 and 16, Fig. 60, p. 862B); main shaft (130, 
Fig. 12, and 4, Fig. 18), instead of being square, is 
splined (see 39, Fig. 60, p. 862B).* 

Operation of the Gear-Shift Lever 

There are two types of gear sliift levers: the **gate” 
principle and the “ball-and-socket” type. The lat¬ 
ter is used more than any other type. 

The gate type: The gate type is shown in Figs. 
14 and 15. A simplified explanation as to how the 
shift lever operates in relation to the shift bars 
(146 and 147) and shifting or sliding ^ears (SG-1 
and SG-2) will be made clear by referring to Figs. 
11 and 14. 



Fig. 14. View showing how the gear-shifting lever and the 
•elector connect with the shifting bars. The lever is now in 
, neutral” position, but if pushed to the inside gate or selector, 
It would shift the inside oar (146); if pushea to the outside 
gate position it would shift the outside bars (147). Note, that 
the lever moves sidewise as well as forward ana backward. 


The movement of the gear-shift lever for different 
speeds varies on different cars. For instance, in 



Fig. 15 Fig. 16 


Fig. 16. A three-speed forward and reverse gate type gear shift. 
Fig. 16. A four-speed forward and reverse gate type gear shitt. 

Fig. 15, to obtain first or low speed, the gear-shift 
lever, which is now neutral (N), is moved sidewise 
to the left and then back. To obtain second speed, 
it is moved sidewise to the right and then forward; 
for third, or high speed, to the right and back; for 
reverse, to the left and forward. 

The four-speed gate type of gear-shift (Fig. 16) 
corresponds with that shown in Fig. 20, page 



J L I Ts 


Fig. 17. Ball-and-socket type of gear-shift lever, with three 
speeds forward and reverse. The gear-shift lever (73) is now 
upright in the center of the socket and is in “neutral” position. 

The ball-and-socket type of gearshift ^hows almost 
identically the same prmciple as the gate type, ex¬ 
cept the movement of lever (73), (Fig. 17), is in a 
“ball and socket” instead of a “gate.^' Note that 
arm (145) serves the same purpose as arm (145) 
(Fig. 14). This is the type in general use. 

S. A. E. Standard Gear-Shift Movements^ 

The gear shifts as recommended by the Society of 
Automotive Engineers are illustrated on page 29. 

The transmission, giving three forward speeds 
and one reverse speed (gear changes) is in general 
use. On some few large cars, and also on most types 
of trucks, the four-speed transmission is used. 
Figs. 19 and 22, page 29, illustrate the standard 
S.A.E. three-speed gear shift as used on the majority 
of passenger cars and 

light-duty trucks. The “selector” can be of the 
“gate” or “ball-and-socket” t 3 rpe, the latter being 
almost universally used. 

^See page 012 for ”S. A. E. standard truck ge&r shilt.** 


*A more modem transmifsion employs a aynchro-mesh unit; iuHtcnid of a sliding second-speed gear, this gear remains in conatotil-' 
we«A with its mating gear; instead of spur gears, helical geara are uscfl, except for the low and reverse main shaft sliding gear which 
ie spur, or helical; the transmiaeion control or gear-shift lever is now on the steering column on passenger cars. See p. 862C, D. 
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Fig. 19. The S.A.E. Standard three-speed gearshift posi¬ 
tions: (1) low or first speed; (2) intermediate or second speed- 
(3) third or high speed; (R) is reverse. Note that reverse and 
second speed are forward movements. Fig. 20. The S.A.E. 
standard four-speed gearshift positions. This corresponds with 
Fig. 16 (page 27). Note the reverse (R) is a further movement 
in the same slot with first-speed movement. Fig. 21. Four- 
spe^; same as Fig. 20, except that the reverse (R) is in a 
separate slot, to the side of the first speed (1). 

Note: The location of reverse position on a four-speed 
gearshift is optional, but protection bv a latch or the equivalent 
must be provided against the accidental engagement of the 
feverse. See also page 912. 

Example of Gear Shifts 
The gear-shift principle (Fig. 22) is the ^T)all-and- 
socket^^ type and standard S. A. E. movement, as 
shown in Fig. 19. The transmission is of the '‘selec¬ 
tive-gear** type, three speeds forward and one 
reverse. (Studebaker model "EJ** is used as an 
example.) Note that the gear-shift lever (1) is 
now upright and in neutral (N) position. If shifted 
accormng to the movements, first, second, third and 
R, the various transmission-gear ratios will be se¬ 
lected as shown in Fig. 22 below. 

Remarks Relative to Changing Gears 
To start the engine: See that the gear-shift 
lever is in neutral position. The clutch is then in, 


but the car will not move. Turn on the ignition 
switch and crank the engine. 

To start the car: Speed up the en^e slightly. 
Throw out the clutch by pressing tne left foot 
pedal. Shift the gear-shift lever to first speed. Let 
m the clutch. Speed up the engine to give momen¬ 
tum to the car, and if on a level road, you can then 
throw out the clutch, quickly shift to third speed, 
and then let the clutch in. If on a hill, to 
second speed instead of third, and then shift to 
third speed after the car is well under way. 

To stop the car: Throw out the clutch, apply 
the foot brake, and slow the engine down. After 
the car stops, shift gears to neutral^ then let clutch 
in. In order then to stop the engine, turn off the 
ignition switch. 

Changing gears from a higher to a lower speed, 
when the car is running, is seldom done, as the 
speed of the engine is controlled instead, unless in a 
congested district it is necessary to run very slow, 
or if taking a hill and the engine pounds. This 
indicates that the hill is too steep for the power of 
the engine, and a change to a lower gear snould be 
made at once by throwing out the clutch and shifting 
the gear lever. 

Never shift to a lower gear when running at a 
fast speed, as there is danger of stripping the teeth 
from the gears. 

Never shift to reverse gear unless the car is at a 
dead standstill. 

Note. The shift gears by shifting ought to be made without 
a particle of noise if the clutch is thrown out when shifting. 
If there is noise, then it is usually due to the clutch not being 
fully thrown out or dragging or spinning, or to the transmission 
shaft, or to the fact that the transmission shaft is out of line 
owing to worn bearings. 



Fig. 22. Firft speed: The drive is from (19) to (9), to (55), to (21), to (5), to the transmission square shaft (4), to tbt 
rear axle* (Arrows on the gears indioate the direction in which the gears turn.) 

Second speed: (19) to (9), to (65), to (23), to (8), through square shaft (4), to the rear axle. 

Third speed, or high gear on direct drive: (19) to (9), to (8), through the transmission square shaft (4), to the rear axle- 
Note: Gear (8) fits over teeth at the side of gear (9); thus the drive is direct through shaft (4)^ The shaft (22) and its gears 
■revolve, but no power is transmitted through them. 

Reverse: (19) to (9), to (65), to (20), to the free-running idler gear (I) (directly back of an in-mesh with gear 20), to 
to the tjansmismon square shaft (4), to the rear axle. This idler gear, interposed between (20) and (5), gives a reverse motion to 
shaft (4). Tho lever (1) shows the standard S.AJB. three-speed gearshift (ball-and-socket type of gearshift lever). 



INSTRUCTION No. 7 

THE GASOLINE ENGINE: Principle and Construction 


GENERAL EXPLANATION 


There are three producers of motive power for 
automobiles: (1) The gasoline engine, also called 
an internal combustion engine, so called because 
the fuel combusts or burns inside the engine cylin¬ 
der, between cylinder head and piston, or in the 
combustion chainbcr. This type of engine could 
use either gasoline, kerosene, or alcohol, but in this 
treatise we will deal with gasoline as a fuel. (2) The 
steam engine is an external combustion type, the 
combustion taking place under the boiler, separate 
from the engine. (8) The electric motor derives 
its pow('r from an electric storage battery. 



Fig 1. The gasoline engine; an internal combustion type. 




In this instriietion we will deal with the gasoline 
(‘ngine only. 

Note. The word motor is often used to designate the engine 
but if one wishes to be technical and correct it should always be 
referred to as engine. The word “motor,” however (owing to 
the popular practice), is used in many instances in tte book. 

Gasoline engines are sometimes made with but 
one, or perhaps two, cylinders. A fe‘w motor cars 
formerly had engines of three cylinders. At the 
I)rescnt time automobile gasoline engines have four, 
six, eight, twelve, or sixteen cylinders. Seven, nine, 
fourteen, and other numbers of cylinders are used in 
aviation engines. Motor boats use engines with as 
many as twelve to twenty-four or more cylinders. 
But whether the engine has one or any number of 
cylinders, the explanation of how it works, or its 
principhy always remains the same. 

- All gasoline engines work on practic^ly the same 
principle. They must be of a four-cycle or a two- 
eycle type (the four-cycle type is dealt with in this 
inHtruetion>. The valve arrangement may be one 


of several kinds, described farther on. Different 
types of ignition are employed, which will be dis¬ 
cussed later. We mention this so that, when you 
see an engine with a different ignition or a different 
valve arrangement, you will remember the principle 
is the same. The two-cycle gasoline engine (treated 
separately in another instruction in this book) 
differs from the four-cycle engine principally in the 
method used to iiitrodu(*e the gasoline and to ex¬ 
haust the burned gases in order to obtain a power 
stroke every revolution of the crankshaft. The 
Diesel engines (treated separately in another instruc¬ 
tion) differs from the gasoline engine principally in 
the method used to introduce and ignite the fuel. 


When a compressed mixture or charge of gasoline 
vapor and air is set on fire, it burns with great rapid¬ 
ity and produces intense heat, which causes the 
gases to expand and thus develops the pressure 
against the head of the piston, which operates the 
crankshaft of the engine. This combustion is so 
rapid that it is usually sjiokon of as an “explosion”; 
this word is often used, although the word “com¬ 
bustion” is more contact. The intensity of the pres¬ 
sure de(Teas(‘S as the piston travels downward on 
power stroke, because the gases have more spuco in 
which to expand. 



Fig. 4. Parts of a gasoline engine. Cylinder is a “T-hcad ” 
type with inlet valves on one side and exhaust valves on the 
other. The inlet valves do not necessarily have to be on tlie 
right side. Some cars, which formerly used the T-hcad type of 
engine (for instance, an early-model Locomobile T-hcaa six- 
cyunder engine), bad the inlet valves on the left and the exhaust 
valves on trie right; whereas an early model Pierce-Arrow T- 
hcad six-cylinder engine was the reverse. The T-head engine is 
now seldom used; the L-head type, with the valves all on one 
side, and the l-head type (see p. 47) are used most. 


1 On a gasoline engine (Fig. 1) the cams open the poppet 
valves at the correct time. On a steam engine (Fig. 2), the ec¬ 
centric (£) causes the valve to slide back and forth to open and 
close the valve-ports to admit and exhaust the steam. In Fig. 
2, steam is being admitted to the top of the piston; below the 
piston, steam is oeing exhausted through the exhaust port. On 
the return stroke the valve will move so that steam will be ad¬ 
mitted through the bottom port and exhaust from the top port. 
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The difference is that an explosion is instan¬ 
taneous, while the combustion of gasoline vapor and 
air, although very rapid, is not instantaneous. The 
combustion takes place within the cylinder of the 
engine. 

One end of the cylinder is closed, and the other 
is open, the closed end being called the cylinder 
head. Within the cylinder is a piston, sliding 
back and forth. 

The space between the piston and the cylinder 
head is called the combustion chamber. 

The back-and-forth motion of the piston in the 
cylinder is called reciprocating motion. In order 
that it may turn the wheels, this reciprocating 
motion must be changed to the motion of a wheel 
revolving on its axle, which is called rotary motion. 
The reciprocating motion of the piston is changed 
to the rotary motion of the wheels by means of a 
crank shaft, • 

The piston is connected to the crank shaft by a 
connecting rod, so that it moves in and out as the 
crank shah revolves. One complete turn of the 
crank shaft, by which the piston is moved from 
one end of trie cylinder to the other, and back again, 
is called a “revolution.” One-half of a revolution 
of the crank shaft moves the piston from one end 
of the cylinder to the other, and this is called a 
stroke. 


the crank shaft and fly wheel, and theh the fly 
wheel and crank shaft move the piston. 

Note. Larger fly wheels are used on single-cylinder engines 
than on multiple-cylinder engines, because there are not as 
many firing impulses to two revolutions of the crank shaft on 
a single-cylinder engine. The flv wheel is usually fitted securely 
to the tapered end of the crank shaft and fiange. It must be 
secure, otherwise a knock would occur. 

The fact that the crank shaft of a gasoline engine 
must first be turned by hand or by an electric 
motor or mechanical device, in order to start the 
engine, is due to the fact that a charge of gas must 
first be drawn into the cylinder by the suction 
stroke, and then compressed. After the gas is 
once ignited, then the force of the power stroke, 
and momentum of the fly wheel will carry the 
crank shaft and piston through tlie other three 
strokes until the power stroke occurs again. 

Before there can be a combustion of mixture in 
the cylinder, the mixture must be drawn into the 
cylinder, through the inlet valve. 

When in the cylinder, the mixture must be pre¬ 
pared, so that it ignites, burns and expands with 
the greatest possible rapidity and heat. 

After the mixture has been burned, the useless 
gases must be removed, or exhaustod from the 
cylinder, to make room for a fresh charge of the 
mixture. 


It must be remembered that there are two strokes 
of the piston to every revolution of the crank shaft: 
one down-stroke and one u{)-stroke. 

A steam engine is called double-acting, because 
the pressure of the steam acts on both sides of the 
piston. 

A gasoline engine is called single acting, be¬ 
cause the pressure acts on only one side of the 
piston: on the top or side nearest to the cylinder 

The combustion that causes the jiressure or 
expansion that operates the engine takes place be¬ 
tween the cylinder head and the j3iston, in the 
combustion chamber. The combustion should be 
timed to occur so that the greatest pressure is 
exerted when the piston js nearest the cyliiidcir 
head. The pressure causes the piston to slide the 
length of the cylinder, from tlie head toward the 
open end. 

In a steam engine, the pressure of the steam forces 
the piston to slide first one way and then the other. 

In a gasoline automobile engine the pressure 
from the combustion acts on only one side of the 
piston, forcing it to slide only one way. After 
being forced downward, the piston must be brought 
upward again, and this is done by a fly wheel 
attached to the crank shaft. With the downward 
motion of the piston, the fly wheel starts revolving. 
When once started, the fly wheel continues to 
revolve until friction or some other resistance slops 
it, but before this can happen the pressure from 
another combustion is again exerted, keeping it 
going. 

The fly wheel being attached to the crank shaft, 
they revolve together, and because the piston is 
connected to the crank shaft by the connecting 
rod it moves with them. The piston, moved down¬ 
ward by the pressure, starts the crank shaft and 
fly wheel, and then the fly wheel in continuing to 
revolve moves the crank shaft and piston- Since 
a gasoline engine does not operate with continuous 
pressure during its action, the piston first moves 


These successive events must occur in their 
proper order, for if any one of them fails, or it is 
not performed properly, the succeeding event can¬ 
not occur, and the engine will stop running. These 
events are called a cycle. 


^ ipv* nag VU* 



0A5OLIHE ADA 
SCREW 


Fi^. 5 . In this view wc are looking at tlie end of the engine. 
The illustration is exaggerated in order to simplify the ex- 
planapon. Imagine the end cylinder cut in half. The object 
18 to ilhistrate how the gasoline from tlie tank flows to the 
carburetor and fills the float chamber until the float needle 
cuts oR the flow. The ^as mixed with air, is then drawn into 
the cylinder by the suotion of the piston on the suction stroke. 
During this suction the intake valve must be opened by a cam 
(the no8P-8hHi)od aRair at the bottom of the valve lifter) to 
permit gas to enter the cylinder. 

.\fter tlie cylinder is filled with gas, w'hich is the purpose 
of (he suction stroke, the intake and exhaust valves are closed 
and the piston, on its up stroke (compression stroke), com- 
jiresBes the gas. At the highest point of compression, the gas 
IS ignited by the spark at the points of the spark plug and the 
piston is fore€‘d dow'n with considerable force; this is called the 
explosion stroke. As the piston travel.^ up again the burnt gas 
is expelled through the exhaust valve which should open at this 
lime and permit the bnrnt gas to pass out through tne exhaust 
pipe and muffler. This fourth ana last stroke, which completes 
the operation is called the exhaust stroke. 


The Four-Stroke*Cycle Principle 

There are two distinct cycle principles; generally 
epoken of as “four-stroke cycle” and “two-stroke 
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cycle” principles. The two-cycle engine 

will be dealt 

with farther on. 

The four-cycle engine is the type used for auto¬ 
mobile work. Therefore we still deal with this type 
throughout the automobile instruction. 

The cycle is thus composed of: (1) the drawing 
into the cylinder of the mixture (Fig. 6) below; 
(2) the compression of the mixture (Fig. 7); (3) the 
burning or ignition of the mixture and the forcing 
downward of the piston by the pressure produced 
by the burning of the mixture (Fig. 8): (4) the 
removal of the burned and useless gases left after 
the combustion (Fig. 9). (See also page iv.) 

The cycle is performed during two revolutions of 
the crank shaft^ or, what is the same thing, four 
strokes of the piston. 

The first event occurs while the piston makes a 
downward stroke, during which the cylinder is 
sucked full of the mixture, just as a similar stroke 
of a pump or syringe sucks in a liquid. This is 
called, the inlet stroke or suction stroke. 

The next stroke of the piston is an upward stroke, 
during which the mixture sucked into the cylinder 
is prepared by being compressed, and at the end 
or top of this stroke it is set on fire, or ignited. 
This IS called the compression stroke. 

When the compressed gas is ignited, the pressure 
from the combustion forces the piston to make a 
downward stroke. This is called the power stroke. 

The next upward movement of the piston pushes 
the burned and useless gases out of the cylinder. 
This is called the exhaust stroke. 

These four strokes occur in each cylinder during 
two revolutions of the crank shaft and are repeated 
over and over again in each cylinder as long as the 
engine continues to run. 

On a six, eight, and twelve-cylinder engine, in 
order that the four events occur in each cylinder 
during the four strokes they ‘‘lap** one into the 
other. Thus we have two cylinders on power for 
certain periods of time. 

In principle the gasoline endne is like a gun. In 
a gun the snot is fired by exploding powder beliind 
it. In a gasoline engine we explode gasoline behind 
the piston in exactly the same way. 

There are some differences, of course. The charge 
goes out of theigim, and that is the end of it. But 
m a gasoline en^e, after the explosion drives the 
piston before it, in order to get any work out of the 
machine, this piston must come back and a new 
charge must be exploded behind it. The burned 
ga^ and heat must be disposed of, and all of these 
thin^ must be done over and over again very 
quicUy, at exactly the right time. 

Explanation of the Four Strokes 

Valves are arranged to open and close at the 
proper time to adnut fresh gas and to let out the 
burned gas, and the portions of the piston, valves, 
and cams for each function are shown m Figs. 6 to 9. 
Note the direction in which the cams (1 and 2, 
Fig. 6) are turned by the cam gears, which are 
drven by the crank-shaft gear. 

Cams on a gasoline enmne are for the same pur¬ 
pose as an eccentric (E), (Fig. 2, page 30), on a steam 
engine —^to open and close the valves. 


INLBf eXHAUSr 

VALVf yJALVe 



Fig. 6. Showing the suction stroke—down. The charge of 
gas is being taken into cylinder from the carburetor by the 
suction of the piston through the oi>en inlet valve. 

Note that the inlet valve is opened by inlet cam. Note direc¬ 
tion of travel of cam. This stroke is also called “admission** 
or “inlet” stroke. 

Note. The figures on the cams correspond to the figures on 
the cams in Fig. 10, which are intended to show the movement 
in degrees at each stroke of the piston. 


mtr exhaust 



Fig. 7. Compression stroke—up. Both valves are closed 
because the nose of the cam is not raising either of the valves. 
Gas is being compressed as the piston travels up. Note the 
direction of travel of the cam. 


exHAusr 

vALyte, 

cuoseo 



l/ETE/f 
EX CAti0£Aft 
^ex. CAM 
■ex CAM 


CAANK SMAXr 
J?JeiV£ CIA A 

ctze or 
CAMClA/e, 


Fig, 8. Power stroke—down. The spark is now occurring, 
therefore the compressed gas is combusting and expansion 
force is being exerted Against the piston head, thus forcing it 
down with great pressure. In actual practice, the spark occura 
before combustion takes place. Both valves are closed. This 
stroke is also called the **exploeion” or worldng'* stroll 
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Fit. 9. Exhaust stroke—up. The exhaust-valve cam is 
now raising the exhaust valve which is omn, thus permitting the 
burned gas to be forced out of the exhaust pipe through the 
mutter. 

When the piston reaches the top of the exhaust stroke the 
piston will have completed the four strokes, or two crank¬ 
shaft revolutions, and the cam-shaft one revolution. 

The next stroke is the suction stroke again. These four 
strokes are repeated over and over again as long as the engine 
runs. 

The above explanation of the four strokes is based on a 
T-head type of engine, supposed to be cut in half. 

The *‘L'* head uses but one cam shaft. The view is from 
the front of the engine. Thus there is but one inlet and one 
exhaust cam for each cylinder, just the same as a T- or *"round*'- 
head cylinder or any type of four-cycle engine. The prinoiole 
is identically the same. 

Note. A **dual-valve'* engine has four valves per cylinder. 
This is explained farther on. 



Fig. 10. Illustrates the movement of the cam. Note that 
the cam moves 00 degrees, or one-fourth revolution each time 
the crank moves 180 degrees, or one-half revolution. 

When the crank shaft makes two revolutions, or 720 degrees 
to complete the four-cycle revolution, then the cam shaft and 
cam would be making one revolution, or 360 degrees, because 
the driven cam gears are twice the else of the driving crank¬ 
shaft gear. 

The figures 1, 2, 3, 4 on the cams correspond to the cams in 
Figs. 6 to 9, and are intended to represent the movement in 
degrees at each stroke of the piston. 

Control of Speed of Engine 

After the en^e is started with the starting crank 
(self-starters will be explained farther on), the spwd 
of the engine is controlled bv opening and closing 
the butteray throttle valve of the carburetor which, 
when opened, admits gas to the cylinder. The 
more gas admitted, the strong^ the compression, 
therefore the g^ter the explosive force, and hence 
TOre speed. Oosing this valve reduces the speed. 
The gM, of course, is admitted through the inlet 
valve during the suction stroke. 

The opening and closii^ of the throttle is regu¬ 
lated by hand (Fig. 11), by means of the throtUe 
lever on steering whm, or by a foot pedal con¬ 
nected with the same throttle lever, and called an 
'^accelerator.’^ 

The carburetof is connected to the inlet manifold 
bjr the inlet pipe, and the gasoline flows to the ear* 


bufecor from the supply tank through a small brass 
or copper pipe, called the fuel pipe. 



Fig. 11. Illustrating the principle of opening and clodng 
the throttle valve in the can>uretor by the throttle lever on 
the steering wheel. 


Pure gasoline vapor will not bum, but must be 
mixed with air before it can be used to develop 
pressure. The mixing of gasoline vapor and air in 
the proper proportions is called "carburetion.” To 
give the best results, the mixture of gasoline vapor 
and air must always be in correct proportion. (This 
is explained in the carburetor instmetion.) 

There is a passage through the carburetor into 
which the air is drawn as the piston makes the suc¬ 
tion stroke. The liquid flows to the carburetor and 
is brought into contact with the current of air. The 
gasoline turns to vapor, and is absorbed by the air, 
the mixture being sucked into the cylinder on the 
suction stroke. 

The quantity of mixture that is drawn into the 
cylinder during one suction stroke is called the 

charge. 

If the speed of the engine is governed by the 
amount of gas drawn into the cylinder through the 
butterfly throttle valve of the carburetor and the 
inlet valve on the engine, it is clear that if high 
speed or more power is desired, it is necessary that 
ail of the mixture^possible be drawn into the cylinder 
through the inlet valve, and that the inlet valve 
must open at the exact time and open wide enough 
to permit a full charge being drawn in. 

As the inlet valve is mechanically operated, the 
cam must be adjusted (by having the inlet cam 
gear properly memed with the crank-shaft gear) so 
that it will open the valve promptly as soon as the 
sucking action of the piston commences, which it 
is just beginning to do in Fig. 6. Note that the 
cam is just startmg to rai e the inlet valve. 

If the inlet valve does not open soon enough, the 
piston will have made part of its stroke before the 
charge begins to enter; if it opens too soon, part of 
the burn^ gases from the previous power stroke 
will be pushed into the carburetor. If it closes too 
soon, the cylinder will not get a full charge; if it 
closes too late^ part of the mixture will be pushed 
out of the cyhnder on the compression str^e. 

The setting of the cam gear (which controls the 
position of the cams) with the crank-shaft drive 
gear, is termed valve timing and is treated more 
fully under the instruction on that subject. 

If all the openings into the cylinder, such as the 
exhaust valve, the spark plug, piston rings, relief 
cock, etc., are not tight, air or gas will be sucked 
into the cylinder through them at the same time 
that the charge enters through the inlet valve, and 
thk would destroy the prop^ons of the mixture 
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As the piston travels up on compression stroke, 
«he gas is tightly compre»^ until it occupies only 
the space between the inside of the cylinder and 
the head of the piston, and it is the force or expan¬ 
sion from this compressed gas, when ignited, at the 
highest point of compression, that the power of a 
gasoline engine depends upon. 

If the valves are not closed tight, or if there are 
any leaks by which this gas can escape, it is clear 
that the gas will not be compressed as much as if 
there were no leaks. The result is a weaker power 
stroke. 

When an engine is running with the throttle wide 
open, as, for instance, on a steep hill, the compres¬ 
sion is greater, because more gas is drawn into the 
cylinders. 

If the engine is running on a level, with the 
throttle partially open, then the compression is less. 

Thus it is clear that if the space between the 
cylinder and piston head is, say, one inch, the more 
gas that is compressed in this space, the ^ater the 
pressure. 

The greatest power is obtained from a given vol¬ 
ume of compressed gas when it is ignited at its high¬ 
est point of compression, which is at the top of Uie 
compression stroke and just at the moment when 
the piston is over center in the direction of rotation. 

It is the expansion force of the ignited gases, 
caused by the heat when combustion takes place, 
that produces the pressure against the head of the 
piston. It is, therefore, clear that as the piston 
travels down on the power stroke, this expansion 
force becomes less and less, because it has more 
space in which to expand. Hence the importance 
of having the spark occur at the correct time and 
also of having the valves open and close at the 
proper time. 

Toward the end of the oower stroke, and usuallv 
before the piston reaches the bottom of its power 
stroke, the exhaust valve is set to open. There is 
still pressure in the cylinder, and when the .exhaust 
valve is open, this pressure will cause the gases to 
begin to escape. 

As the exhaust stroke is an upward stroke of the 
piston, the piston will push out through the exhaust 
valve all of the burned gases that do not escape by 
their own pressure. 

If all the burned gases are not pushed out of the 
cylinder^ it will prevent a full charge of fresh gas 
from being drawn in. which will cause a weak mix¬ 
ture and a weak explosion. 

The exhaust valve closes as the piston reaches its 
upmost point, or a little after, the inlet valve open¬ 
ing as the exhaust valve closes. 

Back pressure, caused by the muffler or obstruc¬ 
tions in the exhaust pipe, will prevent the burned 
gases from escaping as freely as they otherwise 
would, and all may not be pushed out oy the time 
that the exhaust valve closes. 

The exhaust valve and its seat are exposed to the 
full heat and flame of the burning mixture, and are 
more liable to warp or pit than the inlet valve. It 
must be watched, and if there does not seem to be 
perfect compression when the en^e is cranked, the 
probability is that it needs grinding to seat it 
properly. The exhaust valve thus requires more 
grinding than the inlet valve. 

A proper mixture will be entirely burned before 
the exhaust valve opens. An improper mix^e 


that burns slowly may stUl be burning when the 
exhaust valve opens, and will*heat the ewaust nipt 
and muffler so that the pipe may become red not. 
Such a mixture wastes fuel, and may result in a 
fire. It may be corrected by making a correct 
adjustment of the carburetor and spark, which will 
be explained later on. 

Ignition: When the throttle is being opened and 
the engine begins to speed up, it is necessary also 
to ‘^advance^' the time of ignition; in other words, 
to cause the spark to occur earlier than if engine 
is running slow. 



Fig. 12 

A sj ark lever is usually placed on the steering 
wheel ilong side of the throttle lever, which is con¬ 
nected by a rod and bell crank to the contact- 
breaker box on the magneto, or, if a coil and timer 
is us d, to the commutator or interrupter. 

When the spark lever is moved, it also moves the 
cont;^ct-breaker box on magneto, or commutator, 
which causes the spark to occur or *^early,” 

according to the movement of this lever. 

The proper time for the igmtion of the mixture 
is at the top of the compression stroke—^when the 
gas is compressed to the highest point. 

Up to this point we have supposed that the spark 
occurs exactly at the moment when the piston 
reaches the top of the compression stroke. Now, 
this would be, in fact, the correct time, were it not 
for the fact that the gas takes quite an appreciable 
time to combust and expand after being ignited, 
an interval, let us say of a fraction of a second* 
Thus before the gas has had time to burst into a 
full combustion and expansion, the piston, on 
account of its great speed (suppose it is traveling 
at i,500 revolutions per minute), will have traveled 
part of the way down the cylinder before being 
affected by it. This means part of every power 
stroke wasted. 

The advance of spark: The remedy for this is to 
make the spark occur earlier; that is, to make it 
occur just before the piston has completed, or 
reached the top of the compression stooke, so that 
the full burst of explosion and the piston arrive 
simultaneously at the top of the stroke, or just as 
the piston is slijghtly over the top of *'dead center.'' 
This is called 'Advancing the spark.” 

The retard of spark: Suppose the engine is now 
running at only half the speed, say 700 revolutibns 
per mmute. Duiing the exploding or igniting 
period, which we assumed to be a fraction of a 
secon^ and which remains the same^ the piston, 
with its speed now reduced, has not time te travel 
80 far, and the spark therefore need not be so much 
advanced. 

Again, when the engine runs dead slow, say at 
100 revolutions per mmute, which is sloif fori an 
automobile engine, the spark requires hanlly any 
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advance at all. So that we see, at once, that the 
faster the engine runs the more the spark must be 
advanced, and ^at the slower the en^ne runs the 
less it need be advanced, or, to express it in a more 
usual way, the more the spark must be retarded. 

To ‘^advance’' or ‘^retard’* the spark, means that 
the spark is made to occur earlier or later relative to 
the position of the piston. It does not mean that 
^e spark is made to occur more frequently or less 
frequently. (This subject is treated more fully 
under ^'Ignition Timing.*0 



Fig. 13 Fig. 14 Fig. 15 Fig. 16 


Fig. 13. Here the explosion is occurring at just the right time, 
at the moment when the piston starts downward, securing the 
full length of the power stroke. 

Fig. 14. Here the explosion is occurring too early, causing the 
piston to push backward on the crank shaft, applying power 
m the wrong direction. While a single-cylinder engine would 
**kick back” and stop, in a four-cylinder engine the remaining 
three cylinders would have this resistance to overcome. 

Fig. 16. Here the spark is occurring too late, wasting the 
top or best part of the power stroke. 

Fig. 16. The piston is like the pedal of the bicycle. It 
ihould receive the push when it first starts downward. (Illus¬ 
tration through courtesy of K. W. Ignition Co.) 

The point to bear in mind is that the spark must 
he made to occur so that the greatest expansion 
takes place just the moment the piston is over the 
top of dead center. In order to give the gas suffi¬ 
cient time to ignite, so that complete combustion 
will occur at this point, the spark is ^‘advanced” or 
^'retarded/' according to the speed of the engine, 
ap explained above. 

Another factor to be considered is the electrical 
apparatus producing the spark. For instance, an 
i^ition system using a vibrator coil would require 
more advance than a closed-circuit type of inter¬ 
rupter, because the action of the vibrator-coil sys¬ 
tem is slower. This condition is termed ^ ^electrical 


If the spark is advanced too much, all of the mix¬ 
ture will nave been burned before the piston reaches 
its upmost point, so that it will be necessary for the 
fly wheel to force the piston upward against the 
pressure untU it gets to its upmost point. This 
strains the engine, and causes a sound that is called 
an **ignition Imock”; a hard, metallic sound. 

The knocking is not always detected easily by the 
novice, who will probably confuse it with other 
sounds on the car, but when once it has made itself 
evident, the spark should instantly be retarded imtil 
the knocking ceases. The strains set up in an engine 
which is allowed to knock may seriously damage 
connecting rods and cranks. 

It will be seen from the foregoing that in addition 
to controlling the speed of the engine through the 
gas throttle lever, it may also ^ controUed by 
advancing or retarding the spark, the speed of the 
car changing accordin^y. 

An engine should not be slowed by retarding the 
spark. If it has appeared to the reader in the last 
few paragraphs that it is possible to slow an engine by 
retarding the spark, let him at once understand that 
this is the last method by which it ought ever to be 
done. It is not only unscientific, but is also waste¬ 
ful of fuel and produces extra heat, and causes rapid 
pitting of the exhaust valves, the gases passing 
through them in an incandescent form. 

The correct method of slowing down or increas¬ 
ing the engine speed is to shut or open the throttle 
valve, which is situated between the carburetor and 
the inlet valve, by which the amount of fuel supplied 
to the engine may be regulated. Then as itie en¬ 
gine varies its speed, slower or faster, the spark 
should be retarded or advanced accordingly. 

The rule, therefore, is to let the engine speed 
follow the throttle and to make the spark follow 
the engine speed; or, to put it in another way, in 
order to drive economically, the throttle valve must 
be kept closed as much as possible and the spark ad¬ 
vanced as far as possible, short of knocking or of a 
tendency to knock. 

Such subjects as ignition, carburetion, cooling, 
fuel systems, lubrication, etc., will be taken mx: 
farther on under their respective headings. We 
are still dealing with engine construction, and must, 
for the present, adhere to this branch of the subject. 
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ENGINE PARTS: Assembly; Types 


ASSEMBLY OF PARTS 


The statfonary parts are: crank case, upper and 
lower half, bearings, oylinders, exhaust and inlet 
ports, valve caps, compression or relief cooks^ water¬ 
cooling pipes, carburetion and part of the ignition 
systems, exhaust and inlet manifolds. 

The moving parts are: crank shaft, connecting 
rods, pistons, piston rings, piston pin or wrist pins, 
cams, cam shaft, timing gears, crank-shaft gear, 
valv^ valve plungers or tappets or lifters, fly wneeL 

In order to enable the reader thoroughly to gra^ 
the meaning and purpose bf the parts, we will build 
up a four-cylinder T-head type of engine as shown 
below. The iUustroiione are not drawn to scale, nor 
are they technically correct, but will serve the pur^ 
pose of explaining the location of the parts of an 
engine. 



ric. 1. Main bearings. Upper half of crank case upeide down. 

Crank case: A reference to Fig. 1 will show an 
aluminum crank case, upper-half part, which we lay 
on the floor, upside down, so that we can see the 
bearings (95). 

Note. The S. A. £. designates the lower part of the^ crank 
case as the *‘oU pan*' when containing no bearings. If it con¬ 
tains bearings, it is termed the lower crank case. The S. A. £. 
further designates crank cases as of the "split type*’ and the 
"barrel type.” In the barrel type the crank shaft is removed 
from one end of the crank case, the bearing caps being removed 
throng hand-hole plates. The type shown here, and most 
used. IS the "split type’* with the bearings in the upper half. 

The main bearings are made in halves and are 
usually made of bronze or white metal and are 
termed bearings. They are fitted into bearing caps 
and the upper part of the bearing. 

Shims are placed between the two halves of the 
bearing, so that when wear occurs, a *‘shim" can be 
taken out and the lost motion taken up. See Index, 
under “Shims.’' 



Fig. 2. Crank shaft. Upper half of crank case upside down. 

The crank shaft (92) (Fig. 2) will now be fitted in 
the bearings. The nearing caps are placed over the 


bearing surface of the crank shaft, and the bearing 
cap nuts are tightened. 

Ct<X)NN(CTlM6 goo 



Fig. 3. Connecting rods fitted to crank shaft. 


The connecting rods (93) (Fig. 3) are now fitted 
to the crank shaft. The lower half of the large end 
of the connecting rod, called the connecting-rod cap 
(94), is removed, so that it can be fitted to the crant 
shaft. Shims are inserted, so that it works free on 
the crank shaft. Then the nuts are drawn good and 
tight, so that there will be no lost motion. If there 
was lost motion a knock or pound, which would 
cause wear, would result. 



The cam shaft (104) (Fig. 4) with the four cams 
(105, nose-shaped) is now fitted to its bearings. In this 
engine there are two cam shafts: one with four cams 
for raising the four inlet valves, and the other, with 
its four cams (105), to raise the four exhaust valves. 


The cams are placed with their noses equi-distant, 
80 that when they revolve they will raise the valves, 
W pushing them up with their nose, at a given time. 
The timing pars which operate the cam shafts will 
be explained farther on. 



Some ol the dumges in the modem high-epeed, high-compression automotivo gasoline en^es: Cylinders: L-bead and l-bead; 
cMt in block; detachable beads. Crankcase: Cast intwal with cylinders: oil pan stampecTout of heavy sheet steel. Bearings: 
Quoting excerpts from **Federal-Mogul Engine Bearing Service ManuaV*t There are four types of crankshaft main and connecting- 
rod belongs in common use today: (1) those formed by applying the bearing metal directly to the connecting-rod foridng, the ben^ 
ing cap, or the cra n k c ase saddle; (2) bronse or steel backed, babbitt lined, and with stock remaining in the hewing oore for aUgn 
boring or reaming after assembly, etc.; (8) bronse backed, babbitt Iined| and manufactured as a^'preoisioii type” to such fins 
tolersaoes that no align boring, sising, or scraping operations are required during or after assembly, etc.: and (4) sM-baoked ’’pre¬ 
cision tsrpe” bearings, etc. A high-duty bearing lUloy basically of oadmiuxm silver, and copper applied to a steel back and of the 
preeisioa type is now availaUe and is considered stronger than babbitt, (fits page 78d, footnote fi, and page 690 **Bngin$ Boat* 
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The crank case is now turned right side up. after 
having fitted to it the lower half of the crank case 
(90). This lower half holds the oil, which the crank 
shaft splashes in and is called the oil pan (lubrication 
systems explained farther on). 

The piston or wrist pin (96) (Fig. 5) in the small 
end of connecting rod is shown here. This holds 
the piston to the end of the connecting rod (details 
of each part will be explained farther on). 



Fig. 6. Cylinders, valve-plunger guides, timing gears. 


After the four pistons are fitted to the connecting 
rods, the cylinders (39) (Fig. 6) are fitted down over 
the pistons, care being taken not to break the piston 
rings. 

The cylinders (39) are held to the crank case by 
nuts fastening to studs (117) (Fig. 5). 

The valve-lifter guides (106) (Fig. 6) are fitted in 
holes in each side of the crank case so that they will 
come in line with the exhaust valves on one side of 
the cylinders, and with the inlet valves on the other 
side. 



Fig. 7. Inlet valves, inlet manifold, carburetor, magneto. 


Valve lifters, or tappets, are now fitted through 
these valve-hfter gmaes which raise the valves 
through the action of the cams. 

The TOar for driving the timing gears, called the 
crank-uiaft timing gear (109) (Fig. 6), is keyed or 
threaded to the enoT of the crank shaft (92): this 
gear drives the two timing gears (110 and 111). 

The canlHiihaft timing gears are keyed to the cam 
shaft (104) (Fig. 4); one gear and shaft to operate 
the inlet ^ves (119) (Fig. 7), and the other gear 
and shaft to operate the exhaust valves (120) 
(Fig. 8). The gear-case cover is placed over gears. 


The inlet valves (119) and exhaust valves (120) 
are placed in their seat by passing them through the 
inlet-valve cap holes (40) (Fig. 7) and exhaust-valve 
cap holes (41) (Fig. 8). 

The inlet manifold (45) is now bolted to the inlet- 
valve side of the cylinders, and the carburetor is 
connected to it. 



Fig. 8. Exhaust valves, manifold, fly wheel, pump, etc. 


The exhaust manifold (47) (Fig. 8) is bolted to 
the exhaust side of the cylinders, and is connected 
with the muffler at the rear of the oar, by the exhaust 
pipe (47). 

The exhaust-valve caps (41) and the inlet-valve 
caps on the opposite side are now screwed in place. 

The priming cups, also known as ^^compression^' 
or ^‘relief cocks^^ (115), are screwed into the exhaust- 
•sralve caps. 

The spark plugs (56) are screwed into the inlet- 
valve caps or in the center of each cylinder. 

The fly wheel (44) and starting crank (43) are 
fitted to opposite ends of the crank shaft. By refer¬ 
ring to Fig. 3 (92), the reader will note that the end 
of the crank shaft tapers, and a flange is also turned 
on this crank shaft. The fly wheel fits to this taper 
and bolts to the fiange, as there must positively be 
no lost motion. 

The magneto (53) (Fi^. 7) (a high-tension mag¬ 
neto is used for ignition m this example), is bolted 
in place on a brass base provided for it, on the side 
of the engine. An extra gear (which will be ex¬ 
plained farther on) is operated by the cam shaft and 
drives the ma^eto, which generates electricity. 
The electricity is distributed to the four spark plugs 
(56) at certain periodical times by the distributor on 
the magneto (122) (Fig. 7). 

Wires are now connected through a switch to the 
magneto. This switch is to control the ignition. 

The circulating pump (4t)) is connected to the 
water jacket of the cylinders. The gear (113), 
driven oy the cam gear, drives the pump, and keeps 
the water in constant circulation, which keeps the 
cylinders from getting too hot (not over 170 to 180 
degrees Fahr.), We now connect rubber hose to 
metal pipes on the radiator and also to our pump 
(49), and belt up our fan, which is run from the same 
shaft. The raoiator is filled with water. 

The gasoline fuel pipe from the gasoline or fuel 
tank is now connected with the carburetor. 


^1^* Some of the bearin|pi mentioned above do not use shims. See page 784A for shims. Lubrication: Force-feed 
or fuUforoe-feed used most (seepage 150). Camshaft drive: Silent chain, also i^ears. Valve caps or “priming cups" not now used. 
Ignition: Battery, coil, and distributor used most. The magneto is used oonsiderably on aircraft, industrial power^ tractor, and 
outboard engines, etc. Spark plugs are now located very close to the exhaust valves in several engines, because, it is claimed, in 
that position detonation is minimi^, idso better combustion is obtained when using leaner mixtures, ail of which contribute to fuel 
^nomy, See footnote, page 283, for additional information on this subject. 8pa^ plugs are smaller, a number being 14 mm. and 
10 nun. (see page 1061, and footnote, page 236). Carburetion: Down-draft carburetion is the type most in use: the fuel pump is 
cm^^sd to draw the fud from the gasoline tank and deliver it to the carburetor (see Insert No, 2 at page 144, 
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TYPES OF ENGINES 


A« previously mentioned, there are several types 
oi engines, iJl of which work on the four-cycle 
principle. In order that the reader may more 
clearly understand, we will give an outline illustra¬ 
tion of some of the different types 


The type of engpe used more than any other for 
automobile work is the six, and the eight 

and twelve ^-cylinder type of engine. 





Fig. 9. A aingl«-eyliod«r vtriioal type of ennne, with air- 
coolra cvlinder. ValvM are both on the side and mechanically 
operated. There are two flywheels with a crank pin between 
tnem. The flywheels run inside of the alixminum crank case. 
This type of encine is used on motorcycles, cycle oars, and rail¬ 
road lii^t cars. 

Fig. 10. A singleK^Under horisontal type of engine, with 
water-cooled cylinder. Formerly used on light-weight auto- 
mobilee. Seldom used; valves mechanically operated. 

Fig. 11. A double-cylinder opposed type of engine, with 
water-cooled cylinders and mecnanically operated valves. 
Note that the cylindert are 180* apart. Cylinders are of the 
“L'-type. The crank shaft ia also of the 180* type. 

Fig. 12. A twin-cylinder “V”-type of engine, with cylinders 
olaoed 45* apart. Cylinders are air-cooled. Valves are 


mechanically operated from overhead. The cylinder la ¥f 
the “round*^ type. This type of engine ia used on motoroyolea 
and cycle cars. 

Fig. 13. A four-<^linder, vertical type of engine, with trans¬ 
mission and clutch in one housing joined to the engine—called 
a “unit power plant.'* This engine is suspended in a frame 
at three points; it would therefore be called a “three-point 
suspension'* type of power plant. Valves are all on one side 
of the "L’*-type cylinders. 


Fig. 14 Kg. 15 

Fig. 14. A six-cylinder “unit power plant.’* Transmission 
and clutch case join the engine. Cylinders are cast together, 
or “in block.” 

Fig. 15. A four-cylinder engine with cylinders cast sepa¬ 
rate. All valves are on one side; hence “L’’-type cylinders. 



Fig. 16. Eight-cyhnder “V“-type engine, with cylinders 
placed at an angle of 90° apart. One cam gear operates the 
valves on both sides of the “I/’-shapcd cylinders. There are 
four cylinders on each side, usually “in block.** The crank 
shaft is a four-cylinder typo (180°) between crank throws, with 
two connecting rods to each crank pin. 




THE AUTOMOBILE, TRUCK, AND TRACTOR ENGINE* 

The Automobile Engine * The Truck Engine 

The 4, 6, 8, and 12-cylinder engine is used for 
automobile work. 



Fig. 17 


VfllTes are placed on the side or overhead. Igni¬ 
tion ia usually coil and battery, using an interrupter 
and distiiibutor. A generator supfuies current for 
charging the battery, also for lights and ignition. 
A battexy supplies current for limits, ignition, and 
starting the motor. 



to early nwdele. See Inserts No’A. fl and 7 for typical 
examples of latar paeaenver automobile enffinee. Ses footnote 6, 
page vu, also pp. 975, 977-977B, for motorcoaeh engine location and drive methods. See Insert No. 3 for a typical truck engine, mIm 
pp. 974, 975, and 959-963. Coil and battery ignition is now generally used on passenger automobile,—(c(>nitnwsd on next page) 
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Fig. 19. 


Airplane Engine 
Many airplane engines 

use the overhead type of 

valves. 

lotion is by means 
of a high-tension magneto or coil-and-battery igni¬ 
tion. 


The Tractor Engine 


Valves are overhead or on the side 


The speed of the engine is controlled by a 
governor (Fig. 20), which is a centrifugal ball-type, 
operating through levers to the carburetor throttle 
(T). The governor is used to maintain a uniform 
speed and to prevent the engine from *Tacing” if 
the load is suddenly released, or from *^stalling,’^ 
if the load is suddenly applied. 



Fig. 20 


Ignition is usually provided by means of a high- 
tension magneto, in connection with an *‘impulse- 
starter,’^ which is used to facilitate starting when 
cranking the engine. 

Carburetion is secured by means of gasoline to 
start with and kerosene to run on after the engine 
is heated up. The heating of fuel around the intake 
manifold from exhaust gases is very important when 
using kerosene. 

Cylinder sleeves, or barrels, are used on many 
tractor engines. They cdSsist of removable sleeves 
or barrels (Fig. 20) placed in cylinder blocks, wliich, 
in case of wear or accident, can easily be replaced 
with new ones. See also, Index, under “Cylinder 
sleeves.” 

The reader can now compare the relative differ¬ 
ence between the four engines and thus note, that 
while the construction may vary, the same under¬ 
lying principles apply to each. 


TWO EXAMPLES OF AUTOMOBILE ENGINES 


An example of an engine with valves-on-the-side 
operated by one camshaft on the side is the Whippet 
“Four,” model 96-A, four-cylinder in-line engine as 
shown in Fig. 21. 

An example of an engine with valves-in-the-head 
operated by one camshaft on the side is to be seen 
in Fig, 22, showing a cross-sectional front view of 
^e Nash “8-80” series, eight-cylinder in-line engine. 
The clutoh and transmission (not shown) are 
mounted with the engine as a single-unit power plant. 

Specificatione of the Nash “8-80” series engine 
(Hg. 22) are as follows: 

Sogfais: SMoylindtr. in-blook. high-tpeed, valves-in-the-head 
oweated Dy pusn rods on the ude. Cylinder boro: 31/4", 
•troko 6". 

Main bearfaipi are dio-oaat babbitt, brass backed; mno in 
(—■tontfnued) motorooaoh and truck engines, and maffnetoe on ti 
«n 0 nes. Sea Insert No’s. 4» and iA and pp. 982, 992 for typic 
wgtnu, and tka index, under SpeeiftaUiont, 


number; diameter and length: front 2V^"xlA"; No. 2-4-6-8, 
2}^"xivi"; No. 3-7, 2J4"xl,®«"; rear, 2j4”x2}>i". Crankshaft: 
forging steel, double-heat treated. 

Lubrication; gear pump, driven by spiral gears from cam¬ 
shaft. Full force-fe^ to main bearings and connecting rods 
to wrist pins, also pressure to camshaft beiuings. Oil filter re¬ 
turn through valve rocker arm mechanism. 

Valve adjustment: The clearance for valve adjustment is 
made between the valve stem and its point of contact with 
the rocker arm. The clearance is adjusted to .012" with en¬ 
gine at operating temperature. I.ooson the push-rod lock 
nut and move the ball-adjusting nut either up or down until 
the correct clearance is obtained. Do this with engine run¬ 
ning slowly. 

Electrical system: Three unit, consisting of an Autolite 
ouerator, Autolite twin ignition timer-distributor and Auto- 
le starting motor. There are two spark plugs per cylinder 
and two breaker-contact points on the timer-distributor. 
Spark plugs are metric thread with ,020" gap. The firing order 
is: 5-8-3—7—4. 

:tor and airplane engines. See Addenda p, 86 for types of aircraft 
sxamplss of modern tractor engtnes. See also p. 1022 for Diesel 
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Fig. 22. Sectional end-view of the Nash “8-80” series eight-cylinder engine with valves-in-the-head. Name of parts: 
1 cam^aft; 2, inlet valve push-rod; 3. exhaust valve push-rod; 4, valve-rocker; 5, valve adjusting screws; 6, valve spring (note 
the inner and outer spring): 7, inlet valve; 8, exhaust valve; 9, timing chain; 10, oil distributing pipe; 11, starting motor: 
12, Umer-distributor; 13, viJve cover. 


ENGINE PARTS 


The difiference, or variation in construction of the 
various parts of an engine will now be taken up. 

The adjustments and repairs of the various parts 
are treated farther on in the “Repair Section'’ of 
the book. 

The cylinder is attached at its open end to the 
crank case, which forms a box around the crank shaft. 

The crank case is of irregular shape, so that while 
there is plenty of room for the cranks and connect¬ 
ing rods to operate, there is little waste space. It 
contains the crank-shaft bearings, and forms the 
bed-plate, or foundation, for the engine. 

It is often made in two parts: an upper part 
bolted to the cylinder* and containing the crank¬ 
shaft bearin^^ and a lower part enclosing the crank 
shaft, and wruch is called the “oil pan.” 

As the lower crank-shaft case*is intended to con¬ 
tain lubricating oil. it is tight so that there may be 
no leakage. Usually the lower part of the crank 
case can be removed for adjustment of bearings. 

The crank case is usually made of aluminum alloy, 
if in two pieces,* 


The crank case is used to support the cylinders 
and the various parts of the mechanism. 

The S. A. E. designates two types of crank cases: 
the “split type,” where the lower part is separate 
and oontains no beariiun. The lower part is then 
called the “oil pan.”^The “barrel type” is when 
the lower part is permanently attached and has a 
hand-hole plate for reaching the bearings, and the 
crank shaft is removed from the end of the crank 
case with the removal of the crank-case head * 


frame, while other manufacturers make longer arms 
to extend and bolt to the main frame. 

A “three-point suspension” is where the powder 
plant is suspended in the frame at three points of 
contact. “Four-point suspension” is where the 
power plant is suspended at four points. 

A “unit power plant” is where the enpne clutc h 
and transmission are in one unit, as in Fig. 21. 

Engine Bearings 

The engme crank-shaft bearings are known as 
“main bearings.” Most of the manufacturers make 
four-cylinder engines with three main bearings for 
the crank shaft. Some are made with 5 bearings, 
but these are usually very large engines. On six- 
cylinder engine crank shafts the majority use 7 or 
4 main bearings, and some few use 3. 

On eight-in-line engine crank shafts, either 5 or 
9 main bearings are used. 

On V-type engine crank shafts, for example, the 
Cadillac V^, “355,” LaSalle “345,” Viking and 
Oakland use 3 main bearings; the Cadillac V-12, 
“370” use 4; the Cadillac V-16, “452” use 5; Lincoln 
and Peerless V-8 use 5. The “V-type” engine 
crank shaft is of course shorter than the “in-line” 
crank shaft with the same number of cylinders. For 
example a V-8 crank shaft has four “throws” or 
crankpins, whereas an eight-in-line crank shaft has 
ei^t “throws” or crankpins. 

If ball bearings are used, there are usually two 
bearings unless the crank shaft is of the built-up 
type. Sec pages 931 and 46. 

See Specifications, page 1060, giving the number 
of main bearings on the different engines. 

Crank-shaft main bearings are usually in two 
parts: the upper and lower halves (Fig. 24). Both 
parts constitute the bearing. 


The arms for supporting the crank case on the 
chassis are sometimes made short to bolt to a sub- 

on pmotioally nil in-line end V-type enginee ere now oast in'^ock integrally with upper part of crankcase 
•• Baownlii rka 31,83 and pp. xsv-xxv. F«r oomperison, air cooled engine p. xxix has cylinders cast singiv and hoUed to orank- 
osmidflraMas are almoet ukversafand are made of east iron or aluminum—ece 5 »p, 162, 733. *Termed oil pan* 
w pveMed or onet metal. Oadeets insure tightness. *CylinderB and uppor part of orankoa^ are now cast in one piece and 
***sde of mieoini iUoy irons oontaining ni^el, oldtimiuxn, and molybdenum, ^or later designation see Insert No. 1. 
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The upper half is supported by the upper part 
of the craiik case, and the lower half in a beaiing cap. 


The bushing is split lengthways into two halves^ 
like the bearing of the ert^ shaft, one part being 



VJPFER HA4.F 
OP CRANK- 
^FTBCARWS 
AHMITOFThe 

CRANKCASE 

LOWER SEARING CAP ' 

Fig. 24. Conttniciion of a orAnk-ehaft main bearing. 


The bearing cap is fastened to the upper half of the 
bearing with cap screws. 

On some engines, babbitt metal is cast into the 
bearing halves, and then dressed down, scraped 
and run-in. 

On others, the upper half is cast and the lower 
half is in the form of a bushing which can be renewed 
when worn, by screwing a new bushing in place in 
the lower bearag cap. 

Most of the wear is on the lower half of the bear¬ 
ing, because it supports the weight of the crank 
shaft and receives the thrust of the power impulses. 
Therefore it can be taken up by removing the lower 
bearing cap and the ‘‘shims," which are usually 
placed between the two halves, or by dressing the 
sides of the lower cap down to a proper fit, thus 
drawing the cap tighter around the snaft. After 
a long period of time and after the lower half has 
been talcen up two or three times, the upper half 
will have to be cast again. On some engines the 
upper and lower half can be fitted with busliings, 
which are detachable and are held in place with a 
countersimk screw. Thus new bushmgs can be 
replaced and run-in. 

A bearing bushing^ is that part of a plain bearing 
that the shaft comes in contact with. They are 
usually made of babbitt, phosphor bronze, or white 
metal. The phosphor bronze is very hard and 
lasts a long time, but is somewhat liable to “serte," 
if run without oU. 

A white metal bushing consists of a layer of white 
metal, run (when in a molten state) into a channel 
in the bearing. It then hardens and is scraped and 
polished. Wnite metal has the virtue of not seizing 
or doing much damage if ill treated, but if it is run 
for a long time a knock will result. There are many 
different alloys used for bushings, some being faced 
with brass. Bushings can be purchased ready for 
application. If a bushing is burned or cut from 
lack of oil, it can be scraped and "spotted up" to a 
fit, if the cut is not too deep, or a new bushing may 
be put in place and burned and run-in. These 
subjects will be treated farther on under the subject 
of "Repairs." 



Fig. 2.5. A connecting rod showing piston-pin bushing and 
crank-pin bearing and cap. Tho bearing is in the small end of 
connecting rod for_the piston pin. The piston pin is stationary. 


set in the connecting rod and the other being held 
in place by the connecting rod cap. 

The small or upper end of the connecting rod 
contains a solid bronze bushing (Fig. 26) that forms 
the wrist or piston pin bearing.^ 

Because of the small space in the piston, it is not 
possible to have this bushing split and held in place 
By a cap. The bushing is therefore set in the con¬ 
necting rod, and the piston pin pushed through it. 
The w^ear of the piston-pin bushing is slight, and if 
it should wear loose, a new bronze bushing is driven 
into the connecting rod. 


The piston pin is passed through the piston, and 
secured so that it cannot move. It is usually case 
hardened. This type is termed a "stationary piston 
pin." 



CONNECTING ROD 13 
ClANIFSP tight to 
WRIST FiflAND 
WRIST PIN MOVES 
WITH CONNCCrm 
RjOO 
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All ordinary wear in engine bearings can be taken 
up by removing shims and drawing to a tighter fit, 
termed "taking-up-on-the-bearings/' The rear main 
bearing is usually the bearing which wears first, be¬ 
cause it supports the weight of the fiy wheel. 

Connectixig-Rod Bearinga 

Probably the first bearings to require renewal are 
those of toe connecting rod. 

The big end of the connecting rod is attached to 
file crank pin, and a busliing of bronze or white 
metal or other metal (with a melting point lower 
than that of cast iron) in the form of a shell, sur- 
rounding the crank pin* is secured in it. 

iSgg pace 781 for more modem nomenclature (definition) of * 
"B«irtnpa’'and “iSAtma,” and page 786 under *'/nfareAonpeaMa ! 


Fig. 26. Note that in this type the piston pin moves 

with the upper end of the connecting rod, and the bc^nga are 
in the piston bosses. 

On (Fig. 26), the piston pin moves with 

the motion of the connecting rod, the small end of 
the connecting rod being clamped to it. The jiiston 
pin moves in bronze bushings fitted in the piston. 
This type is termed an "oscillating-type piston pin.” 

Through the connecting rod the piston transmits 
the pressure of the explosions to the cfank shaft 
and fly wheel. In order that it may withstand the 
heavy shocks of the explosions, the connecting rod 
must have great strength. It is made of drop* 
forged carbon steel, heat treated, aud/in rare instan- 

‘BaoriiM*’ and '/BuaAinp.** Saa also bottom of pagaa S|6tr il7 undar 
rifp0 Main Baarinpa.*’ . 
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oee, ifl of bronze. A straight I-beam type is used 
almost universally. 

Bronze is used extensively on large, slow-spe^ 
engines, but would be too heavy for automobile 
work, as the high-speed engine requires light-weight 
reciprocating parts. Eacli connecting rod should 
weigh the same. 



27. Connecting-rod bearing end with cap removed to 

show shims. 

Some connectingrods and main bearings are fitted 
with *‘ehims’* as in Fig. 27. When the bearing wears, 
a shim can be removed, thus drawing the lower cap 
tighter around the shaft. Shims are made of thin 
layers of metal .001" to .005" thick. The thinnest 
shim is usually placed at the bottom. 

Shims are used on the lower end of connecting rods, 

except in those engines using oil pressure in a hollow cranlc 
shah which is cross-drilled to supply oil to the connecting-rod 
bearing. If shims were used with this tyi>e, they would allow 
oil to escape so rapidly that the oil gavige would show little 
or no pressure. 



PlSTOfH 

Fig. 29 Pig. 30 


Fig. 29. A trunk of piston. 

Fig. 30. Sectional view of piston. Note piston pin is sta 
tionary, being secured in the piston boas by a lock serew. 

The piston pin passes through the piston, usually 
about tne middle or a little nearer the top (depending 
on the stroke). 

The open end of the piston permits the connecting 
rod to swing from side to side. 

The piston does not fit the cylinder tightly, for a 
tight fit would cause friction and wear. This space 
is called piston clearance (see Index). The piston 
is usually slightly smaller at the top than at the 
bottom, because the heat is more intense at the top 
and expansion must be allowed for. 



Pig. 28. Upper illustration shows a connecting rod, a crank 
pin, and a crank arm on a single-cylinder motorcycle or cycle- 
car engine. Note that a crank pin \h between the two fly 
wheels which are placed in the crank c^e. The lower illustra¬ 
tions explain two methods of connecting two connecting rods 
to one crank pin on a “V'’-type engine. 

The connecting rod on a crank shaft of a “V”- 
tyne engine can be placed either “yoked" or “side by 
side," as shown in Fig. 28. W hen they are yoked, 
the cylinders would be "in line"; if side by side the 
cylinders would be "staggered," or slightly out of 
Ime. 

The Piston 

The piston of a gasoline engine is called a "trunk 
piston," to distinguish it from the "disk piston" of 
a steam engine. 

A trunk piston is longer than its diameter, and is 
hollow, . with one c1o»m end. The closed end is 
towara the combustion space, and it is against the 
closed end that the force of tne explosion acts. 


A piston is usually measured at the skirt, or below 
the piston pin. Pistons are made of cast iron, and 
when heated they expand. The usual clearance 
between the cast-iron piston and cylinder wall is 
about .001" to each incli of piston diameter. 

Meaning of "piston clearance”: Let us take, as 
an example, engine which 

is bore. In decimals, therefore, its bore would 
be 3.750 (three inches ana seven hundred and fifty 
thousandths of an inch). 

Suppose the clearance of the piston was .003 (three thou¬ 
sandths of an inch), which would mean the piston diameter 
should be .003 less than the bore, then 3.750 (the bore) minus 
.003 (the clearance) would equal 3 747 (three inches and seven 
hundred and forty-seven thousandths), which would represent 
the diameter of the piston for a clearance of .003 for this engine. 

Pistons are usually marked on top and in decimals. 
The diameter is that of the skirt. The bore of a 
cylinder is u.sually stamped on the lower machined 
face of the cylinder block. 

Aluminum alloy pistons are used to a certain extent instead 
of cast iron. 

Advantage: They are about one-third lighter; thus the 
inertia of the reciprocating piston is re<iuced considerably, and 
consequently the side^pressure or thriist on the walls of the 
cyUnders is lessened. The great heat conductivity of aluminum 
alloy lessens the carbon deposit on the piston head and the 
deposit is more easily removed. In case of extreme heat, if 
the piston should “seize,” the cylinder is not damaged by 
aluminum bec^ause it is softer than the cylinder. 

Disadvantai^e: Aluminum alloy pistons expand twice as 
much as cast uron, and therefore when the engine is cold the 
clearance between the piston and oyhnder wall being twice as 
great os normally, raw gasoline is drawn into the cylinder 
which passes down to the crank case and thins the lubricating 
oil and washes off all of the lubrication on the cylinder walls. 
A “piston-slap” is also produced, due to the great clearance, 
until the pistons are heated up, at which time they expand and 
the piston-slap noise should cease. 

On one model of the Franklin, the shallow, square move 
of screw-thread form was turned at the bottom of the skirt of 
the piston just beneath the lower ring. This held oil and per¬ 
mitted a smaller clearance. 

Pistons and connecting rods for high-speed work should be 
made very light. In some instances, where cast iron is used, 
the piston is made lighter by making the skirts thinner and 
the piston pin-boss lighter. On some high-speed engines the 
piston skirt is sometimas drilled with large holes for the sake 
of lightness. 

58 for later development of cduminum piston desiffn. 


Note. Retd footnotes at bottom of pages 36 and 37. See Addenda page 
and pages ^7-811 for additional information on pistons in general. 
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Piston Rings 

The pressure from the explosion is prevented from 
escaping between the piston and the cylinder wall 
by i^ton rings* 

The piston rings fit in the groove aroimd the upper 
end of the piston, and there may be from two to nve 
of them, usually three. The rings fit the groove 
snudy, but not so tight that they may lot move 
freely. 

They are cut crossways, so that they may be 
sprung open. When closed, so that ends touch, the 
nn^ are a trifle smaller than the diameter ot the 
cylmder. 

When sprung open, they are lar^r than the diam¬ 
eter, or bore of the cvlinder. They are so made 
that they alwa3rs stand a little open. 

The rings are slipped into the grooves by spring¬ 
ing them open, and sliding them over the piston. 

Wlien a piston is to be placed in a cylinder, the 
rin^ are drawn together, so that they will slide in 
easily. The piston with its rings fits the cylinder 
snugly, and the elasticity of the rin^ keeps them 
res^ against the cylinder wall, making a fit that 
eeps the pressure from escaping. 

Since none of the pressure of the explosion is able 
to escape, it is all exerted against the closed end of 
the piston, or piston head. 

The rings must be placed on the piston so that the 
ends are not one over the other, for if they were in line 
the pressure might escape through them (see Fig. 31). 



Fit. 31 Fig. 33 


Fig. 31. In order to prevent oo mp r c erion pnaeing through 
the joint* of ring* they are placed as ulustrated. 

fig. 32. Two standard t 3 rpe 8 of piston-ring joints. 

The rings are prevented from moving around the 
piston by pins placed between the ends (although 
this is not the case on all pistons). The only motion 
they have is the spring in and out. 

The ends of the rings are beveled, or made with a 
Joint (as in Fig. 32^ so that the gas will not leak 
throu^ the joint. Two of the usum types of piston 
rings are shown in Fig. 32. Piston rings are made of 
cast iron of a slightly softer grade than the cylinder. 

There are many improved types of piston rings which the 
manufacturers elaim will not leak; ueually three rings are 
placed on a piston. Two rings are often nmd for hi^<epeed 
work, whereas, for average aatomobile engines, three nm are 
genendly used. This subjeot is fully treated in the “Repair 
Section^ of thU book. 

Piston rings are measured according to the bore 
of the cylinder and the width d the ring groove. 

The Crank Shaft 

The crankHihaft-throw changes the reciprocating 
motion of the piston to the rota^ motion necessary 
to turn the wneels. It rests jn oearings that hold 
it in a fixed positioii, but permit it to revolve. 

The emik phi must be rigidly attached to the 
erank shaft, and to secure this ri^ty, it is usttaQy 


made in one piece, solid as in Fig. 33, and is usually 
made of chrome nickel steel. 



Fig. 33. A single-throw crank shaft. Crank is set at 360^. 

The crank projects from the crank shaft, and 
when the shaft revolves, the crank makes circles 
aroimd it. A crank is one of the most common 
mechanical devices. The crank pin is that part to 
which the connecting rod fits ana is also called the 
“throw” of the crank. A windlass is turned with 
a crank; a bucket or chain pump is operated with a 
crank; the pedals of a bicycle form cranks. 

In a bicycle, the crank arms are attached at their 
inner end to the crank shaft, and to their outer 
ends the pedals are attached. When riding a 
bicycle, the feet press on the pedals at the endfi of 
the crank arms, and make the crank shaft revolve. 
The feet describe circles around the crank shaft. 
Each crank arm and pedal form a crank, and there 
is only one arm to a crank. 

In a gasoline engine, two arms are necessary, fol 
the reason that the cranks are not at the ends ol 
the shaft. There are therefore two arms to each 
crank or ^^throw.” (Fig. 33.) 

The outer ends of the crank arms are connected 
by the crank pin. The crank pin corresponds to the 
p^l of a bicycle. A gasoline engine has as many 
cranks as it h^ cylinders. 

Degrees as Used with a Crank Shaft 

The position of a crank on a crank shaft in rela¬ 
tion to other cranks on the same shaft is expressed 
in degrees of a circle. 

A degree is designated with a small ^ at the ri^ht 
of the fi^re. For instance, a crank shaft with 
throws of360 de^ees, would be designated as 360®. 
See Index, explaining the meaning of “degree.” 

If the cranks project from the same side of the 
shaft, as in Fig. 33, so that the crank pins are in 
line, it is called a 360-degree (360®) crank shaft. 



Fig. 34. A two-oylindsr vertical engine with a SdO-degree 
crank dbaft; both connecting rods on one crank pin. 

When the two crank pins on a crank shaft project 
in the same direction, as in Fig. 84, both connecting 
rods drive as one crank. This type of engme, bow¬ 
ers, is not^ised on account of its vibration. An 
enedne with a crank shaft as shown in 36 
would be more balanced. See Index under “Mring 
order” of flinders. 

U a cmnk shaft has two crank arms proieoting in 
opposite directions, as In Figs. 35. 86$ aiia 33, it is 
180-degroe (180®) ciiuik 
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Fig. 85 Fig. 36 


Fig. 35. A two>throworanktihftft for a two-oylinder vertical 
engine; orank aet 180 degrees. 

Fig. 86. A twcMjylinder opposed type of engine with crank 
•baft get 180 degrees. Cylinders are also ISO degrees apart. 

The engine in Fig. 36 is a two-cylinder opposed 
type of engine. It was formerly used to a great 
ei^nt on small cars, and is still used on trucks and 
tractors for heavy work. The cylinders are placed 
180 degrees apart. The crank shaft is also 180 degrees. 



Fig. 37 Fig. 38 


Fig. 37. A three-cylinder vertical type of engine with cra^ 
set at 120 degrees. Note No. 2 piston is up. No. 8 (right) 
would bs 120 degrees or one-third of a revolution; No. 1 would 
be 120 degreest or one-third revolution from No. 3, or two-thirds 
from No. 2. 

ftg. 38. A four-cyUndsr vertical engine with crank shaft 
set 180 degrees. Note piston No. 1 and 4, and 2 and 3 are 
always in line. 


The four-cylinder engine (Fig. 38) employs a 180- 
degree crank shaft. Note the ‘‘throws/' or crank 
pins, of the crank shaft on cylinders 1 and 2 are 180 
degrees apart and on 3 and 4 are 180 degrees apart. 
Therefore, pistons on cylinders 1 and 4 always move 
up or down together, and 2 and 3 move up or down 
together. In other words, these crank tniows are 
in line. 



The ^g^t-cylinder •*V*^-type engine would in 
reality be nothing more th^ two four-cylinder 
engines with oylinaers set “V” shape, the angle of 
the cylinders usually being 90 degrees, or one-half 
df the 180 degrees of the orank shaft. The same 
lour-oylinder ISO-degree orank shaft is employed. 
There are two connacthig rods to each throw of the 
•rank, which can be placed “side by side” (tin;. 39), 
or “yoked.” 

When conneoting rods are placed side by side, as 
shown in Fig. it is necessary to “sta^^er” the 
by setmig them out of line with each 
. If ‘yoked/^the oylinden would be in line. 


A three-cylinder en^e must have a crank shaft 
with the three orank pins placed in three positions, 
or one-third of a revolution apart; this would be 
placing them 120 degrees apart (see Fig. 37). 

A six-cylinder engine would have a crank shaft 
with six crank pins or crank “throws” placed in 
thirds^ or 120 degr^ apart. There would be three 
pairs m line (see Fig. 40). 



Fig. 40. A solid crank shaft, with three nudn bearings; six 
cylinder. 


A twelve or twin-six-cylinder “V**-t 3 rpe engine 
would use the same type of six-cylinder crank shaft, 
but with two connecting rods to each crank pin. 
The cylinders would be placed 60 degrees apart, or 
one-half of the 120-degree crank shaft. 



Fig. 41. A two-cylinder twin type of engine used on motoi'- 
oycles and light cars. Note the 360^egree orank. Cylinders 
are at a 42^ angle. 

The twin-cvUnder “V*’ type of engine used on a 
cycle car and motorcycle would use a 360-degree 
crank or one crank pin, with connecting rods 
“yoked."' Cylinders on this type of engine are 
usually placed at an angle of from 42 to 45 degrees 
apart. 



Two methods of placing the crank throws on a 
**straight-eight** cylinder engine^ where the eight 
flinders are all in line are shown m Figs. 42 and 43. 
(B) are bearings and (1) to (8) are the crank pins. 


The Pusseaberg irnuigtmsnt where two four-oyUnder 
crank shafts are plaoed end to end, one of thm being given a 
twist so that its ^‘throws** are 90 degrees to tbe throws of the 
other is shown in Fig. 42. There are 3 main bearings on the 
Duesenberg. This orank shaft is made from a soUdpiece of 
st^ Counterv^hts not shown in the illustration are integrid 
with the shaft. Jig. 43 shows another arrangement, which 
would give a different firing order, it is similar to the crank¬ 
shaft on the Packard atrai|^t-eicht engine. Note that 
crank pins ^ 4, 5, and 6 are at ri^t anises to crank pins 1, 2, 
7, and 8. There are 9 bearings to the Packard crank shidt. 


pAie ^ng order is 1,3, 2. 5,8,6,7,4. 
in using the **stra^t eight*' is a bette 
ilght-cyliiiisr sbiSGm of the "V" type. 


. The advance claimed 
better balance than any other 
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Fifi. 44HI7. In tbe illustmtiona *bov«. the idea is to e^lain 
the term '‘degree*’ used in oonneotion with crank ebafte. Any 
perfect circle ia 360^. If the circle ie divided into quartern, 
each quartw would be 90**; half of the circle ISCF; a third 120^ 

Fig. 44. Note one crank pin—^henoe 360^ crank. 

Fie. 45. From center of one crank pin to center of another 
is half a oirole, or 18(F. 

Fig. 45. Here we have two pcdre of crank pine as shown in 
Fig. 45. Each pair of crank pins is placed 18(r to each other. 

Fig. 47. End view of a three or six-cylinder crank shaft. 
Note that crank arms are one-third apart, or 120**. 


ingS) as shown in Fig. M). However^ built-up 
shafts of this kind are not usual, and in the case or 



Fig. 50. A ball-bearing, built-up type of crank shaft with 
bearing for a four-cylinder racing en^ne. With three 
or more bearings it is neoMsary to have a built-up crank shaft 
in order to mount the ball bearinn. On ^ 

engine there are two ball bearings i^aoed on the outer besnim 
ends of the orank shaft. Thus a solid ball-bearing orank shaft 
san be used. See Index 
under “White f-ton truck.'* 


powerful engines, only the strongest solid orank 
shafts are ever used. 



Construction of Crank Shafts 

There are two kinds of crank shafts, one known as 
the **solid crank shaft” and the other as the **built- 
tip crank shaft.” 



Fig. 48. A solid type of crank shaft—three-bearing type, 
four-cylinder. 

The solid crank shaft is by far the most commonly 
used. It is made from one piece of steel, which is 
forged to shape and then turned up in a lathe, the 
workmanship in manv cases being accurate to a 
ten-thousandth part of an inch. 


The cotmterbalanced crank shaft (Fig. 51), with 
counterweights (CW) electrically welded to the 
crank shaft and an integral part of the crank shaft, 
as illustrated, is becoming popular. It permits high 
speeds to be obtained without detrimental vibration, 
and relieves the tendency to “whipping” of the 
crank shaft and ^'slapping” of the pistons at high 
speeds. 

Whipping of crank shaft is mure pronounosd whers tbws 
are very long weak orank shafts with great dista&et between 
bearings. Vibration of an enrine oan also bo due to forces 
being out of balaaee or unequal; for iastaoee, engine looee on 
frame; uneven oompression; weak txploelon m one or more 
cylinders due to leaky rings or valvse, or too much oil in that 
particular ovlinder; defective spark or plug} sprung orank 
shaft; clutch out of balance; new fuU-eise bearing ana 
on one erank throw, and the old worn or Hghtar bearhig with 
shims or hnen removed cm the Other orank throw; duxorent 
weight idetoae; front wheeie out of truo, rim out ot plane with 
spokes. 

CyUnders 

The cylinder of a gasoline enginO is made of cast 
iron or twenty per cent seminitw, and tbs is^r 
jackets are generally cast in one piece with it. Tbe 
cylinder of a e^line en^e is cast wilb water 
jackets surrounding it and m one piece (Fig. 62). 



Fig. 49. A built-up type of orank shaft (seldom used). 
The above It a six-cyunder orank, with four bearings. Note 
that it is built-up to disks. 

The tmilt-atp crank shaft (Fig. 49) has each of its 
ts made separately and then fixed strongly 
ether, and quite often fitted with ball bearings.. 
1 bearings can be fitted only to a built-up 
if there are more than two bearings. 

An advantage of the builb*w orank is that the 
scank-ehaft bwings could be fitted with ball beai^ 


Fig. 52 Fig. 53 Fig, 54 f 

Fig. 52. A single oylindor with watsr jsokot cist arouldH. 

Pig. 58. A sinido cvlindor w^ » ooppw wathr jpidcoi 
placed around it. An obooleto dat^. 

Fig. 64. Air-oooled, flanged , 

On some of the early-mqdcl fli tbe 

Pope Toledo and the 1914 
was formed by surrounding the 
cylinder with sheet copper a»^ 
mefihed Is now obsolete* 
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The portion of the cylinder in which the piston 
moves should be a true circle; and as smooth as 
possible. In the better grade of cars the cylinder 
walls are ^ound to a smooth finish so that there may 
be as little friction as possible. Any roughness of 
the walls will cause wear; which comes in the form 
of cuts and scratches lengthways; and permit the 
pressure to escape around the piston. 

Cylinder heads may be cast solid or with detach¬ 
able head (see Fig. 62). The detachable head is 
very popular, especially where cylinders are cast 
“in*block.” It permits easy access to the valves, 
and for removing carbon ana removing pistons, and 
is also good manmacturing practice because it makes 
the grinding of cylinders easier. Where cylinders, 
on a multiple-blinder engine, are cast singly or in 
pairs, the heads are usually solid and the entire 
cylinder is removed from the crank case when work 
is to be done inside. 

Cylinders for gasoline engines are made in several 
different shapes and are usually made of cast iron. 
Some of the airplane engines have cylinders made 
of steel, and some of the engines used on trucks and 
tractors have inner sleeves which are removed and 
replaced with new sleeves when worn. The Mar- 
mon *‘34*’ passenger car automobile engine uses 
cylinder sleeves. See Index under ** Cylinder 
sleeves,” The t)rpe used most for automobile work 
is the cast-iron cylinder with a water jacket cast 
around it. 

Cylinder Designs 

The “T”-head type of cylinder is made so that the 
exhaust valves are on one side and the inlet valves 
are on the other side. Note the “T” shape iu Fig. 55. 



Fig. S.') Fig. 50 Fig. 57 


The ^‘L*’-head type of cylinder is made so that 
the exhaust and inlet valves are all on one side of 
the shape in Fig. 56 (if 

turnip up-side-down). 

Th4 ^T’-head type of cylinder is made so that the 
valves, are placed in the top of the head of the 
cyHndir (Fig. 57), and is termed the ‘‘valve-in-the- 
head” typew 

The *^F^^-head type of cylinder is made so that 
one valve is in the nead, usually the inlet, and the 
exhaust is on the side. 


Ho|W Cylliikdere Are Cast 


When an eh^e has more than one cylinder, the 
cyHndem can be east singly, in pairs, or in-bk>ck, 
and can he of either the^*T,” round or ‘T*- 
head Sometimes multiple cylinder engines 

^ve a& cyUnders east singly. Tl^ can be of the 
'^I^-head type. 


CyMN«. c««t M M 

eyiiader iMsiw are shown m M 


U a lour^ 


The term Cylinders east in-block means that the 
multiple cylinders are all cast in one piece. They 
can also be of the or **L”-head construction. 



Note in Fig. 60 that the cylinders are in-block and 
the head is solid, whereas in Fig. 62, the head is 
detachable. The term “mono-block” is also often 
used where all cylinders are cast in one block. 
Cylinders cast in pairs are shown in Fig. 59. The 
engine is a four-cylinder type. Cylinders cast in 
triplets are shown in Fig. 61. The engine is a six- 
cylinder. The cyhnders could be cast in-block, or 
in pairs, triplets, or singly. The Locomobile six- 
cylmder engines have the cylinders cast in pairs and 
the majority of other six-cylinder engines have 
cylinders cast in-block. 

Cylinders on the six-cylinder engines are usually 
of the “L”-type, except the Pierce-Arrow and Loco¬ 
mobile, which are “T'-type. 

Cylinders on eight-evlinder **V”-t 3 rpe engines are 
usually cast ^*in-block” and are placed 90 degrees' 
apart, and on a twin-six-cylinder engine, 60 degrees* 
apart (see Fig. 63). On a twin “V”-cycle car or 
motorcycle engine, the cylinders are usually 42® to 
45® apart. 



Fig. 63. A ‘‘V”-typo eight-cyKnder enipite. A ISO-dagree 
four-cylinder type of crank shaft is used with two ooaneothig 
rods on one cri^ pin. 


Cylinders on a two-cylinder engine with cylinders 
placed opposite are shown in Fig. 64. Note that 
the cylinders are placed 180 degrees apart and are in 
a horizontal position. This is termed an “opposed- 
oylinder” engine. 

The offset cylinder with an offset orank shaft or 
offset cylinders, or with Des Axe crank abaft setting, 
as you choose to say, is represented in Fig. 66. The 
line A, which passes through the centiwr of the cylin¬ 
der, is some distance to one side of the line B, 
which passes through the center pf the crank 
shaft. Borne of the advantages clahned for the 


lUncoln and WiUa-Salnt Clidre eight-cylinder “V”-type of 
wiginea have oyliadera set 00^ apart. 

*Oii the Liberty, twslvt-oylinder ^*V*’-i3rpe of engine, the 
are set iefi insteed of SCT epert. 
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offset crank ishaft are less liability of a back-kick, 
reduced wear on the bearing surface of the cyl¬ 
inder walls, connecting rods^ and crank shsit, 



Fig. 64. Two-cylinder oppoeed type engines. 

less liabilit^r of the engine to be stalled when the 
car is running slowly on a high gear, and other 
construction facilities. The cylinder set central 
over the crank shaft, as in Fig. 65, is the type in 
general use. See page 61; “Effect of offset cyl- 
mders.” 


Fig. 65 Fig. 56 Fig. 67 


cylinder, as on a single-cylinder engine, then it is 
called an inlet pipe. 

When the valves are all placed on one side of the 
engine, as in the *'L”-head type of cylinder, then 
the inlet and exhaust manifold are both on the same 
side of the cylinder. 

When the inlet valves are on one side and the 
exhaust valves on the other side, as in a ‘^T'^-head 
cylinder, then the inlet manifold is generally on one 
side and the exhaust manifold on the other side. 

The exhaust pipe leads from the exhaust manifold 
to the muffler. If the en^e is an eight or twelve 
‘W^-tyi^ there are usually two exhaust pipes and 
two mufflers. In order that the exhaust manifold 
may be cooled as rapidly as possible, the exhaust 
manifold and pipe, connecting the exhaust valve 
chamber to the muffler, are exposed to the air. 

The connection from exhaust manifold to exhaust 
pipe is usually made with a flange connection, with 
asbestos paclung between. 

The muffler and exhaust pipe should be made so 
that there is as little back pressure as possible. 
Back pressure is caused by anything that prevents 
the free escape of the Therefore sha^ bends 
should be avoided, otherwise the incoming fresh 
mixture becomes nuxed with that part of the burned 
gas left from the previous charge, and the power of 
the engine is cut down accordingly. 




An offset piston is shown in Fig. 67. Note that 
the piston center line is not in line with the wrist, 
or piston-pin center line. The reason for the offset 
of the piston is to compensate for the reaction 
of the side thrust of the piston during the power 
stroke. When the piston is part way down on 
its power stroke all of the power or pressure on 
the piston is transmitted to the connecting rod at 
an angle, which reacts against the piston wall in 
proportion to the angle at that moment, mounting 
to a maximum at 45 deg. The greater portion of 
this area is below the wim pin, so by placing the 
largest area on the left side, the tendency is ^ tip 
the piston against the side-tnrust pressure and thus 

E ’ve a better equalized pressure The Buick engine 
is the piston slightly offset. 

Meaning of Bore and Stroke 

The stroke is the length or distance the piston 
travels up and down inside of cylinder. The bore 
of a cylinder is its inside diameter. 

!^uare stroke. When the piston travel in a 
^linder has the same length as tne bore in diameter, 
it is called a square stroke and bore. 

Long stroke. When the piston travel is much 
more than the bore diameter, then it is called a long 
stroke. For instance, an engine with a piston of 
4" diameter, with a stroke of 4", is called “square- 
stroke’’ engine. The case of a cylinder whose bore 
say, 4“ and the stroke would be called a 
^flong stroke.” 

The valve chamber is that part surrounding the 
valve. The valve port is the opening for the intake 
or outlet of gas. 

The combustioii chamber is the inside upper por¬ 
tion of the cylinder, above piston, when the piston 
is at the top of its stoke. 

Inlet and Exhaust Manifold 

The inlet manifold is the part which connects to 
the inkft port openings in cylinders, from the oaitm- 
ictor. If there is only one oonneetton to the 


The Muffler—also Called “Silencer” 

Puipose; If the exhaust valve opened directly 
into the open air. the noise of the combusted gases 
escaping through the exhaust port during the 
exhaust stroke would sound like the firing of a gim. 



Fig. 68. Illustrsting how the exhaust gasee past from the 
cylinder, through the open exhaust valve, to the mu£9er. 


This noise is due to the pressure in the cylinder 
being much higher than the pressure of the air, and 
a sudden chaiw from one to the other produces a 
loud report. The more sudden the change and the 
greater the difference in the pressure, the sharper 
will be the noise. For instance, the noise would be 
greater if climbing a hill with an open throttle, than 
if running on a level with a partially closed tlwttle. 

To silence the noise, a muffler is connected to 
the end of the exhaust pipe, which is connected to 
the exhaust manifold (Fig. 68). The exhaust mani¬ 
fold is connected to the exhaust valve ports. 


Construction: The muffler is usually made of iron 
pipe, like a stove pipe, with cast-iron heads, as in 
Fm. 69. The exhaust gases (when the exhaust 
valvee are opened) pass throu^ the exhaust pipe 
into the chamber (C), as shown DV the arrow mi^; 
then throufi^ opemngs in rear oi (C), pai^g into 
efaaidber OB), then through opening^4ie mmt of (B), 
into (A), then through (i) to the csM all. 
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If the mufEler is not designed properly and is too 
small, or if it becomes clogged with soot, then the 
bumM gases cannot be expelled as rapidly as they 



Fig. 69. Sectional view of a muflSer also showing how a 
"out>out" if placed on the exhauat pipe. 


should be. The result is back-pressisre^ or a tend¬ 
ency for the gases to work back against the out- 
coming exhaust, and also a retention of heat, thus 
causing overheating of engine and a slight loss of 
power, due to the back-pressure. 

The Exhaust Cut-Out 

The exhaust cut-out is a device which can be 
placed on the exhaust pipe, between the engine 
and muffler (Fig. 69). It is arranged so that it can 
be opened by a foot pedal, thus permitting the 
exhaust gases to pass into the open air instead of 
the muffler. 

The cut-out is now seldom used, except on speed 
cars or for hill climbing, because of the noise, and 
also because of the fact that mufflers are now 
designed so that there is only a sh'ght back-pressure. 
The cut-out was used extensively during the early 
days, because engines were minus power and mufflers 
were not properly designed. 

Inlet Manifold Construction 

In the simplified illustrations below are shown 
different constructions, in order to give the reader 
an idea of the different methods which are and have 
been used. 

With the inlet manifold, the design should be 
such that there may be as little resistance as possible 
to the flow of the mixture. This manifold should 
be as straight as the position of the carburetor will 
permit.^ There should be no sharp angle-bends, the 
bends being as flat and easy as possible and the dis¬ 
tance from carburetor to inlet ports as short as 
possible to prevent condensation. 

When more than one cylinder is supplied from one carburetor, 
the distance from the carburetor to each valve should be the 
same. The inside of the inlet manifold must be smooth and 
clear so that there is no obstruction offered to the flow of gas. 

In those illustrations marked **incorrect,” the distance from 
the carburetor to the inlet valves is not equal, and consequently 
the valves nearest the carburetor will get more of the mixture 
than those farther away. 

In the arrangement marked *^good form,’* the distances are 
almost equal* and consequently the valves get equal quantities 
erf mixture, and the en^ne will run more evenly than if the 
eylindeis received different amounts. 



Fig. 70. Inlet manifolds. 


Inlet manifolds are usually provided with means 
for heatingi so that the gas mixture when passing 
tbiroui^ the manifold is vaporiai^. A hot-water 


> Some enahieers stein that m abrupt l^nd in the inlet manip 
fold to pr^uos tiiiMsBcs is deiiin^e. See page 115. 


jacketed manifold is shown in Fig. 71. The water 
connections are made with the circulating pump. 



Most inlet manifolds are heated bv a part of the 
exhaust gases passing through a jacket which sur¬ 
rounds part of the manifold. 




Fig. 72. Top and side view of an exhaust-heated intake 
manifold. 

The '*hot-spot” manifold is so arranged that the 
exhaust manifold surrounds part of the inlet mani¬ 
fold. Thus the exhaust gases pass over a portion of 
the inlet manifold which shortens the warming-up 
period with present-day fuel, and thus vaporizes 
the heavier particles of fuel more quickly. (See 
Fig. 72.) 

This subject is also treated under the general 
subject, “Carburetion,'^ in the discussion of “Heating 
the mixture.’* 


Exhaust Manifold Construction 

Sharp bends in the exhaust manifold or pipe 
cause back pressure, and should be avoided. Dirt 
in the pipe, or muffler, as well as soot in the muffler, 
has the same effect. In other words, the idea is to 
have the exhaust pipes offer the least resistance 
possible to the burned gases passing from the 
exhaust ports, otherwise part of the burned gases 
remain in the cylinder, mix with the fresh gases 
drawn in, and thus affect the mixture. 



Fig. 73. Exhaust manifolds; A good method of exhaust out¬ 
let for a 2- or 4-cylinder vertical engine is shown in Fig. 73 at A. 

B is a simple manifold in which an individual pipe from each 
cylinder exhausts directly into the large collector chambenr CL. 
In this manifold the eolleotor tube is made sufficiently large 
so that when the exhaust valve closes, the pressure in it is less 
than that in the cylinder at the valve, and thus there is no 
danger of back pressure. 


C shows an arragement in which the pipes 2 and 8 for ike 
middle chambers are formed in one, whereas they are separate 
for cylinders 1 and 4. This works satisfactorily in that cylin¬ 
ders 2 and 8 never fire consecutively, and the one pipe is 
ci^;>able of taking care of the exhaust of the two. 


D is quite similar to the ease shown in C, excepting that 
there are individual pipes for eylindera 1 and 2. and 8 and 4 . 
Inis is bad construction, in that 4 fires immediately after g, 
and 1 immediately after 2. 






50 


DYKE’S INSTRUCTION No. 8 


At the direction of the ezhnuet lenrinc the oyhnden ie the 
Mune^ it is rery easy to make a manifold in whieh the ezhaust 
inpee, instead of having a tendency to obstruct one another, 
assist U^e other cylinders to ezhaust. 

In e>t|dne8 which have their inlet and ezhaust vahres opposite, 
frequently all four of the ezhaust valves are oonneoted through 
one manifold with a single orifice. F is one ezample of an 
arrangement where it is possible to make the two passages unite. 
This 18 suitable for engines with cylinders east in pairs. 

The defects of A and D can readily occur in this one; if 
makers were considering loss of power, they would not use this 
one, but they want only to save space. 

For the beet desi|m, lllustradon Q offers a reasonable solution. 
In this illustration were is an individual pipe from each cylinder 
to the large ooUector. At the end, each individual pipe pro¬ 
jects into the ooUector tube and curves in the direction of the 
exit for this coUector tube. 



Fig. 74. Two views of a divided ezhaust manifold. 

The divided exhaust (Fig. 74) is used on several 
six-cylinder engines with cyEnders cast in two blocks 
of three cylinders to a block. It is claimed for this 
design that it prevents overlapping and refilling of 
the cylinders with burned gases. 

Valve Capa 

Where valves are on the side and the head is oast 
integrally with the cylinders, valve caps are screwed 
over the valves in the cylinaer. By removing these 
caps the valves can be lifted from their seat and 
ground. There are two valve caps to each cylinder; 
an inlet-valve cap and an exhaust-valve cap. 

Compression or Relief Cocks, or Priming Cups 

They consist of small pet co<^s screwed into the 
exhaust valve caps. By owning them when the 
engine is running, it is possible to set if any of the 
cylinders are missing fim. A flame will shoot out 
if firing. The^ are also used for injdoting gasoline 
when the engme is cold and hard to start. The 
S. A. E. term this a ^^priming cup.’’ 

Cams and Cam Shafts 


For a four-cylinder engine, four cams on the inlet 
cam shaft are shown in ]^g. 77. Four more cams on 
an exhaust cam shaft are provided on the opposite 
side of this engine, because it has ^'T”-heaa cylin¬ 
ders. The cams are divided in four positions on 
the cam shafts, and are made in one piece or integral 
with the cam shaft. If the cylinder is the ‘*L”-type, 
then all cams would be on the one cam shaft (see 
Fig. 79). 



BCAJ7ING 

Fig. 77. Illustrating how ths cam shaft on a four-cylinder 
engine is operated by timing gears; also how the nose of the 
cams raises the valves. There are two cam shafts placed 
opposite, therefore it is a "T'-head type. 

For each cylinder there is one inlet cam and one 
exhaust cam. The exhaust cam usually has a 
broader nose because it must hold the valve open 
longer. 

The cam shaft, also called the “secondary” or 
“half-time shaft,” has a cog wheel or gear, called a 
“timing gear,” on one end, which meshes with the 
drive-shaft-gear on the crank shaft. The cam 
shaft gear is also often driven by a silent chain. 



Fig. 79 


A cam is a device that produces intermittent 
motion. When an object is m motion part of the 
time and at rest between motions, its action is said 
to be “intermittent.” A cam may best be described 
as a wheel with a hump or nose on one side (Figs. 
75 and 76); in other words, it is a piece of metal 
revolving with a shaft, part of its circumferenoe be¬ 
ing farther from the snm than the rest. The part 
of the cam that projects is called the nose. Any¬ 
thing resting against the cam will be moved only 
when the nose comes around to it; otherwise it 
ranains stationary. 



Fig. 75 Fig. 76 


fig. 7A fihowiiig the sose of oun. 

flc. 76. Nose of earn rekfag vsivt plutiiw or tappet, 
whkn nusss vslva 


Fig. 78. The cam abaft as used with a four-cylinder “T”- 
head type cylinder. There are two shafts, an intake cam shaft 
and an ezhaust cam shaft—one on each side of the cylindw as 
shown in Fig. 80. There are four cams on each shaft. The 
noeee of the cams are placed at different positions, so that the 
valves will be raised at a certain time. C are the oatxis. B 
are the bearings for the earn shaft. 


h79. .The earn sWt as. with a four-c: 


_Ttype of oyhader. There is but one cam 

because all of the inlet and all of the ezhaust 
of the cyliiid( 
ea the cam shaft. 


>ur-cyUnder, “L"- 
shaft in this type 
valves are on the 


der <800 Fig. 81). There are dght cams 


When the crank shaft revolves, the drive gear on 
the crank shaft drives the timing gears, whi<m drive 
the cam shaft and thereby rotate the cams (see Figs, 
so and 81). 

The nose of the cam raises a valve lifter or tappet, 
whieh plunges against the end of the valves and 
raises them from their seat. When the nose of the 
cam is under the roller or valve lifter, the valve is 
held open; the valve is closed after the nose passes, 
by the acticm ci a strong spring. 

The valve atemi being held in a valve guid#, oah- 
not move in any direction but up and down. Tliua 
the steady roti^ motion of the cam Is ohsagsd to 
the Intermittent motion of the valve. 


lisBiPSz «« now seldoai UMd oa the dstschabls cylindar heads of modsnt automoUve saaolias an- 
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CRANKSHAFT 


FRONT MMH 


6CARING. 


OIL GAUGE.FLOAT WELL | / / CRANKSHAFT 


VALVE PUSH ROD 
VALVE PUSH ROD BLOCKL-^^^^g^AFT 


OIL DRAIN plug 


Fig. 83. Top view of the Mitchell model “F" six-cylinder engine. The illustration shows how the cam shaft is driven by 
4tar8. The crank-shaft gear drives the cam gear, which is attached to the cam shaft. The one cam shaft operates all valves (inlet 
aS exhaust) from the one side of the engine. 


HOT AIR PIPE 


EXHAUST MANIFOLD 


CARfel^ 

)Rfen>R 



KSNITIOH 
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^ Fig. i8A. End view of the Mitchell engine. Note that the orank-ehaft gear (lower one) drives the oam-shaft gear (large eae). 
•Be oaiDHihgft gsar then drives the generator gear (on the right). 

Ilg. 84, Front view of the Btudebeker model **EJ** tiz-eylinder engine. The cam shaft is driven by a silent chain* 
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As has been shown on four-cycle en^es, each 
Talve opens only once while Uie crank shi^t makes 
two revolutions. Therefore the cam shaft should 
revolve only once while the crank shaft revolves twice. 

The cams are an integral part of the cam shaft 
and one cam cimnot be moved one way or the other 
unless all move together. Theie are two types of 
cam shafts, those operatii^ from the side of the 
ovb'nder and those operating overheadt or above 
the cylinder. 



Fig. 80 



Fig. 81 


Fig. 80. Showing method of driving the two cam ahafte 
and magneto on a ‘'T’*-head engine. Note Uie two cam gears 
and shaiu. 


Fi|^. 81. Method of driving the one cam shaft. An idler 
gcBi IS provided to drive the magneto gear. “L*’-head tsrpe of 
cylinder engine. Note the one cam gear and shaft. 


Gear-Driven Cam Shafts 

The crank shaft drive gear and cam gears are 
called timing gears. If two gears running together 



mg. 82. End view of the cam gears and drive gear. The 
two cam gears (G2, G3) are called '‘hall-time” gears, because 
they revolve just one-half the time, or revolutions, that the 
drive gear (Gl) revolves. G1 is drive geai on crank shaft. 
G3 is cam gear for inlet cam shaft. G2 is earn^ear for erhaust 
cam shaft. G4 and G5 are eitra gears to dnve the magneto 
and generator (‘“F'-head engine). 


(or in other words, in **meeh”)> have the same uum^* 
her of teeth they will make the same number of 
revolutions. 

If the driven gear has twice as manv teeth as the 
drive gear, it wiU revolve only once while the other 
revolves twice. This is called a *^two-to-one” or 
^'half-time” gear. 

Because the cam shaft must revolve only once 
while the crank shaft revolves twice, the cam-shaft 
ge^ has twice as many teeth as the crank-shaft 
drive gear (see Fig. 82). 

The cam shaft revolves in the opposite directioa 
to the crank shaft when driven by ^ars without as 
idler and in the same direction when driven by a 
silent chain or an idler. The crank shaft and fly 
wheel of all gasoline engines revolve clockwise^ or 
to the right, when facing the front of the engine. 
Thus gear (Gl) (Fig. 82) would revolve clockwise. 

The wide-faced helical gear is the popular type of 
gear for the timing gears because they make less 
noise than a straignt-tooth spur gear. Special 
materials, such as f^roil, micarta, and other com¬ 
pressed materials, are used by many as material 
for making gears which are silent. Drop-forged 
gears are also used, so also is steel for the crank¬ 
shaft gear and cast iron for the cam gear. 


Silent-Chain-Driven Cam Shaft 

The silent chain for driving the generator is quite 
TOpular, and it is also being used to a great eictent for 
driving the cam shaft. The object is to obtain 
quieter running. This type of chain must not be 
confused with the ordinaiy roller type as used on 
chain-driven trucks. The silent chain is more posi¬ 
tive in action, otherwise the timing would be thrown 
out of adjustment. The teeth on a sprocket used 
for a silent chain are very close together and are 
accurately^ made. The silent chain, as its name 
indicate^ is silent, but requires taking-up occasion¬ 
ally. After a certain period new links, or a new 
chain, is required. See Index under '^Silent chains, 
adjusting of.” 


ENGINE VALVES 


Purpose of valves: There are two valves to each 
cylinder of iril four-cycle gasoline engines: an inlet 
i^ve and an exhaust valve. 


Note. The *‘diiel-vehre'* eofl^ne bee four valves to ea<di 
asrlixider; two inlet and two exhaust valvee. This aubjeet 
win be later. 



Fig. 86 Fig.8e 


ng. $6. Poppet tm of valve: so named beeauae the valve 
I up and down. Poppet vahrea are used on “L,” “T,” 'T” 
F -head type of erimders, and are always meebaoically 


Fig. 86. The deeve type of valve. ^ There are two aleevea 

d to rped. Mechanioally opanrted* tnlet> and 

'**JUt*** ecnmuet* 



^valves: There are three types in geu^ 

U8e: ^ “poppet,” the "deeve,” and the “rotary.” 

Rga. 86 to 88), the poppet tsrpe being uaed 
ahnoet exduuTetjr. 

nie Uet y^e admits besh gas to ths «wlincl«r. 
As fresh gas is going into the cylinder during only 
rae strdce m every four, the inlet vdve is opened 
during onfy one stroke in every four, in other 
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wordsi during one stroke in eyery two revolutions 
of ^e crank shaft. 

The eriiaust valve permits the burned and useless 
gas to escape. It is opened and held open by a cam 
on the cam shaft. It is thus described as ^^mechani- 
cally'^ operated. 

Mechanically operated valves are opened and 
held open by means of cams and closed by means of 
a strong spring. The exhaust valve is always 
mechanically operated. 

Inlet valves are ^erally mechamcally (grated, 
but some of the old and motorcycle type of engines 
have the inlet valves of the ^^automatic’’ type. 

The automatically operated inlet valve is held 
against its seat by a hght spring (see Fig. 88). During 
the suction strokci the sucking action of the piston, as 
it travels downwaro in the cylinder, draws the valve 
open. At the end of the suction stroke, when the 
suction ceases, the spring forces the valve disk back 
to its seat, and the gas is prevented from escaping 
throu^ the valve. 

It must be understood that the valves of a gaso¬ 
line engine always open in such a direction that the 
pressure from Dower and compression strokes tends 
to keep them nrmly on their seats. 

Valve Operation and Location 

The ‘‘mechanically” operated ‘‘poppet” type 
valve is the type in general use, therefore we shall 
confine our attention to this type. 

Valves are operated, or opened, by the intermittent 
motion of a cam and are closed by a strong spring. 

The location of the valves may be overhead or on 
the aide, or a combination of both. 



Fic. 89 Fig. 90 


Vaives-on-the-side may be placed on opposite 
sides of the cylinder, as in the “T*-head cylinder 



»ig.9l Fii.r 


type of engine (Fig. 80), or all on one side, as in the 
‘Ti”-head cylinder type of engine (Fig. 90). Valves 
are operated by a cam shaft on the side. 

Valveedn-the-head-aad-cide are illustrated in 
Fig. 91. In this instance, the overhead valve Is 
always the inlet, and the Vrive on the side is the 
exhaust valve. Both in Fk. 91 are operated 
by one cam shaft on the side. The cylinder is of 
the ”L”-type. 

Valves-in-the-head (or both valves placed over¬ 
head) with a detachable cylinder head are shown 
in Fig. 92. The head is usually detachable from 
the valves. Thus valves are ground in the detach¬ 
able cylinder head. 

Note. Although Fig. 92 sbowe two cam shafts and valvs 
rods on opposite sides of the oylinders, this is seldom found in 
actual practice. In most instimoes there is but ooa cam shaft, 
and the push rods are all on one iido. 


aooKts 



Fig. 03 Fig. 94 


Fig. 93. Illustration of solid cylinder head with removable 
cage, with valves ground in the cage. 

Fig. 94. Overhead valves operated by an overhead cam 
shaft. 

Valve&dn-the-head (or both valves placed over¬ 
head in a solid cylinder head) are in ca^ which are 
removable and the valves are ground in the cage 
(Mg. 93). Valves are mechanically operated from 
the side by the cam shaft. 

Valves-in-the-head operated by an overhead cam 
shaft are shown in Fig. 94. This principle is used 
on the Liberty Engine and on many other aviation 
engines. 

The method of driving the overhead cam shaft 
is shown in Fig. 95. Note that the shaft (S) 
which drives the cam shaft is driven from the crank¬ 
shaft gear. This principle is similar to that em* 
ployed on the Stutz racing-car engine (Fig. 98). 



Fig. 95. Vnsoo&ilii sls-oylixidfr aviation sngins which hti 
a vam action quite similar to that used oa the Sluts raoint 
mm. The cam ibaft is carried overhead. 
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Fil. M. A twelve>oylinder, or **twin>siz'* ennne with 
valv«*-iii-the-h«a<l operated by overhead cam shafts. This 
is the Liberty Airplane engine. The cam shaft is driven in a 
maimer similar to that shown in Fig. OA. 

The Dual Valve Engine 

Dual valves are valves with two inlet and two 
exhaust valves to each cylinder. The Pierce-Arrow 
six-cylinder engine (Fig. 97) is an example of a dual¬ 
valve engine. The cylinders shown in the illustra¬ 
tion are of the ^^T''-head type, with detachable 
head, cast in pairs, with a cam shaft on each side. 



Fig. 97 


Exhaust valves (SE) are on the left side of the engine 
and the inlet v^ves are on the ri|^t. This would 
be termed '^valves-on-the-side.’’ On the late model 
of Keroe-Arrow engines the cylinders are in-block. 

Note. The Isft or right sids of sn eiuins or sutomobils is 
dstsriniiisd by bsing seated in the osr, loo»ng toward the front. 

The Stuts engine (Fig. 98) is another example of 
dual valves, with both valves-in-the-head of the 
cylinder operated by an overhead cam shaft. 

Advantage of dual valves: It is well known that 
greater poweTi especially at higher speeds, is obtained 
1^ Hiring large valves. For instance, m standard 
praetiee, the rule is to have the vsdve diameter one- 


half that of the bore of the ovlinder. For a 4)^^ 
bore, a valve is used. In order, however, to 
get the maximum possible power, a 3'' valve with a 



Fig. 08 


lift would give greater power, but this would 
result in noisy valves, due to the heavy valve spring 
required to close them promptly, and also on account 
of the tendency of the exhaust-valve head to warp 
out of shape when heated. 

Therefore, by using two smaller valves of about 
diameter with a 5^" lift, the same opening 
area as the single 3" valve is obtained. This gives 
the maximum power and a very quiet valve action 
through the use of hght valve springs. 

Valve Airangement 

On the “U^-head type of cylinders, all inlet and 
exhaust valves are on one side, but they do not run 
consecutively. Owing to the fact that the exhaust 
manifold must coimect with all exhaust valves and 
the inlet manifold must connect with all inlet valves, 
the valves are usually arranged as in the illustrations 
above. The exhaust is on the outside, next to the 
water jacket on most all engines, because of the 
peater heat at the exhaust valve. Fig. 99 shows a 
four-cylinder engine; Fig. 99A illustrates a six- 
cylinder engine. (“X” are exhaust valves). 



Fig. 99 Fig. 99A 


Fig. 99. Four-cyliuder exhaust and inlet valves. 

Fig. 99A. Six-eylinder exha\ist and inlet valves. “X’* ar* 
exhaust valves. 

Although the valves vary in location and methods 
of operation, the principle or purpose remains the 
same; the inlet to admit fresh gas, and the exhaust 
valve opening at the correct time to expel the 
burned gae. 

Valve Parts 

Valve heads are made of cast iron, nickel steel, 
and tungsten steel. Cast iron is easily machinea 
and worki fairly well, but is heavy. Nickel steel 
does not heat as much as cast iron and does not 
expand as much as cast iron. Nickel steel heads are 
electrically welded to steel valve stems. Tungsten 
steel is hard and stands high temperatiu^ wid^out 
heating. The *^ppet’*-type vatFe is the type in 
general use. We shall, therefore, oonfine our* atten- 
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tion to this type. A **poppet”-type valve has three 
parts: a “head,*' a “stem, which forms the moving 
part, and a “valve face” which seats into a “valve 



exhaust valve sprmg usuaUy weakens first on account 
of being subjected to greater heat. 

The valveHipring-retainer-and-lock, originally 
called the “valve spring washer,’* is placed at the 
bottom of the spring ana held in place by a two-part 
lock. Formerly, a ~1cey’* was passed through a hole 
in the valve stem as in Fig. 104, but, as stated, a 
two-part lock is now placed in a wroove in the valve 
stem under the retainer (washer). 

The valve face is the beveled part of the valve 
head. The valve seat is the part of the cylinder 
head in which the valve face is placed. The valve 
face and seat can be conical or fiat. It is usually 
conical, as in Figs. 100 and 102. 




Note the oonioal type of valve in Fig. 102 and the flat type in 
Fig. 103. It is said that the flat valve gives a areater opemng 
for the same valve lift and has greater posaibuitiee for high¬ 
speed work. Seldom used. 

The *'tulip”-Bhaped valve is another tjrpe, formerly used on 
the Cadillac for inlet valves. It is now seldom used (bm Index). 


Fig. 100 Pig. 101 

Figs. 100 and 101. Two methods of operating the lift of 
the valve. Note in Fig. 100 that the lift is direct from the 
cam to the tappet, thence to valve stem, whereas in Fig. mi, 
a valve rocker arm takes the place of valve tappet. The 
method shown in Fig. 100 is the one in general use. 

seat.’* This valve face is beveled and is perfectly 
round. When seated, it must fit the valve seat 
perfectly tight, otherwise during the compression 
stroke the gai would leak, and on the power stroke, 
a loss of power would result by the valve leaking at 
the seat. Therefore it is ground to this seat. 

The expression <*valve-head diameter” usually 
refers to the clear opening of the valve. The “valve- 
head” is the upper part of the valve and usually 
measures from one-third to one-half of the cylinder 
diameter. For instance, on the Continental model 
^7R” six-cylinder engine, which has a cylinder bore 
of 3J4”, the diameter of the valve at the clear open¬ 
ing, or the small end of the bevel, is 1 and at the 

head, or largest diameter, it is Both inlet 

and exhaust valves on this engine, as also on many 
others, are the same size. 

The valve lift of this engine (“7R’*), is 6/16”. 
On the Pierce-Arrow, the valve lift is 11/32". 
“Valve lift” means the hei^t the valve is raised 
from its seat by the cam. Therefore it is clear that 
if the valve stem clearance is not correct (the space 
between the end of the valve stem and the valve 
lifter), the lift would not be correct, and thus power 
would be lost, owing to the smaller valve opening. 
As a result of this, less gas would be drawn into the 
cylinder. 

Valve seats are usually beveled at an angle of 
45"*. The diameter of the exhaust pipe should at 
least be equal to the diameter of the valve. 


The valve stem is the stem part of the valve head. 
The stem of a mechanically operated valve on the 
“L”- or“T”-head cylinder of the “side valve” prin¬ 
ciple usually extends about half-way down to the 
cam shaft. A valve lifter then lifts the valve stem 
1^ action of a nose on the cam as the cam revolves. 
To set this cam to raise the valve at the proper time, 
is called “valve timing.” 

On engines with overhead-valves, there is a rod, 
called the “push rod,” or “valve rod,” between the 
valve tappet and the rocker arm (see Fig. 92, page 53). 

Note that a spring is placed between the valve tappet 
and the valve rod, whicn tends to keep the tension of the valve 
rod up and to reduce noise. 

Valve-stem-clearance, also called “air-gap,” is 
the distance between the lower part of the valve 
stem and the valve tappet. On the overhead, or 
valve-rod type, it is usually between the rocker arm 
and the end of the valve stem. This distance is 
regulated by an adjusting nut. 

The valve-lifter, also called “valve plunger,” 
“valve tappet,” and other names, is the part pme^ 
between the valve stem and the cam. The top 
part has an adjustable screw which can be slightly 
raised or lowered to obtain correct valve clearance. 

Exhaust cams usually have a broader nose than 
the inlet cam, because the exhaust valve remains 
open longer. 

The bottom of the valve lifter is sometimes fitted 
with a “roller,” (R), (Fig. 106). The “mushroom” 
type (Figs. 100,104 and 105) is the type used most. 

A valve rocker—^upper—is used on all overhead 
valves, also called “rocker arm.” A valve rocker— 
lower—is the principle shown in Fig. 101. It is uho 
called a “side tappet lifter.” The latter is seldom 
used. 


The valve spring holds the valve tight in its seat A valve-stem guide holds the part through which 
and must have sufficient tension at all times. If the valve stem passes (Fig. 100). Sometimes it is 
too strong, the valve will close with more noise, bu^ed as shown in Fig. 100. Quite often it is plain, 
If too weak, Uie valve will not seat properly. The as in Fig. 101. 
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Figs. 104, 105. Muahroom type of valve lifter. 

Fig. 106. Roller type of valve lifter. 

Note in ^g. 104 the valve just starting to lift. In Figs. 106 
> and 106, the valve is just closed. 


A valve-lifter guide (also called *‘plunger” and 
“tappet” guide) is shown in Fig, 100, which is fitted 
with a bushing and can be renewed when worn. It 
is bolted, sometimes screwed, to the crank case. In 
Fig. 101, a plain guide is shown. 

Enclosed valves are where a cover fits over the 
valves (Fig. 100). This deadens the noise of the lifter 
when striking the valve stem and keeps out dust. 

Although valves may be placed overhead, or in 
a combination, as overhead and on the siae, the 
principle of operation is very much the same in either 
case. 

Mercury-Cooled Exhaust Valve 

The merctirj«cooled exhaust valve is a type of valve at one 
time used on one of the farm-lightin^plant engines. With 
high-duty internal combustion engines the exhaust valve is sub¬ 
jected to direct blasts of exhaust gases of about 1,800®F. The 
only provision heretofore made for radiating the heat from 
valve head (H) and the stem was through the valve guide. As 
a result, the stem often became red hot, with the consequent 
result, warping and loss of compression at the valve scat. 




Principle: The effect of the tnerouiy oonUiiied within the 
valve is of course to transmit the heat from the hottest part of 
the valve up to the portion ol the valve stem which m expoeed to 
the atmoeiHiere, and which has a aeries of aluminum riaiiating 
fins (jf) ooimsoted therewith, to faoilitats the cooling of the 
valve. 

The merouiy (1C) under normal temperature is in liquid 
state and rests at the bottom of the valve stem. As heat is 
absorbed by the valve stem end transmitted to the mercury, 
the mercury is vaporised and immediately niiM, untU, 
into contact with the cooler part of the valve stem, it wifl 
undoubtedly eondsnse and flow back to the bottom of the stem 
to be again vaporized and to repeat the previous operation. 


Purpose of Valve Griuding 

The purpose of valve ^rinding is to prevent the 
inlet and exhaust valve from leaking compression 
(see pages 766-770). 

The exhaust valve is surrounded by a flame when 
open, and will become “pitted” in time, as shown 
in Fig. 107. 



Fig. 107 


The exhaust valve requires more grinding than the 
inlet valve because the hot gases pass out between the 
valve seat and the valve face when the valve is raised. 
When the valve is opened, there must be sufficient 
space to permit the burned gas to pass freel 3 \ 

The inlet valve, admitting gas instead of ejecting 
a flame, does not pit as badly as the exhaust valve. 

In a perfect seated valve, the valve face and seat 
are smooth and even, with dull-gray surface. A 
pitted valve is rough, uneven, and full of tiny holes, 
and cannot come to a tight seat. A valve in this 
condition, therefore, must be ground. 

The process of grinding a valve is the placing of a 
grinding paste between the valve face and the seat, 
and revolving the valve until the roughness is worn 
down. See Index under “Valve grinding” and 
“Valve renseating.” 

There are several prepared valve-grinding pastes on the 
market, but a very satisfactory abrasive may be nad by mixing 
flour of emery, of the grade known as No. 120, with a little kero¬ 
sene or thin lubricating oil, until it has the consistency of paste. 

To grind valves in an engine where valves-are-on 
the-side, the usual plan is to remove the valve caps, 
if the cylinder head is solid, as in Figs. 108, 109 ana 
110, and to grind the valves in their seats. 



Fig. 108. To grind valves in a solid cylinder head, remove 
the valve caps; remove the pin (or valve retainer) at bottom 
of the valve stem. A spring lifter is used to compress the spring. 

Fig. 109. Lift valve out of cylinder. 

Fig. 110. Smear valve grinding compound around edge of 
valve. Replace valve in its seat and grind, by turning valve 
back and forth on its scat until both the valve and seat show a 
bright ring about 1/32^' wide all the way around. Remove 
all abrasive matter carefully before replacing. 


To grind valves in an engine with valves-on-the- 
side, with a detachable cylmder head, the cylinder 
head is removed as shown in Fig. Ill, and the valves 
are ground in their seat on the cylinder block as in 
108, 109, 110. 



ATCHABUI 
CYLINDER 
HEAD RE- 
MOVED 


VALVEE mCYLBUXK 


Fig. 111. To grind valves on an engine with 
ride and drieeheble cylinder head (Forde^ne). 


vahee on th% 
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To grind Talves in an engine with yalves^overhead 
and with a detachable head, the cylinder head is 
removed and valves are groimd in the head as in 
Figs. Ill to 115. 

To grind valves in an en^e with valves-in-the- 
head and in cages, remove the valve cage and grind 
the valve in the seat of the cage. 


VAIVE3 IN DCTATCHAeLE CXUNDCRHCAD 
Sa; 1^4. IN. EX. EX IN IN. .EX. 



Fig. 112 Fig. 113 


Fig. 112. Cylinder head removed. 

Fig. 113. Remove shaft and rookcr arms. 

Procedure: Disconnect the uppw radiator hose connection 
Remove each of the bolts holding the cylinder head to the 
cylinder casting and lift the head off. The valves, rocker arms, 
and bearingi^ bcina attached to the head, will remain with it 
as shown in rig. 112. Next remove the rocker arms and shafts 
as shown in Fig. 113. Before removing, the bearing caps 
should be niark^ with a center Dunch, so that they will not 
become mixed when replacing. Next remove the small wire 
holding the valve-spring cap pin in place (Fig. 114). With a 
screwdriver and your fingers press down upon the valve spring 
cap until a spring has been compressed enough to admit pulling 
out the pin. Remove each valve separately, using care not to 
mix them in any way, as they must go back into the same valve 
holes. 




Fig. 115 


Fig. 114. Remove valve springs. 

Fig. 115. Grinding the valves in the cylinder head. 

Grinding: Secure a light coi2 spring and place it around thi 
valve stem before replacing it for grinding. Smear the com'* 
pound thinly on the beveled edge of the vmve head and on the 
seat in the cylinder head. Place the valve in the up-turned 
cylinder head and grind as shown in fig. 115. 

Before replacing the valves it is a good plan to scrape off all 
carbon deposit from the combustion chamber and piston. 
Also examine the copper asbestos gasket before replacing the 
cylinder head. If not perfect, a new gasket should be us^. 

When replacing the cylinder head bolts, turn each one until 
the head just touches the cylinder head, then tighten each one 
evenly, a little at a time. None should be drawn tight until 
all are set snug. 

Refacing Valves and Reseating Valve Seats 

If valves leak compression and there are no ndges, 
or shoulders on the seats, or if not burned or warp^, 
then they can be ground. If burned or warped, or 
shoulders or ridges are formed in the valve fa(» or 
seat, then the valve face ought to be refaced and the 
valve seat be reseated. This work is usually done 
with refacing machines and reseating reamers. 
This subject is covered in the section devoted to 
‘^Repairs’^ (pages 769-776). Tungsten valves are 
hard, and when pitted or leaking it is advisable to 
regrind on a valve grinding machine. 


INSTRUCTION No. 9 

VALVE TIMING; Valve-Stem Clearance; Valve Lift; Setting the Valves; 

Meaning of Degrees. 

VALVE-STEM CLEARANCE 


If no space was left between the end of valve stem 
and tappet, 

vould prevent the valve from closing properly. 
Furthermore, there must be some cognizance taken 
of the expansion due to heat. As the stem expands, 
it gets longer, so if no clearance were provided the 
stem would rest against the tappet and valve would 
be unable to seat properly and would remain open. 

This would cause trouble, such as missing, especi¬ 
ally at low speeds, a loss of power, sluggish pick-up 
or acceleration, excessive fuel consumption^ and, if 
the enifine was run for a long period of time, the 
probabilities are the valve would be burned and 
would warp, wliich would necessitate refacing and 
trueing up both the valve head and seat, or installing 
a new valve. 

Frequently, when complaints are made by the 
owner of a car that tiie valves are noisy, the me- 
ohanio proceeds to adjust them close for quietness, 
but in doing so he diould never exceed the minimum 
elearsnoe as given by the manufacturer. 


If the car is to be run on a tour, or a continuous 
nm for a long period of time, then the marimiim 
clearance should be given. It is better to permit a 
little noise rather than to incur the above troubles. 

Another point to bear in mind is that if the manu¬ 
facturer gives instructiGns to set the valves at a cer¬ 
tain clearance when cold, or when hot, the instruc¬ 
tions should be followed. If set while warm and 
manufacturer specifies to set when cold, the result¬ 
ing clearance will be too large and valves will be 
very noisy. If set while cold and manufacturer 
specifies to set while warm, the resulting clearance 
will be too small and valves may be held open when 
engine becomes hot, especially after a long continuous 
run. Some engines naturally run hotter than others, 
hence the variance in valve clearance. 

If the clearance between valve stem and tappet 
is too great, it not onlv produces noise but lessens 
the power of the engine, owing to the valve lift 
being lessened to such an extent that the inlet valve 
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does not open wide enough to take a full charge of 
gas, and tnaX the exhaust valve does not fully dis¬ 
charge all of the burned gases. The valves open late 
and close early, tJiuB a shorter inlet and exhaust 
stroke. (See aiso p. 770B, Fig. 71.) 

1 ! tho cleartnoe is set too close, the valves will open early 
and close late, thus a shorter compression and power stroke, 
resulting in a loss of commession and power. AIm, the valves 
may expand when hot and keep the valve from closing or seat¬ 
ing property and flaming gases, escaping during the power or 
firing stroke, will soon burn the valve head ana the seating. 

To tell if any of the valves are open and if they leak com¬ 
pression (or if a cylinder leaks due to some other cause), test the 
compression of each cylinder and compare the pressures. They 
should show a uniform pressure in each cylinder, that is, within 
a close margin at least (see Index Compression teat*’). 

It may be well tn state that sometimes a cylinder may have 
a “stickinff valve” which will show a good compression test yet 
stick occasionally when engine is operating—see p. 767. 

Valve-Stem clearance, also called * Valve-tappet 
clearance” and ‘*air-gap’^ space, is the space between 
the end of the valve stem and the valve tappet^ when 
tappet is at its lowest point and valve seated. Valve 
clearance varies, as will be noticed on page 1054B. 

Some manufacturers give sl^tly less clearance space to the 
inlet than the exhaust valve. The exhaust valve is subjected 
to a higher degree of heat and expands or lengthens more. 

It is necessary to adjust the valve-stem clearance 

when 

the end of the valve-stem, rocker-arm, or tappet, be¬ 
comes worn, owing to constant tapping, which causes 
wear in time. Always adjust clearance after grinding 
valves, as grinding may slightly lower valve. 

When the distance is too great between the valve- 
stem and the tappet, or rocker-arm, as a result of 
wear or improper adjustment, this will produce a 
clicking noise and can be overcome by proper clear¬ 
ance adjustment. 

Often a noise which sounds as If coming from the valve-atem 
will be found in » worn valve tappet in its guide. The^ noise is 
caused by the earn shifting the valve tapjMt a^nst its worn 
guide. In fact, this is a very common trouhle. Tne remedy is to 
replace the tappet with a new one. See pp. 77dA, B. 

Some of the other sources of noise in connection with valve 
action may be due to wear between the vahre stem and its 
guide (SM p. 776A), valve spring weak or broken (seejfm. 770, 
776C, D) and other such causes. See also pages 777-780 for 
engine ki^ke, and pages 769, 770 for valve troubles. 

Valve Clearance Adjustment Methods 

Method of adjustment of valve clearance depends 
upon the valve arrangement and operation. 



Fig. 1. Valve-stem clearance on ^T-head** enginea with 
valveedn-the-kead (overhead), operated by a valve-rooker 
overhead as shown, is measwred betweao the end of the rocker- 
arm and the end of valve-steoi with valve fully closed or seated. 
Clearance is adjusted with the adjusting screw, as shown above. 

Fig. 2. Valve-stem clearance on **L4iead” anginas with 
vahres-oa-Uie-side is measured betwatn the end of the valve- 
stea and tappet with valve fully eloeed or seated. Clearance is 
adjusted with the valve-tappet adjusting screw, as shown in the 
illustration and explained in the test. 


Adjtistment of valve clearance where the valves 
and camshaft are on the side, ea in Fig. 2, can be 
made by screwing up the adjusting screw if there is 
too much clearance^ or screwing down the adjusting 
screw if clearance is not ^eat enough. When the 
correct position is found, the valve-tappet adjusting 
screw is locked in position with the lock or check nut^ 
and clearance is checked ctgain after running engine a 
couple of minutes. This final check is sometimes 
maae witli the engine idling. 

Adjustment of valve clearance where the valves 
are in the head, often referred to as “overhead 
valves,” and the push-rods and camshaft are on the 
side, can be made as shown in Fig. 1.* 

Adjustment of valve clearance where the valves 
are in the head and camshaft is overhead, as in 
Figs. 95, 96, pages 53 and 54, can be made in a 
similar manner as in Fig. 1. Where camshaft is 
overhead and no rocker-arms, adjustments can be 
made as shown on paces xx and xxi. In some ca^ 
the adjustment is made by the removal or addition 
of shims. 

Adjustment of valve clearance where there is no 
adjusting screw is explained on page 1151A and 
p. 10 of Insert No. 6. Also note on this page what is 
said about tungsten-chrome alloy steel valve-seat 
inserts. 

Automatic adjustment of valve clearance is ex¬ 
plained on page xxiii and page 59. 

Some manufacturers give instructions for certain 
clearances when the engine is warm, and others 
when the engine is cold. When tho engine is warm, 
appears to be the logical time for adjusting clearance, 
because the expansion and length of the valve stem 
are greatest at this time, as the stem expands or 
lengthens when warm and contracts or shortens 
when cold. 

While it is true that the valve stem expands when 
heated, it is also true that the cylinders and other 
metal parts of the engine expand at the same time. 
In extreme cold weather, the probabilities are that 
the cylinder contracts and expands to a greater 
extent than docs the valve. This is a problem that 
has never been definitely settled. Thus the subject 
of valve clearance is one where expansion and con¬ 
traction of the metals are factors governing the 
clearance. Accordingly, one should follow the 
manufacturers’ instructions as to the exact clearance 
to be given on an engine, as they have learned the 
correct clearance from exfx^rience. 

Clearances vary according to the size, compres¬ 
sion, and temperature charficteristics of an engine; 
an engine running unusually hot* would require 
more clearance, as expansion would be greater. By 
referring to p. 1054B, a table will be found giving 
the operating tappet clearance” of different engines. 

Valve-Clearance Adjustment Procedure 

When checking the adjustment of valve-stem 
clearance, first refer to the manufacturer’s specifica¬ 
tions and obtain the exact clearance figureSf also 

>The correct SAE nomencUtore is ^^thre-lifter*’ instead of 
“valve tappet" (see Ineert No. 1). However, as “valve-tappet" 
is such a common expression it will be used. 

K>n tome enfinet the adjusting screw is aelf-locking. 

*See pages xviii, 41, and pp. 0 and 5 of Ineert No, 7 for other 
examples. 

<S^ere operating eonditioiis that might cause eteettive, or 
more than normal temperature of an engine, are such as long 
continued runs und«r full, or nearly full power, climbing long 
mules sa up mountains, to a high altitude (see p. 11^, etc. 
Soma manulaeturers, in order to take care of both normal and 
unusual temperature conditions give a "minimum" and a 
’’maximum** valve clearance. See pages 57, 660, 776C, 1054A 
and pan 6 of Ineert No. 7. Plymouth Shop Manual (^11, P-12) 
•aya: *^If ear ia to be driven at continuoUa' high apeeda an ad- 
dmonal .002' dearanoe for the exhaust tapj^ U desiraUe.” 
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determine if the adjustment is made with the engine 
cold or hot,^ 

Next. The valve being checked must be fully 
dosed or seated and the valve tappet or lifter must be 
on the heel of the cam. One method to find the fuUy 
dosed position of the valves is to turn the flywheel of 
engine until No. 1 piston is at top of cylinder on the 
compression stroke^ or firina positiony at which point 
both inlet and exhaust valve clearance on this par¬ 
ticular cylinder may be checked by measuring the 
clearance with an accurate thickness or “feeler** 
gauge. 

If it is found that the clearance is not correct adjust 
the valve clearance by loosening the lock nut and turn 
the adjusting screw up or down, using the thickness 
or “feeler” gauge to obtain the correct clearance. 

After adjusting to the correct valve clearance for both 
the inlet and exhaust valves on this cyUnder, then 
proceed with the valves in the other cylinders in 
rotation according to the firing order of the engine. 
Be sure the lock nuts are properly tightened. 

Clearance should he checked again after running 
engine a couple of minutes in order to be sure the 
setting is correct.^ 



Fie. 3 (left). Checkix^; and adjusting valve clearance is 
\iHualIy done when engine is warm and not running, by inserting 
a thiclcnesa or “feeler” gauge between the end of the valve 
stem and tappet. 

On some engines, where the valves are accessible, the test 
and adjustment can be made when engine is warm and running 
ulowly, in fact, some manufacturers give instructions to set the 
valve-tappet clearance with engine at normal operating tem¬ 
perature and while running at idling speed. By this means, it is 
< laimed that all backlash can be removed. Some manufac¬ 
turers advise to adjust valve clearance with engine cold. 
Always follow manufacturers’ instruetions. See "Service and 
Tune- Up Specifications" page 1054B. 

Fig. 4 (center). When locking the adjusting screw on engines 
with valves-on-the-side, special long, thin tappet wrenches are 
very necessary (see page 697). 

Fig. 5 (right). When lock^ the adjusting screw on engines 
with valves overhead the adjusting screw should be held with 
a screw driver to prevent it from turning. 

Valve Lift 

The exliaust cam has a slightly broader nose than 
the inlet cam, because it must hold the valve 
open longer.3 The height of the nose, less the air 
gap, regiuates the lift. The average lift of either the 
exhaust or inlet valve is approximately 9/32*' to 
12/32*'. It is thus evident that if the air gap between 
the valve stem and the tappet is too large, the valve 
will not open at all. 

If the air gap is increased, the valve will lift very 
slightly and stay open but a few degrees. If the air 
gap is decreased, the valve will open sooner, rise 
higher, and close later. This process can be repeated 
until there is no air gap left. Therefore, if there was 
no air gap at all, the valves would open too soon, 
l isc higher than intended, and close too late. 

In case of wear of the end of the valve stem or 
tappet, it is apparent that as the wear increases, the 
space or air gap increases, and valves will have less 
lift, open late and close early, and become more 
noisy, all of which will affect the power of engine. 


Hydraulic Valve Lifters 
Zsfo-lash valve clearance on some engines is automatically 
maintain od by means of hydraulic valve lifters.^ One example, 
aa applied to an engine with valves-in-the-head, also termed 
overhead-valvee, is shown on page xxiii. Another example, as 
applied to an engine with valves-on-ike-side is the silent self- 
adjusting type of hydraulic valve lifters used on the Lincoln- 
Zephyr engine after 1938 and the Lincoln oar after 1937. 


Operation*: CHI under 
pressure from the lubrioat- 
ing s^tem of the engiM is 
supplied to the valve lifter 
auxiliary oil lines. This 
flows under pressure 
through hole (H) into the 
supply chambe^ (J). 

With the face of the 
lifter (A) on the heel of the 
cam and the valve seated, 
the plunger spring (K!) lifts 
the hydraulic plunger (C) so 
that its upper end contacts 
the valve stem at (S). As 
the plunger (C) moves up¬ 
ward, increasing the volume 
of pressure in Camber (L)» 
the ball check valve (D) 
moves off its seat, and 
chamber (L) is filled with 
oil from supply chamber 

(J). 

As the camshaft rotates, 
the cam pushes lifter body 
(A) upwai^, tending to de¬ 
crease the volume of cham¬ 
ber (L) and forcing the ImiH 
check (D) on to its seat. Further rotation of the oamsliaft 
moves the lifter body (A) upward, and the confined body of oil 
in chamber (L) acts as a member in the valve operating mechan¬ 
ism, the valve being lifted on a column of oil. 



So long as the engine valve is off its seat, the load is carried by 
this column of oil. During this period a slight leakage of oil 
from chamber (L) occurs between the plunger (C) and the 
cylinder (B). This leakage is necessary to eliminate any clear¬ 
ance between the valve seat en cylinder block, caused from 
contraction or expansion of the valve or lifter assembly. Any 
excess clearance from any cause is taken up by the plunger 
spring ^) pushing the plunger (C) upward against the valve 
stem. This upward movement of the plunger tends to create a 
vacuum in pressure chamber (L) which pulls the check ball 
from its seat, allowing an additional supply of oil to enter the 
pressure chamber. This cycle is repeated at each revolution of the 
cam. 


Test procedure: Faulty lifters may be located as follows: (/) 
Run engine until oil is at normal operating temperature, (f) 
Remove intake manifold. (3) With bar type lifter, lift valve 
spring and stem and observe if plunger in hydraulic lifter 
follows the valve stem up, approx. 1/16 in. Then let valve stem 
down on plunger and observe if plunger still stays up. If it goes 
down in less than 30 seconds, this would indicate too much 
leak, eithv in the ball check or around the plui^er. If plunger 
ffvib to raise when the valve spring and stem is lifted, this would 
indicate the plunger is seix^ in the cylinder. If plunger is 
seized or leak hack is too great, the unit should be removed and 
cleaned or replaced. 

It is possible for a unit to be workable and still not follow up 
when the valve is liftetl. This exception is due to carbon deposit 
at the top of the hydraulic cylinder w’hich can be broken loose 
by putting a screw driver in the coil of the spring (K) on the 
plunger and twist the screw driver wdiich will assist the spring, 
lift the plunger and loosen the carbon. 


iThe importance of thoroughly warming up an engine until 
the oil reaches normal operating temperature (i.e., if the in¬ 
structions are to set valve clearance hot) is fully explained on 
page 5 of Insert No. 7. 

>By referrfaig to the'SuppZcmentorj/ Index under "Valve-stem 
clearance adjustment" additional information can be found. 

*The inlet open period on some of the present day high speed 
engines is almost the same as the exhaust open period. It may be 
well to fldso state that the inlet valve now opens before top on a 
majority of present day engines—see page 1054B. 

«Some of the cars using automatic valve clearance adjust¬ 
ment (hydraulic valve lifters) sure given on page 1054B. 

*From Ford Service Bulletin, Copyrighted 1941. 
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speed and the importance of valTe deerance adjust¬ 
ment must be thoroughly understood. 

Meaning of Degrees 

Suppose we take a fly wheel and divide its circum¬ 
ference into 360 equal parts (Fie. 1); each part 
would be a degree—expressed with a small as 
360®. In fact, any perfect circle can be divided into 
degrees. The crank shaft revolves in a circle; 
therefore we will designate the travel of the crank 
shaft in degrees. Any circle, or, say^ travel of the 
crank pin, would represent 360® when it made a com¬ 
plete circle or revolution. One-half of the circle 
would be 180®, which would represent a stroke of 
the piston, or a half-revolution of the crank. One- 
quarter of the circle would be 90®; one-third of the 
circle would be 120®. 

Note, The fly-wheel movement in the illustrations below 
is to the left, or counter-clock i^-ise. We are supposed to be 
looking at the rear, or fly-wheel end of the engine for this pur¬ 
pose. 


upper dead center 



Fig. 1 Fig. 2 


In Fig. 2, the piston has traveled down from upper 
dead center, one-quarter of the circle, or one-half 
of a stroke; the crank pin and fly wheel have turned 
90®. 

Note. The piston in actual practice will have moved 
slightly more, depending upon the length of the connecting 
rod, as wiU be explained farther on. 



Fig. 3 Fig. 4 


In Fig. 3, the piston has traveled from top dead 
center the bottom of the stroke; the fly wheel 
and crank pin have traveled 180®. 

In Fig. 4, the piston has traveled up from bottom 
one-half of a stroke, the crank pin and fly wheel 
have traveled one-quarter of a cu’cle from bottom, 
or 90® from C to D. In all, the crank pin and fly 
wheel ^ve travels! from A to D, three-quarters of 
a revolution, or 270®, 

In Fig. 5, the piston has made two strokes, one 
down and one up; therefore the crank pin and fly 
wheel have made a complete revolution, from A back 
to A, or 360® in all. 

The idea is to learn that the crank pin travels in a 
circle and t^ fly wheel travels in a circle, and a 
levolution is a complete circle, and a complete circle 
is 360®. The piston travels in strokes, each stroke 


representing a half-revolution of the crank. If we 
spaced off 360 marks, equal distances apart, on any 



circle, then each mark would be called a degree. In 
Fig. 1, we have spaced off the marks as 6 degrees each. 


Meaning of Minutes and Seconds 

Now we can divide each deme into, say, sixty 
equal distances, and call each part or mark a 
“minute.^* We could go still farther, and divide 
each minute into sixty equal distances, and call 
each part or mark, a “second.’* 

A minute is usually expressed with a single mark 
after the figure, as. 25'. A second is expressed with 
two marks, as, 25''. 

Note. An inch ia also designated with two marks, thus (">. 
and a foot with one mark, thus (0> 


Example; Express ten degrees, six minutes, and 
five seconds. It would be as follows: 10® 6'6". 

To find the circumference of a fly wheel: Multiply the diam* 
eter in inches by 3.1416. If the circumference is then ^vided 
by 360, the distance or portion of the fly wheel cireumferenoe 
equivalent to one degree may be ascertained. 


Uniformity of Piston Movement Governed by 
Length of Connecting Rod Relative 
to Crank Throw 

From the foregoing explanations of the piston 
movement relative to that of the crank throw, it 
would appear to the reader that when the crank pin 
moved 90® or one-fourth of a revolution from top 
dead center, the piston would have moved down 
exactly one-half of its stroke. This is not correct, v 

For example, the crank throw is always one-half 
of the stroke of the piston, or the piston stroke is 
twice the crank throw; that is, where the cylinders 
are centrally located, or in line with the crank shaft. 


fldS 



Figs. 7, 8, and 9. Relative position of piston to crank on a 
oenti^y located cylinder. 


As an illustration of this, see Fig. 7, in which is 
shown a connecting rod 10- long from the center of 
the wrist pin in the piston (X) to the cenfer (B). 
The crank throw is from (B) to (C), thiraore 
the stroke of the piston would be p" when the crank 
pin (P) moves from position (B) to (D). 
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The foregoing applies to a full stroke, or one half¬ 
revolution (180®) movement of the crank pin (P). 

In the illustration (Fig. 8) tne crank pin (P) has 
moved from top dead center (B), down 90® to (C), 
which would appear to indicate that the piston 
would have moved do^ from top dead center (1) 
to (2), or one-half of its stroke, which however, is 
not the case, as will be seen by referring to Fig. 8. 

Note that the piston has actually moved down 
2}^" plus about 6/16", or 2 13/16" instead of 2^", 
which is about 5/16" more than one-half of its stroke. 
Therefore when the crank pin moves the next 90® 
(C) to (D), the piston will have to move only one- 
half of its stroke less 6/16" (2J^"—6/16"=2 3/16"), 
which will be less than half of a stroke. 

The shorter the connecting rod relative to the 
crank t^ow, the greater the difference in movement 
there will be between the upper portion of the stroke 
and the lower portion of the stroke, as represent^ 
by the first 90*^ movement of the crank pin and the 
second 90® movement of the crank pin. 

An exaggerated illustration is shown in Fig. 9, 
in which the connecting rod has been shortened, but 
not the crank throw, ^ote the difference in piston 
stroke from (1) to (2A) in Fig. 9, as compared with 
(1) to (2A) in Fig. 8, while it will be noticed the 
crank pm has moved exactly the same in each case, 
that is, 90°. 

Effect of Offset Cylinders 

In the foregoing, we have taken as an example 
an engine with a centrally located cylinder (in line 
with the center of the crank shaft). Many manu¬ 
facturers build their engines with offset cylinders; 
that is, the cylinders are placed to the left (when 
looking from the fly wheel) of the center of the 
crank shaft. The most peculiar feature of an offset 
cylinder is that the piston stroke or travel is no 
longer equal to twice the crank throw, as in the case 
of a centrally located cylinder. With an offset 
cylinder, the stroke is slightly longer than twice the 
crank throw. 



Fig. 10 Fig. 11 


I^gt. 10 and 11. Rdktive position of piston to crank on 
an offset cylinder. 

In Fig. 10, we have the same crank throw and 
length of connecting rod as in Fig. 8, but it will be 
noticed that by offsetting the cylinder 1", we have 
increased the stroke from 5" to about 6 1/32". 

Another feature to be noticed is that when the 
crank has revolved 90®, the pistcm has descended 
just about one-half of the stroke. Contrast this 
^ult with that found in Fig. 8. The offsetting 
decreased the effect of angtdarity during down¬ 
ward stroke. ^ 

when the crank has revolved 270®, it 
be noticed that the piston rises only 1 31/32" 


(approximately) from bottom dead center. This 
distance is still farther removed from one-half the 
stroke than was the case in Fig. 8, consequently the 
offsetting increased the effect of angulari^ during 
the upward stroke. 

Remarks on Inlet-Valve Opening 

It has been explained that the valves are raised 
bv means of cams operated by a cam gear or sprocket 
placed on the front of the engine, in connection wi^ 
a gear or sprocket driven from the crank shaft. 

If one of the cams raises an inlet-valve just as the 
piston is starting down on the suction stroke, a 
charge of gas will be drawn into the cylinder as 
long as the piston is on the siiction stroke and the 
valve is open. The valve should therefore open in 
time to give the piston a chance to draw in a cylinder 
full of gas. 

If the valves were to open late in the stroke, a full 
cylinder of gas would not be drawn in and the power 
of the engine would be less than what it should be. 


Inlet-Valve Closing 

It is almost imiversal practice to leave the inlet 
valve open until the piston has not merely reached 
the bottom of the stroke, but has actually traveled 
slightly up again on the compression stroke. It 
would seem that under these circumstances part of 
the gas would be forced out of the cylinder, but this 
is not the case as the high speed at which the piston 
is traveling causes the suction to continue for a short 
time on the compression stroke. This will, of 
course, vary with the speed of the engine, so that a 
certain valve setting will not be correct for all spee^, 
since, if the inlet valve is closed at the correct time 
for slow speed, it will close too early for higher 
speeds and less gas will be drawm in than would be 
the case with correct setting. 

However, there is an average speed for all engines, 
and the valves are set to it accordingly. 


Elxliaust-Valve Opening 

The exhaust valve must open considerably before 
the piston reach^ the end of the expansion stroke, 
and although thw may waste some of the force of 
the explosion, it is compensated for by the freedom 
afforded the piston in completing the exhaust stroke. 

It would be wrong to keep the exhaust valve 
closed up to the very moment when the piston is 
about to move upward, for, on commencing the 
exhaust stroke, the piston would be confronts for 
an instant with the force that had just driven it 
down, and until the valve was wide open, it would 
be considerably impeded on its journey. 

The exhaust valve is usually opened when the 
piston has moved through about seven-eighths of 
the power stroke; that is, before bottom of dead 
cent^. Exhaust valves opening too early, howeveri 
oauie pounding and clatter. 
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Exhaust-Valve Closing 

The exhaust valve must not close before the end 
of the exhaust stroke. Since the eas which remains 
in the cylinder head is slightly under pressure at the 
end of the stroke, the valve is often allowed to remain 
apen until the piston has moved slightly down on 
the suction strote, so as to give full opportunity for 
M much exhaust gas to escape as possible. 

In order to understand just how important it 
really is to expel all of the burned or exhaust gas, 
it must be explained that one of its chief constituents 
is carbon dioxide—^the most powerful anti-combus¬ 
tion agent known to science. Its presence, there¬ 
fore, even in small Quantities, retams considerably 
the speed of the combustion development. 

It will now be obvious from the foregoing that, 
if the exhaust gases are to be entirely expelled from 
the cylinders, the valve must be made to close a 
little later than ‘^top center,^* or—as it is technically 
described—must have a certain degree of “lag^ , 
for it is evident that if we close it at the exact top 
of the stroke, the contents of the combustion head 
(which we wish to get rid of) will be imprisoned and 
will contaminate the incoming charge. 

The amount of this “lag” will depend on several 
thinM—the shape of the combustion head, the 
weight of the valve, the strength of the springs, and 
design of the exhaust system. 

Valve Effect of ‘‘Lag” or Bounce 

Valve spring, strength, and weight have to be 
reckoned with on account of their influence on 
inertia lag as distinct from that which is intentional, 
for it is well knowm that as the speed of the engine 
increases the valve tends to “jump” the closing 
face of its cam and closes later and later as the speed 
increases. This is what we describe as “inertia 
lag.” There is a point, however, past top center 
to which the exhaust e?d;raction lasts, and pending 
this extracting effect the valve should remam open. 
But if carried beyond this point, a reverse of the 
exhaust gases may occur, for it must not be for¬ 
gotten that the piston has now start^ down on its 
suction stroke. It becomes a question, therefore, 
of closing the valve when the scavenging is as 
complete as possible. 

The best design of cylinder head for an “overlap” 
is the round or “I” head with overhead valves. 
The ordinary “L” head is not so good, and in cer¬ 
tain kinds of heads in which the inlet and exhaust 
valves are small and close together in a small pocket 
an overlap is quite useless. 

On the other hand, it has been found in racing 
practice, where the exhaust pipe is very long, 
straight, and open, and the combustion head suit¬ 
able for scavenging, that a very considerable over¬ 
lap can be allowed with advantage. 

What Governs Valve Timing 

The size of cylinder, especially in the stroke and 
in the type of ignition, shape of manifold, and the 
speed of engine, governs the valve timing. 


The time of opening and closiiu; of valves with 
reference to the engine speed oi course has an 
important bearing on its peitormance. If the valves 
open too early it will cause back-firing, while if they 
open too late a sluggish engine and overheating will 
result. 

High-speed (short-stroke) engines have a longer 
time of valve opening than medium or slow-speed 
engines. The slower-speed engines have the ex¬ 
haust opening and the inlet closing nearer to 
bottom center, while some high-speed endnes open 
the exhaust 65* before bottom center ana close the 
intake 70* after bottom center. 

Valve timing of different engines will vary accord¬ 
ing to the intended average speed and the length of 
stroke. Long strokes are for slower-speed engines 
than short strokes. Obviously high-speed engines 
are not efficient at slow speeos, because the inlet 
closes too late and the exhaust opens too soon, thus 
losing part of the charge and part of the power 
stroke. And slow-speed timing on a high-speed 
engine does not permit of receiving a full charge nor 
of getting rid of the back pressure during the 
exhaust stroke. 

The value of the design of the cam may be, and 
nearly always is, lost through improper valve 
clearance or air-gap adjustment. 

A point which Buggesta its«lf on the timing of the inlet 
ojpening, and which also holds true for other operations on the 
timing circle, ia in the securing of a quiet cam. Quietness in 
the cams is generally secured at the sacrifice of power. A steep 
cam is as a rule more noisy and more powerful than one giving 
a slower opening. 

To secure the full opening of the inlet valve at a point which 
will not be too late to permit a full charge to be taken into the 
cylinder, and yet at the same time to have a cam which will 
not be noisy, means that the inlet opening will have to be 
started fairly early. This is one of the pointa which often indu¬ 
ces a maker to sacrifice the vacuum to some extent for the sake 
of quietness. 

Meaning of Valve Lap 

The word “lap” is often used in connection with 
valve-timing, as also in connection with the firing- 
order of cyhnders. 

In speaking of the firing order of cylinders we 
speak of one cylinder ‘Tapping” another. For 
instance, on a certain eight-cylmder engine there arc 
eight periods of 44 degrees travel of the crank when 
two cylinders are on power, or “lapping” at the 
same time. 

The use of the word “lap” in connection with 
valve timing means the period of time that both 
valves are open at the same time, or -f (plus lap). 

Zero lap: If the exhaust valve closed just as the 
inlet valve started to open, we should term this, 
“zero lap” (no lap at all). “Zero lap” means that 
the exhaust closes at the same time the inlet valve 
opens. With zero lap there is no vacuum in the 
cylinder at time of the inlet valve opening. 

Minus lap: If the exhaust valve closes before the 
inlet valve opens, we should term this “minus lap,” 
designated with a (—) mark. The (—) “minus 
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Plus up: If the inlet valve opens before the 
exhaust valve closes^ it is termed ^^plus lap/’ desig¬ 
nated with a (+) mark. The (-)-) “lap” means 
that both exhaust and inlet valve are open together 
for a period of the lap. In other words, the inlet 
opens before the exhaust closes. The theory is that 
the inertia or rush of exhaust ^es passing out 
through the exhaust port is sumciently great to 
create a partial vacuum, and causes a stronger in¬ 
rush of fresh gas. 


Valve ‘‘Lag*’ and Valve “Lead” 

If a valve opens late or remains open after it is 
supposed to close, it is said to “lag.” For instance, 
the exhaust valve is usually allowed to “lag” about 
10 degrees after leaving the top of its exhaust stroke 
before it closes. 

The term “valve lead” usually applies to the 
valve opening before the piston reaches top or 
bottom center. Tliis distance is called “lead”; 
and when it closes after center, this distance is 
termed “lag.” 

For instance, the setting of the spark is sometimes 
given a “lead,” or the exhaust valve is usually given 
a “lead” of 46 degrees, meaning that it opens before 
bottom. The faster engines are designed to run, the 
greater the amount of “lead” or “advance” given 
the opening of the exhaust, and also the spark, when 
running. 


Cams which are more nearly square open the 
valve rapidlv, keep it nearly wide open until ready 
to close, and then aUow it to close quickly. 

It is customary to design the positioning of the 
cam shaft and valve tappets, so that the tappets are 
not directly over the center of the shaft, but are 
offset slightly on the lift side. This gives a more 
direct lift instead of a side thrust, as would be the 
case if they were centered. 

In actual practice, the inlet valve seldom opens 
on top, usually after the top of strokef varying from 
5 to 15 degrees flywheel measurement as exjnained 
in Fig. 12, (page 64), which opening is 8 degrees 
after the top of the stroke. 

The inlet seldom closes when the piston reaches 
bottom, but from 6 to 38 degrees after bottom. 
(Fig. 13, page 64.) 

The exhaust valve seldom opens on bottom, but 
usually 40 to 50 degrees before bottom (Fig. 14, 
page 64). 

The exhaust valve seldom closes on top of stroke, 
but usually 5 to 10 degrees after top. (In Fig. 15, 
page 64, the illustration shows the exhaust valve 
closing on top, in order that the reader may more 
clearly understand the illustration.) 

The cam turns at the same speed as the cam shaft. 
The nose on the cam raises the valve. Therefore 
the inlet valve will be raised once during the four 
strokes, and the exhaust valve will be raised once 
during the four strokes. 


Periods of Time Valves are Usually Open 

Before taking up this subiect in detail, we shall 
again review the relation of the speed of crank shaft 
to the cam shaft and get the names of the parts 
clearly in mind. 

A stroke is the movement of the piston from the 
top to the bottom, or from the bottom to the top. 
This motion is called “reciprocating motion of the 
piston.” When the piston goes either from top to 
Bottom or from bottom to top, the crank snaft 
turns one-half of a revolution. (This does not hold 
true where the cylinders are offset.) 

Therefore, four strokes of the piston would repre¬ 
sent two revolutions of the crank shaft. 

The cam shaft turns one-half as fast as the crank 
shaft, because the cam ^r is twice the size of the 
crank-shaft gear which drives it. 

The nose of the inlet cam is usually shorter on its 
length of face than the exhaust cam, because the 
exhaust cam holds the valve open a much longer 
period of time than the inlet cam holds the inlet 
valve open. The cams which operate the valves are 
steel forgings, turned and ground to correct shape. 
They are then case-hardened to decrease the wear, 
and are usually made as an integral part of the cam 
shaft. 

The shape of the cam determines the actual lift 
of the valve and the time during which it shall 
stay open. The symbols. A, B, and C, over Pigs. 
104 to 106 (page 56) show several generally used 
shapes. 

Cams which are pointed give a slow opening and 
slow olosing, the greatest opening being at the middle 
of the valve-lift period. 



Fig. 11 A. This illustration is suppoeed to represent the 
movemant of the cams during a period of four strokes of tne 
piston, as explained below and on page 33. 

By referring to Fig. IIA^ the inlet cam on the first 
stroke will be found to be in the position of (1), and 
will turn from 1 to 2, or 90 degrees during the first 
stroke. 

The exhaust cam will then be in position (2), 
and will turn from 2 to 3, or 90 degrees, during the 
first stroke. 

During each stroke the cam moves 90 degrees, 
whereas during the same period the crank moves 
180 degrees. 

Inasmuch as a stroke of the piston is from top to 
bottom, or 180 degrees travel of the crank, it will be 
necessary to distinguish the difference between the 
time of opening and closing of the valves and the 
period of travel of the crank shaft during the four 
actions of suction, compression. e?^losion, and 
exhaust periods, as explained in tne discussion that 
follows. 


Not«. When speakiDg of *'top,** it refers to top dead center 
(or upper dead oenter), or when piston is at the top of its 
stroke, and “bottom,** r^ets to bottom dead center (or Iowm 
dead oenter), or when piston is at the bottom of its stroke. 

^Sinoe this was prepared the bigh-epjMd, high-oompression engine has oome Into general use and the tnlsf sals# on the majority 
of care epifis t»p (sspis on top). The exhaust closes after top, therefore a *'pltio lap.’* See speefs. p. 1064B. 
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Fig. 12 Fig. 13 


Explanation of the Period of Suction, Com¬ 
pression Power, and Exhaust 

Example: Inlet opens 8" after topfcloses 38^ after 
bottom. Exhaust opens 46^ before bottom, and 
closes on top. 

Fig. 12 shows the inlet valve starting to open 8® 
after top center (“TC”) (viewing the engine from 
front); note that the inlet will remain open during 
the suction period until the crank is 38^ after bottom 
center The peri^ of travel of the crank 

during the suction period is 210®. The inlet valve 
is open during this period. 

Fig. 13 shows the inlet valve closed. The piston 
will now travel up on compression to top center 
(<TC”). The penod of travel of the crank during 
the compression period is 142®. 

In Fig. 14, the spark occurs at top (in actual prac¬ 
tice, just before the top), therefore, tne next stroke 
down is a power strolm. Note that the period of 
travel of the crank pin during the power stroke is 
only 134®, as the exhaust valve starts to open at 
46® before bottom. Note, too, that the exhaust 
cam is just starting to open the exhaust valve. 

In Fig. 15, the exhaust opens 46® before the piston 
reaches Dottom. The exhaust valve remains open 
during a period of 226®, the crank traveling from 
46® before bott^ to bottom, thence to top 
la this instance the exhaust valve doses on top or 
to Mrly modd of tastntf footnote pese SS. 



Fig. 14 Fig. 16 


dead center. In actual practice it usually closes a 
little after top dead center (about 5® to 10®). 

Note. Fig. 15 showe ihading of the exhaust period. Tide 
shading Bhould extend to the rUd^t of the 40* mark. 



. IS. niuatratei eU that ia abown in Flga. 12 to IS, com* 
in one iUuatration. 


Observe the position of the cams during the vari¬ 
ous periods. The cam turns at one-half the speed 
of the crank shaft. Therefore, if the crank sHaft 
revolves twice to complete the Jottr stidtes, tbs 
cams will make one revolution. 
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Valve-Timing Position 

The position of the crank shaft determines the 
position of the piston. 

The position of the piston determines the point 
where the valve is set to open or close. 

Therefore the cam shaft must be so placed that 
the cam will raise the valve when the piston is at 
a certain position. 

This is accomplished by meshing the cam gear with 
the crank-shaft gear when the piston is in correct 
position. 

Marks are usually placed by the manufacturer on 
the cam gears which will indicate just where to 
mesh gears. The flywheel is also used for timing, 
if there are marks on it, which is usually the case. 

It is also important to secure the proper valve 
clejirance when timing the valve. 

Setting Valves on a Single-Cylinder Engine 

Suppose the valves are to be set on a single 
cylinder ^‘T**-head engine, with exhaust to close on 
dead center, and inlet to open one-eighth inch after 
top on the suction stroke. 

Setting the exhaust valve: First, place the piston 
(by turning the crank shaft) to top dead center; then 
mesh the exhaust cam gear with the crank-shaft 
gear, so that the exliaust valve is just seating. 

Setting the inlet valve: Move piston down one- 
eighth of an inch from top; mesh inlet cam gear 
with crank-shaft gear, so that the inlet valve is just 
starting to rise. 

It will be noted that the inlet opens and the suc¬ 
tion stroke begins right after the exhaust closes. 
Therefore the closing of the exhaust and opening 
of the intake is the point to work from. 

A matter of importance to remember, is the spark. 
When setting valves, be sure the contact on timer 
or magneto is set to occur when the piston is on top 
of compression stroke, a full revolution from where 
the inlet valve starts to open, (This will be treated 
under ‘‘Ignition timing.'') 

Setting the Valves on a Multiple-Cylinder 
Engine 

Setting the valves on a multiple-cylinder engine 
is identically the same operation as timing a single¬ 
cylinder engine. 

If there is a multiple of cylinders, say four, then 
there must be at least one inlet and one e^Aaust 
valve for each cylinder. Therefore, there must be 
four cams for the four inlet valves and four cams for 
the four exhaust valves. The usual plan is to place 
the piston of No. 1 cylinder at the top of its stroxe, 
and to work from that point. 

If engine cylinders are *‘T”-head. then there 
are two cam shafts: one for the inlet valves and one 
for the exhaust valves, placed on opposite sides of 
the cylinders. 

If the cylinders are or **round*’ head, with 
cam shaft on the side, then there is usually but one 

camshaft. 

Timing the Valves on a ‘*T”-Head Multiple- 
Cylinder Engine 

On a ^*T’*-head engine, all exhaust cams are on 
the exhaust cam shaft ana all inlet cams are on the 
inl^oaiQ shaft.^ Therefore when setting valves on 
a 'T”«head cylinder engine (Fig. 17), there are two 


cam gears to set, the inlet and the exhaust. If the 
cylinder is a four or six, or any multiple of these, 
setting, or meshing the cam shaft gear with the 
cranknahaft drive gear so that one cylinder is cor¬ 
rectly timed, is all that is necessary, as the other 
cams are fastened permanently on the cam shaft, 
and must open and close all other valves at the 
correct time. 


exhaust valve ialel valve 



Fig. 17. View from front of engine 

For example, suppose the inlet valve opened on 
top dead center and the exhaust closed on top dead 
center. The piston of No. 1 cylinder (front of 
engine) would oe placed at the top dead center of its 
stroke and the cam gears would then be meshed at 
this position. 

The setting of the inlet cam gear would be such 
that the nose of the inlet cam was just starting to 
raise the inlet valve in the direction of rotation 
(see Fig. 17). 

The setting of the exhaust cam gear would be 
such that the nose of the exhaust cam was just 
permitting the tappet to leave the stem of the 
exhaust valve (Fig. 17). 

Timing the Valves on an “L”-Head Multiple- 
Cylinder Engine 

To set the cam for valve opening on an “L”-head 
cylinder, it is only necessary to set the one cam gear, 
which is the exhaust cam, at the closing point (see 
Fig. 18). If the engine has a multiple of cylinders 
all other earns will then operate as they should, as 
all exhaust and all inlet cams are on the one cam 
shaft and are set permanently when the cam shaft 
is made. 



The usual plan is to place No. 1 piston in the 
position where the exhaust valve is to be closed, and 
mesh the cam-shaft gear with the crank-shaft drive 
gear at this point. Although it is only necessary 
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to set the exhaust cam so that the exhaust valve 
will close, on an ^X’'-type engine, there are marks 
on the fly wheel which are ii^ for checking the 
timing. This is explained farther on. 

Itming Valves on an or Round-Head Type 
of Engine 

The overhead valves are usually operated by 
push rods, all from one side of the engine and from 
one cam shaft. Therefore the timing would be the 
same as for an head. 

With an overhead cam shaft, the valves are usu¬ 
ally operjited by one cam shaft. Therefore the 
principle is the same. 

Remarks 

It is w ell to note that even though there are four, 
six, eight, or twelve cylinders, each of the pistons 
must pass through the four strokes during two 
revolutions of the crank shaft, even though two of 
the cylinders are firing at once during part of the 
time (which they are in a six, eight, and twelve 
cylinder engine). 

Just how these four strokes are made by each 
piston during two revolutions of the crank, is 
explained under “Firing order,” farther on. 

In a four-cylinder en^e, remember that, ofwing 
to the shape of the crank shaft, pistons 1 and 4 are 
always up or in line when 2 and 3 are down, or 
vice-versa. In a six-cylinder engine, pistons 1 and 
6, 3 and 4, and 2 and 5 are in Tine. 

Before timing the valves on No. 1 cylinder, adjust 
the valve clearance on this cylinder. 

After completing the valve timing on No. 1 cylin¬ 
der, adjust the valve clearance on the remaining 
cylinders. 


Timing Marks on Flywheel 

Usually marks also appear on the circun4.c»«iice 
surface of the fly wheel, wrhich indicate the position 
in which the crank shaft is to be placed for correct 
setting of valves and meshing of cam gear and 
crank-shaft gear. 

The mark on the flywheel is placed in line with a 
center mark (or a “trammel,” also called an “indi¬ 
cator,” or a “pointer'O on the cylinder, or elsewhere. 



Fig. 10 


Note. On enginee with unit power plants, instead of the 
»nter line being on the cylinder, a email bole at the top of 
the fly-wheel case is provided, in order that the line and figures 
OB the fly wheel can be seen through the hde. 

Valve-Timing “Indicator’’ or ‘^Trammel” 

A trammel or indicator is a stationary starting 
point on which to base all work. It is sometimes 
attached to the base of a cylinder or other point, 
instead of a center line on the cylinder. It is usually 
directly over, or in front of, the fly wheel, as in Fig. 20 
(flywh^l inoicator). 

Example of thnliig the valves eo an **L**-head eiz-cylinder 
eoghie by marks on the flywheel: The exhaust valve closes 
at Id* pest top. It is not neoessary to know this, however, as 
the marks are all that ie nessssary to follow. 



WHENTMeMKW-1-6 OMFW WHKL »S IH UWfe- 
WITH IHOtCATOR CAlS.HbA56 AT TOfOf STROKE. 

Fig. 20. Showing the purpose of an “indicator” or ’ 
mel” as applied to a 6-cybnder engine. 


'tram 


Procedure: When the long mark 1-C on the fly wheel is in 
line with “indicator” on the crank case, pistons Nos. 1 and 0 
are at their highest points or upper dead center. After turning 
the fly wheel to this mark, then turn the fly wheel to the left 
(when behind it) until the small dot mark is under the indicator. 
This is the point (16*) at whicli to sot the exhaust valve, just 
closing, and at which point the cam gear should mesh with the 
crank-shaft gear. Therefore it is plain that setting the exhaust 
valve just oToeing, on a 6-cylinder engine with valves on the 
side, is all that is necessary. 


Variation of Valve-Timing Marks (on Fly 
Wheel) 

Sometimes the marks may vary. For instance, 
instead of “1-4 UP” or “1-4 DC,” it may appear as, 
“T C 1-4” (top center 1-4) or “U C 1-4” (meaning 
upper dead center), or some similar mark meaning 
the same thing. 

Some manufacturers vary their marking on the 
rim of the fly wheel as follows: Inlet opens “lN-0” 
or “I. O.” Inlet closes “IN-C” or “1. C.” 

Exhaust opens “EX-0” or “E.O.” or “X.O.” 
Exhaust closes “EX-C” or “K.C.” or “X.C.” 

If the figures 1-4 or 2-3 appear after or before any 
of these marks, as “1-4-10.,” this means the number 
of the cylinders, as “1 and 4, inlet opens.” 



Fig. 20A Valve-timing marks on the fly wheel of a Reo 
four-cylinder engine. 


For an example of valve-timing marks on a four- 
cylinder engine fly wheel, see Fig. 20A. Here the 
engine fly wheel has upon its face the following 
marks: 

I. O., meaning, inlet valve opens. 

1. C., meaning, inlet valve cloges. 

E. O., meaning, exhaust valve opens, 

E. C., meaning exhaust valve closes. 

U.D.C., 1 and 4, upper dead center; cylinder 1 and 4. 

U.D.C., 2 and 3, upper dead center; cylinder 2 and 3. 

These points, marked upon the face of the wheel, 
show where the exhaust and inlet valves of each 
cylinder should open and close, A reference point 
(the small boss marked with a cross upon cylinder 
No. 4, next to dash), is used in this instance, instead 
of an indicator. 

The engine flinders are numbered 1, 2, 3, and 4, No. 1 being 
next to the radiator, and No. 4 next to the dash. By referring 
to Fig. 38, pam 46 of crank shafts, previously given, it will be 
seen thaj^ranks 2 and 3, and 1 and 4 are exactly 180 degrees 
apart. Therefore the same marking on the flywheel that 
servee f<y No. 2 also serves for No. 3, and the marking for No. 
1 serm for No. 4, thsse points being exaoi^ one-half revolution, 

^ degrees, atsu^ sa befor* menUon^. 
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Checking the Valve Timing 

Although it is only necessary to set the exhaust 
cam so that the exhaust valve will just close, on an 
‘*L’*-type oi cylinder engine there are usually marks 
on the flprheel which are used for checldng the 
timing. See note below: 

As an example, a four-cylinder ^X’-type engine 
IS used (Fig. 21), with timing as follows: 

Dead center of cylinders 1 and 4; nxark on flywheel, *U-4.** 

Dead center of cylinders 3 and 2; mark on flywheel, ‘'3-2/* 

Inlet valve opens 10^ past top center, mark on flywheel, 
"IN. O. 1-4.” 

Inlet vahre closes 20^ past bottom center, mark on flywheel, 
"IN. C. 1-4.” 

Exhaust valve opens 35** before bottom center, mark on 
flywheel. "EX. O. 1-4.” 

Exhaust valve closes 5** past top center, mark on flywheel, 
"EX. C. 1-4.” 

The same marks appear for cylinders 3 and 2. (Note: In 
most instances only two marks appear on flywheel, namely, 
"upper dead center’ and "ex. closes cyl. 1.” In this example 
Ve will assume there are marks for all cylinders.) 



Fig. 21. An example of valve-timing marks on the flywheel 
of a four-cylinder en^e. See text for checking valve timing 
from these marks. View from rear of engine. Note that the 
flywheel turns to the left. This is the valve timing of the 
Cfontinental "J4” four-cylinder truck en^e with 3^f" bore 
and stroke with firing order 1, 3, 4, 2. This en^e actually 
bears only two marks on flywhed. namely "upper dead center' 
and "exhaust closes cyl. 1.^ 

The purpose of checking the valves is to see that 
they open and close as marked on flywheel. 

To determine whether or not the valves are 
propeiiy timed, first open the relief cocks on top of 
the cylinders, then have someone crank the engine 
over slowly until the line marked is opposite 
the center line of the cylinders. At this point the 
exhaust vidve in either No. 1 or No. 4 cylinder 
shottld just commence to close. It will be the case 
in one or the other. 

If you find that the exhaust valve in No. 4 cylin¬ 
der is beginning to close and you wish to check up 
the valve timii^ in No. 1 cylinder, turn the ^wheel 
around to the &t (standing in rear of engine) one 


complete revolution, until line ^4-4’’ is again brought 
opposite the center line of the cylinder; then con¬ 
tinue slowly turning the flywheel about one-half 
of an inch farther to the left until the line marked 
'^5® (EX. C. 1-4)^' coincides with the center line of 
the cylinders. This is the point at which the exhaust 
valve in the No. 1 cylinder should just seat or close. 

To determine whether or not the valve is seated, 
see if the tappet or push rod underneath the valve 
can be turned with the fingers. If the tappet turns 
freely, the valve is seated; but if the tappet is hard 
to turn, that will show that the valve is still being 
held slightly open. If this is the case, loosen the 
lock nut on the tappet screw, and turn the screw 
down until the valve has the proper clearance, then 
turn the lock nut down tight against the tappet. 

When the valves are closed there should be a clearance be¬ 
tween the end of the valve stem and the tappet screw of from 
.003 to .005 of an inch. This amount of clearance is necessary 
to allow the valve to seat tightly. 

Note. The opening and closing time of a valve is not when 
the lifter begins to rise or comes to rest, but when it makes or 
leaves contact. 

To check the timing of the inlet valve in No. 1 
cylinder, turn the flywheel slightly to the right until 
the line ^*1-4^^ is in line with the center of the cylin¬ 
ders, and then turn the flywheel about one inch to 
the left until the line marked “10® (IN. O. 1-4)” 
coincides with the center line of the cylinder. At 
this point the inlet valve should just begin to open. 

Continue turning the flywheel half a turn to the 
left, stopping when the line marked “20® (IN. C. 
1-4)” comes in line with the center of the cylinders. 
At this point tlie inlet valve should just close. 

To see if the exhaust valve in No, 1 cylinder opens 
at the proper time, revolve the flywheel still farther 
to the left, and stop when the line “35® (EX. O. 
1-4^^ comes up in line with the center of the cyl¬ 
inders. This is the point where the exhaust valve in 
No. 1 cylinder should just begin to open. This 
operation completes the checking of cylinder No. 1, 
with the exception of the exhaust closing, which can 
be checked by the 5® mark “( EX. C. 1-4)” being in 
line with the dead center line of the cylinder. 

To check the timing of cylinder No. 2, turn the 
flywheel until the line marked “3-2” is in line with 
the center line of the cylinders. If the exhaust 
valve in the No. 2 cylinder is closed, turn the fly 
wheel through one complete revolution, until the 
line “3-2” is up again; the exhaust valve in No. 2 
cylinder should then be just starting to close. Pro¬ 
ceed now the same as in timing the No. 1 cylinder. 
The valves in cylinders No. 3 and No. 4 are timed 
in the same manner. 

Cylinders Nos. 1 and 4 are timed from the center 
line “1-4”; 10® to the left for inlet opening, and 5® 
for exhaust closing, and cylinders No, 2 and 3 from 
the line “3-2”; 10® to the left for inlet opening and 
5® for exhaust closing. 

It is advisable, when checking the opening and dosing points 
of the valves with the marks on the flywheel, to make a note 
of the variation of each of the valves from the marks on flywheel. 

Then, after all the valves have been checked, you can com¬ 
pare the variations for the different valves and m this way de¬ 
termine whether the variations are due to the large time gear 
on the end of the cam shaft not being pronerly set with relation 
to the timing gear on the end of the crana shaft, or to wear in 
any particnliur cam or valve tappet. A variation, not to exceed 
one-half of an inch either way from the lines on the flywheel, 
is permissible, and will not make any material difference in the 
timing of the valves. If the variations exceed this and are 
uniform for the different valves, the correction should be 
made by reeetUng the oam-ehaft gear. 

Note. If one person feels the tapmt head of the valve which 
la being checked, while another slov^ pulls the flywheel round 
in its proper direction of motion, the precise moment at which 
the valva eommeiicea to lift can readuy be determined by the 
hiadlng of the taii^ head against the stem of the valve. 
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HOW TO CONVERT DEGREES ON THE RIM OF THE FLYWHEEL TO INCHES> 


The followiniE table is provided for converting degrees into 
fraetions of an inch. For example, if a certain engine is to be 
timed when the inlet opens, say 10^ after t<» of stroke, and there 
are no marks on the fly wh^ to indicate this position, by refer¬ 
ring to this table the distance in inches to measure on the fly 
wheel from upper dead center mark can be found. 

It will be necessary however, to know the diameter of the 
fly wheel. Suppose the fly wheel is 17 inches; refer to first 
column and fliid 17, then go out to column under 1(F and you 
have 1.48 (one and forty-eight one-hundredths of an inch). 
This would represent the distance to measure for the inlet 


opening mark on the fly wheel. Forty-eight one-hundredths 
(.48) is not so easy to measure on the rule. Therefore refer in 
the conversion table below, to .48 and note it ie equal to 
81/64 of an inch. Therefore we would have 1 34/64'^ 

Another example: What would 214* represent in inches on a 
17-inoh fly wheel? jprooedure: find 17tgo out to column under 
2*. and we find .30. Put this down. Rdor to the conversion 
table and note .30 ■■ 10/64. Now refer back to the column 
headed 1*. and we find .15, which is equal (below), to 6/32" 
OTlom" One-half of 10/64''- 6/64". Therefore or 19/64" 
+ 6/64" - 24/64" « 54". 
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Conversion Tabloy Hundrodths of an Inch to Sixty-Fourths 


01 , . 02 . 

03....: 

OiJ 


r. 


.09, .10. 
41... 


1/M 

1/32 

3/64 


,n;.i8.. la 


.14.... 9/54 

.16, .16 6/32 
.17.... .11/64 
.18, .i9.. 3/16 
.20, .21.. 13/64 
.22.:.. . 7/32 
.23, .24 10/54 
.26. . 1/4 


.26, .27 17/64 

.28.9/32 

^,S0 .13/64 
41,42. ..0/16 

48..21/54 

44, 46..11/32 

.36.23/64 

47,48.. 3a 


.39.26/64 

40.42.. 13^ 

.42.27/64 

AB, 46. .29/64 

47.15/82 

.48, 49. .81/64 

40.. .... la 


41.42, .83/ 

43.17/ 

44.46.. ; 

%47.. 3/16 
46.87/ 

49.40., K. 

41.39/ 

42 . 43 . 


44,.41/64 

.06,46. .21/32 

.67.48/64 

.68,49.. 11/16 
.7«h.71..46^ 

.72.^/S 

.73, .74. .47/64 
.76. .... 3/4 


.76,.77.. 

.78... ..26._ 
.79, .80. .51/64 
41, 42..W6 



iBy courted d the fiorssZsss Aim, New York. 





































































VALVE TIMING 


HOW TO MARK A FLY WHEEL IN DEGREES AND INCHES 


Most fly wheels of engines are marked in some 
manner. If, however, you know in degrees what 
timing to dve an engine, and if the flywheel is not 
mark^, then with the assistance of the table on 
page 68, the markings can be punched on the cylin¬ 
der with a center punch. 

The first procedure would be to make a punch 
mark, or place an ^Indicator” at the base of the rear 
cylinder CA), Fig. 23. Be sure it is exactly in the 
center of the cylinder (see Fig. 20A, page 66); 
however, when the piston is on top dead center 
when the indicator is being located, it could be 
placed to one side, as on the Reo. 



Fig. 22. (Right.) Side view. 


Next, place the piston of No. 1 cylinder at the top 
dead center of its stroke. 

Next, punch a mark or line on the flywheel 
directly in line with the indicator. Mark this line 
'‘DC-1-6,” meaning that the pistons of cylinders 
1 and 6 are at the top, or dead center. (We shall 
assume that it is a six-cylinder engine. If a four- 
cylinder, mark “DC-1-4”.) 

Suppose the valve timing is as follows: Exhaust 
valve closes 2^* past top and opens 40'’ before bottom, 
and inlet valve opens 10® after top and closes 28^ 
after bottom, as measured on the fly wheel, which is 
the usual method of following degree marks (Fig. 22). 

The next procedure is to measure the diameter of 
the fly whecd. Suppose it measures 14”. Refer to 
the table (page 68) and find 14 in the first colunm 
under “Diam. Wheel.” Note that 2® measured on 
the circumference of the fly wheel would be .24 
(twenty-four one-hundredths of an inch). Refer 
to the conversion table in the same table, lower down 
on the page, and note that .24 is equal to 15/64 of 
an inch. Now, make another mark 15/64 of an 
inch to the right of the mark “DC-1-6,” and mark it 
“EC” (exhaust closes). 

Note. Looked at from the front of an enjpne, the fly wheel 
rerolvae elo^wiae, or to the right. Looked at from the rear 
of entiae. whioh ie the poeition from which we are looking at 
the englfie In Fig. 23, the flywheel levolvee counter-dookwiee, 
or to^ left. 

When the flywheel is moved to the left so that the 
mark comes in line with the indicator, the 
reprosenta a 2® movement of the flywheel, 


and the piston would be slightly down on its stroke 
from the piston dead-center position and the exhaust 
valve would just close. 

If the engine was an “L”-head cylinder type, this 
marking would suffice, as the cam-shaft gear is usu¬ 
ally meshed with the crank-shaft gear at the posi¬ 
tion where the exhaust closes. 

If the tnpne was a “T”-head cylinder type, the 

inlet cam shaft would have to be timed as well as 
the exhaust. In our example (Fig. 22) the inlet 
valve opens 10® past top. ^fer to the table and 
note 10® on a 14” flywheel is 1.22 (one inch and 
twenty-two one-hundredths of an inch). Refer to 
the conversion table and note that .22 is equal to 
7/32 of an inch. Now make another mark on the 
fly wheel 1 7/32 of an inch to the right of the mark 
“DC-1-6,” and mark it “10” (inlet opens). 

When the flywheel is moved to the left so that the 
mark “10” comes in line with the indicator, the “10” 
represents a 10® movement of the fly wheel, and the 
piston would be slightly down on its stroke from 
piston dead-center position and the inlet valve 
would just begin to open. 

The inlet cam-shaft gear is meshed with the 
crank-shaft drive gear at this position. 

Marking of the position of other pistons on the 
fly wheel can be made in the same manner. This 
is not necessaiy for timing, but it is necessary for 
checking the timing. 

Another Method of Marking a Flywheel in 
Degrees 

Although the table on i;>age 68 shows how to find in inches 
or a fraction thereof just where to mark a flywheel in degrees, 
another method is given below. Suppose there are no timing 
marks on the flywheel and you desire to mark it so that the 
exhaust valve closes 10® after top dead-center (see Fig. 23). 



Sot the engine so that the piston in No. 1 cylinder, namely 
the cylinder neareet the raidiator, is at the top of its stroke. 
With the use^ of the protractor or with a square, make a mark 
at A on the rim of the flywhed, on the inner edm, which mark 
will be directly above the center of the crank waft when the 
piston is at top of its stroke. 

Then, with the protraet<Mr plaoed against the flywheel so 
that the 90® mark points directly toward mark A, go 10® to the 
nght on the protractor (standing in rear of engine), and then 
make a mark at B on the ^rwh^. This mark will be 1()® to 
the riid^t of mark A. Now turn the fly wheel until mark B is 
at top center. 
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DYKE'S INSTRUCTION No. 9 


With the engine in thia poeiUon meah the timing gear* to 
that the exhauat valve of No. 1 oylinder ia juat closing. 

It ia understood that when standing behind the fly wheel It 
would turn to the left, as shown by the arrow point. There¬ 
fore, the piston must flret reach top center (M with the exhauat 
valve stiU open, and travel 10° farther to (tf) before it closes. 

This method is inaccurate. The method described under 
Fig. 22 is preferable. 


To Locate Position of Piston for Timing Valves 
or Ignition 

In the previous matter we have considered placing 
the piston on top dead center of its stroke. This 
refers to the top of exhaust stroke, or the top of 
compression stroke, bceaiL^e the valve timing is 
usually done with No. 1 piston on top (or slightly 
after top) of d.c. exhaust stroke, and the ignition 
timing is iisually done with No. 1 piston on top (or 
slightly before) d.c. of compression stroke. How 
to tell when the piston is on top of the exhaust or 
compression stroke is explained below. 

Usually a mark is placed on the flywheel to indi¬ 
cate when the piston is at top of compression or 
exhaust stroke. For instance, in a four-cylinder 
engine, a mark will probably be on the flywheel, such 
as meaning ‘‘dead center up 1 and 4/* 

or pistons 1 and 4 are at top of stroke. In a six- 
c^mder the mark would probably appear os 
“DC 1-6 up,” meaning pistons 1 and 6 are on top. 
Or the mark may be “1-4 up,” or “1-6 up,” meaning 
the same. Thc.se marks on flywheel are placed in 
line with the center mark on the cylinder, or in line 
with an indicator. After finding the top, oy moving 
the fl^j’whcel to the right, the piston is placed before 
l/op; if moved to the left, it is placed after top. 

On a four-cylinder engine, when No. 1 piston is on 
top, No. 4 is on top also. On a six-evlinder engine, 
when No. 1 is on top. No. 6 piston is also on top. 

To find just what stroke pistons 1 and 4, or 1 
and 6, are up on, that is, if up on compression 
stroke, or up on exhaust stroke, watch the valves. 


When No. 1 piston is at top of compression stroke, 
both valves of No. 1 cylinder will be closed. ' 

When No. 1 piston is at top of exhaust stroke. 

No. 1 exhaust valve will have just about clo.sed and 
No. 1 inlet valve will iust be starting to open. 
Piston No. 4 will then be at top of corapres.sion 
stroke, because, when No. 1 comes up on exhaast 
stroke, No. 4 (or No. 6 in a six-cylinder engine) 
comes up on compression stroke. See tables on 
pages 78 and 81. 

If the engine happens to be a “T”-head engine 
with a compression cock in the center and there are 
no marks on the flywheel, it 
is easy to find w'hen the piston 
is on top by placing a wire or 
bicycle spoke through the pet 
COCK and turning the engine 
over; when the wire rises to its 
higliest point the piston is on 
top of dead center (Fig. 24^. 
The next point is to find if it 
> is on top of exhaust or com- 
preasion stroke, which posi- 
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tiofi wifi be indicated by the position erf the valves 
and cama, as explained above. 

If a cylinder is of the “L”-head type, and the fly¬ 
wheel is not marked, it may not be possible to get a 
wire into the cylinder. In this case open the com¬ 
pression cock and place your finger over it; have 
someone crank the engine slowly until you feel 
itompresfton; let this escape gradually, when the 
fsa inas ceased escaping the piston is at or near top 
Vad center. The exhaust or compression stroke 


fs then found by watching the position of the valves^ 
as explained. 

Example of Valve Timing with Position of 
Piston 

The illustrations below represent the valve timing 
of the Locomobile “48” (series 19(X)0) six->cylinder 
“T”-head engine. The figures below are expressed 
in inches of piston travel from dead centers. De* 
grees are also mentioned. 

To speak of timing an engine in inches of piston traTsl means 
that we set tiie valves to open or close when the piston is in a 
certain position with respect to the oylinder. For example: 
to set the exhaust valve to close 1/64" past top dead center, bring 
the piston to top dead center of the exhaust stroke; turn the 
engine in the normal direction of rotation until the piston has 
descended 1/64" on its stroke; yet the valve to close at this point, 
These meas\iremcnts may made by means of a wire inserted 
through the pet cock, as shown in Fig. 24. 

Speaking of timing an engine where the timing Is expressed in 
degrees refers to the degrees motion of the crank shaft or fly¬ 
wheel. For example: to sec the exhaust valve to close 5° 
past top dean center, bring the piston to top dead center of til 
exhaust stroke; turn the engine in the normal direction d 
rotation 5*=^, as measured on the flywheel, and set the valve I 
ch>8e at thia point. 
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Fi^. 25. The valve timing of Locomobile ''4R,” Scries 10,000, 
showing the relative position of piston to the opening and 
closing of valves. 

The inlet valves are on the left of the engine and the exhaust 
valves on the right side when seatcil in the car. View above 
is from the front of engine. 


Inlet opens 1 /64"bofore top center (piston measurement), or 6® 
before top (flywheel measurement). Inlet closes 43/64" past 
bottom center (piston measurement), or 46® after bottom (fly¬ 
wheel measurement). 

Exhaust opens 4 61/04" past top center, or 46/64" before bot¬ 
tom center (piston measurement), or 47® before bottom (flywheel 
measurement). Exhaust closes 1/61" past top center (piston 
measurement), or 6® after top (flywheel measurement). 

Note; This timing is with engine cold and valve lifter 
clearance first set accurately to .607" on both intake and ex¬ 
haust side. After the valves have been set at .007" and enaine 
properly timed, the valve clearance must be again adjusts to 
.002" on the inlet and .005" on the exhaust when engine ia cold 
for maximum power and quietness. 


Hudson Valve Timing in Inches 

The timing of the Hudson “Super-Six” six- 
cylinder “L”-head engine, measured according to 
piston travel; 

Fig. 20-^nlet opens 1/64" after top dead oentsb 
Fig, 27—inlet oloses 17/32" after bottom d.o. 

Fig. 28—exhaust opens 67 /04" before bottom 
Fig. 29—exhaust ciosoe 1/32^^ after top 
Wire for measurements should be 6 long. 
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The timing of the Hudson 
in degrees relative to the 
movement of the flywheel: 
Intake opens 7® after top 
dead center; closes ap¬ 
proximately 42® after lower 
dead center; exhaust opens 
about 66® before dead 
center; closes 8® after top 
dead center. 


Adjusting Dodge Valve Clearance*** 

Valve clearance adjustment of the Dodge Bros, four-cylinder 
*‘L”-head cnaine^ is .003" to .004" for engines below No. 
A265,496, and .006" to .007" for engines above this number; 
checJc with engine warm and usually while running. Measure 
clearance with .006" thicjkness gauge, which should pass 
through easily, while one of .007" should not pass. 

The foregoing adjusirnonts can be made while the engine i.s 
running and the clearance can be measured by using two feelers 
or thickness gauges, passing them between the end of the valve 
stem and valve lifter as they rise and fall. 

Timing Dodge Valves 

Retiming the valves and assembling the timing gears is 

neemsary only when the engine has been disassembled, or when 
replacing timing gears. 

To assemble timing gears: Follow factory marks on gearc. 
Place mark on cmnksTiaft gear in line with and on same side of 
crankshaft as No. 1 crank throw. Assemble cam gear to cam¬ 
shaft so that the arrow on camshaft points directly towards the 
purn^haft. The pumpshaft gear is positively located by key 
and key way. Mesh camshaft gear with crankshaft gear so that 
mark on crankshaft gear is between punch marks on camshaft 
gear. Mesh pumpshaft gear so that the marks on camshaft 
gear are between punch marks on pumpshaft gear. On cars with 
oattcry ignition, ine.shing of puiiijxshaft gear is not important 
but is important if magneto ignition is used. 




Adjusting Buick-Six Valve-Stem Clearance 

In making this adjustment, turn the engine by 
hand, in a clockwise direction, until the line marked 
“1 and 6’^ on the flywheel, comes into line with the 
line on the rim of the inspection hole. This is the 
firing position for cylinders Nos. 1 or 6, numbering 
from the radiator back, and one or the other of these 
cylinders will be found to have both valves closed. 

Note: In setting the marks on the flywheel be careful to 
turn the engine only in a clockwise direction, otherwise the 
backlash in the timing gears wrill affect the result. 

The push rods for the rocker arms should then be 
adjusted while engine is warm (see instruction plate 
on side of engine), so as to give .010" clearance^ be¬ 
tween the ends of the valve stems and rocker arms. 

Push rods for the other cylinders may be adjusted 
in the same mjinner. Best results will be obtained if 
these adjustments are made while the engine is idle. 


In case the marks on the gears arc not plain, the following 
procedure should be followed: Turn crankshaft clockwise until 
No. 1 crank is 8® beyond upper dead center. 

On engine having the ignition timing opening in the housing 
of the flywheel, this position corresponds to the timing mark on 
the flywheel marked 1. 

On engines not having this opening, it will be necessary to re¬ 
move the cylinder head and tvirn the I’rankshaft clockwise until 
the piston of No. 1 cylinder is inches Mow the upper dead 
center on firing stroke. At this position the exhaust valve of 
No. 4 cylinder nas just closed. 

Very carefully adjust the valve lifter <»f the exhaast valve of 
No. 4 cylinder to the proper valve clearance as given above. 

Turn camshaft (with cam gear removotl) counter-clockwise 
until exhaust valve of No. 4 cylinder just closes. Crankshaft 
and camshaft gear can be correctly meshed at this point. 

The camshaft gear should then befitted to the camshaft, being 
careful not to turn tlie camshaft or cranksliaft. An error of one 
tooth on the camshaft gear makes an error of about 16® in 
crankshaft travel. At this p<).sition of valve timing the ig^tion 
can be set for No. 1 cylinder, as e.xplained on page 379. 


Timing the Valves of the 1921 to 1926 Buick 
Six-CylindiT Engine 

The exact point in the cycle at which the valves 

ore opened and closed is dotermined by tlie shape 
of the cams which operate them and by the an^lar 
relation between the camshaft and the crankshaft. 
If it should ever become necessary to remove one of 
these shafts or the gears which drive them, they 
must be replaced in proper relation to one another 
or the valves will be **out of time." To obtain this 
relation, the punch-marked tooth on the crankshaft 
gear (Fig. 30) should be set to match with the punch- 
marked space on the camshaft gear. 


* Also applies to podge Bros, enj^ne on Qraham Bros, tiucks. 
except, where engines nave cast-iron head and carbon steel 
valve stems, it is recommended that a clearance of .008" to 
.010" be allowed on the exhaust valves of engines. Where 
»ilicrome Valves are used, use valve clearance os mentioned in 
text (.006" to .007"). 

* When engine Is timed by marks on the front end or timing 
gears, valve clearance is set after the gears are meshed; when 
timed without using^tho marks on the gears, the valve clearance 
should be a^usted Ikf t. 




MOttlAHnOliWKlI 



Fig. 31. Buick 1920-1923 six-cylinder engine (above) has both 
inlet and exhaust valves placed m-the-head of the cylinder and 
is a typical type of engine with valves-in-the-head. The valves 
are in cages which can be removed for grinding. On models 
1924 and later, cages are not used. The cylinder head is de¬ 
tachable and valves are ground to seats in head. See Spe<^ca- 
tioDs, pages 1055-1062, for specifications of later engine. 

One half-teaspoonful of kerosene inserted around the valve 
stem at least onoe a week while the engine is running will keep 
the valve free from carbon and prevent it from sticking in the 
valve cage (refers to early modd as shown above). 


• On models 1924 to 1926, the clearance is .006" to .008', pref 
erably the latter. Adjustment to be made when engine Is hot. 
If made when engine is cold, or if too close an adjustment is 
made, the expansion of the valve stem and push rod when engine 
gets hot may cause valves to be held open, which would prevent 
proper seating of valves, thus causing trouble, such as loss ot 
power, burned or warped valves, etc. 
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Grinding Buick-Stx Valves^ 

When valves leak compression, they i^ould be 
ground as follows: Compress valve spring and 
lift push rod out of socket in valve lifter. Loosen 
valve cage nuts with the special drift furnished in 
the tool kit and remove by unscrewing, A light tap 
with a hammer on the end of the valve stem will 
loosen the cage so that it may be withdrawn. Be 
careful not to injure the small bronze packing ring 
on top. Remove the valve spring and alter cleaning 


with gasoline or kerosene, smear the valve and its 
seat with fine emery flour and oil or with one of the 
grinding pastes now on the market. Grind by 
turning the valve back and forth on its seat until 
both valve and seat show a bright ring 1/32" wide 
all the way around. 

Be careful to clean out all traces of abrasive material before 
replacing valve. After grinding valves, it will usually be 
found necessary to readjust the push rods to compensate for 
the wear. For Buick ignition timing see the Index. 


THE TIMING GEARS; FRONT 


The camshaft can be driven by gears or a silent 
chain. This subject relates to a gear driven front 
end system. 

Since the position of the camshaft is always the 
same with reference to the pistons (because the cam¬ 
shaft is always in mesh with the crankshaft gear), 
and since the earns are all integral parts of the shaft, 
the valve timing cannot change. If the gears are 
ever removed, they may be put back in the proper 
position by seeing that the marks on the edges of the 
teeth "dovetail" together. 


If you find that the marked teeth do not come 
together, do not jump at the conclusion that the 
gears are improperly set, but first verify the setting 
by checking the timing of the valves with the marks 
on the flywheel. 

If the timing of the valves of an engine is not cor¬ 
rect, it is then necessary to re-mesh or re-set the 
timing gears. It will be necessary to place the 
piston of No. 1 cylinder at top of its stroke. Then 
remove the gear cover and turn the crank until the 
"EX. C" (exhaust closing mark of cylinder No. 1) 
is in line with the center mark on the cylinder (in 
rear). 

Note. On enginea with unit power planta instead of the 
center line being on the ^linder, a amall hole at the top of 
tha flywheel case is provided so that the line and flares on 
the fly whee.l can be seen throx^h the hole. See Index tor Con¬ 
tinental engine, showing location. 

Now remove the cam gear from its shaft and 
turn the camshaft in its direction of rotation (it is 
the opposite of the direction of rotation of the crank- 
sh^t). until the exhaust valve on cylinder No. 1 is 
just closing; keep the cam shaft in this position; 
replace the large cam geax on the end of the cam¬ 
shaft, properly meshing it with the gear on the 
crankshaft. 


There are usually punch marks stamped on the 
gear teeth, as shown m Fig. 32. On some engines, 
figures are stamped on the gear teeth, as in Fig. 33, 
and. in some instances, a letter "O" or "C.” These 



¥ig. 82. Note the crankshaft 
mg mark which meshee with 
the camshaft gear mark. On 
the left side a mark on the cam¬ 
shaft is meshed with a mark on 
the gear which drives a mag¬ 
neto and which must be timM 
the same as the camshaft. 
The magneto, however, is usu¬ 
ally tim^ or set by loosening its 
ooui^ing from the shaft with 
which it oonnecte. See Index 
under ^'Setting U»e magneto.*' 


marks are stamped between the two teeth of one 
gear and in the center of a tooth in the other gear, 
both of which should be carefully noted when mesh¬ 
ing the gears. At this p<dnt the valves are supposed 
to be correctly timed. 

> Applies to eaily models tito ssm. On Inter mod^ the 
vtlfei SIS ground to Mate la detoehable cylinder head. 


END DRIVE SYSTEM BY GEARS 



Fig. 33. Note the meshing of the crankshaft gear mark (1) 
between the two teeth on the camshaft gear mark (1). Also 
pbeerve that in this instance (Overlajid model 85), there is an 
idler gear interposed between the crankshaft gear and the 
gear which drives the ignition timer. This idler gear runs free 
and is used to obtain a correct ratio and to drive the timer 
shaft. It mi^t be meshed as shown w’hcn the ignition timer is 
in properj>osition, as will be explained under “Ignition timing." 

Example of Setting the Cam Gear on the 
Reo Models ‘‘T 6” and “U 6” 

The illustration (Fig. 34) shows the timing gears 
(with cover removed) and the relation whidi they 
bear to one another. 



The crankshaft gear is keyed to the crankshaft 
and revolves with it. This gear has 30 teeth. 

The laTM cam gear is fastened rigidly to the cam¬ 
shaft by four studs (S) and lo<i nuts. This gear 
has 60 teeth and, therefore, revolves half as fast as 
crankshaft gear and in opposite direction. 

The pump and generator-drive gear has 20 teeth, 
and is driven throu^ the idler gear at the cranks 
shaft speed, but in the opposite mrection to that of 
the crankshaft gear. One of the studs is marked 
with a center punch so as to insure correct replace¬ 
ment, should the gear for any reason be removed. 

The teeth of the larm cam gear and the one on the 
crankshaft are also jgven center p^pch marks for 
meshing refezence. These marJdn^sUouIddovet^ 
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The teeth of the idler gear and the one driving 
the water pump and generator are not marked, and 
can be meshed at any point. 

If the timing gears are assembled as described 
above, the timing must be correct. 

In case a new gear is assembled on the engine, 
the following may be of some assistance in obtaining 
the correct timing or setting: 

Cam gear setting: The Hy wheel on this engine 
is of such diameter as to require its turning through 
an angle of approximately seven degrees to produce 
a one-inch movement of its face with respect to 
some fixed point. 

Now, since the error in cam setting must not 
exceed one half-inch, this movement is equivalent 
to 3 movement of the flywheel or crank shaft. 

If, for any reason, the valve closing is not within 
tliis limit, the setting may be corrected in the follow¬ 
ing manner: 

The large or 60-tooth cam gear (and with it, of 
course, the cam shaftl would move 6®, or 360 
divided by 60, if shifted one tooth; this is the ecjuiv- 
alent of 12® on the fly wheel or crank shaft, smce, 
it will be remembered, the gear on the crank shaft 
has but 30 teeth. 

If one inch on the flywheel is equivalent to 7®, 
12® would r^reseiit approximately a IJi" move¬ 
ment of the flywheel. 

If the cam openings were olT two inches on the 
fly wheel^ it would be a simple matter to change 
the meshing of the cam gear one tooth in the direc¬ 
tion required, and to have ^ error of wliich 
would be within the limit. 

If^ however, the error of the cam shaft was but 
1"^ it would be impossible to get nearer than by 
shifting this gear one tooth, which is in excess 
of the limit desired. Meiius must, therefore, be 
provided for shifting the gear a fraction of a tooth, 
or, in other words, a fraction of 6®. 

For example, if the gear had 54 teeth instead of 
60 teeth, this could be accomplished by removing 
the gear from the shaft and shifting the former one 
quarter-turn; 64/4 equals which would, in 
effect, be the same as shifting one half-tooth. In 
order to obtain a shift of one half-tooth (3°) with a 
gear of 60 teeth, two of the four studs wliich hold 
the cam gear to the cam shaft are placed 3® off of 
the 90® center lines and three of the holes in the cam- 
gear flange are slotted, the fourth being a tight fit 
over the stud. 

Therefore, if the gear is taken off and shifted 87® 
or 93®, the effect is the same as changing the meshing 
of the gear one half-tooth. We shall nave changed 
the relative position of the gear teeth to the cam 
shaft just 3®, this being equivalent to 6® on the fly¬ 
wheel, or approximatdy This arrangement 

gives this engine a means whereby the greatest varia¬ 
tion in cam-shaft setting may never exceed H". 

Valve Timing of Reo 

The fly wheel of the engine has upon its face the marks: 
/U.D.C.1 A 6/’ meaning upper dead center, cylinders 1 and 6; 
'INTAKE OPEN 1 A 6, meaning that the intake valve in 
No. I or No. fl cylinder oommenoes to open; “SPARK,” mean¬ 
ing that a spark ahould take pUoe in No. 1 or No. 6 cylinder 
with the Bpm fully retarded. 

These markings on the face of the fly wheel register with the 
top of the rightdiand motor support. The spark occurs 1 
late at ftill retard. The intake valve opens at the upper dead- 
center point. Since the cranks for oyllndera Nos. 1 and 6 are 
on the same side of the center, it wiU be understood that the 
narks which sirve for cylinder No. 1 also apply to No. fl. 


To check valve setting: First screw out the spark plug from 
each c>;linder, thereby relieving compression and permitting 
the engine to be turned over easily. Selecting No. 1 cylind^ 
(it being the most convenient), crank the engine slowly with the 
hand crank until the inlet valve for this particular cylinder just 
commences to open. This can be determined by placing a piece 
of fine tissue p^per between the inlet valve stem and its lever. 
When there is just sufficient pressure of the lever on the valve 
stem prevent withdrawal of the paper, the inlet valve is 
commencing to open. At this moment the marking “INLEIT 
OPENS 1 A 6” on the face of the flywheel should not be more 
than either way from the top of the right-hand engine 
support. Before cliecking the valve setting, it is important 
that all backlash of the valve tappets be removed. 

If one cylinder checks, it will not be necessary to check the 
valves in the other cylinders, as the cam shaft is accurately 
ground and the cams are in correct relation to one another. 

Relation of Valve Clearance and Valve Timing, 
and Meshing of the Timing Gears 

After your engine has been overhauled a few 
times the cam-shaft gear will have developed a dozen 
or more meshing marks. Each workman will have 
added a few marks that Inay or may not be right 
and changed a few that were right, until finally it 
is hopeless to match any of them. 

This need not seriously inconvenience you, for if 
you understand valve timing, you can forget the gear 
marks and work entirely from the fly-wheel marks. 

‘ A “trammer* is a stationary starting point from 
which to base all your work (see Fig. page 66). 
The trammel generally is directly over or in 
front of the flywheel, but may be located elsewhere 
if some careless workinan has removed your fly¬ 
wheel and replaced it in a different position (flange 
connection, or a new flyw'heei \^Tith the key in the 
wrong place). The trammel should be shifted until 
it registers properly when the cylinder indicated is at 
top center. 

Check up the top center mark by making sure that 
the piston in the cylinder indicated is exactly at top 
center and that the trammel registers exactly in line. 

Now that you are certain of the trammel, move 
the flyA^’heel in the direction in which it should 
travel (generally counter-clockwise, if flywheel is 
between you and the cylinders) until the marks 
I. O. (intake opening) No. 1 and No. 4 register with 
the trammel. Leave the flyw^heel alone now, and 
turn the cam shaft until the nose of the inlet cam on 
No. 1 cylinder is down. Adjust the air-gap (valve- 
stem clearance) for post-card distance. Turn the 
cam shaft in the direction of its travel until the air- 
gap is gone and any further movement would start 
to lift the valves. Rit on the cam-shaft gear, being 
careful not to move either the cam shaft or the 
crank shaft. Have the gear key in place, but do 
not pennanently fasten the gear yet. 

Turn the fly wheel in its proper direction and 
check up the mtake closing. If both opening and 
closing of this valve are right, it means that the cam 
shaft and air gap are correct, and the gear can be 
permanently fastened. 

If the valve opens on time but closes at the wrong 
time, it means tliat both the cam shaft and air gap 
are wrong. If the valve closes too soon, the air 
pp is too large and does not hold the valve open 
long enough. If the valve closes late, the air gap 
is too sm^ and holds the valve open too long. 

Make a mark with a lead pencil or with chalk on 
the fly wheel, midway between the actual closing 
and the proper closing. Turn the flywheel to this 
new mark and adjust the tappet to correspond. 
The tappet must be just barely m contact with the 
valve stem. The air gap is now 0. K., but the cam 
shaft is still out of time. 
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Turn the fly wheel back to the opening mark and 
remove the gear. Turn the cam shaft until the air 
gap is gone, replace the gear and check up the clos¬ 
ing. The cam shaft and air gap are now correct 
and the remaining tappets are adjusted after regis¬ 
tering each mark with the trammel. Do not use 
a sheet of paper or post card to measure with. l\irn 
the fly wheel and adjust each tappet by the fly¬ 
wheel marks. 

If the valve opens a certain number of degrees 
early and closes the same number of degrees late, 
'che cam shaft is right but the air gap is wrong. 


If a valve opens a certain number of degrees eaiiy 
and closes the same number of decrees early, the 
air gap ts right but the cam shaft is wrong. 

Make a habit of checking up this air gap occa¬ 
sionally with the flywheel marks. 

After the valves have been ground or new valves 
ut in—check up. Don’t let your en^e over¬ 
eat or lose power through the fault of the air gap. 

It will be observed that valve clearance, referred 
to above as ^‘air-gap,’’ is a very important adjust¬ 
ment. 


SILENT CHAIN FRONT END DRIVE SYSTEM 


Wiere silent chains and sprockets are used instead 
of gears, the procedure is similar. Note, however, 
that the cam shaft revolves in the same direction 
as the crank sliaft. 



Fi*. 35. Cam-shaft gear on the Studebaker “EJ" driven by 
a silent chain. Note that the chain has an exterior adjustment. 


To set the cam shaft d silent chain has been 
removed: Fig. 35 shows one silent chain driving the 
cam shaft and generator in a Studebaker model 
“EJ” six-cylinder engine. If the engine wa8,a four- 
cylinder engine, cylmders 1 and 4 would be up 
together, whereas with a six-cylinder engine, cylin¬ 
ders 1 and 6 are up at the same time. 

Procedure: Crank the engine until cylinders 1 
and 6 are on upper dead center of compression 
stroke by getting marks “UP-D-C 1-6” on the fly 
wheel opposite pointer, on the rear of the starter 
housing. With the crank shaft in this position turn 
the cam-shaft sprocket until the punch mark on the 
cam gear will oe directly between the two punch 
marks on the teeth of the crank-shaft gear (Fig. 35). 
Replace the chain, being careful to see that the cam 
shaft or crank shaft are not moved. 

It is not necessary to set the accessory shaft 
sprocket which drives the pump, generator, and igni¬ 
tion unit (the sprocket on the left side marked 
“shaft”). The ignition unit can be set by moving it 
on its own shaft. See Index imder “Ignition timing.” 

Silent chains will stretch, especially when new. 
or after a few thousand miles or so of running, and 
will likely cause a noise by striking the bottom of 
the chain housing. 

Adjustment can be made by moving the generator. 
I'here are three bolts holding the generator. They 
are to be loosened and the chain-adjusting screw 
given a turn or so, moving generator out, thus 
tightening chain. This movement usually allows 
about 1/16” movement of the generator sprocket. 
Be sure and tighten aU bolts and nuts. 

Too tiitht a diain adjustment will cause “singing” 
as well as undue wear on one side of the bearing. 



Fig. 36. An exaitiplc of two silent chains with two adjust 
ments for slack. (King.) 

To set the cam shaft on an engine using two silent 
chains (Fig. 36) the procedure i.s.similar, except that 
the chain driving the generator is not considered. 

Note in Fig. 36 that the crank-shaft gear (lower) 
drives the large cam-shaft gear and also a double 
sprocket from which another chain drives the 
generator. 

To adjust the cam-shaft chain an eccentric shaft 
is provided. 

To adjust the generator chain, the generator is 
moved as shown in Fig. 36. If a chain is adjusted 
too tight, it will hum or sing at high speeds. If the 
chain should stretch to such an extent that no more 
adjustment is available, then either install a hunt¬ 
ing or off-set link section, or a new chain, if badly 
worn. See Index under “Silent chains.” 

In re-timing, or any other operation requiring the removal 
of the chain, be sure that the chain is replaced so that it runs 
in the direction indicated by the arrows on the sides of the links. 

Note. In order to reach the silent chain and cam sprockets, 
it is usually necessary to remove the ratUator, starting crank 
stud, fan, fan pulley, and gear-hou8in|; cover. When repla¬ 
cing, be sure the gasket of the bousing is in good condition. 

Should it be necessary to remove the cam-shaft sprocket from 
the shaft, see that it is replaced in the exact position in which 
it was when it came off. On most gears ana sprockets there 
are holes provided for a *'‘gear puller’* which la used to draw 
gears off. 

Hupmobile Valve Timing 

When timing this engine, reference to the marks 
on the ^ears should not be made, because they hav(' 
no bearing on the engine timing. The appearance 
of the chain with the front cover removed is shown 
in Fig. 37. 

There are two timing methods. The first is as 
follows; turn the engine over until the marks “In¬ 
take Opening” on the fly wheel line up correctly 
with the line on the housing; turn the cam-shau 
^ear until the intake cam is just be^ning to lift the 
mtake valve of No. I cyliniler; place the chain in 
proper position and allow just a little slack. 
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The second method is: remove cylinder head so 
that vou can measure the distance of the piston 
travel from top of cylinder block to piston. Turn 
piston of No. 1 cylinder 3/04" past top d.c. on the 
intake stroke (piston traveling downward). Turn 
camshaft so that intake valve is just opening and 
exhaust closing (.006" valve clearance); then place 
chain in its proper position. 

In order to place the chain on the gean it mav be necessary 
to loosen the rear engine bolt. Place a jack under the bottom 
of the 0)1 pan near the front and raise the engine .slightly. 

Remarks on Front-End Drive Mctiiods 
Cars using silent chain front-end drive arc the 
Ambassador, Acc, Ogren, Revere, Haynes, Jordan, 
Moon, Haxon, Brewster, Cadillac, Chalmers, Chand¬ 
ler, Cleveland, Hupmobile, King, LaFayette, Lin¬ 
coln, Meteor, Mercer. National, Packard, R & V 
Knight, Hteams-IOiight, Studebaker (one mod(*I), 
Templar, Willys-Knight, Winton. 

Virtually all the other cars use the helical-gear 
front-end drive. Where the gcar-twe front-end 
drive is used, alternate gears are of dinerent metals, 
such as iron and steel, and also of compressed cotton. 
The majority of gears are steel against cast iron, as 
this has been found to reduce “resonance." 

Where both gears are of cast iron, or both of steel, 
the gears are prone to “sing." 

Duralumin, which can be forged, is used for gears 
in the Continental and Marmon engines. 

A Fabroil gear, wliich is a specially compressed, 
^irally wound cotton type of gear, made by the 
General Electric Co., is used on Buiefc, Paige, Wills- 
Saint Claire, and DuPont cars. 

Where silent chains are used, it must be possible 
to reduce the length of the chain by degrees one full 
link, after which a link can be removed from the 
chain and the adjustment let out again. This gjives 
udimited adjustment. On those cars not provided 
with chain adjustments, it is, however, always best 
to renew a chain entirely if it is worn. The adjust¬ 
ment must also be accessible, so that it can be 
easily made when required. 

There are several types of chains used and dif¬ 
ferent methods of securing adjustment, as follows: 
1. Movshto idler* 

*AppUm to tsrly model ongiDo*—eee footnote page 63. 


2. Movable sprocket (Figs. 35, 36, 37). 

3. Eccentric adjustment (Fig. 36). 

4. Double adjustment. 

5. Automatic idlers (Fig. 38). 

The movable idler is used for adjustment or to 
take up chain whip. 

The movable sprocket for adjustment is used on 
one of the shafts where it can be moved in or out 
without destroying any alignments or adjustments. 



Fij?. 38. A frnnt-cnd drive ajTstern used on the model “76** 
Haynes. An anlornatic take-up for slack in the chain is pro¬ 
vided. Tile <’ani gear operates the cam shaft, which operates 
the inclined valves. 

The subject of silent chains is also dealt with 
(*l.'<ewhere; sec Index under “Silent chains." 

Average Valve Timing 

There is very little difference between the average 
timing of the four and the six-cylinder engine. 

On the six, the average inlet opening is 10.7® 
jia.st top center*and the closing point 37.6° past 
bottom center. 

On the four, the average for the inlet opening is 
11.1° alter top center, and the closing ix)int i.s 36.8° 
after bottom center. The small difference would 
hardly be noticeable. 

The exhaust on the average six opens 46° before 
bottom center and on the four at 46.3°. The clos¬ 
ing point of sixes averages 7° after top, and on the 
four, 7.7°. 



Fig. 39 


On an average engine, therefore, the inlet would open 11.5* 
after top and close 37.3^ after bottom. The exhaust would 
open 46* before bottom and close 6.6® after top. 

The illustration (Fig. 39) is a tjrpical digram of valve timing 
with the tinxing designated in degrees. When reading such 
diagrams, imagine the circle being the rear of a fly wheel, which 
revolves to the left. The light shading represents the period 
of travel when the inlet valve is open, or 205.8®. The dark 
shading represents the period of travel when the exhaust valve 
is open, or 232.6®, 

See also Index under "Valve timing" for the valve timing of 
enmnos on leading makes of oars; ana under "Valve olsaranca* 
and "Diameter of valves." 




INSTRUCTION No. 10 

FIRING ORDERS: One, Two, Three, and Four-Cylinder Engines 


Firing Order of One and Two-Cylinder 
Engines 

There are four strokes to two revolutions of the 
crank shaft to complete a cycle operation, as 
explained on page 32. 

A stroke of the piston means a travel from top to 
bottom, or from bottom to top, or 180® movement, 
or one-half of a revolution of the crank shaft. (This 
is not strictly true when offset cylinders are used.) 

There are four strokes of 180® on all four-cycle 
engines; therefore there would be two revolutions 
of 360® each, or 720® travel of the crank. 

There is but one power stroke (firing impulse) 
during the four strokes, or two revolutions of the 
crank shaft. Note, also, that the power stroke is 
a very short one, owing to the fact that the exhaust 
valve starts to open a considerable time before the 
piston reaches the bottom of its stroke. If the 
exhaust valve should open 46® before bottom, then 
the travel on the power stroke would be but 134® 
instead of 180®. 

Therefore, if there is but one power stroke to two 
revolutions of the crank shaft (720® travel of crank 
shaft), we should have only 134® out of the two 
revolutions, or 720® on which there is power. 



Fig. 1 Fig. 2 


Fig. 1. On«-cyliiider engine with a 360° crank shaft. Fir¬ 
ing impulse every two revolutions; see diagram below. 

Fig. 2. Two-cyJinder vertical e^ne with a 360° <Tank 
^haft. Firing impulse every revolution. 



Fig. 1 showB a single-cylinder engine. There is 
one explosion during every two revolutions of the 
crank sh^ or, in other words, there is one stroke 
of the piston wh^ power is being developed, and 
three when there is no power, the piston then being 
moved by the momentum of the fly wheel. 

As the piston must be carried through the three 
d^id strokes, it is necessary to. use a heavy fly 
wheel, so that when it is staiW, it will continue to 
revolve for a sufi^ient time to move the piston until 
the next power stroke. 

Tliere is vibration from a one-cylinder en^e on 
this account, for the weight of the piston slidmg first 
one way and then the other has nothing to balance it. 

It can be balanced to some extent by attaching a 
weight called a ^^counter-balance,’’ to the crank 
•hart opposite to the crank pin, in the same manner 


that the wheels of a locomotive are balanced, but 
even then there is vibration owing to the power 
stroke at uneven intervals. 

Note. In the two small diagrams under the illustrations, 
P moans power stroke; S, suction; C, compression; B. exhaust. 
The “firing impulse/’ is the time at which oombustaon takes 
place at the beginning of the power stroke. 

Fig. 2 shows a two-cylinder vertical engine with 
a 360® crank shaft. If the piston of No. 1 cylinder 
is on power (P), No. 2 would be on suction (S)—see 
diagram. Therefore we should get an even firing 
impulse, or one during each revolution. But as 
both pistons are moving together, there would be 
considerable vibratiom as both are on top or bottom 
at the same time. Counter-weights are also used 
on the crank shaft of this type of engine in order to 
counter-balance. (Seldom used.) 

Fig. 3 shows a two-cylinder vertical engine with a 
180° crank shaft. There are two firing orders of 
this engine, each of which would cause vibration. 
Refer to diagrams. In the first, if No. 1 is on power 
(P), No. 2 would be coming up on compression (C), 
and would fire next. Therefore, there would be two 
firing or power impulses during one revolution, and 
on the second revolution there would be no firing 
impulse at all. With the other order of firing, if 
No. 1 was on power (P), No. 2 would be coming 
up on exhaust (E). The crank would therefore 
travel 540®, or 1H revolutions with but one firing 
impulse. 



Fig. 3 Fig. 4 


Fig. 3. Two-cylinder vertical engine with a 180° crank 
abaft. Two difierent firing orders—see diagram below. 

Fig. 4. Two-cylinder oppoeod type engine with 180® crank 
abaft. Firing impulse every revolution. Meolumically bal¬ 
anced. 



In the two-evlinder type of engine with cylinders 
opposite and the crank shaft set 180® (Fig. 4), one 
piston slides inward as the other slides mwara, so 
that one balances the other. This type ik 
is called an ^^opposed” type of engine, 
are set 180® at^, and so also is the crank shaft. 
When one piston starts down on the power stroke, 
the other starts down on suction, ^er^ore. as 
shown in the diagram under Fig. 4, there would oe a 
firing impulse at each revolution of the crank s^ 
or every 360^. Thus it is mechaifioally bal an ce d. 
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The flywheel of a two-oylinder engine need not 
be as heavy as that of an engine with one cylinder 
because it is required to carry the piston throu^ 
only one dead stroke before another t>ower stroke 
occurs. 6, 8, and 12-cyUnder engines, the fly 
wheel is very small in diameter. 

The more cylinders an engine has, the more 
steadily it may run, for the explosions may be 
arrang^ to follow one another so closely that there 
is no moment when one of the pistons is not on the 
power stroke. This is termed *^lappiag** of power 
strokes. 

Firing Order of a Three*Cylinder Engine 

The action of the firing of a three-cylinder engine 
is as follows: Taking three points of the circle, A at 
the top, B and C on either side below, the piston of 
No. 2 cylinder is connected with a crank at A, of No. 
3 cylinder at B, and of No. 1 cylinder at C. 

The firing order of a three-oylinder engine can be either 
1, 2, 3 or 1, 3» 2. In the following ezi^anation the firing order 
is 1, 2, 3. 



Pig. 5. A three-cylinder four stroke cycle engine crank set 
in three poeitions of a third of a revolution, or 1^ apart. 

No. 2 cylinder will be at full compression. No. 3 cylinder at 
two-thirds inlet, and No. 1 cylinder one-third, exhaust 240**. 

The crank of No. 2 cylinder performs its half-revolution, 
bri^ng it to position A/ (Fig. 6A); while it is doing this, No. 
3 piston is completing its inlet stroke and two-thirds of its oom- 
preesioh stroke, whi^ brings its crank to position BVIeaving 
only one-third of a stroke to complete compression. When this 
is done, the crank will be at A, when the firing of No. 3 com¬ 
mences. 

Meanwhile No. 1 piston is completing its exhaust stroke and 
has pass^ through two-thiids of its inlet stroke, so that when 
No. 3 piston has completed its impulse (180°), No. 1 is still 
60* from its top d.o. to which point it must be carried by the 
momentum of the Awheel. This 60° represents the minus lap 
or the number of oegrees of rotation between impulses when 
there is no explosion pressure in any of the cylinders. 

Each of the three cyfinders fires once svery 720° (two revolu¬ 
tions), or 240° ai!^. No. 2 (A) fires and moves 240°, which 
brings Ne. 3 (B) in firing position. No. 1 (B) fires and moves 
240°, which brings No. 1 (C) in firing position. No. 1 (C) fires 
and moves 240°, which again brings No. 3 (A) in firing position. 

No. 8 (A) has now made two revolutions or 720° which 
oompletss the four-stroke cycle. 

Each piston works 180^ during one cycle of 720°. Three 

{ listens will work 640*. 720°—64^ «180° the amount of minus 
w for the three cylinders or 60^ minus lap for each cylinder. 
(This varise according to the time the exhaust valve is set to 
open.) 

Fifilig Ofder of a Four-Cylinder Engine 

Four-cylinder engines are so arranged that there 
is a power or firing impulse every stroke, or two 
firing impulses everv revolution, one beginning as 
the previous one enos. 

In order to complete the four-cycle evolution of 
suction^ comprejMioni explosion, and exhaust for 
each ptston, it is necessary that each piston have 
four mokes. As 1 and 4 work tomther and 2 and 3 
work togetiier, then during the four strokes (two 
up and two down), there are two revolutions of the 
crank shaft which will complete the cycle evolution 
forea^^M^ with a firing Older of either 1,2,4, 

. The Ofenkshift of a four^nrlinder four-qycle en- 
gme is abraye set at 180\ 



Fig. 6. Pour-cylinder engine with crankshaft set at 180^. 
Power stroke every half revolution, or stroke of piston. 

The construction of the crankshaft which is 
generally used on four-cylinder engines is shown in 
Fig. 6. This crankshaft would not permit the 
firing to be 1, 2,' 3, 4, because, when No. 2 was ready 
to go down on the power stroke, No. 3 would have 
to be coming up on compression, but as No. 3 is 
always the same position as No. 2, then it could not 
be coming up, as it would already be up with No. 2. 
It follows, then, that the firing order must then bo 
as given above: 1,2,4,3, or 1,3,4,2. 


12 5 4 



Pig. 7. Type of crankshaft which would pemdt a four- 
cylinder engine to fire 1, 2, 3, 4, but which is never used. 

A four-cylinder endne which could be made to 
fire 1, 2, 3, 4, would have a crankshaft made as 
shown in Fig. 7, but it would vibrate excessively on 
account of the rocking motion of firing from one 
end to the other. Therefore the firing order on all 
engines is arranged to decrease vibration as much 
as possible. The alternate distribution of impulse 
(firing) tends to steady the engine, as in the sequence 
1, 2, 4, 3, or 1, 3, 4, 2. 

Cylinders are originally made to fire in proper order 
by the manufacturer, by setting the cams on the cam 
shaft and by wiring the distributor to connect with the 
proper spark plugs. The order of firing depends on 
the ideas of the m^er, and may be either, 1, 2,4,3, or 
1,3,4,2, on a four-cylinder engine. 

The eidit ‘*V”-type of cylinder engine uses a fourw 
cylinder 180® crankshaft with two connecting rods to 
one crank pin. 

The twin six or twelve ^^V^-type engine uses a regular 
six-cylinder crankshaft. This will be treated farther 
on, together with the firing order. 

Relation of One Piston to the Other 

On a four-cylinder engine, as already stated, the 
firing order muffirti be 1,2,4,3, or 1,3,4,2. 

The following explanatkm and charts will make clear 
just what action is taking place in cylinders when tlM 
engine is firing in the order 1,2,4,3, or 1,3,4,2. 

If piston No. 1 is goinj^ down, say, on power. No. 2 
must be coining up on either compression or e^ust. 
If coming up on oonq)re68ion it would fire next. No. 3 
would then oe coming up on exhaust and No. 4 going 
down on suction. In this case, the firing order 
would be 1,2,4,8. (SeeohartNo. 1, showing firing 
Older 1,2»<8.J 
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If No. 1 was going down on power and No. 2 coming 
up on exhaust, then No. 3 would be coming up on com¬ 
pression and would fire next. In this case, the firing 
order would be 1, 3, 4, 2. (See chart No. 2, showing 
tiring order 1, 3, 4, 2.) 

Remember, the two down strokes are suction and 
power. The two up strokes are compression and 
exhaust. Each piston must be doing one of the four, 
during each of the four strokes or two revolutions. 

The change of firing is accomplished by the move¬ 
ment of cams on the cam slmft, the cams on cylinders 
Nos. 2 and 3, being the only two affected. A study of 
charts No. 1 and No. 2, which represent a four- 
cylinder engine firing 1, 2, 4, 3, and 1, 3, 4, 2, will 
give the reader an idea as to what is taking place in 
each cylinder during the four strokes. 

Relation of the Cam Movement to Crank Shaft 

M we have seen, the only two firing orders that a four- 
cylinder engine can have is 1, 2, 4, 3, or 1, 3, 4, 2. To 
change from one to the other would necessitate chang- 
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Chart No. 1. Firing order 1, 2, 4, 3 
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Chart No. 2. Firing order 1, 3, 4, 2. 


ing the cams operating the valves on cy^ders 2 and 3, 
which of course woula necessitate putting in different 
cam shafts. 

Fig. 8 below gives a good illustration of the position 
of the cams in relation to the two firing orders. 

The lower row of cams shows the position of the 
cams on the cam shaft when the engine is firing 1,2,4 ,3 
and No. 1 piston is ready to start down on the power 
or firing stroke. 

The upper row of cams shows the position of the 
cams on the cam shaft, when the engine is firing 1, 3, 4, 
2 and No. 1 piston is ready to start down on the ^wer 
or fii-ing stroke. 

Every stroke of the piston, or 180® movement, repre- 
.sents a half-revolution of the crank shaft. 

Every half-revolution of the crank shaft represents 
one-quarter revolution, or 90® movement of the cam 
shaft and of the cams. A careful study of Fig. 8 is 
recommended. 
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HOW TO DETERMINE THE FIRING ORDER OF A FOUR-CYLINDER ENGINE 


Kg. 9 shows how the cam shaft with its cams is driven 
by a silent chain sprocket. Also note the mark on the 
fly wheel which is in line with the punch nmrk on the 
crank case^ when pistons 1 and 4 are on upper dead 
center. Pistons 2 and 3 are on lower de«ui center. 
The setting of the valves and of the gears is determined 
when the pistons are in this position. 


the No. 4 exhaust valve tappet in the direction of its 
rotation), and the inlet will open immediately as the 
piston starts down. 

To determine the firing order If No. 2 will come 
up on compression as No. 1 piston goes down, and 
if the power stroke follows immediately after the 
compression stroke, then No. 2 will fire next. There- 
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Cam Shaft 


For example: The exhaust valve on No. 1 cylinder 
closes at 10° past upijer dead center. Therefore, ns 
the piston of No. 1 cylinder is now on top dead center, 
the fly wheel must be revolved in the direction of rota¬ 
tion, 10° from upper dciwl center. At this point the 
exhaust valve of No. 1 cylinder should just close. This 
is sufficient, as all other valves will be timed to o{)en 
and close at the correct time, since this is an “L’*-head 
cylinder block ^\ith all valves on one side and all cams 
on one cam shaft. Note that the detachable cylinder 
head has been removed. 

If the exhaust does not close at 10® past dead center, 
then it is either because the clearance of the exhaust 
valve tappet is set too close and holds the valve open 
too long, or the cam-shaft gear is not meshed properly. 

The firing order of this engine can be determined by 
observing the position of the pistons and valves: The 
exhaust and inlet of No. 1 are closed; the piston of 
No, 1 cylinder is at the top of compression and will go 
down on power stroke. The piston of No. 2 cylinder 
is at the bottom of its intake stroke and will come up 
on compression; the inlet valve is still open and the 
exhaust closed. The piston of No. 3 cylinder is at the 
bottom of its stroke and will come up on the exhaust 
stroke; the exhaust valve is open and the intake valve 
is olos^. The piston of No. 4 cylinder is at the top 
oi its exhaust stroke and will go down on suction: 
the exhaust valve will close withm a 10® movement ot 
the emnk shaft (note the exhaust cam just leaving 


fore the firing order must be 1, 2, 4, 3. The only 
other firing order it could possibly nave would be 
1, 3, 4, 2—^but this would be impossible because 
No. 3’s exhaust valve is open and it will come up on 
the exhaust, and after the exhaust comes suction. 
No. 3 has just fired, therefore No. 1 will fire next. 

How to determine quickly the firing order of a four- 
cylinder ei^ine^: When the nose of the first and 
third cam (inlet or exhaust) are on opposite sides of a 
shaft, the engine fires 1, 2, 4, 3. When the first 
and third cams are on the same side of the shaft, the 
firing order is 1, 3, 4, 2. 

Note. The cam abaft is operated by a ailent chain and 
sprocket wnich turns in the same direction as the crank shaft. 
The crank shaft turns twice while the cam shaft turns once. 

The cams in Fig. 8. page 78, are made to open and close 
exactly on a full stroke of the piston, or 180* movement of 
the oremk, which is unusual in actual practice. 

On the engine in Fig. 0, the cams are set as in actual nractioe. 
For instance, the valves open and close as follows: Exhaust 
closes 10® after top. Inlet opens 6® after top. Exhaust opens 
50® before the piston is at bottom dead center. Inlet closes 
40® after bottom dead center. The bore of cylinders is 3^" 
diameter and the stroke of piston is 4>^'^ 

The make of the engine shown in Fig. 9 is the Golden Bel¬ 
knap and Swarts Co.’s model “E-M 31,” four-cylinder side- 
valve detachable head engine. Horse power is 22 }4 at 935 
feet of piston speed per minute; produces 36.9 h. p. at 2,800 
r. p. m. on actual brake test and 31.9 h. p. at 2,000 r. p. m. 


'This applies to engines where the first valve is an exhaust 
valve, which is usually the case, as exhaust valves are placed 
next to the water jacket. On some early models of engines, 
the first valve was an inlet valve. 












INSTRUCTION No. 11 

SIX,EIGHT, AND TWELVE-CYLINDER ENGINES: Firing Order; Rotaif^ 
Valve and Rotary-Cylinder Engines; Sleeve Valve Engine; 
Overhead Cam-Shaft Engine 


THE SIX-CYLINDER ENGINE 


In the six-blinder en^e, the variance in construe- 
don from the four-cylinder enme is principally in the 
addition of more cylinders and the shape of the crank 
shaft. 



F^g. 1. Six-cylinder unit power plant, valve side. Cylinders 
■if the type. Thus the valves are all on one side. 



Fig. 2. Left side or carburetion side. The inlet pipe passes 
between the cylinders to the valve side. 



Fig. 3 


Fig. 4 


Fig. 3. Upper part of crank case supporting cam shaft and 
beanngs. 

Fig. 4. Lower pwrt of crank case or oil pan. 
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Fig. 5. Six-cylinder cam shaft. All cams on one shaft. 


The cylinders may be in *^pairs/' in **tripl^,” or 
*'m-block.” The six-<$ylinder engme shovm in Figs. 
1 to 5 is the Haynes, and is a typical example of a '^imt 
power plant.” The cyjmders are “in-hlock” with all 
valves on <me side. This is, therefore, an 'Ti”-head 
type eylinder block. Tlie crsink shaft shown in Fig. 8 
is a uuee-bearing crank shaft and the cam shaft 
(Fig. 5) has three Dealings. 

The Pieree-Asrew six-^Bnder enmne (Fig. 07, page 54) is 
a ‘•T”-head type with (flinders *‘in-blo<4c.*' The inlet valves 
are on the right side and the exhaust valves on the left aide. 
These aee two exhaust and two inlet valves for each cylinder 
en the FicRroe»Arroir, and this !•» therdofe^ a *'diiaF'^ valve 
eai^M. 


The Locomobile six-cylinder engine is also a **T*’-head t 3 n;>e, 
but with oylindeni in pairs. The inlet valves are on the left 
side and the exhaust valves on the right side. 

The Haynes, Locomobile, and almost all other six-cylinder 
engines have but one inlet and one exhaust valve for each cylinder.. 

Note. The right side of an engine or automobile is the side 
seen when seated in the car. That is why we designate the 
cylinders “right" and “left." The reverse is the case, of course, 
when facing the front of engine. 

The six-cyll&ilef engine operates on the four-cyd^ 
principle, the same as the four-cylinder; in fact, the 
general principle is that the crank shaft must turn two 
revolutions during the cycle or four strokes. The cam 
shaft turns one revolution. 

Each piston completes the four strokes during two 
revolutions of the crank shaft. The crank shaft is 
divided into three pairs of ‘‘throws.” A “throw” on 
a crank shaft is the part to which the big end of the 
connecti^ rod connects and is really the “crank pin.” 
Each pair of these crank shaft “throws” (1 and 6,3 
and 4, and 2 and 5) are placed 120'^ or one-third the 
distance of a circle apart. 



There are two kinds of six-qiinder crank shafts: 
left hand and right hand (see Kgs. 7 and 8). The 
cylinders usually fire on a nght-hand crank 1,5. 3, 6, 
2,4, while on a left-hand, the order is usually 1,4,2,6, 
3, 5. There are four firing orders which will be ex¬ 
plained farther on. 


'FiAMCfc •otrs 



Fig. 7. A right-hand six-oylinder crank i^aft is deb 
by noting (from the front and of the shaft) the ] 
the center throws, 8 and 4 to I and 6. 
of 1 and 6, as shown in T* 
crank (view from front), 
it will fire 1, 8, 3, ' ' 
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The nimiber of bearings for the six-cylinder crank 
shaft may be three, five, or seven. Three or five bear¬ 
ings is the usual number. Fig. 7 shows a seven- 
bluing six-cylinder crank shaft which is unusual and 
Fig. 8, a thi^bearing crank which is in general use. 

Carburetion: A six-<ryrlinder engmeiisually^iiires 
special intake pipes and a double or multiple jet type 
of carburetor to meet the demand of the multiple of 
cylinders and the distance which the carburett^ gas 
must travel. 

The timing of six-< 7 linder valves is identical with 
that of the four. The process is gone through with 
in just the same manner. It is only necessary to time 
with the exhaust valve closing on the first cylinder on 
the type, and with the exhaust valve closing on 
exhaust side and the inlet opening on inlet side on the 
^T»»-headtype. 



Fig. 8A. One method of balancing a six-cylinder crank shaft. 

Counter-balance weights are sometimes applied to 
a six-cylinder crank shaft to relieve the ^wnip” or 
vibration at high speeds. Fig. 8A above shows the 
counter-balance weights (CW) electrically welded to 
the craific-shaft arms. 

There are six power impulses or explosions during 
two revolutions of the cra^ shaft. 

Another type of siz-c^lnder engine is the engine used on 
the Rumpler, a German make of car. This engine uses three 
pairs of cylinders placed 60° apart. One pa^r of cylinders is 
set vertically over the crank snaft, and tnere is a pair of 
cylinders placed at an angle of 60* on each side. 

Firing Order of a Six-Cylinder “Right’’-Hand 
Crank 

The throws of a six-cylinder crank shaft are divided 
into three positions, or 120° apart. 

1 and 6 are always in line 

3 and 4 are always in line 

2 and 5 are always in line 

They may be plac^ to the right or the left, as shown 
in Figs. 9 and 10. 

In Fig. 9, the first firing order is 1,5,3,6,2,4 (it could 
also be 1, 2, 4, 6, 5, 3). 


Fig. 9, right-hand crank shaf^ shows pistons 1 and 
6 up. If No. 1 starts down on ^^nring.” No. 5 would be 
coming up on compression, as it would fire next. No. 
3 would be 120° behind No. 5 and would fire next. No 
6 being 120° behind No. 3, it woiild fire next, then No. 
2, then No. 4. 

For the second firing order (1,2,4,6, 5,3) start with 
No. 1, then 2, 4, 6, 5, and 3 (Fig. 9). 

Note. The view is from the front of the engine. Althousb 
the pistons are shown out of line, this is necessary in order for 
the reader to understand the relative positions, one to the oths. 
When in cylinders, they are all in line and the connecting rou» 
are out of line. 


Fig. 9 Fig. 10 


Firing Order of a Six-Cylinder “Left”-Hand 
Crank 

In Fig. 10 first firing order is 1,4, 2, 6, 3, 5 (it could 
be 1,3,5,6,4,2). If No. 1 starts down on firing, No. 4 
would fire next, then No. 2, then 6, 3, and 5 m their 
respective order. 

For the second firing order (1, 3, 5, 6, 4, 2), start 
with No. 1, then No. 3, 5, 6, 4 and 2 (Fig. 10). 

Relation of One Piston to the Others for Two 

Firing Orders of a Six-Cylinder Engine 

The chart below shows what action is taking place 
in the cylinders^ when the engine is firing 1,4,2,6,3,6 
(top row and Fig. 10), and when firing 1, 5, 3, 6, 2, 4 
(second row of figures and Fig. 9). 
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THE EIGHT-CYLINDER *‘V”-TYPE ENGINE 


The i^vantaffeof a multiple-cylinder enjsine is prin- 
cipKsJly in the flenbility of control) by which is meant 

r *ck acceleration or quick pick im of theen^e from 
N to fast speed) the absence of gear shifting, and a 
more perfect control. The more cylinders firing or 
'^lapping,” the more flexible the control, or in other 
words, the power impulses are more freciuent. In fact, 
the more cylinders, the more the lapping of one firing 
impulse with another, or the more cylmders are on 
power stroke at the same time. Thus we obtain a 
more even torque, or steady stream of power impul^s. 

There are two types of eight-cylinder engines; 
(1) the ‘"straight-eight”; (2) the ""V-type eight.” 

The straight-eight cylinders are vertical and all in 
a straight line. The Duesenberg and Packard 
straight^ght engines are examples of this type 
(see page 46 for crankshaft arrangement). This 
type of engine will no doubt be used extensively in 
the future. Heretofore tlie disadvantage has been 
in a long crankshaft and extra bearings. 

The V-type engme has cylinders arranged in two 
sets of four opposite to each other, at an angle of 
90® on the Caoillac and 60° on the Lincoln and Wills 
St. Claire. 


Crank shaft: Arranged in this way (^W”-type), the 
eight-cylinder engine is no longer tlmn a four-(^linder 
one of equal bore. As compared with a six, it has about 
30 per cent less length, resulting in a shorter crank 
case—a weight-reduction factor. In ad^tion, its 
crankshaft is of the same form as that of a four, the 
throws being all in one plane; whereas those of a six 
crank shaft are in three plane8,which is a more difficidt 
manufacturing job. Fiuthermore, the shorter shaft is 
less given to periodic vibration. The cam shaft is also 
shorter and less prone to whipping. 

Let us next consider the cylinder and connecting-rod 
arrangement of the eight “V”-type cylinder enghie. 
Where the cylinders are ""opposite,” this means the 
lower end of the connecting rod is ""yoked.” The 
cylinders are in line with the opposite cylinders when 
looking from the side of the engine. 

Where the cylinders are ""staggered,” this means 
that the lower ends of the connecting rods are not to- 
pethOT but are ""side by side” on the same crank-sh^t 
bearing^. This necessitates the cylinders on one side 
being maced a little to the side, or not exactly in line 
with the opposite cylinder when looking from the side 
of engine. This arrangement is termed ""staggered 

The cam shafts on the eight *"y”-engine may be one 
or tWo. The majority use one. The Cadillac uses a 
cam shaft with ei^t cams operating the sixteen valves, 
whereas some of the other eight ""V ”-typ>e engines use 
one cam shaft with sixteen cams (oneforeachvalve). 


Example of an Eight-Cylinder ** V*^-Ty pe Engine 

As an example of an ei^tny Under engine and its 
construction, the (type 51-55) Cadillac make is 
^own in the followmg illustrations. 

Although a later model Cadillac is somewhat differ¬ 
ent in mmor construction details, the illustrations of 
the model given will furnish a good general idea as to 
how a ino(&n eig^t-cylinder engine is construct. 

On the Utter model Cadillac, the en^ne is of the same bore 
and stroke as formerly: 3 yf' bore by SW* stroke; piston dis¬ 
placement 314 cubic inohes. Cylinder hktds are now detach¬ 
able. It is no lon^ necessary to remove the radiator to take 
out the water strainer between the radiator and water pump. 
Other ehangee nko have been made.. 

The front end of the Cadillao eig^t-cylinder ec^e 
isshowninFig. 11. There are two groups of cylix^^ 
each of a blodc casting of four cylinders, mounted at 
9(F to each otiber on an aluminum crank case. The 
q^liodira am 3}^” b<tt^ ThepiiM 



Fig. 11. Front view of an eight-cylinder “V”-type engine. 

displacement is 314 cubic inches; the horse-power 
rating is 31.25. In dynamometer tests the engine 
shows 70 h. p. at 2400 r. p. m. 

The crank shaft is identical in design with that used 
m a four-cylinder engine, and the cam shaft carries the 
same number of cams as in a four-cylinder design. 
This engine weighs approximately 60 pounds less than 
the former four-cylinder Cadillac engine of equal horse¬ 
power. There is but one carburetor used. 

Each of the two cylinder castings contains four L- 
shaped cylinders with detachable heads. 

The exhai^t valves are of the conventional poppet 
sha^. The inlet valve on the early models (as shown 
in Fig. 11), was of the ""tulip” shape. This is not now 
u^. Over each cylinder is a removable cap which 
gives access to the water jacket and to thecoihbustion 
chamber. Between the second and third cylinder in 
each block the breather pipe is brought up through the 
cylinder casting (now on the valve cover platei^. In 
of the fan is the power tire pump for tire infla¬ 
tion (now bolted to ri^t-hand side of tne transmission 
case). 



Fig. 12 Pig. i2A 

V»lve;^rating mechanism of the eight cylinder 
**V”-type engine (Fig. 11). 

A cross-section view of the engine with the cylinder 
mounted in two groups of four cylinders each at an 
angle of 46® from vertical center, or 90®* from cylinder 
oentmissbowninFig. 12. ^ 
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The sii^e cam shaft is located directly above the 
crank shaft, and the means whereby one cam operates 
the two intake valves for the opposite cylinders is 
dhown. 

The valve operating mechanism is shown in Figs. 12 
and 12A. Note how one cam operates two opposite 
valves. The cam bears a^nst the rollers (R) at the 
ends of the small arms winch are pivoted to the plate 
alx)ve, and which are interposed ootween the ends of 
the push rods and the cams, so that the lift will be 
straight upward instead of having a side thrust. 

Adjustment of valve clearance is obtained in the 
osual way by lengthening the tappet (T). The upper 
part of the tapjx^t screws into the lower and the two are 
locked by a nut. The ^xisition of the cylinders makes 
the valves easily accessible. 


GENERATOR DtLCO MOTOR-OeRWrm 



Fig. 13. Note the silent chain of the engine front-end drive 
from crank shaft to cam shaft and generator shaft. In the 
later models of the Cadillac the dintributor is not mounted on 
the generator housing, as shown, but is mounted behind the 
fan Housing. 

Note the single cam shaft shown in Fig. 13. There 
are eight cams which operate the sixteen valves (eight 
inlet and eight exhaust valves). Each cam operates 
two valves through the rollers shown on opposite sides 
(Fig. 12A). The shaft is carried on five bearings. 

On another make of *T’^-type engine, there are two 
cam shafts. This permits the direct opening of valves 
without the rocker anns between cams and tappets, 
and also permits any desired timing. 

The front-end drive system is shown in Fig. 13. 
Note the two silent chains, one driving the cam shaft; 
the other is driven from the cam shaft which drives the 
Delco dectric system. There are two water pumps on 
the cross^haft below the crank shaft, and this shaft in 
turn drives the gear-type oil pump. The tire pump 
was formerly driven by a spur gear, as shown, but is 
now driven from the side of the transmission and is 
driven by a sliding gear. 

Crank shaft: A three-bearing crank shaft is used, 
with the throws at 180®, as in a four-cylinder design. 

Connecting rods are ^^yoked.’’ Two connecting rods 
attach to each crank pin, this being made possible by 
having one connecting rod with a split or forked lower 
end, and the other with a single end to fit between the 
forlm; t^s is called the ‘^oked’’ design. 

Note how the two connecting rods are attached to 
one bearing in Fig. 14. The outer coimecting rod 
fastens to the outer ends of the split bushing with a 
two-bolt cap for each arm of the yoke. The bushing 
te fixed to this rod by pins. 

The other, or inner connecting rod goes between the 
l#o acttiB of the ycte, as shownl^ the dotted outliz^ 



Fig. 14 


This inner rod is free to move on the bushing. There¬ 
fore, the nearing for the yoke-end rod is the inner sur¬ 
face of the bushuig against the shaft, while that of the 
inner rod is the outer surface of the oushing. 



Lubrication: The oil pump draws the oil up from the 
reseiwcir and forces it through the pipe running along 
the inside of the crank case (Fig. 15L Leads run from 
thi.s pipe to the crank-shaft main oearing and thence 
through drilled holes in the shaft and webs to the rod 
bearings. It also is forced from the reservoir pipe up to 
the pressure valve, which maintains a uniform pressure 
above certain sp^ds, and then overflows from thus 
valve to a pipe extending parallel with and above the 
cam shaft. Leads from this latier pipe carry tlie oil by 
gravity to the cam-shaft bearings and chains. Pistons, 
cylinders, etc., are lubricated by the overflow thrown 
from tho rods. 



Fig. 16. Diagram showing the ^neral arrangement of the 
fuel, water, and exhaust systems of the Cadillac chassis. There 
are two exliausts and two mufflers, one for each set of cylinders; 
while the gasoline is fed by pressure to the carburetor, which 
is between the two cylinder blocks. The air-pressure pump 
for forcing the fuel is at the front of the engine. There are 
two water pumps and two sets of water connections to the 
radiator. Carburetion and thermostat cooling are explained 
in the section on ‘‘Carburetion and Cooling.” 

Firing Order on an Eight-Cylinder “V”-Type 
Engine 

The firing order of an eight-cylinder “V'*-type 
engine is shown in Fig. 17. 

On a -type engine (Fig. 17) the right and left 
block of cylinders is the rij^t and left sides observed 
when seated in the car. Therefore cylinder IL would 
mean No. 1 cylinder of the left block, beginning with 
the front of the engine; No. 4 cylinder would be the 
rear cylinder. 

The figum 1 to 8 at the side of each block represent 
the order ia which the cylinders fire and do not refer 
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Fig. 17 


to (^lindernuzdberB. Tliexofora note that No. ILfivet 
first, then 2 R 9 31^ 4L, 3R, 21^ ^ 

Relative positioii of {tistons: By observing piston 
No. 1 (Fig. 17), which is now ready to start down on 
its power stroke, or just commencing its working stroke, 
just what is taking plaoein ail other (flinders can be 
seen by referring to the following: 

IL: Just starting down on power stroke. 

2R: Going up on compression; it will fire nest. 

3L: Just startixtf up on compression; it will fira after Na 2 
cylinder 2 R. 

IR: Going down on auction. 

4L: Just starting down on suction. 

8E: Going up on exhaust. 

2L: Just starting up on exhaust. 

4R: Going down on power. 

It will be observed that No.l L and 4R will both be 
on power stroke; No. 2 R and 3L on ccnnpression; No. 
IR and 4L on suction; No. 3R and 2L on exhaust, for 
a certain period of time, which is termed ‘^lapping'' of 
strokes. 


THE TWELVE-CYLINDER “V*’-TYPE OR “TWIN SIX” ENGINE 


The twelve-cylinder engine is referred to in this 
instruction as either a “twelve-cylinder^' or a “twin 
six." Manufacturers use both terms. Literally^ a 
twelve-cylinder engine would mean a type of engme 
hav^ twelve cylinders placed in line on a crank shaft 
having twelve throws. 


The “twin six” or twelve-cylinder engine term, 
to be exact, consists of two sets of six cylinders placed 
at an ap^e of 60® over a regular six-cylinder crank 
shaft witn six ^‘throws" of the crank. 


Note. The Liberty engine cylinders are at an angle of 46^. 


Therefore, if the reader thoroughly imderstands the 
six-cylinder engine, it will not be a difficult matter to 
understand the twelve-cylinder ‘ Y"-type. 

Before proceeding with the explanation of the “twin 
six,” refer to the illustrations (Figs. 18, 19, and 20), 
and note the different angles in which cy^ders are 
placed. Note, toa the evolution of raising the 
(flinders from 180*^ to 60®. 



Fig. 18 Fig. 19 Fig. 20 


Fig. 18 represents the two-cylinder opposed type of engine 
with cylinders 180® apart. Firing impuiM every 360® of crank¬ 
shaft movement. 

Fig. 19 represents the eight-cylinder engine with cylinden 
placed 90* apart. Firing impulse every 90® of crank move¬ 
ment. 

Fig. 20 represents the twelve-cylinder emdne with cylinders 
plaoM 60® apart, firing impulse every 60® of crank move¬ 
ment. 


CoQStnictiofi: As previously stated, by placing six 
more c^lindereon a six-t^Under crank case azkl placing 
them *W”-type| at an angle of 60®, the same omok 
shaft and innctioally the same crankcase can be util- 
ised without matenally increasing the size or weii^t 
(ff the engine, the adcution being merety another set 
of (flinders and connecting rods. 

Hie ^'twin six” offers more evenly divided 
kmSKdtm than the eij^t. Two ^linden are working 


together at all times, and part of the time three are 
working together. 

Gn the eight-cylinder “V”-type, cylinders are s^ at 
an angle of 90®. or one-half the distance of firing of 
the four cylinders. In other words a four-cylinder 
fires every 180®, and by setting cylinders at 90® we get 
an impulse every 90®. 

A six-cylinder en^e fires every 120®. Therefore on 
a twelve-cylinder “V”-engine, we would place cvlinders 
at an ande of one-half of 120 ®, which woula be 60® 
instead of 90®, and thus get a mring impulse at every 
60® movement of the crank shaft. 

Firing order: The crank shaft of a “twin six” is a 
regular six-cylinder crank shaft. The crank may be 
a right-hand crank or a left-hand, as explained. The 
firing order of a “twin six” would then be the same as a 
“six/' that is, if we consider each block of cylinders on 
a twin six as a separate six-cylinder engine. 



Fig. 21. If we consider each side as a separate siz-cvl_ 

engi^ the firing order would be 1, 4, 2, 6, 3, 6 on each iMe. 
Note the crank sh^: the throws 1 and 6, 2 and 5, 3 and 4 are 
in fine. This would be a left-hand crank shaft. 


Taking each side sqMurately as if a sttpeiate idx- 
cylindeir eogLoe with the firing order 1,4,2, o, 3,6, note 
that the ri^tblock (FUt. 21), starting frmm 
fixe, IR, 4K. 2Hy 6R, ^ oR. Now start gt the rear 
of the left block, 61^ 3L, oL, IL^ 4ti, 2L. H the cyliGh 
ders were nximbeiM fixmx the rear, on the^lelt blocL 
14 3L^ etc., Ite 4«d0r would be 
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6L, 3L, 5L, ihe same as the right block, but from 
rear to frout. 

Oombiituig the two six-cylinder engines, the firing 
order of the ^twin-six” engine would be as shown in 
Fig. 21. 

The figures outside of the circles indicate the order in which 
the cylinders firs on the Packard twin six. IR fires first, then 
6L, then 4R, 8L, 2R, 6L, 6R, IL, 3R 4L, 6R, 2L. 


CUMAwrr 

iio*ON 



rooriT Of twoihc 

Fig. 22 


The relative position of the pistons and w^t is taking 
place in each cylinder when cylinder IR is just starting 
its power stroke is shown in Kg. 22. 

The crank pins are 120° apart, whereas the firing 
impulses are &° apart. 

The order in which the cylinders fire is designated 
by the numbers outside of the cylinders, in heavy type. 

Note the position of the pistons when No. IR is just 
ready to go down on power. 

Laps of TOwer strokes: Remembering that the 
exhaust valves open 46° before bottom dead center, 
which is the same as saying that they open 134*^ 
after top dead center, let us see how the cylinders 
work together. 

In Fig. 23, cylinder IR has just fired, therefore it 
is delivering power. Cylinder 6L has completed 
120* of its compression stroke. Cylinder 4R has 
completed only 60° of its compression stroke. 



I^et us now examine the engine after the crank 
shaft has revolved 60° to the position shown in Fig. 
24. Cylinder IR has completed 60° of its ^wer 
stroke and is still delivering power. Cylinder 6L 
has fully completed its compression stroke and now 
fires; thus both cylinders IR and 6L are delivering 
power. Cylinder 411 has now completed 120° of its 
compression stroke. 

IM us now examine the engine after the crank 
shaft has revolved another 60* to the position shown 
in Fig. 25. Cylinder IR has completed 120* of its 
power stroke and is still delivering power. Cylinder 


6L has completed 60* of its power stroke and is still 
delivering power. Cylinder 4R has now completed 
its compression stroke; it fires and th^efore it is 
also delivering power. Therefore, at this point all 
three cylinders are delivering power. 



Let us now examine the engine after the crank 
shaft has revolved another 14° to the position shown 
in Fig. 26. Cylinder IR has now completed 134° 
of its power stroke and, at this time, the exhaust 
valve opens so that it has just stopped delivering 
power. Cyhnder 6L has completed 74° of its power 
stroke and is still delivering power. Cylinder 4R 
has completed 14° of its power stroke and is still 
delivering power. Thus we see that during 14° of 
crank-shaft rotation (the time involved while going 
from the position shown in Fig. 25 to the position 
in Fig. 26), we had all three cylinders delivering 
power, but at the instant shown in Fig. 26, only two 
cylinders are delivering power. 

These two cylinders will carry the load alone until 
the crank shaft has revolved another 46°, after 
which, cylinder 3L will start to fire, while cylinders 
6L and 4R are still delivering power. Thus it is 
seen that the revolution of the crank shaft is made 
up of alternate intervals of 14° during which three 
cylinders are deUvering power, and of intervals of 
46° during which two cylinders are delivering power. 

The cylinders on the Packard are staggered (see 
Fig. 21). Note that the left cylinders set ah^d of the 
ri^t. This is in order that the connecting rods may 
be placed ^^side by side^^ on the crank pin instead of 
being ^^oked.” 


The cam shaft: One cam shaft with a separate cam 
for each valve is used. 
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Name of Parte 

1 Valve-cover stud-nut 

assembly. 

2 Valve—exhaust. 

3 Valve-stem guide. 

4 Valve spring. 

5 Valve-spring collar. 

6 Valve-spring collar key. 

7 Valve roller-holder 

screw. 

8 Valve roller-holder 

screw check nut. 

9 Valve roller-holder 

screw plate. 

10 Piston pin. 

11 Connecting rod. 

12 Valve roller-holder 

guide yoke. 

1.3 Valve roller-holder 
guide. 

14 Valve roller-holder 

and roller asaembly. 

15 Crank case upper to 

lower stud nut 

16 Crank-case overfltjw 

valve stud nut. 

17 Crank-ease overflow 

valve spriug. 

18 Crank-shaft oil thrower. 

19 Fan driving pulley key. 

20 Cam-shaft spiral gear, 

front. 

21 Cam-shaft sprocket 

22 Distributor drivinj? 

shaft nut. 

23 Distributor driving 

shaft gear. 

24 Distributor driving 

shaft. 

25 Cam-shaft driving 

chain. 

26 Cam-shaft driving 

chain oil tube as¬ 
sembly. 

27 Gasoline power-pressure 

pump eccentric lock. 

28 Gasoline power-pressure 

pump eccentric. 

29 Motor-generator 

sprocket eccentric. 

,30 Motor-generator 

sprocket coupling, 
female. 

31 Cam-shaft driving 

chain oil tube flange 
nut. 

32 Distributor driving 

shaft bushing, upper. 

33 Cylinder water-jacket 

plate. 

34 Cylinder water-jaeket 

plate screw. 


Fig. 28. Front sectional view of Packard twin-six engine 
model “3-25” and ”3-35.” Four-cycle type with two blocks 
of “L”-head cylinders bolted to the crank cose at an inclined 
angle of 60®. The cylinder bore is 3" and the stroke 5". The 
left block is set 1 ahead of the right block to permit the 
lower end counccUng rod bearings from opposite cylinders 
being placed side by side on the same crank pin. This 
arrangement also permits the use of a single cam shaft with a 
separate cam for each valve oi>6rating cUrectly on the valve 
push-rod roller. 

Compression in all cylinders should be equal and up to the 
standard. Weakness or loss of compression is most probably 
due to imperfectly seated valves, which may be caused by 
insufficient clearance between the valve stems and lift rods, 
carbon d^osits on the valve or sticky valve stems and 

guides. Compression should be tested for uniformity in all 
cylinders at regular intervals. 

To test the comwession in a cylinder, remove the sperk plug 
and replace it with a standard compression gauge. Then with 
the ignition switch off and pet cocks in all tenders closed, 
crank the motor, using the eieotrio starter. At cranking speed 
with the engine cold, the gauge should register 75 pounds plus 
or minus 3 pounds with the throttle wide open. 


Fig. 28 

A change in the setting of the cam shaft is possible only by 
removal or disarrangement of the front end chain. Adjust¬ 
ments to the chain do not affect the valve timing. 

In resetting the cam shaft, the arrows on both the crank¬ 
shaft and cam-shaft gears should point directly upward and 
should bo in line with the arrow on the front end cover face of 
the engine. In this position, the inscription on the fly wheel, 
"exhaiist closes 1 and 6-R,” will bo on the top dead center line 
of the engine, which is the center between the two cylinder 
blocks, and No. 1 right piston will bo in the firing position. 

The main and connecting rod bearings are of the babbitt¬ 
faced bronse type. The bearings are set with a .0015^' to .002" 
clearance and are consequently flooded with a film of oil between 
the shaft and the bearing surface, making adjustment for wear 
necessary only at long intervals. 

To grind the valves disconnect the carburetor inlet manifold 
and spark plug connections and remove the cylinder heads. 

Valve clearance: Inlet and exhaust valves should have .004" 
clearance between valve stem and roller-holder set screw when 
the engine is cold. Be sure that the valve is fully seated when 
measuring clearance. 

The vibration damper on the front end of the crank shaft 
should be adjusted to dip under a pull of approximately 140 lbs. 
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COMPARISON OF THE LAPS OF FIRING OR POWER STROKES OF A 4, 6, 8, AND 

12-CYLINDER ENGINE 


The eight and twelve-cylinder engines are “V’-type. 
The diagrams shown below as an example are based on 
the exhaust valve opening 46® before bottom. The 
point of the exhaust valve opening varies. However, 
the comparison would be the same. 

Four-Cylinder Lap of Power Strokes 

On a four-cylinder engine a power impulse occurs 
every 180®, or half-revolution, or four impulses during 
two revolutions of the crank shaft. There are four 
periods of 46® travel, or 184® in all, during the four 
strokes, in which there is no power impulse. 



Fig. 1. 4-cylinder power-stroke periods. 


Note in Fig. 1 that if piston No. 1 is firing, it does not 
travel its full stroke with a crank movement of 180° on 
|:)ower, because the exhaust valve starts to open, say 
46®, before it reaches the bottom of its stroke, therefore 
it really travels but 134® on its power stroke. Conse¬ 
quently, before the next piston fires there is a gap of 46°. 

Therefore, in a four-cylinder engine there are four 
j)eriod8 of llU° when one cylinder is firing or working 
under a power impulse, and four periods of 46® when 
no eylincler is firing or working. The fly wheel must 
then take the pistons over cent(ir during tne “no’' work¬ 
ing strokes. 

Six-Cylinder Lap of Power Strokes 

On the six-cylinder engine there is a power impulse 
every 120®, or one-third revolution of the cniiik shaft, 
or six power impulses during the two revolutions. 


Each piston is working on all of its stroke of 180°, 
except 46°, leaving 134° actually working. 



Fig. 2. 6-cylinder lap of power strokes. 


The second cylinder to fire starts to w'ork 120® after 
the tot starts to work (Fig. 2), and w’orks 14® before 
the exhaust opens or the impulse ends on the first 
cylinder. Consequently there is no idle space between 
the firing of the cylinaers, but quite the reverse, for 
there is a 'lapping^’ of power strokes. 

Thus, there are, during the two revolutions of the 
crank shaft,six periods of 106® travel when one cylinder 
is working alone, and six periods of 14® travel when two 
cylinders are wodking toother. 


Therefore, 7/60ths of the time two cylinders are 
working together and 53/60ths of the time one cylinder 
is workmg alone. 

The Eight “V”-CyUnder Lap of Power Strokes 

The eight-cylinder “V”-type engine with cylinders 
90® apart would act very much the same as a four- 
cylinder engine, if we consider each block separately. 

There are eight power impulses or explosions diu*ing 
each cycle of two revolutions of the crank shaft. In 
other words, the four strokes of two revolutions are 
just the same as in a four, but there are eight power 
impulses or explosions during these two revolutions. 
There is a power impulse every quarter turn (90® move¬ 
ment) of the crank shaft, and thus there is no intermis¬ 
sion between them, but rather an “overlapping” so 
(iomplete that the turning effort is practically constant. 

When one cylinder (Fig. 3) is firing, it would travel 
134® on the power stroke, at wliich time the exhaust 
valve Olsens (46° before bottom, as an example). 



The second cylinder starts to fire 90° after the first, 
and moves for 131° before its exhaast valve starts to 

Therefore there are, during the four strokes, or two 
revolutions of the crank shaft, eight periods of 44° 
travel when two jiistons are working together, and eight 
pcruxls of 46° travel when one piston is working alone. 
Therefore 22-45ths of the time two cylinders are w^ork- 
ing together and 23-45ths of the time one cylinder hi 
working alone. 

Twelve-Cylinder Lap of Power Strokes 

With the twelve-cylinder “V”-type engine with 
cylinders 60° apart, there are twelve power impulses 
diuring two revolutions of the crank shaft. There is a 
pow’cr impulse every 60® movement of the crank shaft. 

When one cylinder is firing, it travels the same as 
those previously described, namely, 134° before the 
exhaust valve opens; it then continues for 46® more, 
till it reaches the end of its exhaust stroke. 



46*2 eyfindera work together. 


Fig. 4. l2-oylinder lap of power strokes (only part is shown). 
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When the first cylinder fires (Fig. 4), and the piston 
has traveled only the second cylinder fires and joins 
No. 1; th^ then work together for a period of another 
60®, when the third cylinder fires and joins No. 1 and 2. 
Now No. 1 has still 14® to travel before its exhaust valve 
opens; consequentlv the three work together until that 
occurs. 

At the 134® point No. 1 cuts out and Nos. 2 and 3 
work together for a period of 46® when No. 4 fires and 
joins them, and so it continues throughout the cycle. 


Thus with every 60® movement of the crank shaft there 
is a period of 14®, during which three cylinders work 
together; or, in one complete revolution of the crank, 
or 360° movement, there will be six periods of 14® when 
three cylinders work together, and six periods of 46® 
alternating with these, when two cylinders work 
together. Therefore there are, during two revolu¬ 
tions of the crank shaft, twelve periods of 14® travel 
when three cylinders are working together and twelve 
periods of 46* travel when two cylinders are working 
together. 


TIIE SLEEVE-VALVE ENGINE (STEARNS-KNIGIIT AS AN EXAMPLE) 


The sleeve-valve engine differs from any other four¬ 
cycle engine only in its method of admitting and ex- 
liausting the gas.^ 

The sleeve valves: Instead of raising and lowering 
the poppet valves, to admit and expel the gas, there are 
two skeves with ports or slots in them. At certain 
times, these ports on the same side of the ^finder 
come in line, as shown in Figs. 1 and lA and Figs. A 
to F. These sleeves take the place of valves. 



The openings occur at the proper time, in a similar 
manner to the opening and closing of any other valves. 
That is to say, the exhaust opens once during the four 
strokes and the inlet opens once during the four strokes 
of the piston. The sleeves of course sliding up and 
down cause this opening and closing. 

The sliding shells or sleeves of each cylinder have a 
relatively short stroke, about 1 inch, and are driven 
by two short connecting rods or side-arms working off 
a lay crank shaft, or eccentric shaft, the cranks having 
a very small throw. 

Eccentric shaft: The sleeves are caused to slide up 
and down by an eccentric shaft ^S), which takes the 
place of a cam shaft, and which nas eccentrics raising 
and lowering small connecting rods (OS and IS, Fi^. 
1 and A to F). This eccentric shaft is driven by a ch^ 
(roax a sprocket on the crank shaft of the engine. It 


is driven at the same speed as any other cam sliaft, i.e., 
one-half the speed of the engine crank. 

The eccentric pin operating the inner sl^ve is given 
a certain lead or advance over that operating the outer 
sleeve. This lead, together with the rotation of the 
eccentric shaft at naif the crank-shaft speed, produces 
the valve action illustrated in Figs. A to F, which shows 
the relative position of the piston, sleeves, and cylinder 
ports at various points in the rotation ot crank shaft. 

Valve timing: The timing shown in Figs. A to F is not 
different from that ordinarily used in poppet-valve 
engines, but the valve area is greater than that of an 
ordinary poppet valve. The enuivalent of increased 
valve area is gained also by the directness of the valve 
opening and Sie absence of restrictions in gas passages. 

Compression or junk ring: The sliding sleeves end 
right up in the deep conenshaped combustion head, 
wmch is a detachable unit. Tins head is of a special 
design, inasmuch as it is provided with a set of piston 
rings, three narrow and one double, the latter being 
specially wide and termed the compression or junk 
nng. These rings prevent any escape of pressure in 
an upward direction. 

Piston i^s: The usual set of three rings on the 
working piston maintain pressure tightness in lower 
direction. 

The main principle of this engine (made under 
Knight’s patent) is the substitution of sliding valves 
for the usual poppet or tappet valves. The sliding 
valves consist of two concentric shells of cast iron 
accurately turned, working in between the driving 
piston and the cylinder walls. These shells have 
two series of large area ports or slots cut in the upper 
ends, which register together at the required instant 
in the respective strokes of the piston. One pair 
of slots forms the inlets and the other pair the 
exhausts. 

Setting igmtion: Set cylinder No. 1 piston on top 
of compression. Retard contact-breaker box on 
Bosch magneto. Set points on interrupter just 
breaking. There is a mark on the flywheel wmch. 
when lined up with the mark on the cylinder, will 
show when 1 and 6 or 1 and 4 are up. Firing order 
on the six is 1, 6, 3, 6, 2, 4 and 1, 3, 4, 2 on the 
four. 


1 The sleeve valve engine snown and explained on this page 
has double-sleeve valves. Another sleeve valve engine (not 
shown) is the sinifle-sleeve valve engine, known as the Argyll, 
or Burt-MoCoUum engine, the rights of which have been ac¬ 
quired by the Continental Motors Corpn., Detroit, Mich. A 
Mngle-sleeve valve, oylindrical in form, nts in the cylinder bore 
between the piston and cylinder wall. This sleeve has a number 
of specially snaped porta at the top and a single imi versal driving 
connection at the bottom. The sleeve is actuated by a cross¬ 
shaft consisting of a disk with an eccentric pin on the e^ engage 
ing in the universal joint at the bottom of the sleeve. There are 
four ports in the cylinder; two inlet and two exhaust, but there 
are three ports in the sleeve. During the inlet stroke the 
middle port of the sleeve uncovers one of the two inlet ports 
and on the last str<Ae of the oyde it unooveip one of the two 
exhaust ports. ^ 
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Fig. lA. Side view showing a partly sectional view and front-end drive system of the Stearns-Knight sleeve-valve engine. 



The eeeentrie shaft sprocket (BS, Fig. A) is twice the size of 
crankHihaft sprocket. It therefore revolves at one-half the 
speed of the crank shaft, the same as any cam shaft. (OS) 
means outer sleeve and (IS) inner sleeve eccentrio rod. 

The motioii of the eccentrio rods (OS) and (IS) is controUed 
by an eocentiio on a shaft driven by sprockets. 

Firing order, 1, 6, 8, 6, 2, 4. View is from front of engine. 

The **porta’* are the openings in the sleeves and cylinders. 

In Fig. A, the exhaust starts to open at 60^ before bottom. 
Toward the end of the power stroke, as in any four-cycle 
engine, ^e exhaust port is uncovered by a downward motion 


of both sleeves, the inner moving at a higher speed than the 
outer. Instead of a valvo opening, the apening occurs in the 
sleeve. 

In Fig. B, the exhaust is fully open. At the starting of the 
exhaust opening the outer sleeve port is approximately in 
register with the cylinder exhaust port, the full opening being 
obtained chiefly through the more rapid motion of the inner 
sleeve, its port “catching up” with the port in the outer sleeve. 



In Fig. D, the inlet opens 4** after top. At the closing of the 
exhaust, the sleeves are moving in opposite directions, the 
inner one up and the outer one down (see eccentrics OS and IS). 
The inlet ports in the sleeve then overlap, the opening being in 
line with cylinder wall. The inlet ports in the sleeves are 
moving in opposite directions. 
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INLET 
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OPEN. 
FRESH 
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Fig. E 


In Fig. E, the inlet is full open. The continued hut slow 
downward movement of the outer sleeve, together with the 
increasingly rapid upward motion of the inner, causes the two 
sleeve ports to coincide with each other. 

In Fig. F, the inlet closes 40® after bottom center. Prom 
the point of full inlet opening, both sleeves travel upward, the 
inner at a higher rate than the outer. This action is continued 
until cut-off is secured and the port closed by the lower edge of 
the inner sleeve port over-running the lower edge of the “junk” 
ring carried by the head casting of the cylinder. 

As the inlet closes, the next stroke up would be the compres¬ 
sion stroke, and when on top, the explosion would occur and 
the piston would go to the position shown in (A). 


Valve timing of the Siearns-Knight early model four-cylinder 
engine is shown in Fig. G. Valve timing of the Stearns-Knight 
six cylinder (early mcrael); the same except inlet opens 4 degrees 
instead of 8 degrees, and exhaust closes on top dead center 
instead of 4 degrees after. 

This valve-timing diagram can more clearly be understood 
after reading under the subject of valve-timing, as on page Gl>, 
which gives an explanation of how a flywheel is usually 
marked. See “note” at bottom of page 63 for meaning of “top 
dead center,” “bottom dead center,” etc. 
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Fig. G. Knight 4-cylindcr valve timing. The flywlieel 
l)clow is as if viewed from the rear. The diameter is 17". 


THE ROTARY-VALVE ENGINE 


This type of engine is the same as any other four¬ 
cycle principle of gasoline engine, except instead of the 
“poppet type” of valves the “rotary type” is used to 
admit gas to the cylinder and to permit oumt gases to 
pass out. The Speedwell was one imiko of car which 
used the double-rotary valve. 


ObuSLE R0T4RY VALVE 



ONE OFTHC TWO ROTARY VALVB 
fVOOa OF POUB16 kOTAny 


The rotary valve is nothing rnore than a long cylindri¬ 
cal piece of metal with holes in the shape of slots cut 
as at fS) and (D) above. Instead of valves popping 
up ana down, this rod is placed alongside of the cylin¬ 
der and is operated by a chain or ^r from the crank 
shaft. As it turns, the openings m the rods (rotary 
valve) perform the same function as the poppet valves. 

There are two typ^ of rotary-valve engines, the 
double valve and the single valve. 


The double rotary valve can be compared with the 
poppet-type valve en^e using the “T-head type of 
' ider, which has the intake valves on one side 


cyh 

the exhaust on the other. On the double rotary valve 
we have an '^intake rotary valve” on one side and the 
“exhaust rotary valve” on the other side (Figs. 1,2, 3. 
and 4). On a four-cylinder engine, each vsdve would 
have lour slots. 


The single rotaxy valve can be compared with the 
poppet-valve type of engine using valve8-in-the4iead. 
operated by one overhead cam shaft. Instead oi 
poi^t valves and cam shaft, however, there is one 


long rotary valve, with t»i)enings as shown in Figs. 5, 
G, 7, and 8. Note the position of these oijenings during 
the periods of inUike, compression, firing, and exhaust. 



INDUCTION COMPEE3S10N EXFLOtllOTM tXHAUST 

JUJT STAnUNfi ''V4T cto j.oiQ 


Fig. 1 shows suction or induction stroke just starting. As 
the piston,starts down, the opening in the intake valve (valve 
is rotating to the right) will be in line with the opening In the 
combustion chamber; therefore gas will bo admitted. 

Fig. 2. Compression stroke: The piston has reached and 
passed the bottom of the intake stroke and is starting up on 
compression stroke, therefore the intake valve is just starting 
to Close. Note that the exhaust valve is closed in Figs. 1, 2, 
and 3. 

Fig. 3. Power or explosion stroke: Openings in both valves 
are closed; piston will move down. 

Fig. 4. Exhaust stroke: The piston is now starting up on 
exhaust, therefore the opening in the exhaust valve is open to 
the cylinder, and burned gases will pass out. Intake valve is 
closed. 




Fig. $ 
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Tins ROTARY-CYLINDER ENGINE 


Fig. 9 shows the Gnome aviation seven-cylinder 
engine which is treated fully in other sections of this 
book. 

In the ordinary motor-car engine the cylinders are 
bolted to a crank case and the crank shaft is made to 
turn around by the force of the explosions in the 
cylinders. 

In the rotaiy-cylindcr engine the crank shaft is held 
stationary anci the cylinders are mounted on a cylindri¬ 
cal crank case wliich can revolve. Connecting rods are 
fastened to crank-shaft pins (Fig. 10). 

The revolving cylinder or “rotair-cylinder” type 

is a French invention. This style of engine was used 
extensively during the war in small, high-speed, 
single-seated machines; another is the La Rhone. 

Principle of operation: When an explosion occurs 
in one of the cylinders the energy can do nothing else 
but force the piston down. This action turns the 
rodholder on the crank shaft, which causes the rods, 
pistons, and hence the cylinder to revolve as a unit. 
The crank shaft (Fig. 11) remains stationary, and, 
due to this fact, the pistons will assume different 
positions in the cylinders owing to the location of 
the rods on the crank i)in. For instance, in the 
movement of the cylinder A from X to Y, the piston 
in the cylinder will travel downward, as shown in 
the illustration, until it reaches bottom of its stroke. 
This type of engine is not adapted for automobile 
work. 



Fig. 10 (upper, left); Fig. 9 (upper, right); Fig. 11 (beluw). 

Fuel system. Gasoline is fed to the crank case through the 
hollow crank shaft to a spray nozzle in the crank case. The 
gasoline in the tank is under 6 lbs. pressure per sq. in. by air 
pump. When the cylinders are within 20® of the end of the inlet 
half-revolution, a scries of small inlet ports around the circum¬ 
ference of the cylinder wall is uncovered by the top edge of the 
piston whereby the combustion chamber is placed in com¬ 
munication WTth the crank chamber. The crank chamber is at 
atmospheric pressure, and the combustion chamber is below 
atmospheric; the result is, a suction is created which draws gas 
from the crank chamber to the combustion chamber. The air 
for mi.\ture is provided by admission through tlie exhaust valve 
during the first part of the inlet stroke. Originally an inlet 
valve was located in the center of the piston head—this is not 
Dow used. 


THE WEIDI.EY ENGINE WITH OVERHEAD CAM SHAFl' AND VALVES 


Valves: In this type of engine the cam shaft is placed 
overhead as in Fig, 1, with tlio cams integral. There 
are two overhead valves for each cylinder (see Figs. 
3 and 4); therefore there are twelve cams, one for 
each viilvc. Engine in thi.s example is a si.x- 
cylinder. 



The cam shaft is operated by a gear (Gl) on the 
crank shaft, which operates a gear (G2, Fig. 2), which 
is called the lower timing gear; this gear is placed at 
the lower end of a vertical shaft (VS) with an upper 
timing gear (G3), which operates the cam-shaft g^r 
(G4). By referring to Fig. 2, it will be seen how the 
cam (C) operates the tappet arm (F). which in turn 
opens tne valve against the tension ot the spring (S). 
While the construction varies, the principle, it will be 
noticed, is just the same as in any other engine. The 
cam shaft turns one revolution to two of the crank 
shaft. 


The cam shaft mounted on the cylinder head has 
four bearings and these are 1 3/16" in diameter. 
The end bearings are by IJi" long, and the 
niiddle ones, which are on either side or the driv¬ 
ing gear, are by long. A hole irr 

diameter is drilled through the cam shaft for its 
entire length, and carries oil to the cams and 
bearings. 

The cylinder head is detachable from the cylinder, 
and the cylinders arc all in one block; therefore to 
grind the valves or to get to the valves, the cover 
is removed, and then the C 3 dindcr head. Fig. 4 
shows the cylinder head removed and P’ig. 3 shows 
the cylinder head turned up side down, exposing 
to view the valves seated in the. cylindcr-licad 
Ciisting. 

To grind valves: First, remove head. If a singles 
valve IS to be ground the valve spring may be com- 
l)ressed and the pin holding the spring removed, 
when the valve can be dropped out and the seat 
ground, or the cam shaft may be removed, which is 
easily done. The springs and pins are removed 
and the cylinder head is turned over on a bench, 
as in Fig. 3, and the valves are ground as in any 
other engine. See Index for method of valve 
grinding. 

To set the valves: The inlet opens 10® past top 
and the flywheel is marked “10.” The exhaust 
closes at 10° after top. Therefore, set the cam shaft 
with piston No. 1, 10° past top center; the cam is 
just leaving the exhaust valve (see C, which would 
be a little farther in the direction of rotation, as it 
now has the valve open). The gears are then 
meshed at this y>oint. The timing of both inlet and 
exhaust is done by one cam shaft, the same as on an 
“L"-type cylinder. 




92 


DYKE^S INSTEUCTION No. 11 


FRANKLIN ABR-COOLED ENGINE 


Engine: Six cylinder, 3J4x4 inches. Piston dis¬ 
placement 199 cubic inches. H. P. in accordance 
with the S. A. £. is 25.3, at maximum 31. About 
1,700 r. p. m. is maximum speed. The gear ratio of 
the car on high gear is 3.9 to 1, the wheel being 
32 inches, whicn means 1,950 revolutions of the engine 
per mile. Wei^t of car under 2,300 lbs. Maximum 
speed of oar 50 m. p. h. or over. 



Fig. 5. Side view of Franklin air-cooled engine. 


Overhead valve mechanism with one cam shaft on 
the side is used. Atwater-Kent ignition. Carburetor 
of Franklin design. 

Pistons: As the normal working temperature in the 
Franklin engine is distinctly high, the makers were 
not very ready to believe in the aluminum piston, but 
they have now adopted it as a stock practice and con¬ 
sider that the better mean effective pressure of the new 
engine is largely due to the mproved piston cooling 
obtained. At first there was a little trouble from wear 
on the skirt; it was diflBcult to get a close enough fit 
to insure absence of slap w^ithout abrasion. The 
trouble was overcome completely by turning a shal¬ 
low, square groove of screw-thread form from the 
bottom of the skirt to just beneath the lower Ting. 
This holds oil securely and allows a smaller clearance 
than is possible with a plain piston. Piston clearance 
is .005'. Three piston rinra 3/16" wide with .015 to 
.020" clearance between ends are fitted to each piston. 



Fig. 6. End Beotional view of Franklin engine. 

There is an interesting lubrication system em¬ 
ployed, individual oil supply being sent to every 
point. The oil pump, which is a conventional gear 
pattern, is mounted on a large plate, and the delivery 
from the pump is distributed to a number of oil 
leads by means of passages in the plate. Actually 
the plate is die-cast aluminum with distributing 
grooves, and these grooves are made into closed 
passages by putting a piece of thin sheet copper 
over the face. This gives direct-pressure feed to 
all bearings on the crank shaft and to various other 
points. 

Valve Clearance 

Valve clearance is .010" when cold and adjust¬ 
ment is made between the end of the rocker arm 
and the adjusting screw. See Index for *'Franklin 
cooling system and wiring diagram." 
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See the instruction on ^‘Commercial Cars** for 
valve timing of the Continental engine. 

See Index “Questions and answers on Continental 
engines.** 

Lubrication of Continental ^^Model 7R** 
Red Seal Engine 

Gear type of oil pump attached as a separate unit 
outside of the engine, near the front end of the crank 
case. Driven by spiral gears. Maintains a pres¬ 
sure of 6 to 30 lbs., depending upon car sj^ed, 
temperature of oil, and general operating conditions. 

Oil pressure is adjusted in the same manner as 
explained of the Continental “L4** engine in the 
Commercial car instmctions, except that the amount 
of pressure should ran^ from 10 to 15 lbs. at a car 
speed of 15 m.p.h. Oil is forced from the pump to 
the main oil line and distributed through ducts to 
the four main bearings. The crank shaft is drilled 
to conduct oil to the six connecting-rod lower end 
bearings. Through a secondary line connecting 
with the main reservoir, oil is fed to the timing gears 
and to the pressure-adjusting valve in the gear case. 
An oil spray lubricates the piston-pin bearings 
cylinder walls, and four cam-shaft bearings, as well 
as the valve-spring chamber, valve stems, valve- 
spring bearings, and push-rod bearings. 

Details of the Continental Model “N** 

Red Seal Engine 

Model “N** engine is an engine with four cylinders, 
bore, 5“ stroke. It is designed for trucks 
ranging from H to ton carrying capacity. 
When fitted witn a governor, the recommended 
governing speed is 1,300 r.p.m. Pistons and con¬ 
necting rods can be removed from below. At 1,000 
r.p.m., 23 h.p., at 2,000 r.p.m., 34 h.p., weight 410 
lbs., with flywheel. Carburetor 1^*'. Cooling: 
tliermo-syphon. Three or four-point suspension. 

Lubrication would be termed force-feed and 
splash system. The forced-feed system supplies 


oil to the crank-shaft main bearings and the timing 
gears. The splash system serves to lubricate the 
Ulterior of the engine, such as the pistons, cam shaft, 
push rods, and connecting-rod bearings. The oil 
ump is a horizontal plunger-type pump operated 
y an eccentric from the cam shaft. The oil pres¬ 
sure is automatically controlled. 

To grind the vadves, see Index under “Valve 
grinding.” 

To take up connecting-rod bearings, remove the 
lower half of the crank case. Shims are used and 
it is very necessary to remove one or two^—being 
careful to remove equal number on each side and 
not to have a bearing too tight. 

If the bearings are too far gone to take up by 
removing shims, it is then necessary to fit new bush¬ 
ings (see repair subject). 

The pistons and connecting rods can be taken out 
past the crank shaft. 

Renewing piston rings is accomplished by lapping 
new rings to the cylinder (see Index under “Fitting 
piston rings**). 

Valve Timing 

Valve timing of the model “N** engine is as follows: 
Inlet opens 17° 53' past upper dead center and 
closes 29° 25' past lower dead center. Exhaust 
opens 42° 36' before lower dead center and closes 
8° 20' past upper dead center. 

This gives an intake period of 191° 32' and an 
exhaust period of 230° 56'. 

Remarks 

The words “Red Seal,** as used with these engines, 
represents the highest grade of motors manufac¬ 
tured by the Continental Motors Corpn., Detroit, 
Mich. Many passenger and truck model engines 
are manufactured. The model “7R** is a popular 
passenger car engine^ and model “L4** (see Com¬ 
mercial Car Instruction) and model “N,” below, 
are popular truck engine models. 



Fig. 8. Left Bide view of model '*N'* Red Seal Ck>ntinental four-cylinder engine. 
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CARBURETION: Early Carburetion Principle; Parts; Carburetor Principles; 
Gasoline; Priming Methods; Heating Methods; Vaporizing Gasoline; Size of 
Carburetor to Use; Gasoline Troubles; Gasoline Tank and Gauge; 
Fuel-Feed Methods; Vacuum Gasoline Feed System 

EARLY CARBURETION PRINCIPLE 


Meaning of carburetion; The mixing together of 
gasoline vapor and air is called ‘‘carburetion,** and 
the device that keeps the two in proportion is called 
a “carburetor.** 

To get energy out of the gasoline it is necessary for 
it to be converted into a vapor and then mixed with a 
volume of air before it can be exploded in the cylinder. 

There are two ways of producing this vapor, one 
being to expose a considerable surface of this liquid 
to the air, which is also caused to babble through 
it and thus become impregnated with the gasoline 
vapor. This was the original method, and was 
called the “surface type** of carburetion. 

The second method is to “spray** the liquid gaso¬ 
line through a fine spray nozzle or jet into the 
mixing or vaporizing tube, into which air can be 
drawn to intermingle with the vapor. 

The device in which this operation is performed 
is termed a “carburetor,** and the operation itself 
is known as “carburetion,** from the fact that the 
gasoline largely consists of carbon. The mixture 
might also bo termed “carbureted air.** 

Amount of gasoline and air: It has been found 
that the best explosive mixture, with the gasoline 
commonly used, is a proportion of 14 parts air to 1 
part gasoline (this when maximum power is desired) 
and ranging to 17 to 1 (the lattfir for maximum econ¬ 
omy), proportioned by weight of air and gasoline. 

That is, 14 to 1, or rich mixture, is best for quick acceleration 
or 15 to 1 or leaner mixture best for pulling with wide-open 
throttle, and 17 to 1, or still leaner mixture, for hifh speed 
work (figures only approximate). 

Pure gasoline vapor will not bum; it must be mixed with 
air before it can bo used in an engine. To burn with the 
greatest rapidity and heat, the air must be in correct propor¬ 
tion to the vapor. The exact amount of air to be mixed with 
a certain amount of vapor depends on the quality of the gaso¬ 
line, and other conditions. The carburetor, by which the 
proportions of the mixture are maintained, is so made that a 
current of air passes through it when the piston makes a suction 
stroke. 

In general gasoline is approximately 85 per cent carbon and 
16 per cent hydrogen. 

Approximately 15 pounds of air per pound of gasoline would 
be considered a chemically correct mixture. This figure changea 
somewhat with the source and grade of gasoline. 

A perfect, or correct mixture, as mentioned in the previous 
paragraph^ is one which oontains just sufficient oxygen (which 
IS in the air) to bum completely all the hydrogen and carbon 
present in the fuel.* 

“Mixing Valve**—an Early Form of Carburetor 

In the early days the method of mixing the 
gasoline and air in proper proportions was by means 
of a “mixing valve” (Fig. I). It could also be 
termed a carburetor but without the float cut-off 
mechanism. The air was drawn in at “air intake,** 
through valve (3), being opened automatically by 
suction of the piston, forming a vacuum in the crank 
case when going up (on a “two-cycle** engine), or 
when the inlet valve vras open and the piston travel¬ 
ing down on suction stroke on a “four-cycle** engine. 
K, therefore, the gasoline needle valve was open, 
gasoline would also be drawn in^ mixed with the air. 
and pass into the cylinder in a partially vaporized 
condition. 



Fig. 1. Early form of a carburetor; a mixing valve. 

The mixing valve, also called a *‘generator valve/* 
is still used to a small extent on two-port two-cycle 
engines. It takes the place of a check valve, as the 
valve (3) serves the same purpose. 

Note the absence of any float arrangement. The 
gasoline is fed bv gravity, and when the engine stops 
the gasoline needle valve must be cut off, otherwise 
the gasoline will drip, 

Constant-Level Type of Carburetor 

Fig. 2 explains the purpose, location, and parts 
of a simplified carburetor. 

The gasoline tank is above the level of the carbu¬ 
retor; therefore the gasoline is fed to the carburetor 
float chamber by gravity. 

The air goes through a passage, in which is a 
small pipe called a “spray nozzle,** that sprays the 
gasoline so that it comes in contact with the air (see 
Fig. 2). The gasoline, being volatile, is taken up 
by the air, and the mixture goes to the cylinder. 

The amount of air that may flow through the 
carburetor, and the quantity oi gasoline that may 
flow out of the small pipe, are adjustable, so that 
for a certain amount of gasoUne the proper propor¬ 
tion of air may be admitted. 

When the mixture is not correct, that is, when 
there is too much or too little air lor the gasoline 
flowing out of the small pipe, the running of the 
engine is affected, and it will not deliver its full 
power. 

When there is too much air for the gasoline, the 
mixture is said to be “too poor** or “lean**: when 
there is too little air, the mixture is said to be “too 
rich.** 

The carburetor is connected to the inlet pipe, and 
no air or gas can enter the cylinder through the 
inlet valve without first passing through the car¬ 
buretor. 

The air drawn through the carburetor on the 
suction stroke enters it through the “air intake** 
and p^ses around the spray nozzlej drawing gaso¬ 
line with it; the level of the ^ohne in the float 
chamber then drops, and the float drops also and 
permits more gasoline to enter the float chamber. 


^Fenaii^ 

carbon. 


dioxide. Carbon monoiido (a poioonous goa) resulto from Insufficient air (oxygen) to completely burn the 
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Fig. 2. Simplified illustration showing how the gasoline 
flows from the gasoline tank to the carburetor; how it is 
mixed with air and then drawn into the cylinder when the 
inlet valve is open. 

It is in the ‘‘mixing tube,” or “mixing chamber,” 
as it is sometimes called, that the air is brought into 
contact with the gasoline. The “spray nozzle” 
projects into the mixing tube, so that it is in the 
center of the current of air. 

How the gasoline is drawn into cylinder with the 
air: When the air is not passing through the mixing 
tube, the liquid gasoline stands just below the open 
end of the spray nozzle, but as soon as the current 
of air passes through, it sucks the gasoline out. The 
current of air sucks up gasoline, very much as would a 
child trying to draw the last few drops of soda through 
a straw, drawing in really more air than soda. 

The piston of the engine^ on its suction stroke, pro¬ 
duces tnesuction effect similar to a squirt-gun drawing 
in water. (See “suction, vacuum,” pages 1078,1079.) 

The inlet valve must be open to permit the gas 
to be drawn into the cylinder—^which is the case if 
the piston is on the suction or intake stroke, but in 
no other stroke. 

The adjusting screw or “gasoline needle valve’* 
regulates the amount of gasoline to be admitted into 
the mixing tube throu^ the spray nozzle or jet. 
The regulation of this needle v^ve is very impor¬ 
tant, and after once being properly adjusted, a very 
slight turn one way or the other will affect the run¬ 
ning of the engine. 

The throttle valve, usually placed in the mixing 
tube, above the spray nozzle, governs the amount of 
gas which enters the cylinder on the suction stroke. 

The throttle-valve lever on the carburetor con¬ 
nects with the throttle lever on the steering wheel. 
Moving the throttle lever on the steering wheel, in 
a certfun direction opens the throttle valve on the 
carburetor, which increases the speed of the engine. 

The more gas admitted by the throttle lever 
through the throttle valve, the more gas will enter 
the cylinder; hence more power or (^’eater force on 
the power stroke results, thereby giving more speed 
to the piston of the engine. 

Moving the lever in the opposite direction closes 
the throttle vadve on the carburetorj reducing the 
amount of gas w^hich enters the cylmder, thereby 
reducing the speed of the engine. 

The throttle valve is never entirely dosed, but 
is set by means of a throttle-arm stop^rew, called 
idling adj. screw (see Fig. 46, pas^ 13S and (X) 
(Y) (Fig. 1, page 1!^) showing locauon on a carbu¬ 
retor, and page 125 for explai^tion of adjustment). 
A dearance of about .005“ Is allowed, so that the 
engine will idle and not stop entarely when throtUe 
lever on steering wheel or a^erator is closed. To 
stop sngiBei the ignition switch is opened. 


The float in the carburetor is provided merely to 
prevent the gasoline overflowing and running out 
of the spray nozzle, when the engine is not running. 
The float is adjusted so that the level of the gaso¬ 
line will not quite reach the top of the spray nozzle 
or jet. Thus, as the float automatically governs 
the level of the gasoline in the float chamber and 
automatically cuts off the supply from the gasoline 
tank when the engine stops, it is termed a “constant- 
level type” of carburetor. 

The floats are usually made of cork or hollow 
metal balls, which float in the gasoline inside of the 
mixing chamber. A needle point arrangement is 
connected with the float, which cuts off the gasoline 
flow when the engine stops. 

The reason why engines must first be cranked, 
when starting a gasoline engine, is due to the fact 
that a charge of gas must be drawn into the cylinder 
and then compressed. Compressed gas is ignited 
by the electric spark; this produces the power 
stroke, and the power from this combustion of com¬ 
pressed gas, together with the momentum of the 
fly wheel, will keep the engine in motion until the 
next power stroke. The cycle operation of suction, 
compression, power, and exhaust is repeated over 
and over again. 

Early Constant-Level Type of Carburetor 

Maybach conceived the idea of using a float to 
maintain a constant level of gasoline just below the 
spray-nozzle head, with a main air inlet below the 
nozzle, as shown in Fig. 3. 



Fig. 3. Early type of carburetor with float mecbaniam A 
/main air inlet’* is provided. 

The gasoline is drawn from the spray nozzle by a 
vacuum or suction effect produced by the piston. 
It is thus drawn through the mixing chamber and 
through the open inlet valve into the cylinder. At 
the same time, air is drawn into the mixing chamber 
at the main air inlet, but inasmuch as the greatest 
power of an engine is obtained by having a mixture 
of exact proportions of air and gasoline, it is clear 
that if the speed of the engine is increased, more 
gasoline would be drawn into the cylinder without 
sufficient air supply to mix with it. Thus too rich 
a mixture would be the result. If the air opening 
were enlarged to give a greater supply of air at 
high speeds, the result would be too great an air 
supply at low speeds, or too lean a mixture. This 
type of carburetor was evidently designed for a 
constant steady-speed engine. 










CARBURETION 


9? 


An auxiliary air Inlet was added to this type of 
carburetor by Krebs. Note that in addition to the 
main air inlet below the nozzle, an automatic auxil¬ 
iary air valve was placed above the nozzle (Fig. 4). 

At low speeds, the main air inlet was sufficient, 
but at high speeds, the suction effect being greater, 
the spring caused the auxiliary air valve to open, 
thus permitting more air to be drawn into the mix¬ 
ing cnamber, and resulting in a better proportion of 
air and gasoline than the carburetor shown in Fig. 
3. The greater the speed of the engine, the greater 
the suction effect, and consequently the greater the 
opening of the auxiliary air valve. At slow speeds, 
tne air valve would remain closed and was thus 
automatic in action. 

Another feature of the auxiliary air valve, is to 
break the gasoline up into as many fine particles as 
possible, so that the air will more readily mix with 
the gasoline and form a vapor. There are different 
methods of doing this which will be shown farther on. 

Adjustable auxiliarv air valve: The difficulty 
arising from the fact that the coil spring which held 
the auxiliary air valve closed at low speeds and was 
intended to open as the speed of the engine increased 
did not always function, because temperature chan¬ 
ges would affect its sensitiveness and because 
the variations in the volatility of gasoline varied 
when cold and when warm, was overcome in a way 
by changing the adjustment of the tension on the 
auxiliary air-valve spring which was provided as 
shown in Fig. 5. 



Fig. 5. Typical example of a carburetor using an auxiliary 
air valve. 


The reader should closely observe the difference 
between the main air inlet and the auxiliary air 
valve. All carburetors have main air inlets, where 
air is drawn into the carburetor below the spray 
nozzle, thus noixing with the gasoline. This open¬ 
ing can be at the bottom or the side of the carburetor. 

When an auxilia^ air valve is used, it is usually 
placed so that air is drawn above the spray nozzle 
and thus combines with the mixture of gasoline and 
air. Many carburetors do not have auxiliary air 
valves. 


PARTS OF A CARBURETOR 


Before proceeding farther with the principle of 
different types of carburetors we will take up the 
subject of parts of a carburetor.' 

The concentric-float type of carburetor is the 
term applied to a carburetor where the float sur¬ 
rounds tne mixing chamber and spray nozzle, as in 
Fig. 6. This makes a compact carburetor and 
maintains a Constant gasoline level in the spray 
nozzle regardless of the angle at which the engine 
may be. On almost all concentric-type carburetors 
the float is made of cork. 

The side-float type of carburetor is the term 
applied to a carburetor where the float and float 
chamber are placed to the side of the mixing cham¬ 
ber, as in Fig. 4. 

Floats 


chamber of the carburetor, the float rises and the 
needle valve shuts off the further entrance of the 
fluid into the carburetor. 

When the engine is runmng and using ^oline. 
the float in the carburetor is continually falling ana 
rising slightly, always maintaining the approximate 
gasoline level in the float chamber. 

There are many types of floats and float mechan¬ 
isms, as will be seen in the illustrations of various 
carburetors in this instruction. By referring to 
Figs. 6, 7, and 8, the reader will observe several 
floats (T) and float needle-valve (V) arrangements. 

Gasoline leaking into the float would increase its 
weight, thereby changing the proper gasoline level 
in the spray nozzle and causing the carburetor to 
flood and would thus give too rich a mixture. 


Floats are usually made of light brass or copper 
in various hollow lorms; the joints, if any, being 
carefully soldered or brazed, so that gasoline cannot 
enter the float itself. Floats are also made of cork, 
well shellacked, so that they will not absorb gasoline 
and lose their buoyancy. (See Fig. 6.) 

The sole duty of the float is to maintain a pre¬ 
determined or constant level of the gasoline in the 
carburetor. This level is generally a small fraction 
of an inch below the jet or nozzle opening. 

The float chamber is that part in which the float 
operates; it is sometimes placed around the spray 
nozzle and sometimes to the side, as previously 
explained. 

The float level: In different makes of carburetors, 
the level of the gasoline in the float chamber, and 
the g^line in the spray nozzle, varies from about 
onensixteenth to one^ghth of an inch below the top 
of the spray nossm. 

Aa gMtdbe flows from the main supply tank 
tnroijiint the gtaoUne pipe or line into the float 


Float Needle Valve 

Float needle valve; The part V (Figs. 6,7, and 8) 
explains how the float causes the float needle \ alve 
(V; to close the opening at the gasoline supply pipe 
(F) when the gasoline has reached the proper level 
in the float chamber, and how it causes the nee^e 
valve (V) to open the outlet at the end of the pipe 
(F) when the gasoline level is reduced. (C) is the 
opening leading to the spray nozzle. 
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Note that in Fig. 5 the float needle valve is to one 
side of the float. A glance will show how the float 
needle valve would be caused to open when the float 
drops below its level (L) and how it would cause the 
float needle valve to close when at the proper level. 
Adjustment of the height of the float can be made 
by slightly bending the arm (A) (Fig. 5). 

A method of primlns, or to supply an increased flow of gaso¬ 
line at the spray nozzle when starting a cold engine, is some- 
timee found by what is termed “ticluing’* the carburetor, by 
raising the ne^e-valve rod through the float, as in Fig. 6, 
which projects above the carburetor and usually has a cap 
screwea over it to keep out dirt. 

Another method is to close the main air inlet (Pig. 6), which 
is termed ‘‘choking** or “strangling** the carburetor, while the 
engine is being cranked. The fact that the air is shut off causes 
an increase of gasoline to be drawn in for the initial charge. 

Dripping of gasoline from the bottom of a carburetor is 
usually due to grit or dirt ^tting under the float needle valve. 
Thus, when engine stops, instead of the needle valve seating 
properlv and cutting off the gasoline supply from the supply 
pipe (F), it overflows at the spray nosslc and drips out of the 
main air inlet. 

Remedy: By working the float needle valve up and down in 
its seat, which can be done by means of the rod above the 
carburetor float chamber (Fig. 6), or by unscrewing the cap 
(Fig. 6), the mrit will very likdy be removed. If this does not 
remedy the dripping, then the float should be readjusted, or 
possibly a new float needle valve is required. 


Gasoline Needle Valve 

The gasoline needle valve controls the flow of the 
gasoline to the spray nozzle, and the correct adjust¬ 
ment of it is necessary for the operation of the car¬ 
buretor. It is also called the * ^gasoline adjusting 
screw^* (see Fig. 5). Don’t confuse tliis needle valve 
with the “float needle valve.” 

The regulation of tliis gasoline needle valve is 
very important and likewise very sensitive. After 
the carburetor is once adjusted by regulating the 
auxiliary air valve and the opening of this gasoline 
needle adjustment valve, the slightest turn one way 
or the other of this valve will make a difference in 
the running of the engine. 

Types of gasoline needle valves are as follows: 

1. Hand operated, as in Fig. 5. 

2. Mechanically operated, by movement of a throt¬ 
tle through a cam arrangement by hand (treated 
farther on). 

3. Automaticafly mechanically operated, by action 
of the auxiliary air valve, called a “metering pin” 
(explained farther on). 

A main air inlet is on all carburetors, and, quite 
often, an auxiliary air valve also. 

Auxiliary Air V;Jve 

Auxiliary air inlet valve: The greatest difference 
in the air type of carburetor is in the construction, 
position, ana action of the auxiliary air inlet, dis¬ 
cussed farther on. 

The auxiliary air valve is controlled automatically 
by the vacuum created by the engine piston, whicn 
draws air through the auxiliary air intake against a 
spring tension; for instance, see the auxibary air 
intake in the carburetor shown in Fig. 5, page 97, 
the opening being controlled by the tension of a 
spring. 

The air-valve spring: The weaker the spring the 
less vacuum it will take to draw the valve open, and 
it may be adjusted by means of a threaded sleeve 
(as in Fig. 6 and in various other ways). 

The stronger the spring the less air^ hence a 
“richer” mixture. The weaker the spring, the more 
rur, and henoe a ^leaner” ouxture. 


Another method for automatically openii^ and 
closing the auxiliary air intake is shown in Mg. 9. 
Note the action of the ball (L). Instead of a valve 
and a spring, balls are utiliz^ instead. This car¬ 
buretor is tne Kingston air-valve type, with an 
auxiliary air inlet. Instead of using a spring to 
control the amount of air drawn into and through 
the auxiliary air valve, balls are used. 

The gasoline needle valve is adjusted bj hand. 
The float is concentric. Note the Venturi mixing 
tube. Another air-valve type of carburetor, with 
an auxiliary air valve controlled by one large ball 
placed in the main air inlet pipe of the carburetor is 
shown farther on. 



Fig. 9. Kingston air-valve type of carburetor. Note the 
balls in the auxiliary air valve which control the quantity ot 
air entering the auxiliary air valve. Parts: A, main air inlet; 
D, outlet of mixture to engine; £, butterfly throttle valve; 
G, auxiliary air inlet; L, balls which rise as the suction increases 
or as the speed of the engine inoreases, thus admitting more air; 

gasoline needle valve; X, hand adjustment of needle valve; 
W, butter^ throttle lever connects with steering-wheel throttle 
lever; N, Venturi mixing tube. 

The float is a cork float and concentric to the mixing cham¬ 
ber. S is an arm connected with the float needle valve, R. 
As the float rises, the arm forces the needle (R) to seat. 


Explanation of the Venturi Action 


If two buckets are placed side by side, both filled 
with water, with a one-inch opening cut in the bot¬ 
tom of each, one with a plain opening (A), as in Fig. 
10, and the other with a “Venturi” opening (B), as 
in Fig. 11, the same volume of water would flow out 
of the Venturi one-inch opening in Fig. 11 more 
quickly than through the plain one-inch opening 
in Fig. 10. 



Fig. 10 


Fig. n 


Note the shape of the Venturi opening (B), in Mg. 
11, then note a similar shaped tube in the mixing 
chamber in Mg. 9, where the arrow-points lead 
from (N). 

Tke Venturi tube around the spray nosxle in the 
mixing chamber, is used in ahndst all of 
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carburetors. The principle and purpose of the 
Venturi tube around the spray nozzle is to obtain a 
greater volume of air through a predetermined sized 
openinijj in quicker time. Another purpose of the 
Venturi tube is that the lowest pressure of the 
inrushing air will be at a point where it will cause 
the greatest suction in the spray nozzle. 

Spray Nozzles or Jets 

Spray nozzle: The fuel is discharged into the 
mixmg chamber through the spray nozzle (also 
called ‘‘jet tube”)* As its name implies, it is in¬ 
tended to deliver the liquid in the form of a fine 
spray, which is: (1) vaporized more or less; (2) 
mixea with the entering air, and (3)^ carried by the 
suction into the engine cylinder. The simplest 
form of spray nozzle is one having a single opening, 
as shown in tig. 6 (page 97). 



Fig. 12 


Some carburetors have two spray nozzles or jet 
tubes, as shown in Fig. 12. Another type has what 
is called a ^‘multiple jet” spray nozzle. 

When a carburetor has more than one jet, it is 
particiUarly adapted to a multiple of cylinders of 
large size, and especially to six-cylinder engines. 


Fig. 14. The rotary type of valve. The passage of ^ 
from jet to intake manifold through passage (P) is controlled 
by a rotary cylinder (R). It is now shown full open, but by 
moving throttle lever (L), it can be closed or partially opened 
as desired. 

The butterfly throttle valve is the type of throttle 
used on almost all makes of carburetors. This type 
of throttle is shown in Figs. 13 and 9. The mechan¬ 
ism and method for controlling the throttle is shown 
in Fig. 11, page 33 and in Fig. 16, this page. 

The “rotary” or “barrel” throttle valve (Fig. 14), 
presents no resistance whatever. 

The sliding throttle valve is another t>^ which 
presents no resistance to the flow of gas. This type 
IS now practically obsolete, although it was formerly 
used quite extensively when governors were used. 

.•LCRINO THUOTTL* 



Fig. 15. The sliding throttle valve consists of a cylinder- 
type of throttle, but instead of being rotated, it is moved in or 
out of its passage, which controls the amount of gas passing 
to the intake manifold. As it is moved out, additional air is 
admitted through port holes. This type was the type formerly 
used with a governor. 


Engine Speed; Ilow Controlled 

Tlie method for controlling the speed of an auto¬ 
mobile engine is by opening and closing the throttle 
valve on the carburetor by the hand throttle lever 
or foot accelerator. 

A rod leading from the throttle lever on the 
throttle valve connects with a hand lever on the 
steering wheel. The driver then has the speed of 
the engine under his control at all times. 

When running on a level and if more speed is 
desired, the throttle is opened by the throttle lever 
until the required speed is obtained. By closing 
the throttle, the speed is decreased. 


The mixing chamber consists of an enclosure or 
passageway containing the nozzle. The gasoline 
and air are mixed within this tube in proper propor¬ 
tions and then drawm through the throttle into the 
engine. 

Throttle Valves 

There are three types of throttle valves: the 
butterfly, the rotary and the sliding. 



Fig. 13 Fig. 14 


18. Tbe throttle U placed in the mixture outlet, and the 
fonothat ia shown is called a ^'butterfly valve.'* It is a disk of 
metM turning on pivots, so that it acts like the damper of a 
stove ]^pe. when wide open, the butterfly valve is edgeways 
to the ftow of the mixture, but even in this position it presents 
resistanoe to the flow, whiw is something that should be avoided. 


Idling 

The throttle valve is never entirely closed: the 
lock screw (also termed “idling adjusting screws,” 
‘^throttle-arm stop-screw”; see also page 96) pre¬ 
vents the throttle from closing entirely. Therefore 
the engine wdll run slow, or “idle,” as it is called, 
when the throttle valve lever on the steering wheel 
is closed and the car standing. To stop the engine 
entirely, throw off the ignition switch. To adjust 
carburetor for idling of engine, see an example on 
page 125. 

The Accelerator 

This is the usual means for controlling the speed 
of the engine. 
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The accelerator consists of a foot pedal which 
opens and closes the carburetor throttle valve inde¬ 
pendently of the hand-throttle lever. By referring 
to the illustration (Fig. 16), it will be not^ that the 
accelerator will operate the throttle of the carbure¬ 
tor without moving the hand-throttle lever, by an 
arrangement as shown. When the foot-accelerator 
pedal is depressed, the rod (F) moves apinst a 
shoulder which is fastened to the throttle shaft. 
The end of the shaft (T) works free in a tumbuckle 
(P). Thus the throttle can be opened without dis¬ 
turbing the hand lever, or the hand lever can be 
operated without moving the foot pedal. The 
accelerator is used more than the hand-throttle 
lever. Its purpose is the same as the hand-throttle 
lever on the steering wheel: to open and close the 
throttle valve. 



1— steering wheel 

2— Spark advance lever 
8—Hand throttle lever 
4—Air adjusting eoUar 

7— 'Accelerator pedal 

8— Outer casing 

9— Steering shaft 

10— —Quadrant ’bracket 

tube 

11— ^Throttle tube 

12— Spark advance tube 
18-^teering column 

bracket 

14—^Adiusting ring for 
roller bearings 


15— Lock ring for No. 
14. 

16— Steering worm 

17— Worm wheel 
IS^Spark advance 

mechanism 

19— ^Hand throttle 
mechanism 

20— Steering- worm 

housing « 

21— Carburetor air ad> 
justing rod 

22— >Qrease plug worm 
gear housing 

23 — ^Inlet pipe to cyL 
Indere 


Fig. 17 illustrates the relation of the accelerator connections 
to the spitfk lever and its controls on the steering device. The 
Locomobile is shown as an example. 


When pressed downward for increase, or released 
for decrease of speed, its action is instantaneous. 
When the accelerator is released, the engine immedi- 
atelv resumes the speed determined by the positions 
of the hand lever on the steering wheel. Although 
either the hand-throttle lever or the accelerator 
may be used to control the speed of the car, the use 
of the hand lever is advised for beginners. After 
confidence in driving has been gained, the more deli¬ 
cate action of the accelerator will be preferred. 

The word '^accelerated' means "to hasten." The 
term, therefore, is applicable here because it is 
quicker to operate throttling. 

* The Governor 

There are no pleasure cars using the governor. 
Nearly all truck, tractor, marine and stationary 
engines use governors. See Index under "Gover¬ 
nors.” One governor, which is a "throttling” type, 
is the centrifugal ball type illustrated in Fig. 18A, the 
principle of which, is, no doubt, familiar to all. The 
"sliding” throttle in the carburetor is actuated bv 
the movement of the sleeve controlled by the balls 
(B). The balls fly out as the speed increases^ caus¬ 
ing the throttle to close. Another principle is that 
of the "hit and miss type.” 



Tlic governor formerly used on the Packard was termed a 
“hydraulic" governor of the diaphragm located cUrcctly 
above the water pump. It was operated by the pressure of 
the water in the water circulation system and consisted of a 
circular chamber divided bv a flexible diaphragm of leather 
and rubber. On one side of the dianhragm was a water space 
through which the water of the circulating system passed. On 
the other side was an air space and a plunger head aiyainst which 
the diaphragm pressed. The plunger was directly connected 
with the throttle valve (Fig. 18). 


PRINCIPLES 


CARBURETOR 

Although tremendous advancement has been made 
in recent years in construction and performance of 
the gasoline engine and carburetor, the original basic 
prindpUs of operation remain imchanged. 

The carburetor still depends upon suction of the 
piston during its descent on the inlet stroke to draw 
from a jet (spray nozzle) or jets, variable or other¬ 
wise, the necessary gasoline to mix with the air. 

This jet can be of a fixed size or it can be variable 
in size. This spay of gasoline is affected by the 
temi^rature, valve timing, exhaust, inlet, and com¬ 
bustion chamber design. 

Carburetors for the purpose of brief summariza¬ 
tion can be divided into five classes or types 

(1) Air-valve tjrpe. In this the fuel issues through 
a fixed orifice and the additional air required when 
the throttle is opened is admitted through an auxil¬ 
iary air valve. 


(3) Metering-pin t^e. In this the size of the 
gasoline orifice (jet) is increased automatically to 
increase the flow of fuel as the throttle is open^. 

(4) Exp^ding type. In this there are a number 
of fixed orifices which come into action one after the 
other as the throttle is opened. 

(6) The **plain tube" or *'pitot” principle.* A 
mc^em principle now adopted extensively. The 
metering pins, dash pots^ and auxiliary airv^ves are 
dispensSl witn. It derives its name, "plain tube,” 
from the fact that both the air pass^e and the gaso¬ 
line jet are of fixed size for all engine speeds. The 
action is to supply an increased supply of gasoline 
or rich mixture for acceleration ana then to thin 
down to An economic mixture for normal engine 
speed. 

Carburetor Principle 

The principle of the constant-level type of 
carburetor is previously shown in Fig. 8, page 96. 
In tnis efuly type it is only possible to^ adjust 


(2) Compensating-jet type* In this an auxiliary 
fuel jet comes into action as the throttle is opened. 


I I I I ■■■■.. 

^ Altkooth sooM of tliMo nriiictoloe are not now in feneraluao. the reader abould oarofuUy atudy them all In order te mere sleaily 
i]]id«ietaiia]atermod«h,euebai,forezampl«tCi&liUM(rteNoe.6aiid7. * Set page 102 for eaptaaimon of the function of a pitot tttbe. 
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the amount of gasoline flowing to the spray nozzle. 
It is therefore only suitable for engines which run at 
a steadyi constant speed, as previously explained. 



Fig. 19 Fig. 20 

The engine of an automobile, however, does not 
run at a steady speed; sometimes it is running fast 
and sometimes slow. 

The speed of the air current passing through the 
carburetor depends on the speed of the engine; when 
the enmne is running fast the speed of the air current 
throu^ the carburetor is much greater than when 
the engine is running slow. 

The greater the speed of the air current, the more 
gasoline it will suck out of the spray nozzle, and the 
adjustment of the gasoline flow that will give a 
correct mixture at a low speed will give a rich mix¬ 
ture when the air current moves at a higher speed. 
For this reason the air supply must also be varied 
in order to give a more combustible mixture. 

Auxiliary Air Valve 

To vary the air supply, different methods are used, 
but the one used most is the auxiliary air valve, 
and this is where the ^‘air-valve type” carburetor 
derives its name (see Fig. 20). 

. The auxiliary air valve was designed for engines 
which run at changing speeds, so that an extra sup¬ 
ply of air is admittea when tne air current flows so 
fast that it would result in too rich a mixture. 

The disadvantage of this type is that owing to the 
relieving action of the spring valve, it does not 
increase the proportion in proper ratio, and is 
hardly suitable for the present-day high-speed flex¬ 
ible engine. 

There are several different models now manufac¬ 
tured, based on the principle of the auxiliary air 
valve only. In these, the problem is worked out 
in different ways: one manufacture uses a “spring- 
controlled valve”; another hopes to get better 
results by regulating the movement of the valve by 
“two springs,” instead of one; still another maker 
adds an “air dashpot” with the hope of ^tting flner 
regulation and a better functioning of the auxiliary 
air valve; another uses a “dashpot filled with gaso¬ 
line”; and there are others who use metal ‘Hballs” 
to serve as the aunliary valve, while others use what 
are known as “weighted air valves,” in which the 
suction lifts balls, thus admitting the air which 
sweeps over the spray nozzle. While they all differ 
in the details of working out the design, all are, 
nevertheless, based on tne basic principle of the 
auxiliary air valve as originally worked out, and 
shown m Fig. 4, and in Fig. 20 above. For 
simplicity in nommiclature we shall refer to this 
type as the auxiliary air valve type. 

Relatioii of AGceleration to Gasoline 
Consumption 

Hie rapid advance of high-speed and multiple- 
cylinder en|ine8 demands ^‘quicker acceleration,” 
QMning quiolw “get away” or “pick up” of the 
engine. 


Flexibility of control means practically the same 
thing, i.e.. the capabilities of the engine to “pick 
up” from low to high speed and vice-versa. Rapid 
“acceleration” and “‘flexibility,” both call for a sud¬ 
den greater amount or percentage of gasoline to air. 
QuicK acceleration therefore demands a surplus of 
gasoline for but a brief period, after which the nor¬ 
mal supply will care for the engine. It may be but 
a matter of a few seconds, yet it is of importance 
that this additional supply be ready and in available 
form for that brief period. 

To meet the sudden demand for gasoline, the 
added nozzle, or multiple jet has been introduced 
by some makers, so that when the suddenly opened 
throttle brings the auxiliary air valve into use, the 
valve in turn brings more gasoline into the mixture 
by opening the gasoline needle valve wider. This 
is termed the “metering pin” method. One maker 
does this by a “dashpot” on the auxiliary valve 
stem, the dash pot performing a regular pump stroke 
and forcing gasoline into the mixing chamber by 
way of a separate nozzle as the auxiliary air valve 
opens. Once open, the pumping action ceases, but 
the nozzle remains open for a more even demand 
for more fuel. 

Proportion of air and gas: All of these methods 
of providing “acceleration” are based on the ac¬ 
cept^ belief that in carburetion, different mixtures 
of air and gasoline vapor are needed for different 
engine requirements. The days are past when the 
uniform-mixture argument dominated, the argu- 
inent that the ideal carburetor was one that would 
give, say, a mixture of fifteen proportions of air to 
one of gasoline vapor for all sp^s, “acceleration,” 
“hard puUing” with open throttle, and high-speed 
work with open throttle, etc^ etc. The new rule 
is that the amount of gasoline fed into the air 
volume must be changed according to demands. 
Thus a twelve-to-one or “rich” mixture might be 
best for quick acceleration; a fifteen-to-one or 
“leaner” mixture may be best for pulling with the 
throttle wide open; and a seventeen-to-one, or 
still “leaner” mixture may be desirable for particu¬ 
larly high-speed work. Therefore a “varying mix¬ 
ture” must be supplied. 

The Compensating-Jet Principle 

The compensating jet type of carburetor is where 
an auxiliary fuel jet comes into action, as the throttle 
is opened. Types of carburetors coming imder this 
heading would be the 2^ith; the Stromberg model 
“H” and the Marvel (see Index). 

The Metering-Pin Principle 

In the metering-pin type the size of the ^.soline 
orifice, or jet, is increased automatically to increase 
the flow of fuel as the throttle is opened. In other 
words, as the throttle is opened, the metering pin 
(P, Figs. 21, 22, 23), which is similar to a gasoline 
needle valve, is moved so as to permit more gasoline 
to flow throught the spray nozzle or jet (J). Thus, 
instead of the gasoline needle valve (metering pin), 
being adjusted by hand^ it is automatically adjusted 
by tne speed of the engme, thereby penmtting more 
or less gasohne to flow as the speed increases or 
decreases. This principle is called the “metering 
pin” principle, also the ^‘pneumatic” principle, when 
operation is by air control. 

Various methods are employed to operate this 
needle valve or metering pm as follows: 

On the Schebler model “L” (Fig. 21), the meter¬ 
ing pin (P) is conneoted with the carburetor throttle 
lever in such a manner that the metering pin (gaso- 
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Fiff. 22. Sohebler model “T.” Metering pin controlled by 
auxifiary air valve. 


Fig. 23. Stewart model metering pin controlled by air 
suction. 

line needle valve) is raised as the throttle is opened. 
See Index under “Schebler carburetors.” 

On the Schebler model (Fig. 22), the meter¬ 
ing pin (P) is connected to and controlled by the 
auxiliary air valve. As the throttle is opened, the 
speed of the engine increases, the suction becomes 
greater, and the air valve (AV) is sucked downwards, 
causins; the metering pin (P) to give a greater open¬ 
ing at jet (J), thus admitting more gasohne. 

On the Stewart carburetor (Fig. 23), the metering 
pin (D) is controlled by air suction. As the throttle 
IS opened the suction fcJecoming greater, the metering 
valve (A) (part in black) rises enlarging the opening 
at the meterin.7 pin (D) and drawing more gasoline 
through jet (J). At the same time more air is 
drawn around the valve seat (B). A ratchet (R) is 
connected with a control on the dash for the purpose 
of enlarging the opening at the metering pin, so as 
to obtain a rich mixture when starting. 

Example of a Carburetor with Both a Metering 
Pin and Dash Pot 

The Rayfield uses a ^^metering pin,” which is 
lifted as the throttle opens in the mam iet (N) (Fig. 
24), through a link arrangement, w^hich establishes 
a right for it to be classified as a metering pin type. 
But it goes farther. It incorporates an auxLUaiy 
nozzle O^N) which also has a metering pin that is 
depressed when the auxiliary air valve opens. 
Thus, by having two distinct nozzles it estabushes 
its right also to l)o (^hissifiod as an expanding type of 
instrument. 



Fig. 24. The ^yfield carburetor principle with “metering 
pin’' connected with the throttle and “dash pot," with aiixil- 
lary air intake. 


piston on the lower end of the air-valve stem work- 
mg in a ^^dashpot” filled with gasoline. Gasoline 
enters the dashpot above the piston and is admitted 
to the space below the piston by the disk valve in the 
piston. When the air valve suddenly opens, forcing 
the piston downward, this disk valve is automati¬ 
cally closed, forcing or pumping the gasoline upward 
through the dotted fuel passage into the nozzle 
^N), where it is sprayed into the inrushing air. 
Only when the valve opens is this pumping function 
occurring; at other times the gasoline issues through 
this auxiliary nozzle according to the suction of the 
engine. Thus the Rayfield is a compound of two 
metering pins in conjunction with the pumping 
function for acceleration. 


Expanding Principle 

In the expanding principle, there are a number of 
fixed orifices which come into action, one after the 
other, as the throttle is opened. Types of this class 
of carburetors are shown in Fig. 25 and in the 
description of the “Master” carburetor (see Index). 



Fig. 25. The multiple jeta of the Maater oarburctor. 


Tlie Pitot or Plain-Tube Principle 

The “Pitot” or “plain tube” type of carburetor 
differs from other principles. It is the principle 
now being used to a considerable extent, and derives 
its action as well as its name from a Pitot tube. 


A Pitot tube is a very old instrument for measuring 
velocities of flowing streams of water, invented by 
Henri Pitot in 1730.^ It consisted of a vertical glass 
tube with a right-angled bend as shown at (E). 


SuRFACf 



Fig. 26. The impact of the flowing 
water against open end (F) of tube (E) 
causes a column to rise above the surface 
of the stream as at (A), and by this small 
differenco in height, the velocity of the 
stream can be calculated. 


Function of the “pitot” or “plain tube”* as applied 
to a carburetor. If this tube was reversed, so that the 
submerged end (F) faced doivnstream instead of up¬ 
stream, a auction instead of a pressure would exist 
at end (A), because the water flowing away from (F) 
would create a partial vacuum in the tube, thus re¬ 
ducing the pressure in tube. Atmospheric pressure 
would then force air into the tube at (A). If end 
(A) was connected to a liquid under atmospheric 
pressure, the liquid would then be forced through the 
tube. The faster the flow of water (or any other 
liquid or gas, such as atr, in which the end [F] is 
submergea), the greater the suction at (A). 

An illuatration which xviQ serve as an example to show how the 
pitot tube functions, is Fig. ITA, page 130.* The opening (G) 
of the jet (Fig. 17A) represents the submerged end of the pitot 
tube idkOixxttjiownstTeam in a current of air into which it is sub¬ 
merged. The other end of the tube, opening into the gasdine 
float chamber, will correspond to end (A) (Fig. 26). Since the 
direction of the flow of air is away from the submwged end of 
the tube, the pressure at end (Oy (Fig. 17A) of tube is reduced, 
consequently the atmospheric pressure on the gasoline in the 
carburetor float ohambw will force the gasoline through the 
jet (O). Faster the flow of air, greater the suction, consequent¬ 
ly greater the flow of gasoline into mixing chamber of the carbu¬ 
retor to be mixed with air and drawn into the engine. 


But the Rayfield goes sjtill farther, in that it oom- 
bin^^ a pumping action on tho gasoline in the 
auxilia^ nozzle (AN) whereby a very rich mixture 
is furnished for acceleration whenever the air valve 
is suddenly opened, This is accomplished by the 


I The pitot tube is also used for measuring pressure in moving 
streams of gas or liquids. It is also used lor measuring fire 
streams, chimney drafts, etc. 

* See page 1(X), also Index, for explanation of “plain tube." 

«Although this is an up-draft typo of carhuretor the same 
principle applies to the later down^aft type. 
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GASOLINES PRIMING METHODS; HEATING METHODS; VAPORIZING GASOLINE 


Before taking up the subject of various construc¬ 
tions and adjustments of carburetors, we shall first 
deal with the subject of gasoline, vaporizing gasoline, 
and fuel-feed methods. 

Gasoline 

The usual fuel for automobile enmnes is pusoline. 
Gasoline is distilled from mineral oil (petroleum). 

When petroleiun is heated, it gives off gases, just 
as water, when heated, gives off steam. When 
these gases are cooled, thev become liquids, and are 
called gasoline, kerosene, benzine, naptha, etc. 

The chief difference between them is their ‘‘vola¬ 
tility.” When a liquid turns to vapor, or gas, it is 
said to be “volatile.” Gasoline should be very 
volatile to insure prompt starting, and power. 

Temperature makes a great difference in the vola¬ 
tility of liquids; for instance, thick, heavy oil is not 
volatile at the ordinary temperature of the atmos- 
sphere, but is volatile when heated. 

Gasoline is very volatile at the ordinary tempera¬ 
ture of the atmosphere. It is so volatile that it 
must be kept in air-tight tanks, for it w ould entirely 
evaporate if left exposed to the air. Gasoline 
vaporizes easily, and as the vapor is heavier than 
air, it sinks to ttic ground. 

Gasoline and fire: Becatise of this volatility, gasoline must 
bo handled with care to prevent fires and explosions. It should 
never be handled near an open flaine. 

In case of fire, do not try to put it out with water, for the 
burning gasoline will float and spread the fire. Always keep a 
pail or two of sand handy, and smother the flames with it. 
l)amp sand, flour, or a wet blanket wdl smother the fire. In 
cose of fire, the first thing to do, if it is possible, is to turn off 
the supply cock from the tank to the carburetor, and then 

E ush the car away from the blazing gasoline on the ground. 

>0 not let a pool of gasoline drip from the carburetor when 
priming.it, as a chance short circuit may give a spark that will 
set it on fire. Note: Carbon tetrachloride is superior to sand, 
etc. Gasoline fire extinguishers c.an be liad of supply houses. 

A low grade of gasoline will produce poor results 
in any carburetor,^ Difficulty in starting is the 
main disadvantage in its use, as it is not as volatile 
as a high-gravity gasoline. 

Inferior, or too much gasoline is generally indi¬ 
cated by a black smoky exhaust and a disagreeable 
odor. When a low-gravity gasoline is used some 
effective method for vaporizing it must be employed. 

A test by hand: To ascertain how near kerosene you are 
getting, pour a little gasoline in the hand. When it evaporates 
slowly and leaves a greasy deposit, it is of a very low grade. 
Wlien it evaporates rapidly and leaves the hand dry and clean, 
it is of a higher grade. This furnishes a fairly reliable test. 

Testing gasoline with a hydrometer was the method used 
a few years ago. It is used as follows: Fill the glass tube with 
gasoline, and insert the hydrometer, which will float. The 
gravity of the gasoline is determined by the depth the hydrom¬ 
eter sinks in it. A scale is graduated on the upper portion 
of the hydrometer and the level of gasoline indicates the speciflo 
gravity. The scale usually runs from 60 to 80. Gasoline 
under 60 test ought not be used. It averages about 64 to 68, 
and the better grade is 72. 

Gravity is no longer an accurate test of tho merits 
of the fluid, the only really accurate test being from 
a maximum and minimum boiling-point. It is, of 
course, not practical for the average owner to make 
such tests, and the best rule is to purchase from a 
reliable distributor, who handles gasoline manu¬ 
factured by responsible distillers. 

Most of the gasoline today sold for motor-car use 
differs from that of several years ago in that it is not 
all of one grade, but is a compound or blend of the 
different petroleum elements; some of it being very 
light and volatile^ while About one-fourth of it may 
have a boilm^ point higher than that of water, and 
U correspondingly difficult to convert into a vapor. 


Gasoline of 56® to 64® Baume paraffine base is 
used almost universally in the United States east 
of the Rocky Mountains. Fuels of lighter gravity 
are also produced from asphalt base petroleum. In 
certain sections of the country gasolines of very low 
grade have recently been introduced, one-half being 
actual kerosene. With this fuel and the ordinary 
intake manifold it is almost impossible to make an 
engine operate properly either at closed or open 
throttle, unless radiator is covered up and cooUm 
water is brought to a temperature of 160® to 180® F, 

To use this fuel it is necessary that the whole 
carburetor and intake manifold system be thor¬ 
oughly heated. Without this heat the carburetor 
setting will have to be changed and made richer 
than necessary, while the extra heavy part of the 
fuel, not vaporized, will burn slowly in tne cylinder, 
fonning carbon, and sooting up spark plugs, etc. 

There is, of course, a period of time when starting 
the engine cold, when the rich mixture will be neces¬ 
sary (and can be furnished by the dash control), but 
the control should be released as soon as the engine 
becomes warm. 

It is also advisable, while the engine is cold, to 
avoid opening the throttle full, as the fuel vaporizes 
much more readily in the suction or partial vacuum 
which exists in the manifold while the throttle is 
partly or completely closed. 

In ve^ cold weather it is advisable, instead of 
readjusting the carburetor or using the dash control 
continuously, to cover part of the radiator surface, 
so that normal temperature is maintained under hood. 

In some parts of the country there is so great a 
range in the constituents of the gasoline sold that 
the lighter or more volatile fractions may, in warm 
weather, boil in the carburetor, under normal opera¬ 
tion of the car. In tliis case, the hot-air supply to 
the carburetor may be disconnected, while care 
should be taken that the gasoline supply line f^ocn 
the tank to carburetor does not approach exbs.'si 
pipe, cylinder walls, or other heating influences. 

Low and High-Gravity Gasoline 

The proper gravity of gasoline to use is governed 
by conditions. In the summer a low gravity vapor¬ 
izes much more easily than in the winter; therefore 
the engine starts easier. 

A great many claim that the low gravity gives 
results as good as or better than high-gravity. Prob¬ 
ably it does, as there are more heat units per gallon, 
but as a matter of easy starting and absence from 
carbon deposit, the high gravity is preferable, unless 
the carburetor has been properly adjusted, and 
priming and heating methods are provided. 

With the high gravity we have a hi^h “flame” 
rate (mixture burns rapidly), whereas, with the low 
CTavity. we get a higher combustion heat, but slower 
“flame” rate. With a high flame rate the mixture 
bums rapidly—pressure rises quickly and imparts 
a powerful push at the commencement of the stroke, 
but falls away equally quickly as the stroke pro¬ 
gresses. 

With low-gravity gasoline, the reverse occurs. 
The explosion generates slowly and does not impart 
a violent shock, but with a retarded flame rate, and 
the pressure predominates through a much greater 
proportion of the stroke. The results are obvious. 
With l^h speed, as in racing, the high gravity is 
best. For medium speeds, where steam-engine-like 
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power u required, combined with fuel economy, low 
gravity ia best—^providing the carburetor has been 
readjusted for the low-gravity fuel and proper heat¬ 
ing arrangements are provide. 

Owing to the great amount of carbon in low*grav- 
ity gasoune it is very necessary that the carburetor 
be properly adjusted. 

The startinjs will be more difficult with low 
gravity, but with the use of a primer and a hot-air 
arrangement, this trouble can be overcome. 

It is a well-known fact that an engine, especially 
an old one with loose bearings and slack pistons, 
will nm much more quietly on low-gravity gasoline. 
This is due to the slow flame rate; the pressure is 
gradual on the piston head and presses rather than 
slams. 

How Unvaporized Gasoline Thins or Dilutes 
the Lubricating Oil 

Gasoline vapor that is not completely consumed 
in the engine does one of three things: it either 
passes out into the exhaust in an unbumed state 
and is wasted, is deposited in the form of carbon 
within the cylinder, or condenses and runs down 
past the pistons into the crank case. 

The first of these is the most direct loss, but the 
other two are equally important in the long run. A 
carbonized engine is of itself inefficient. Carbon 
makes the engine miss, makes it overheat and pre¬ 
ignite. All of these things are sure to shorten the 
life of the engine. 

When the unbumed fuel runs down past the 
piston, it destroys the seal between piston rings and 
cylinder, removes the oil film which is to protect the 
surface of the cylinder, piston, cam, and crank shaft 
bearings from friction and wear, and, lastly, dilutes 
the lubricating oil in the crank case to such an 
extent that in time it becomes woitliless. 

Manufacturers are advising now that the crank 
case be drained even more frequently than ever 
before for this very reason. As cold weather 
approaches, the necessity for frequently refilling 
completely with new oil will become more impdlra- 
tive. Either the motorist is forced to drain out his 
oil and refill with fresh at an increased outlay, or he 
must suffer the consequences of an engine.damaged 
by insufficient lubrication. See also page 167. 

Dilution test; See page 1075, also page 1C6. 

Starting Engine 

Remember, when you start an engine by closing 
the air intake and thus choking off the air, that 
pure raw gasoline is being drawn into the cylinder. 
For this reason, a heating method of some sort 
should be attached to every carburetor, so that the 
gasoline will become heated and vaporized as 
quickly as possible, thus avoiding the use of the 
choker for any length of time. 

Priming Methods 

On a cold morning, after the engine and all parts 
have become chilled, we find that the ordinary grade 
of gasoline now in use does not vaporize readily until 
it IS heated. Considerable cranicing of the engine 
is sometimes necessary in order to ignite the cold, 
damp, unvaporized gasoline. 

There are several methods of overcoming this; 
one being to use a higher grade of gasoline. But 
even with the hi^er grade, 

on a seally cold day the starting will be 
somewhat difficult with some makes of carburetors. 
For these reasons, prim^, by injecting raw gas¬ 
oline into the cylinder, is necessary. 


Examples of various priming methods are ex¬ 
plained in Figs. 1-6: 





Piflr. 1. Method of priming by depressing float, thus opening 
the float needle valve, and providing an excess of gasoline to be 
drawn into cylinder. 

Fig. 2. A damper ia provided in the main air-intake pipe. 
When closed, the suction provides more gasoline than air. 
Sninetimes the tension of the spring on the auxiliary air valve 
is regulated from the dash or steering post. 

Fig. 3. Priming the carburetor by opening the gasoline 
needle valve.. This method is not advisable, however, bccatiae 
the adjustment valve is a very sensitively adjuate^l part of (he 
carburetor, and will upset the premer working of (he carbure(or 
after the engine is heated up. If this method is employed, be 
sure to mark a notch on the head of the valve, so that it can 
be turned back to its original adjusted position. 

Fig. 4. Priming with gasoline through priming cups. 

Fig. 5. The oil-can primer, where (^oline is injected into 
the intake manifold. Simple and effective when other method.s 
fail. 

Fig. 6. The spray primer; a small injector pump, 'i'lie 
suction part of the pump is connected to the gasoline supply 
pipe between the tank and carburetor. The other jmrt con¬ 
nects to the intake manifold; one stroke of the plunger sprays 
a charge into the manifold. The Imperial Brass Co., of Chi¬ 
cago, manufactures a pump primer of this type. 

When an engine fails to start during cold weather 
and you are positive there is a good hot spark, an 
effective method is to pour boiling water over the 
carburetor and inlet pipe. A resort to the ‘^choker^' 
or ^‘damper'^ principle, however, usually results in 
starting the engine. 

The ^^damper^' or “choke'' method is shown in 
Fig. 7. Instead of lowering the float, the air intake 
is closed. This causes an increased suction of 
gasohne and is called “choking" the air supply. 

Too much priming, however, will fill the float 
chamber so full, that gasoline will run out of the 
spray nozzle, giving a rich mixture, on which the 
engine will not start; it will then be necessary to 
open the switch and close the throttle, and to crank 
the engine a few times to draw in more air. Then 
close the switch and crank again, when the engine 
ought to start if there is a go<^ spark. 

In either method explained, remember that 
a good hot spark must be provided in order to ignite 
this raw gasoline, because it is harder to ignite when 
cold than after it is warmed up. 


After the engine is started, some meang should be 
employed for heating the gasoline so it will vaporise 
quickly and thus prevent raw gasolii^^JtieiM drawn 
into the cylinder. 
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Vaporizing GaaoUne 

Gasoline gives off more vapor at about 170* Fahr. 
It is the vapor mixed with air which is most desired. 
With the proper mixture there is more uniform 
power and flexibility. 

Carbureting means breaking up the gasoline into 
infinitesimally small particles, mechamcally, with¬ 
out heating, which is called ''spraying.'* This is 
the best method, but is very difficult to accom¬ 
plish, owing to the different amounts of gasoline 
passing from the spray nozzle, and on account of the 
variation of the throttle, or ot the speed. 

If a low gravity of gasoline is used, it is necessary 
to heat and vaporize the imxture, because it is prac¬ 
tically impossible to break it up; but if it is a high- 
gravity gasoline, it generates into gas or vapor more 
quickly. In other words, it is the vapor that we 
must obtain, which is possible with nigh-gravity 
gasoline. In using high-gravity gasoline, however, 
it must be remembered that it will not stand as much 
heating as low-gravity gasoline, for if too much heat 
is used, it makes the mixture so rare that the actual 
amount of gasoline that goes into the cylinder is so 
small and at such a low fiash point, that it ignites 
quicker, and will burn and expand more like powder. 
It will do its work and cool before the piston gets 
well under way. Furthermore the pressure on the 
piston does not last as long. 

Owing to the low-gravity gasoline now being 
used, the mixture is not a true vapor. Instead of 
forming a gaseous mixture, it condenses inside of 
combustion chamber and manifold. Therefore a 
plentiful supply of heat is required. 

As previously stated, the use of low-gravity gaso¬ 
line requires more heating or vaporizing than a high 
grade. It might be compared with the firing of a 
furnace with soft coal. If soft coal is properly fired 
and is properly mixed with air, it will produce the 
most heat without producing vep^ much smoke. 
Just BO with a low g^de of gasoline. If properly 


vaporized, it will work fairly well, otherwise carbon 
deposit and smoke will be the result. 

High-gravity gasoline may be compared with 
hard coal It is very easy to get the proper mixture 
of air with the high-gravity gasoline, because it is 
so very ^'volatile^—meanmg that there is more 
vapor, and less vaporizing is necessary, and that it 
will "carburet" more readily. Therefore it will 
work satisfactorily in most any carburetor construc¬ 
tion. Just so with hard coal. It will burn with 
less smoke and produce an equal amount of heat 
even though you burn it in an open shovel, and 
makes very much less carbon. 

On stationary and high-duty marine engines a 
low gravity fuel is used, as kerosene and oil. but 
before it can be used it must be "vaporized." 

An engine with a correctly heated mixture runs on less 
gasoline. Therefore a closer sidjustment of the gasoline needle 
valve or a smaller jet in carburetor is usually necessary. 

An engine requires more gasoline in winter than in 
summer, as the gasoline does not vaporize and readily 
mix with the air until warm. See also page 462B. 

Heating Methods 

What we desire to heat is the gasoline, so that it 
will vaporize and enter the cylinder in the form of 
gas or vapor instead of raw gasoline, and thus 
readily mix with the air. 

We might classify heating methods under six 
classifications as follows: 

!• Heating the air which is drawn into the main air 
intake of the carburetor, and which mixes with 
the gasoline vapor as it is drawn into the cylinder. 

2. Heating the mixture when drawn into cylinder. 

3. Heating the air and the mixture. 

4. Heating the carburetor. 

5. Restricting the water flow by a water thermo¬ 
stat (see page 149). 

6. Covering the radiator front and hood louvers 

(pages 149, 150, 650). 
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Heating the Air 

The illustration (Fig. 7) is that of the early model 
Kingston carburetor, used on the Ford. 

The air is taken in at the *^air-valve” opening. A 
hot-air pipe is shown connected, which admits warm 
air to be drawn in from around the exhaust pipe. 
This is a good example of how the air is heated 
before being drawn into cylinders. It will be noted 
that there is no auxiliary air valve on this carburetor. 

Priming method: The damper or ^‘choker” or 
‘^primer” method (Fig. 7), for priming or feeding 
the engine more gasoline for starting is operated by 
closing the damper or “air valve.” This is used 
principally during cold weather. 



Another example of heating the air drawn into the 
carburetor and also a method of admitting cool air 
is shown in Fig. 8. This is practically the same 
principle as in Fig. 7. Hot air is drawn into the 
niain air-supply opening of the carburetor. A hot 
air drum, also called a “stove,” is fitted around the 
exhaust pipe, not close, but placed so that air ca 
be drawn m where the arrows indicate. A flexible 
tube then permits the air to flow to the air opening 
of the carburetor. 

A valve is provided, called the <*air valve,” also 
called a “damper” or “choker,” which can be opened 
or closed by the “air regulator” lever, usually placed 
on the steering column or dash. This lever operates 
a butterfly type of valve in the air opening of the 
carburetor. 

Choking air supply to start engine: When start¬ 
ing the engine, this air valve is closed, cutting off 
the air supply to the carburetor and causing an 
increased suction of gasoline to enter the cylinder 
(or an extremely rich mixture). This gives the 
initial priming for starting. Immediately the 
engine is started, the air valve is shghtly opened to 
admit air. As the engine becomes warmed up, the 
air valve is opened more and more until fully open, 
or^ in other words, to where the engine nms without 
missing or jerking which is common during cold 
weather. It is well known that engines will miss 
when first starting, due to the gasoline particles 
being unevaporated, which, in turn, is due to lack 
of heat. But after the engine is warm, the gasoline 
becomes vaporized and the engine runs without 
missing. The idea is to run on as much air as 
possible at all times. Therefore open the air valve 
to the point where missing will not occur. 

By this method, warm air will be drawn into the 
carburetor whenever the air valve is open. But 
after the engine is thoroughly warm, and especially 
in sununer, the air valve is opened more fully, thus 
permitting more air to be drawn in and mixed with 
cool air t^en in at the “cold air^' opening. 

Temperature regulator: After the engine is well 
warmed up, it ou^t to have more air, and the more 
air used, the less gasoline reguired. 


If warm air is drawn into the carburetor after the 
engine is very hot, then the mixture would be made 
too rare or lean. 

We also know that gas expands in direct propor¬ 
tion to the degree to wnich it is heated. Therefore, 
when heated too much, the gas is unduly or pre¬ 
maturely expanded to such an extent that it loses 
a certain percentage of its energy. Furthermore, 
the piston will draw in a smaller amount of gas 
during each stroke. 

The best degree for general running appears to be 
somewhat below the boiling point of water, i.e., 
between 170° and 200° Fahr. 

Therefore some means of admitting cool must 
be employed which will mix with the warm air. This 
would be termed a “temperature regulator.” 

Adjustable temperature regulator: It will be 
observed, in Fig. 8, that the cold-air opening is a 
fixed opening and the amount of cold air drawui 
through the air valve is not adjustable. The 
amount of warm air drawn in, however, is governed 
by the air regulator. The arrangement shown in 
Fig. 9 is slightly different. The cold-air opening is 
adjustable. 



C A RBURETdR RfeuL A TOR 

The temperature of the warm air entering the 
carburetor can be regulated by opening the cold-air 
intake, thus permitting cool air to be drawn in. 
The use of this opening is governed more or less by 
the temperature. In summer, the opening is usu¬ 
ally wide open, but closed more or less during cold 
weather. 

Heating the Carburetor Mixture 

There are various methods employed for heating 
the mixture, as it enters the cylinder, as follows: 

1. The hot-spot method or heating the inlet mani¬ 
fold by placing it adjoining the exhaust manifold, 
as in Figs. 10 and 11. 

2. Passing hot exhaust gases through a jacket 
surrounding the inlet manifold (Fig. 12). 

3. By circulating hot water through a jacket 
around the inlet manifold (Figs. 13 and 14). 

4. By circulating hot water through a jacket 
around the carburetor (Fig. 15). 

5. By passing exhaust gases through a jacket 
around the carburetor (Fig. 16). 

6. By heating the mixture with an electric resist¬ 
ance (Fig. 17). 

7. B/ a method termed a “fuelizer,” as used on 
the Packard (Fig. 18). 

The various methods mentioned above will now 
be illustrated and described. The reader should 
observe, however, that these examples refer to 
“heating the mixture” after the air has been taken 
into the carburetor through the main air inlet and 
mixed with the gasoline. 


* Tbit mathpd now seldom used. Mors modsm methods are heating the mixture or Heating the unvaponsed gasoline explained 
further on) to avoid the disadvantagee of overheatis*f the air as explained on this page. (Fig. 7 applies to early model **T’' Ford.) 
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Fig. 10. “HotH9pot” heating of mixture by olacing the ex¬ 
haust manifold adjoining the inlet manifold. Only a part of 
the inlet manifold is heated: the upper part. The idea here 
is to prevent condensation of fuel. The liquid particles, when 
they reach the top of the vertical passage, do not swing to the 
left or right with the gas, but go straight, since they are heavier, 
until they strike the hot spot. 



Fig. 11. Buick’s exhaust heating of mixture. Note the 
exhaust manifold which adjoins the inlet manifold (IM). The 
low’er part of the exhaust manifold (hot-air chamber) is divided 
from tne exhaust (above). Air passes through the lower cham¬ 
ber which is heated. Hot air is also drawn into jacket around 
the upper part of the carburetor by a flexible tube fonnoction 
(FT). 



Fig. 12. Franklin exhaust method of heating the mixture. 
Note the jacket which encloses the intake manifold through 
which exhaust gas passes. A cut-off is provided when the 
engine becomes very warm. PI and P2 pipes are left open 
See also page 142. 

Fig. 13. Stuts hot-water-heated intake manifold. 




Fig. 10. Hot-water heating of carburetor. The usual 
method of connecting the hot water to the carburetor w'ater 
jacket is to connect the upper water connection to the cylinder 
water jacket or pipe, and the low'er one to the suction end of 
the pump (between radiator and pump). See that the conne;*- 
lions are made in such a way that water will drain out of the 
carburetor jat'ket when the system is drained. Place a shut-ofT 
cock in the line for use in extremely hot w'eather 



Fig. 16. Exhaust-ga.s heating of carburetor. The exhaust 
gases from the cxliaust pipe can be carried to the carburetor 
water jacket, by tapping the exhaust pipe and connecting a 
flexible or coppier tube to the water jacket. It is advisable to 
use a.s large a pipe as p(^!siblc—say a.s it has a tendency to 

clog up. The other opening of the water jacket is left open by 
u or ba" copper-pipe connection extending to the lower 
part of the engine for emission of gases. 



Fig. 17. Heating the priming mixture electrically. A pipe 
connects wnth gasoline supplv. The primer is screwed into 
the inlet manifold. Suction of the piston draws in raw gasoline. 
An electric heating coil connected writh the battery heats the 
gasoline used for priming as it passes into the manifold. There 
are various electrical methods for heating. 

See also page 142 for Franklin electric vaporizer. 


Fig. 14: Hoi-water heating of mixture as emplosred on the 
Oldsmobile eight-cylinder “V’*-typo engine. Note the hot 
water circulates through a jacket around the inlet manifold. 
This principle Is more effective than heat around the carburetor. 
Exhaust ^uies can be passed through this jacket instead of hot 
wateTi wmoh will heat the mixture quicker, and is more gener¬ 
ally used. 


Packard ^^Fuelizer’’ for Heating Mixture 

The pipe marked ‘‘By-Pass” (Fig. 18) carries a 
minute quantity of gas direct from the carburetor 
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to the fuelizer, a small combustion chamber sur¬ 
rounding the intake manifold. 




RETOP 

COMBUSTION CHAMBER 
SURROUNDING INTAKE 
MANIFOLD 



^INFAftSAGC 
FftOHCARBU* 
HSTOR ■ 


USUAL COLO 
WET KlVrURi 


Fig. 18. Packard fuelker. See also Fig. 51, page 140. 


The eas is i^ted by means of an independent 
spark plug in this chamber, as shown, and circulates 
at a very hi^ temperature through the fuelizer 
chamber whicn surrounds the intake manifold. At 
the bottom of the fuelizer chamber are two small 
holes through which the superheated exhaust of the 
fuelizer enters directly into the main inlet manifold. 

Thus the main inlet manifold temperature is raised 
by direct mixing with the fuelizer exhaust as well as 
from the heat developed in the fuelizer chamber. 

The result is that all gas passing through the main 
manifold is thoroughly dried, sufficiently heated, 
and broken up into a completely combustible fuel. 
Any grade of commercial gasolme, after receiving 
this treatment, explodes without a trace of carbon 
and without depositing lower grade fuels. 

The circulation of gas through the fuelizer pipe 
and chamber is maintained by the same cylinaer 
suction which draws gas through the main manifold. 
However, the circulation of gas through the fuelizer 
starts below the butterfly valve of the carburetor 
and exhausts into the main inlet manifold. 

When the butterfly valve is closed, engine suction 
is very heavy upon the fuelizer; it receives a maxi¬ 
mum supply of gas and gives off a maximum heat. 

On the other hand, the farther the butterfly valve 
is opened, the less becomes the suction of the engine 
by the way of the fuelizer, because it is easier for the 
engine to suck the gas by way of the main manifold. 
T& automatically decreases the heat given off 
by the fuelizer dirtily in proportion to the decreas¬ 
ing need of the engine for heat. 

When the engine is being started, or idling, the 
iuelizer is going at maximum. But when the engine 
reaches an ideal combustion heat, because of high¬ 
speed traveling, or heavy low-gear work, the fuel¬ 
izer automatio^y shuts off until it is again needed. 


The Lexi-Gasifier 

The following illustration and explanation is taken 
from the instruction book of the Leking^n series 
model. The air is not heated, but is drawn in cold. 

Incorporated in the Moore multiple exhaust sys¬ 
tem ma^old is a device that converts all the heavy 
portions of the fuel not vaporized by the carburetor 
mto gas^ which is taken up by the air stream and 
carried mto the engine mrlmders to do useful work 
instead of going down tne cylinder walls, destroy¬ 
ing lubrication. All of the highly volatile portion 
of the fuel, in passing throui^ the carburetor, is 
vaporised and is carried by the air stream into the 


engine cylinders. The heavy portion, or '^high-end 
pomt,’* after passing the throttle valve, is d^ected 
mto the hot grid ba^ of the manifold, by the bend 
in the pipe immediately above the carburetor. 

The system is so designed that all six of the 
exhausts play on the back of the grid, keeping it 
Quite hot. All heavy particles of fuel falling into 
tnis grid are instantly converted into gas, which 
rises and is carried by the air stream directly into 
the engine cylinders. Its action is similar to pour¬ 
ing gasoline on a hot stove. 



This device is not to be classed with the hot-spot 
manifolds, which heat the carburetor mixture (both 
air and fuel). Heating the air expands it, and 
prevents the cylinders from taking in the maxi¬ 
mum amount of oxygen units to mix with the fuel, 
thereby weakening the explosions. 

In the Lexi-Gasifier the air passes in almost cold, 
taking with it the gasified fuel, providing the maxi¬ 
mum oxygen imits in a given ^ace for this fuel. 
This excess of oxygen and gasified fuel produces a 
greater pressure in the cylinders, hence more power. 

After all, the power obtained from the internal 
combustion engine is the difference in temperature 
of the incoming mixture and the temperature to 
which we can raise this after burning. 


Cadillac “61’’ Carburetor Thermostatically 
Controlled 


The carburetor on the type “61” Cadillac is pro¬ 
vided with thermostatic control for the tension on 
the auxiliary air-valve spring and also for regulating 
the effectiveness of the accelerating pump. 



Fig. 18 B, TheOsdilkoearbuivUn’if proviMwiththfrm^ 
•istfo oontrol on tlio snxUktfy air-vmlve tpritit and abo fof 
raiulating tba effeotiyoMts of the aoo^leratwi pump. 
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Referrinjr to Fig. 18B Bhowing a oeotional view of the carbu¬ 
retor, it will be noted that the manual setting for the air valve is 
employed as usual, but suMrimposed on this manual setti:^ is a 
thermoitat which alters the tension of the air-valve spring in 
accordance with temperature requirements. 

On a cold engine the spring tension is increased, thereby causing 
increased resistance to the opening of the auxiliary air valve. 

In warmer weather the effect is the reverse, thus tending to 
make the mixture leaner. 

The thermostat on the accelerator pump (not shown in the 
illustration), which is located in the fuel chamber, operates a 
shutter which covers and uncovers a vent, thus increasing the 
effectiveness of the pump when the engine is cold, and decreas¬ 
ing it when the engine is warm. In other words, when the vent 
is open the accelerator pump has little or no effect, but when it 
is closed the accelerator pump or throttle pump will force gaso¬ 
line through the spray nozzle, when the throttle is oj^ned 
quickly for acceleration. When the throttle is opened slowly 
the pump has practically no effect on the gasoline. The 
throttle pump is interconnected with the throttle, and its func¬ 
tion is to force compressed air into the float bowl. When the 
thermostat comes into effect and opens the vent, the air, of 
course^ cannot be compressed, ana consequently the pump 
operation is materially reduced. 

It is claimed that the introduction of these two thermostats 
materially reduces the warming-up period of the engine. 

Heating the Air and the Mixture 

A combination of heating the mixture and heating 
the air is shown in Fig. 19. The exhaust manifold 
adjoins the inlet manifold which heats the mixture 
as it enters the cylinders. Warm air is drawn 
around the upper part of the carburetor, admission 
of which is controlled by a throttle wnich keeps 
the upper part of the carburetor warm. Warm air 
is drawn in the main air supply which heats the 
air. A temperature regulator, controlled from the 
dash, admits cool air into the main air supply whefi 
the engine is thoroughly warmed up. 



HOW TO DETERMINE THE S 

The size of the carburetor should be determined 
by the area of the valve opening on the engine, and 
not by the cylinder displacement, as the former is a 
true measure of the engine capacity, A carburetor 
cannot deliver more charge to a cylinder than the 
area of the valve opening will allow to pass. 

A large carburetor with too much passage area 
cannot cai^e an engine to deliver more power than 
it would with one having a passaw equal in area to 
that of the valve opening. Too large a carburetor 
would not only waste fuel, but would reduce the 
power of the engine by furnishing a weak mixture. 

If the carburetor is too small the engine will not 
develop its rated power, as it could not deliver a full 
charge at high spl^d. 

When a carburetor is small for the engine, it 
becomes very cold while in operation, as the amount 
of heat necessary to effect the vaporization of the 
gasoline is more than is available from the entering 
air or than could be secured through the metal car¬ 
buretor bv ooii4uotion. The temperature of the 
metal part oif the carburetor becomes so low that 
water condenses pn it, and, in some oases, is in the 
form of frost. These results are produce by the 
use of a carburetor too small for the ens^. To 


For starting, the lower air opening of the carbure¬ 
tor can be closed entirely, wtdeh '^chokes*' the air 
and causes gasoline to be drawn into the cylinder 
until the engine starts. 



Fijr. 20. exhaust-heated intake manifold. 

An example of method for heating 
the mixture just before it passes into the cybnders. The car¬ 
buretor connects with the lower, or inlet part of the manifold; 
the exhaust is the upper part, with a plate between. By com¬ 
pletely vaporizing tne gasoline, no residue is left to seep into 
the crank case to thin the lubricating oil. 

Remarks on Water and Exhaust Heating 

If the intake manifold is heated with water, the 
temperature is not so liable to cause overheating, as 
the temperature seldom goes above 170® to 200®, 
especially if a thermostatic principle is used. 

When the engine is cold, after standing all night, 
the water does not heat as quickly as if exhaust-gas 
heated, but when the engine is run and warmed up 
and left standing, the water will remain warm for 
some time and will quickly heat again. The water 
is quite often circulated around the carburetor and 
inlet manifold and in connection with a temperature 
regulator and heated air intake. A water heatmg 
system can be used only with engines using a force 
or pump water-circulatmg system. 

When the intake manifold is heated by the 
exhaust, the temperature is liable to increase to a 
high de^ee, if the engine is run continuously for a 
long period. The latter system, however, will heat 
the mixture more quickly than the water system, 
when the en^e is cold. Therefore means for 
admitting cool air and some means for cutting off 
the exhaust gases from the manifold jacket ought 
to be provided, especially in case of the long-con¬ 
tinued running of the engine. 

:E of carburetor to USE 

meet these conditions, some makers provide means 
for heating the air supply, as previously shown. 

It follows that the carburetor of proper size should have its 
passage area equal to the valve opening of the engine. In 
multiple-cylinder engines this area is equal to the valve opening 
multiplied bv the number of suction strokes which take place 
simultaneously, determined from the sequence of cranks. 

It will spell failure to fit a carburetor with a large jet and 
opening to an engine in which the exhaust closes very early, 
because the surplus gas cannot be expelled as completely as 
with an engine having a very late-closing exhaust valve. 

Carburetor sizes are determined by the opening 
leading to the manifold. These openings are slightly 
larger than the indicated size of tne carburetor. 


In fitting a carburetor to the manifold, the car¬ 
buretor opening should be slightly smaller and 
never larger than the opening in the intake manifold. 

S JI.B. flange openings are as follows: 1-inch carbu¬ 
rets: has 2 ^''between bolt-hole centers; 1}^ inch car¬ 
buretor has 211/16" between bolt-hole centers; 
carburetor has 215/16" between bolt-hole oenters. 
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GASOLINE OR FUEL FEED TROUBLES* 


The tank of a fuel system is always provided 
with a small hole, usually drilled through the filling 
cap, as at (V), Fig. 1, by which air may enter to 
replace the gasoline as it is drawn off. If this hole 
becomes clogged with dirt, the gasoline in flowing 
out will tend to create a vacuum, and the flow will 
stop. 

The outlet pipe should project slightly above the 
bottom of the tank, so that water and dirt may 
settle, and not be carried to the carburetor. A filter 
screen should also be provided. 

A temporary repair for a slight leak in a gasoline 
tank can be made by applying ordinary soap. 
Such a repair may last till the defective part can be 
soldered. Leaks at gasoline t;ips can generally be 
cured by screwing up the nut securing the tap plug, 
or by grinding in the tap with crocus and oil. 

If gasoline drips from the feed line, examine con¬ 
nections (A) and if it drips from the carburetor it is 
probably due to the float needle valve failing to seat 
properly. Gasoline leaks arc sometimes difficult 
to locate. 



If gasoline fails to flow to the carburetor, see that 
(V), Fig. 1, is open. If this is open, then examine 
the filter screen at the bottom of the tank. If this 
is open, then remove pipe (B) and blow it out. If 
this is open, then take the carburetor apart and sec 
if it is clogged up with waste or sediment. 

Gasoline feed-pipe connections should have spe¬ 
cial unions. See Index under ^Tipe connections.” 
The threads are very fine and can easily be crossed. 
Therefore use every precaution not to ^‘cross- 
tbread” when joining a gasoline pipe coupling as at 
(A) (Fig. lA). In (B) the threading is strai^t and 
correct. 

Gasoline rots rubber rapidly and should not be 
conveyed through a rubber hose, nor should joints 
be packed with rubber. Shellac or soap may be 
used when screwing joints together, as it helps to 
make them tight. 

Draining: The lowest point of the gasoline line 
on a vacuum-feed system is the bottom of the gaso¬ 
line tank. On a gravity feed system it is at the 
carburetor. A strainer made of brass wire mesh is 
usually at the lowest point, and should occasionally 
be removed and cleaned. 

Water in |:asoline is indicated generally when the 
engine runs irregularly and finally stops. This will 
often prevent starting of the engine. Water is 
frequently present in gasoline, and^ particuterly 
when the tank is low, is liable to get mto the pipes 


and carburetor. The drain cock at the bottom 
should be opened occasionally to let off the water 
and sediment. 

In cold weather, this water is liable to freeze, 
preventing the action of the carburetor parts. Ice 
m the carburetor can be melted only by the applica¬ 
tion of hot water (or some other non-flaming heat) 
to the outside of the float chamber. 

To prevent water getting into the gasoline and 

freezing during cold weather, thereby clogging the 
flow, strain through a chamois. 

Gasoline ought to be strained. Many carburetor 
troubles would be avoided if more care were taken 
to free gasoline of all dirt before its entrance into 
the tank, and, later, into the carburetor (Fig. 2). 

It is said that static electricity will be generated 
when straining through a funnel and chamois, and 
a spark is liable to ignite the gasoline. If the funnel 
is grounded to the tank this cannot occur. 

Old gasoline left in the carburetor for some 
time, when the car is not in use, will lose its 
strength. If the engine should not start easily, 
then drain the float chamber. 

Stale gasoline: After standing for some time, 
gasoline will become dead and slow to ignite. This 
is partly due to evaporation, and partly to chemical 
changes that take place. 

A strainer should be on all gasoline tanks or lines, 

as water and sediments being heavier, always settle 
at the bottom. 

Addresses of carburetor manufacturers, classified under the 
typo of carburetor they manufacture, are given elsewhere; see 
Index under "AddreM of carburetor manufacturers.” For 
detailed information catalogs are of value. 

Broken gasoline pipe can be temporarily repaired 
by wrapping with tape. Be sure the gasoline pipe 
is not bent at too sharp an angle. 

Another method of repairing a broken gasoline 
pipe is to scrape the tube near the break and to 
wind about 1” of clean copper wire on each side and 
over the break, and then to solder carefully. 

Air leaks cause missing. If the engine persists 
in missing and this is not due to faulty ignition, then 
look for air leaks in the inlet manifold. Examine 
gaskets and see if a crack is in the intake casting— 
providing the trouble is not in the ignition. 

Leaks in the intake pipe gasket are a very common 
cause for missing at low speeds. This is best 
detected by letting the engine run at the missing 
speed. Take a squirt-can full of gasoline and squirt 
around all the intake-pipe joints. If you detect 
any difference whatsoever in the running of the 
engine, there is a leak. 



Cracked flanges (Fig. 4) can be repaired by hav¬ 
ing them weloM by oxy-acetylene process. See 
Index under ''Gaskets/’ for the kind of gasket to use. 

i 8 m alio piit^ 4S2A iSSIMSaM. 
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MAIN GASOUNE TANK, GAUGE, AND SHUT-OFF VALVE 


Main Gasoline Tank 

The main gasoline tank contains the greater 
amount of gasoline, and is usually suspended at the 
rear of the car. The auxiliary tank is placed under 
the hood (see page 112). 

OAGOtmE TANK FILLER PIPt 



Fig. 5. Main gasoline tank, showing operation of gasoline 
gauge float. See Index,‘‘Gasoline tank capacitioft." 



Fig. 5A. Main gasoline tank, slniwing baflie plates. (G) is a 
well below the screen which may be opened for cleaning by re¬ 
moving plug (H). 

The gasoline feed pipe is the pipe leading from the 
main gasoline tank to the vacuum tank, and is 
usually of copper or brass pipe 5/16" outside and 
7/32" inside diameter. 

Baffle plates are provided in the gasoline tank to 
keep the gasoline from surging from one side of the 
tank to the other (Fig. 5A). 

The gasoline tank gauge most used is the float 
type. As the tank is filled the float rises until the 
tank is filled (position 1, Fig. 5); position when 
empty is as at (2). See also page 649. 


Note. Sometimee the bevel geart stick. If so, remove 
the entire gauge with the float by unscrewing at top. Be 
careful to replace the cork gaskets. 

Gasoline Tank Shut-off Valve 

On many cars there is a reserve of gasoline pro¬ 
vided. 

An example is the shut-off valve used on the King 
(Figs. 5B and 5C). The capacity of the tank is 
18 gallons. 

The normal supply position of the shut-off valve 
lever is shown down (1) in Fig. 5B. When in this 
position, gasoline must feed through pipe (A); conse¬ 
quently the gasoline level must be above pipe (A). 
When the gasoline level is below pipe (A), with tho 
lever in position (1), the gasoline feed stops, although 
there is still a two-gallon reserve supply left in the 
tank. 

The reserve supply position of the shut-off valve 
lever is shown in a horizontal position (2) in Fig. 
5B. All gasoline in the tank will now flow out of the 
tank through (B) (Fig. 5C). 

To shut off the supply, place the lever in position 
(3) (Fig. 5B). To drain, remove the drain plug. 

There are other similar methods employed on different cars; 
for example, see page 112 under heading, “A three-w^ valve 
located on the top of the gasoline tank," as used on the Packard 
twin-six car. 



Figs. 5B, 5C. Gasoline tank shut-off valve aa used on the 
King car, as an example. 


FUEL FEED METHODS 


There are six methods for feeding gasoline, some of 
which are not in general use. They are as follows: 

1. By gravity. 

2. By exhaust pressure. 

3. By combined gravity and exhaust pressure. 

4. By forced air pressure. 

5. By vacuum and gravity. 

6. By fuel pump (there are three types; see page 
116A). 

The fuel pump, vacuum, and gravity method is 
used most.* 

Gravity Feed 

A tank is placed above the level of the carburet or 



so that the gasoline flows from tank to carburetor by 
gravity (Fig. 6). The tank can bo placed at any 
point on the car, providing it is above the level of 
the carburetor. 

The disadvantage of this where the tank is not 
close to the carburetor lies in the fact that when 
ascending hills, or on the side of an incline, the 
gasoline may fail to flow through the pipe. 


Exhaust-Pressure Feed 


With this system (Fig. 7. page 112), the tank is 
placed in the rear. A hand air pump is connected 
to obtain the initial pressure in the tank. After the 
engine is started the exhaust (jases pass through a 
check valve to the tank, creating a pressure, which 
forces the gasoline to the carburetor. 


A small pipe is used for the exhaust passage. The 
pipe being exposed to the air, the gases are cooled and 
prevent a flame. A check valve prevents the gas 
passing back, as it can pass in but one direction. 

Disadvantage: The pressure is liable to interfere 
with the proper operation of the float. This system 
is praotieally obsolete. 


. t^JubM the vacuum tank AtO-fevd ayvtcm (pp. 112-113) end the gravity Mrfevd cuvtem i 

Iv * wSidJ ' V ^ ^^e in teoerel iiee. The fuel pump cyvtcm ie now in gener^ use (aee pp. ll6A, 1' 


LOee end 
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Fig. 7. 


Exhaust-pressure feed (obsolete). 


Gravity and Exhaust-Pressure Feed 

Gasoline is forced by exhaust pressure from the 
main tank to a smaller, auxiliary tank, placed above 
the level of, and close to the carburetor. The 
gasoline then flows to the carburetor by gravity 
(P'ig. 8). This system was used in the early aa 3 rs of 
motoring, but not to any great extent. 




PRESSURE GMKE CASX 

^ TANK 


PRESSURE 



URETOR I 
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Fig. 8. Gravity and exhaust-pressure feed (obsolete). 


Air-Pressure Feed 

A gasoline air-pressure feed is shown in Fig. 9, 
which represents the Packard twin-six system. 

General principle: The supply of gasoline is car¬ 
ried in the tank at the rear of the frame. The 
gasoline is supplied from the tank to the carbu¬ 
retor by air pressure (at IH to lbs.) provided 
by an air pump attached to the engine front-end 
cover and driven by forward extension of generator 
shaft. 



The carburetor is mounted above and between 
the cylinder blocks, and receives heat generated by 
engine, which assists in vaporizing gasoline. 


The gasoline tank is located on the rear of the 
frame. The capacity of the tank on all models is 
twenty gallons, including a three-gallon reserve. 

A three-way valve located on the top of the gaso¬ 
line tank connects with outlet pipes leading to each 
side of the tank. Turning the valve handle to the 
right permits the gasoline to be completely drained 
from the right side of the tank and vice versa. 
When gasoline has ceased to flow, turn the valve 
handle to its opposite extreme regardless of the pre¬ 
vious running position, in order to obtain the reserve 
supply. Turning handle up shuts off the gasoline. 

Cantiem: If the gasoline tank has been completely drained and 
is replenished with less than a five-gallon supply, turn the valve 
handle to the left, which is the side of the tank which receives 
the first three to five gallons, otherwise, gasoline will not flow. 

Air pressure for supplying gasoline to the carbu¬ 
retor is furnished by an air pump attached to the 
crank-case front-end cover, and driven by an eccen¬ 
tric mounted on the generator shaft. 

The air is drawn from outside the crank case and 
forced under pressure to the gasoline tank. To 
increase the pressure, remove the plug at the top of 
the pump ^linder and unscrew the smaller plug at 
its base. To decrease the pressure, the sm^ plug 
should be screwed down. 

The hand or auxiliary pump on the instrument 
board provides a means of obtaining initial air 
pressure before the engine is started, providing the 
gauge on the dash shows that there is no air pressure 
in the gasoline tank. 

To obtain wessure by hand, unscrew the handle 
to the left. When the plunger is free, operate the 
pump until pressure shows on the gauge. Do not 
pump higher than 2J4 lbs. pressure. 

When air pressure is used, if the carburetor has a small float, 
the pressure should not be over fl H or 8 lbs. With a larger 
float, the greater area will withstand more variation m pressure. 

If the gasoline gauge does not respond to the hand-pressure 
pump, it 18 probably caused by the tank outlet valve being 
shut off. 

Caution: Having finished operatina the pump, push the 
plunger in, and be sure to lock it in place by screwing the plun¬ 
ger handle to the ri^ht. The plunger leather of the pump 
should be oiled occasionally with neat’s foot-oil. Mineral oils 
improve the operation of the pump only temporarily, and tend 
to dry up the leather. 

A gasoline pressure gauge on the instrument 
board is connected directly with the supply line at 
the gasoline strainer housing. The gauge indicator 
should show from to 2^ lbs. pressure when the 
engine is running. 

If the pressure gauge indicates that the pump is 
not maintaining the proper pressure in the tank, 
proceed as follows: 

Inspect the gasoline-tank filler cap, seat^ and gasket to make 
sure that they are in good, clean oondition and free from nicks. 

Be sure that the filler cap is tightly seated. If the trouble 
is not found by this method, examine all ooaneetionB on the 
air psessure and gasoline supply Imes to make sure that there 
are no leaks. A good method of locating leaks in the air line 
is to put pressure in the tank and go over the line carefully 
with soap suds. If it is determined that all pipee and connec¬ 
tions are absolutely air-tight, raise the air preesure by adjusting 
the pump as deeonbed above. 


STEWART VACUUM GASOLINE FUEL-FEED SYSTEM 


Gasoline is fed to fhe carburetor through a A"' 
copper pipe by gravity from the lower chamber of the 
vacuum tank. The vacuum tank is usually placed 
on the inside of the dash and should be 3^' or more 
above and near the carburetor, so tb&t the gasoline 
will feed to the carburetor at all tknes, regardless 
of the angle or position of the car. 

The main gasoline tank is placed at the rear of the 
car below the level of the auxiliaryi or vaettant tttak, 
and gasoline is dsawn£rom the mam gas^etaidc to 
^iuunber ol vaottom tank ntaaiatt 
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Principle of Operation 

First, read pages 1078 and 1079 for the definition of “vacuum” 
and “suction,” and page 1074 for “atmospheric pressure.” 

For e]»mple (see Fig. 2B), suppose the gasoline 
had just been discharged from the upper chamber 
to die lower chamber (which it is doing in Fig. 2C). 
The float would have gone down to its lowest posi- 
Aon (Fig. 2B), and in doing so, would have caused 
the float mechanism (E andf F) to open the suction 
valve (A) and close the air valve (B). 

A suction or vacuum action then takes place in 
the upper chamber, as a result of the valve (A) open¬ 
ing being connected by (C) with the inlet maniiold, 
and the air is thus drawn out of the upper chamber. 
The vacuum or suction action produced in the inlet 
manifold is the result of the inlet valve of the engine 
being open and piston going down on suction stroke. 

The flapper valve (H) closed because pressure 
inside of the lower chamber was greater than in 
the upper chamber. 

There is now but one other opening, and that is 
throu^ the strainer (V) and pipe (D) leading to 
the main gasoline tank. There is no valve here. 
It is always open. 

There is an air opening at the vent hole in tlie 
filler cap in the main gasoline tank, but the gasoline 
is between this air opening and the vacuum tank. 
What is tbe result? 

Gasoline is forced from the bottom of the main 
gasoline tank through the standpipe, to the upper 
vacuum chamber, because the atmospheric pressure 
entering the vent hole in the filler cap of the main 
gasoline tank exerts a pressure of approximately 
14.7 lbs. per square inch on the gasoline, whereas 
there is practically no air, or a considerably reduced 
pressure in the upper vacuum chamber. Thus the 
gasoline flows from a lower level of a higher pressure 
(main gasoline tank), to the higher level of a lower 
Measure (upper vacuum chamber). 


^(r% 


\1SJ!SSS- 


FROM , 
^GASOUNCJ 
TANK 1 


1 ^ 


It 

Ll^r 1 



5 float valve 1 

1 c 

3 : 








"j — 


R-AJ* inUl 
[lE— A • BucUoa 

j^5-AlrValv« 


LOWER ’ 



[f |-TO CARBU- 

Fig.2 vl Drain 

Fig. 2. Sectional view of Stewart vacuum tank. 

Fig. 2A. View of top of Stewart vacuum tank remov^ 
showing how valves A and B are opened and closed by action 
of float rising or lowering. 
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As the gasoline flows into the upper vacuum 
chamber, the float gradually rises until the upper 
chamber is full (Fig. 2C), at which time the float 
mechanism causes the suction valve (A) to close 
and the air valve (B) to open. What is the result? 

W^ith air valve (B) open, air enters into upper 
chamber at atmospheric pressure (from the air vent 
at top of vacuum tank) and creates air pressure on 
the gasoline equal to the air pressure above the 
gasoUne in the main gasoline tank. Thus the flow 
through (D) and (V) stops. At the same time the 
air pressure on the gasoline in the upper chmnber 
(also because the level of gasoline is higher in the 
upper chamber) causes flapper valve (H) to open, 
and to discharge into the lower chamber at which 
time the float gradually lowers until it assumes the 
lowest position again (Fig. 2B), and the operation 
is again repeated, thus constantly supplying gasoline 
to the lower chamber. 

During both operations, as shown in Figs. 2B 
and 2C, the gasoline still feeds to the carburetor 

from the lower gravity chamber. 

If both upper and lower chambers are empty, the same 
principle would apply as in Fir. 2B. The flapper value (H) 
would close because the air pressure Inside the lower chamber 
was greater than in the upper chamber. 

^ It will be noted that the lower chamber is always open to 
atmospheric pressure (14.7 lbs.) through the “air-vent tube,'* 
between the inner and outer tank shell, otherwise the gasoline 
would not flow by gravity to the carburetor. 

Installation 

The top of the vacuum tank must be above the 
level of the gasoline in the main gasoline tank when 
full, even when the car is going down a steep grade. 

Never tap through a water jacket, if the intake 
manifold is provided with one. Always tap the 
intake manifold at a point as close to the intake of 
one of the cylinders as possible. 

Vent-Tube Overflow 

The air vent allows an atmospheric condition to 
be maintained in the lower chamoer, and also serves 
to prevent an overflow of gasoline in descending 
steep grades. If once in a long while a small amount 
of gasoline escapes no harm will be done, and no 
adjustment is needed. However, if the vent tube 
re^larly overflows, one of the following conditions 
may be the cause: 

(a) The air hole in the main gasoline tank-filler 
cap may be too small or may be stopped up. If the 
hole is too small or if there is no hole at all, the sys¬ 
tem will not work. Enlarge the hole to diam¬ 
eter, or clean it out. 

(b) The vacuum tank may not be installed quite 
hi|^ enough above the carburetor. If the bottom of 
the tank is not 3 inches above carburetor, raise it. 

Gasoline Leakage 

H gasoline leaks from system, except from vent 
tube, it can do so only from one of following causes: 

(a) A leak in the outer wall of the tank may exist. 
If so, soldering up the hole will eliminate trouble. 

(b) The carburetor connection in the bottom 
of the tank may be loose. If so, tighten. 

(c) There may be a leak in the tubing leading 
from (D) (Fig. 2). 

Failure to Feed Gasoline to Carburetor 

This condition may be due to causes other than 
the vacuum system. To test: after flooding the 
carburetor, or ‘^tickling the carburetor,as it is 
commonly called, if gasoline runs out of the oaibu* 
retor float chamber, you may be sure that the 


vacuum feed is performing its work of feeding the 
gasoline to the carburetor. 

Another test is to take out the inner vacuum 
tank, leaving only the outer shell. If you fill this 
shell with gasoline and the engine still refuses to 
run properly, then the fault clearly lies elsewhere 
and not with the vacuum system. 

If the failure to feed is in the vaeuxun tank, one of 
the following may be the cause: 

(a) The float (G), which should be air-tight, may 
have developed a leak, thus filling up the float with 
gasoline ana making it too heavy to rise sufficiently 
to close the vacuum valve. This allows gasoline 
to be drawn into the manifold, which in turn will 
choke down the engine. See page 1041 for testing. 

(b) The flapper valve may be out of commission. 

(c) Manifold connections may be loose, allowing 
air to be drawn into the manifold. 

(d) The gasoline strainer (V, Fig. 2), or tubing 
may be clogged up. Look to this first. Pipes can 
be cleaned by disconnecting and blowing out with 
air pump. 

(e) Suction valve (A), or air valve (B) may not 
seat properly. See also pages 1041 and 122. 

Remedies 

(a) To repair float: remove top of tank (to 
which float is attached). Dip the float into a pan of 
hot W'ater, iu order to find out defini tely where the leak 
is. Bubbles w'ill be seen at the point where the leak 
occurs. Mark this spot (hot w'ater expands the air 
inside of the float, causing i t to show the sligh tc‘st leak). 

Next, punch tw'o small holes, one in the top and 
the other in the bottom of the float, to permit 
discharge of the gasoline. Then solder up these 
holes and the leak. Test float by dipping in hot 
water. If no bubbles are seen, float is air-tigld. 

In soldering the float, be careful not to use more 
solder than required. Any unnecessary amount 
of solder will make the float too heavy. 

A temporary repair for a leaky or logged float is to 
remove head; take out float and punch a small hole 
at top and bottom; this will permit it to float when 
rep^ced; or after punching the holes and gasoline is 
drained, the holes can be temporarily sealed with chew - 
M gum or tape. Anotherplan is to cut bottom of float 
off entirely and replace it. A new float should be 
installed. 

To overcome the condition of a leaky float tem¬ 
porarily until you can reach a garage, remove plug 
(W) at the top. In some cases the suction of the 
engine is sufficient to draw gasoline into the tank, 
even with this plug open, but not enough to cause it 
to continue to be drawn into the manifold. If, how¬ 
ever, you are not able to do this, close up plug (W) 
with the engine running. This will fill the tank. 
After running the endue until the tank is fuU, 
remove plug; (W) until gasoUne gives out. Con¬ 
tinue repeatm^ these operations until a repair sta¬ 
tion or garage is reached, when the leaky noat can 
be remedied. 

(b) A small particle of dirt getting under the 
flapper valve (H) might prevent it from seating air¬ 
tight, and thereby render the tank inoperative. 

In order to determine whether or not the flapper 
valve is out of commission, first plug up the air 
vent; then detach the tubing to the carburetor from 
the bottom of the tank. Start the engine and apply 
a finger to this openina. If suction is felt con¬ 
tinuously, then it is evident that there is a leak in 
the connection between the tank and the main 
line supply, or else the flapper valve is being 
oS its seat and is letting air into tbe ta^, 
stead of drawing gasoline. 
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In many cases this troublesome condition of the flapper ▼alve 
can be remedied by merely tapping the side of the tank, thus 
shaking loose the particle of dirt or lint which has clogged the 
valve. If this does not prove effective, remove the tank cover, 
as deecribed below. Then lift out the inner tank. 

To flu the tank, should it ever become entirely empty: With 
the engine throttle closed and the spark off, turn the engine 
over a few revolutions. This takes less than ten seconds, and 
will create sufficient vacuum in the tank to flU it. 

If the tank has been allowed to stand empty for a consider¬ 
able time and it does not easily fill when the engine is turned 
over, this mav be caused by dirt or sediment being under the 
flapper valve (H). Or, perhaps, the valves are dry. Removing 
the plug (W) in the top and scj^uirtiiig a little gasoline into the 
tank will wash the dirt from this valve, and also wet the valves, 
and cause the tank to work immediately, if due to this cause. 
Another method is to remove filler plug (W) and fill the tank 
with gasoline drawn from the main gasoline tank, by means of 
un oil gun or from drain. 

Auxiliary vacuum pump: On some cars a small hand vacuum 
pump is provided on the dash. If the vacuum tank should 


become empty, it would not be necessary to turn the engine 
over, but merely to oj^rate a pump connected by a check valw 
to pipe (C), w'hioh will create sufficient vacuum to draw gasolin 
from the main tank. A primer for starting the engine during 
cold weather (on some cars) consists of a nand pump on the 
dash, connected with (J, Fig. 2, page 113) by means of a tec 
and pipe to the pump, thence to inlet manifold through a check 
valve. 

To clean tank: Remove top of tank and take out inner shell, 
or vacuum chamber. This will give access to lower chamber 
from which dust or dirt may be removed. Clean every few 
months: also clean strainer (v). 

To remove top: After taking out screws, run the blade of a 
knife carefuUy around the top, net ween the cover and the body 
of the tank, so as to separate the gasket without damaging it. 
The gasket is not shellacked (see Fig. 2A, page 113). 

When removing head (top), first scratch a mark on the side 
of head and tank, so it will be replaced exactly as taken off 
otherwise the air-vent hole may not come in line. 

Testing vacuum fuel-feed system: see pages 1041, 122, and 
462H. 


“GG’’ AND “OIL-VAC” VACUUM GASOLINE FUEL-FEED SYSTEMS 


The GO is another vacuum fuel-feed 83 rstem which utilizes 
the suction produced though the inlet manifold. 

Operation: Inlet 
manifold connects with 
(25). If float (16) is at 
low position, ball valve 
(8) IS thus opened by 
float arm. A partial 
vacuum is created in 
vacuum tank (17) and 
gasoline is drawn from 
main gasoline tank 
through a pipe con¬ 
nected with (23). 

When float rises to 
high position, ball valve 
(8) is automatically 
closed by bent arm on 
float. This shuts off 
the suction. Atmos¬ 
pheric pressure is then 
ostablisood within inner 
chamber (17) by air 
entering at tne perma¬ 
nent vent hole (1). The 
weight of the gasoline 
opens lower valve (19) and flows into outer chamber (21). Pipe 
(20) is a breather for (21). Gasoline then passes through opening 
(24) to carburetor. A back-fire disk is provided inside of (25). 

Oil-Vac System 

The **Oii-Vac*’ vacuum fuel-feed system utilizes the suction 
(vacuum) produced by an oil pump. With this system the 
vacuum increases as the speed increases. If the oil supply 
gets so low that the oil is not being drawm into oil pump, no 
vacuum is produced and tank ceases operation, causing engine 
to stop for lack of fuel. 

Operation: An oil pump of the vane or rotary type is operated 
from engine to circulate oil for general engine lubrication. Oil 
is drawn into this pump from the oil pan oy vacuum produced 
in vhe pump at its intake. A suction pipe connects at the in¬ 



take side of pump at (S) and leads to a connection (A), to an 
opening extending into inner tank (C). When the gasoline 
level in (C) is at a low level, cork float (F) is at its lowest posi¬ 
tion and a valve is caused to close by a fulcrum action. When 
valve is closed, the inner tank (C) is then airtight, and suction 



(vacuum) at pump reduces the air pressure sufficiently in (C) fur 
the gasoline in the main gasoline tank (T) to flow' to (C) through 
connection ®). The reason why gasoline will flow from this 
level to a higher level is explained on page 1 IS, 

As the level of gasoline gradually rises to a predetermined 
height in inner chamber (C), float (F) rises ana opens valve. 
This permits fuel to flow from slip tank (C) to outer tank (D), 
which is connected with the carburetor at (tJ). This operation 
is repeated, and thereafter the level is maintained at this height 
during the operation of engine. 

If the gasoline fails to feed from lower tank (which can be 
determined by opening drain plug V), it may be due to the fol¬ 
lowing causes: No gasoline in main tank (T); loose connections 
at (B) or (A), or at pump; insufficient oil supply in engine oil 
pan; oil too heavy; spring between the revolving rotors weak 
(remedy by removing rotor and dressing sides down slightly 
and stretching spring; valve dirty ^remedy by reiBoviM slip 
tank and cleamng). Mfg’d. by Kingston Products Corp., 
Kokomo, Ind. 


RELATION OF THE INLET MANIFOLD TO CARBURETION 


An inlet manifold for a six- or eight-cylinder 
gasoline en^e which would deliver an equal mixture 
to each cylmder was a problem with manufacturers 
in the early days. If the distance was too great, 
the charge of gas would tend to condense. 





The inlet mani¬ 
fold in use today 
is smaller in di- 
for- 

merly. Somegaso- 
^ ^ ^ ^ especially of 

low gravity, is dif- 

Early types of inlet manifolds, hcult to bre^ 
Up' and vaporize 
readily. It condenses and clings to the inner walls 
of the manifold. By having a smaller inlet mani¬ 
fold, the mixture is drawn through at a greater 
spe^, which in a way prevents condensation. 


V 

Fig. 3. 


With too large an inlet,_ 

after a hard puU with an open ’ 


ty fuel, 
ottle, the enc^e 
tends to ^^ohoke’’ aiMl when the throttle is 

Orst dosed again, tmt^ after run a short distance. 


Exhaust heated inlet manifolds thermostatically 
controlled are now the approved method. See In¬ 
sert No. 7 for an example of this type. See Addenda 
page 60 and Insert No. 6 for an example of a dual 
inlet manifold for a V-type engine. 

Turbulence, an Aid to Fuel Distribution 

While an easy bend of the inlet manifold (Fig. 3A) 
undoubtedly oners less resistance to motion than an 
abrupt bend, it is claimed by some engineers that 
only the lighter particles of fuel 
are kept in suspension in the 
center of the air stream and the 
heavier particles of fuel will be 
deposited aionj; the sides of the 
manifold. This condition would 
result in some cylinders receiv¬ 
ing a lean mixture, while others 
received an over-rich mixture, 
thus causing a variation of power 
and the inability of an engine 
to idle at low spe^ 
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It is now claimed that turbulence (violent mixing) 
will overcome this to a great extent. A sharp or 
right-angle bend (Fig. 3B) would cause a very sudden 
change in the direction of motion of the mixture, 
thereby forming eddies or whirlpools. Even though 
the heavier particles of the fuel might be deposits, 
the whirlpool would pick them up again and mix 
them, so that the heavy and light portions of the 
fuel are kept in suspension in the air stream. Thus 
the ratio of air and fuel should be kept constant 
over the entire length of the manifold, and this 
being tbe case, a thoroughly mixed charge is dis¬ 
tributed, rather than a dry vapor. 

Some engineers are of the opinion that a square section inlet 
manifold is better than a round section. 

Heating of the inlet manifold to promote vaporisation of fuel 
BO that it will more readily be broken into smaller units and mix 
with the air is also very important, but overheating should be 
avoided. See footnote page 30, Addenda. See also page 806, 
relative to the method of creating a turbulence eflPeot in the 
cylinder. 

Fitting Carburetor to Inlet Manifold 

Carburetors are attached to the inlet manifolds, 


either with a horizontal 
connection (Fig.4) or a ver¬ 
tical connection (Fig. 5). 

When fitting a carbure¬ 
tor, a gasket must be 
placed between the car¬ 
buretor flange and the flange on the intake pipe. Be 
sure there are no air leaks where the carburetor joins 
the intake pipe, and where the intake pipe connects 
to engine, otherwise the mixture would be changed. 



Carburetor gaskets are made of soft fiber materi¬ 
al, asbestos, copper interlined with asbestos, or 
multibestos; or a similar packing could be used, and 
in an emergency, leather could be used. If material 
is used which has a rough edge, it is important to 
watch that none of it gets into the carburetor pipe. 

Where inlet manifold covers the inlet ports (D), 
a copper gasket is generally used and must be drawn 
tight to prevent air leakage. 

If there is eccessive vibration of carburetor, place a small 
iron hanger from a nut on engine to carburetor, to steady it 
and prevent joints from working loose (see also page 1050). 


COMPRESSION RATIO 


TOTAL 

CUIN.6A, 


CofUpreesion ▼ohime is the volume (number of cubic inches of 
space) in the combustion space when 
tne piston is at top dead center. In 
Fig. 7, the compression volume is 5 
cubic inches. 

Total volume is the volume in the 
combustion space and cylinder when 
the piston is at bottom dead center. 
In Fig. 6, the total volume is 33 cu. 
in. Note that the total volume is 
equal to the compression volume plus 
the piston displacement (see Index 
for meaning of piston displacement). 

Compression ratio is defined as the 
total volume divided by the com¬ 
pression volume. For the engine 
shown in Figs. 6 and 7, the compression ratio is 33 cu. in.-s-5 cu. 
in.»6.6 compression ratio. 



The final compression pressure (at about top dead center) 
depends mostly on two things: (1) the compression ratio and 
(2) the pressure of the gas in the cylinder when piston is at 
bottom dead center as shown in Fig. 6. It is obvious that the 
greater the pressure in Fig. 6, the greater will be the pressure in 
Fig. 7. The pressure in Fig. 6 (the piston has just reached 
bottom dead center of the intake stroke) is dependent upon the 
atmospherio pressure which forces the gas into the cylinder; 
therefore, the lower the atmo.spherio pressure, the lower will be 
the pressure in Pi^. 6, and therefore the lower will be the com¬ 
pression pressure in Fig. 7 (with piston at top of compression 
stroke). 

The combustion pressure (sometimes incorrectly called ex¬ 
plosion pressure) which occurs shortly after ignition, and which 
gives the engine its power, depends on the comoression pressure. 

Conclnskm: A low atmospheric pressure will cause alow com¬ 
pression pressure, which in turn will cause a low combustion 
pressure, and therefore the power of the engine will be reduced. 


EFFECT OF ALTITUDE ON CARBURETION AND COMPRESSION 


Atmospheric conditions have much to do with the action of 
a carburetor. For example, an engine which would run satis¬ 
factorily at a low altitude, sav at sea level, would lack power 
wad would overheat at a high level, as, for instance, at Denver, 
Colo., where the elevation above sea level is approxima^ly 
5,280 feet, or one mile high. 

This is due to the fact that at sea level, the air exerts a pres¬ 
sure of approximately 15 lbs. per square inch. This means 
that a column of air one inch square in cross-section and 50 
miles high weighs approximately 15 lbs. It has been fairly 
w^ established that atmosphere nlanketa the earth for a depth 
of about 50 miles. 

Therefore if we go higher, we begin to shorten this column 
of air responsible for this pressure; we therefore have not so 
much weight of air above us, and consequently the pressure 
corresponding to the reduced weight is also reduced. 

Thus, if, at Denver, the hei^t above sea level is 1 mile, 
there would be only 49 miles depth of air in the column to 
establish this pressure, and a column of air 49 miles high weighs 
lees than a column 50 miles high, so that we find the atmos- 
spherio pressure at Denver is just a trifle over 12 pounds per 
square inch. As we go still higher, the pressure begins to fall off. 

The drop in pressure amounts to approximately one half- 
pound per square inch for each rise of 1,000 feet. This, how¬ 
ever, is not strictly accurate, nor is there a distinct and invari¬ 
able relationship between the two, for it depends upon baro¬ 
metric variations, the amount of moisture in toe air, etc., which, 
as we know, will cause the barometer to vary even though it 
remain in one place. 

This reduction of air pressure as a result of increasing altitude 
has an effect on the power of the engine. 

First it affects the compression, reducing it at a rate eor- 
respondiM to the reduction in atmoepberio pressure, as ej^ained 
above. Thus at sea level, an average Ford engine would have 
a oompreeeion pressure of 64 lbs. per square inch, as measured 
by a pressure gauge, and after ignition, the explosion pressure 
would be 256 loe. per square inch; while in Denver^ owing to the 
low atmospherio pressure, the compression pressure would be 
only 48.5 Ibe. per square inch, and after ignition, the ei^ploeion 

{ iressure would rise to only 194 Ibe. per square inch. It ii the 
atter pressure which determines the power of the engine, and 
since i i has decreased from 266 ibe< per square inch to 194 lbs. 
per square inch, the engine will deliver much less power. 

9econ4» we know that at sea level the composition of the air 
by weight is approximately 25 parts of oxygen to 75 parts of 
nitrogen^ and tbe eombSnatkm is a tnechuifcal ndsturSt not a 
chenaicaliiaa. 


It is the oxygOT that we rely upon to support combustion of 
the gasoline. Thus if the oxygen is reduced in value to that of 
the fuel, the mixture is affect^. 

The higher we go, the less the percentage of oxygen in the 
air. Therefore^ unless the carburetor is re^justed to suit the 
changed conditions, we get an over-rich mixture, slow combus¬ 
tion, and overheating. 

The point, then, is to open up the air intake, giving more air, 
rather than to out down on the needle valve of the oarbiuretor, 
reducing the gasoline supply. 

Where carburetors arefitted with adjustable air valves, then the 
air-valve adjustment should be opened wider for fdtiiude work. 

Where carburetors have no air adjustment, use smaller jets 
for altitude work. To increase power, increase compression by 
fitting pistons slightly longer th^ the standard. 

At the top of Pike’s Peak, which rises to an altitude of 14,000 
feet above sea level, the atmospherio pressure of the air is only 
8.5 lbs. per square inch; therefore the compression pressure 
will drop to 30 lbs. per square inch (as measured by a gauge), 
and the exjdosion pressure will be only 120 lbs. per square 
inch, thus causing a very great loss of power. 

Furthermore, water boils at a lower degree (Fahrenheit) at 
higher altitudes, for example at 14,000 feet above sea level 
water boils at 185^ F., owing to less atmospherio pressure, 
whereas at sea level, water boils at 212^ F. 

Compression 
Pressure las measured 
Boiling by a Gauge) on 
Atmoe- Point Engine with 

pherie of Compreesion 

Altitude Pressure Water Ratio of 3.6 

Sea Level 15 Ibe. 212<’F. 64 lbs. 

1,000 feet 14.1 lU. 210« F. 69.5 lbs. 

2,000 feet 13.6 Ibe. 208« F. 67 Iba. 

3,000 feet 13.1 lbs. 206^ F. 65.4 Ibe. 

ijOWiMt 12.5 Ibe. 204»F. 61.2 lbs. 

5,000 feet 12.3 Ibe. 203<* F, 49 Ibe. 

6,000 feet 11.6 jbe. 201»F. 46.5 Ibt. 

7,000 feet 11.2 lbs. 199»F. 44.3 Ibt. 

8,000 feet 10.8 Ibe. 197* F. 42.1 Ibe. 

9,000 feet 10.4 Ibf. 105« F. 40 Ibe. 

10,000 feet 10 Ibe. 193^ |. 37.9 Ibe. 

14,000 feet 8.5 Ibe. 185^ F. 80 Ibe. 

i' ratio is 
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A MODERN FUEL-FEED SYSTEM 


Fuel Pumps 

Purpose of the fuel pump is to promote constant 
pressure at the carburetor under all operating con¬ 
ditions and all rates of discharge. The fuel is 
pumped from the fuel tank in the rear of car direct 
to the carburetor, or to a gravity feed tank close to 
the carburetor. 


There are three typesy the piston, diaphragm and 
the electric type. The piston and diaphragm type 
are mechanically operate and the electric is mag¬ 
netically operate. 

Piston t 3 rpe, for example^ used on the Cadillac V-16 car is me¬ 
chanically operated by an eooentrio on the rear of the camshaft. 
It delivers the vacuum to the vacuum tanks which receives the 
fuel from the fuel tank at the rear of the oar. The two vacuum 
tanks are mounted above and close to the car¬ 



buretors. and have valves and parts as usual, 
but are not connected with the intake mani¬ 
folds of engine; instead, the vacuum pump 
serves the same purpose as the suction (vacu¬ 
um) in the intake manifold. 

Diaphragm type is mechanically oper¬ 
ated and pumps the fuel from the fuel tank 
at rear of car direct to the carburetor. It 
can be driven by any method that will give 
reciprocal motion of from 3/16'' to k" 
maximum. It can be operated from the 
push rods, tappets or eccentrics. It can 
be located on the camshaft or any other 
rotating shaft such as ^nerator, oil pump, 
etc. In the example. Fig. 8, the stroke la 
controlled by a bell crank, one end resting 
upon a push rod actuated by an eccentric 
on the front end of the engine camshaft 
and the other attached to the rod oper¬ 
ating the pump diaphragm. 

Electric tvpe. The Autopulse magnetic 
fuel pump (patented) is an example of the 
electric type. It is connected directly to 
the carburetor suction line, and a wire 
terminal from the device is installed on 
battery side of ignition switch. Thus con¬ 
tact is made as soon as the ignition switch 
is turned on. A metal bellows is expanded 
by magnetic ^11, created by an armature 
and magnet. This forms the suction stroke. 

Stewart-Warner Fuel Pump 

An example of a mechanically- 
driven diaphragm type of fuel 
pump is shown in Fig. 9. 

Operation during suction stroke; As the 
high point of cam A pushes lever B toward 
the pump, the lever fulcrums at point C, 
thereby pulling the pump diaphragm D 
down. A vacuum or suction is thereby 
created in chamber E. This opens the in¬ 
let valve F, pressed downward by a spring, 
and draws gasoline from the glass reserve 
bowl G through screen H. The glass bowl 
G is connected to the rear tank by inlet 
line J. In operation the glass bowl will al¬ 
ways be f uU of liauid. The outlet valve K is 
also pressed downward by a spring. 
Chamber L is always open to the atmos¬ 
phere through breather hole M. This 
prevents ba^ pressure or vacuum in this 
chamber and ventilates it. 

Operation during delivery stroke: The 
low point on cam A would now be on the 
side nearest the pump. Pressure is ex¬ 
erted on lever B by the lever spring N. 
This causes the levor to follow the cam. 
The other end of the lever is engaged with 
the bronse spool that is free to slide on 
the diaphragm piston rod T. 

On the end of tho delivery stroke the 
lever is up as high as it will go, ^mitting 
the diaphragm spring O to puim the dia¬ 
phragm up, thereby forcing the gasoline 
m chamber E through the outlet valve K. 
On this stroke inlet valve F is held closed 
by its spring. 

The purpose of the air dome Q is the 
same as on other hydraulic pumps. It 
not only relieves the diaphragm and car¬ 
buretor float bowl valve of excess pressure 
when the carburetor float bowl valve is 
do^. but utilises this pressure to increase 
the dwvery rate about twenty^ve per cent. 

Note: Some of the models do not have this 
high delivery air dome; however, the dome 
used on these pumps is satisfactory on the 
oars for which these models are spdufied. 

Wh^ the carburetor float bowl valve is 
dosed, or partially dosed, the full stroke 
pressure and stroke of the diaphragm is 
utilisA to store gasoline in the air dome by 
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oompreasiDg the gasoline vapor in it ae the baffle plate ia per¬ 
forated. On the down stroke of the diaphragm this oompreesed 
vapor expands and maintains a pressure on the gasoline in the 
line to the carburetor and a constant flow, so long as the oar- 
btiretor float bowl valve is open. 



Control of delivery: The actual delivery to the carburetor is 
controlled by the carburetor float bowl valve, as this shuts off 
the flow of gas when the carburetor float bowl is full. When this 
occurs and the air dome presstire reaches two and one-half 
pounds per square inch the pump diaphragm automatically 
stops pumping and remains in the down position. This is be¬ 
cause the pressure in the gasoline line to the carburetor equals 
that of the diaphragm spring O. 

The lever, however, continues moving with the engine cam¬ 
shaft, and the spool on the piston rod T with which the lever is 
engaged, slides up and down. 

The down stroke ia cushioned by the rubber washer imder 
the bronze spool. As soon as the back pressure at the carbure¬ 
tor needle vwve is relieved the diaphragm is forced up by spring 
pressure and pulled down by the lever. 

Service Hints 

Test on engine: If no gasoline to carburetor, first check as 
follows: (1) learn if there is gasoline in the fuel tank: (2) note 
if gasoline has been coming out of breather hole M. This indi¬ 
cates a leak due to a fractured diaphragm or leak at the piston: 
(3) examine sediment bowl G and screen H. Although bowl 
may be full of gasoline, pump will not operate properly if screen 
is durty or iidet valve F is clogged. Clean, Do not break cork 
gasket when replacing bowl; a leak w'ill cause erratic action of 

f >ump and delivery. When using new g^et, first soak iHn 
ubricating oil; (4) check for loose connections and broken lin^; 
(5) disconnect pump at the line to the carburetor; (6) while 
someone steps on starter, observe if gasoline spurts out of the 
pump outlet. When gas spurts out and carburetor bowl is 
empty it in^cates that the line to carburetor, or carburetor 
float neeffle valve, is clogged; (7) disconnect gasoline supply line 
at both ends and blow through it to see if clogged. 

Test of pump off of the engine: When the previous tests fail 
to show the trouble, remove pump and take it to the work bench 
for test and examination as follows: (1) attach two pieces of 
rubber hose to the outlet and inlet of the pump, and move 
pump lever in and out. Gasoline should spurt out of hose at- 
taohM to outlet opening in approximately fifteen strokes; (2) if 
not, examine check valves F and K, Fig. 9. Clean the valve 
seat and the springs, and replace the also valves, glossy side 
down. Be careful not to scratch or mar valve seats while 
cleaning. Use new gaskets under valve retaining nut U, and 
air dome Q. Draw them up tight: (3) examine vent hole M; 
(4) test the pump with two piecee of hose and a pail of gasoline, 
as previously dei^bed: also bv holding a wet finger alternately 
on the inlet and delivery openings while working the lever. 

When pomp cannot be made to operate properly after the 
tests desoribea, it is best to take it to one of the Stewart-Warner 
authorised service stations. 


AC Fuel Pump 

Another example of a mechanically driven dia¬ 
phragm type of fuel pump is shown in Fig. 10. This 

is the AC 
fuel pump, 
series “B.” 
See also 
InsertNo. 
2 for an¬ 
other type 
ofACfuel 
piunp. 



Stewart-Warner Constant Suction 
Vacuum Tank 

This series of tanks, while embodying the same 
pneral prmciples explained on pages 112 to 115 has 
But one valve (air valve), one lever and one spring. 
The vacuum valve w elinunated. It is claimea that 
there is no intermittent enriching of the mixture 
above the carburetor when the tank trips, and 
smoother operation of the engine when idling. 



Pig. 11. Stewart-Warner constant suction, lever typo vacu¬ 
um tank, model 377. Name of parts: A, fuel inlet; AA, wind¬ 
shield cleaner connection; AB, booster; AC, baffle; AD, shut¬ 
off valve; AE, clamp; AF, valve cover; AG, float tee; B, vacuum 
opening; C, air valve; D, sediment bowl; E, outlet: F, float; Q, 
flapper valve; H, air inlet; H-1, air valve opening to outer shell; 
I, valve yoke; K, vent; M, vacuum chamber; N, reserve cham¬ 
ber; P, booster line: R, spring; S, strainer screen; T, float lever; 
U, supply line; V, fioat stem. 

Description: The inner or vacuum chamber M has four open¬ 
ings, namely: the fuel inlet A, which is connected to the main 
fuel tank throi^h line U; the vacuum opening B, which is con¬ 
nected to the intake manifold through the booster and line P; 
the air valve opening to the outer Mell through H-1; flapper 
valve G. 

The outer or reserve chamber N has three openings, namely, 
throtigh vent K and air inlet H, which are open to the atmos¬ 
phere at all times: fuel flows through hole in false bottom of 
outer tank into glass sediment bowl D, up through strainer 
screen S, and from there through outlet £ to the carburetor. 

The booster AB operates somewhat on the principle of the in¬ 
jector to force water into steam boilers with their own steam. 
It forces the air from the inner chamber M into the engine mani¬ 
fold and thus creates in chamber M a higher vacuum than that 
in the manife^d. This causes fuel to be forced into the vacuum 
tank under conditions that would make it inoperative without 
the booeter. The booster increases the vacuum in M from two 
hund:^ per cent to three hundred per cent. AA is the wind¬ 
shield cleaner connection. The funnel-shaped ba£Be AC pre¬ 
vents fuel splasbing out air inlet H. 

The principle of operation, troubles and remedies otherwise 
are my simOar to the vacuum tank previously discussed. 


As-ke Fuemer 

Ah eleotrio heater constructed of high-gr^ resistance wire, 
about the liso of a spark plug, which vaporises or fumes a por- 
iioa of the fuel supplied fn the carburetor air-horn the instant 
the startor pedal is applied to start the engine. 

The model B nagnetio valve fuemer is for up-draft carbuiw* 
tors. Upon appiisation of the starter, the maf^tio valve con¬ 
tained inwia we fuemer aeeembly opone and permite fuel to 
flow into the fhemer plug from the fuel pump or vacuum tank. 
When thofi^ touches ins fuemer it is inetandy vaporised and 
esplodeidiu thiitohiboeyliadsrs. Advantagw claiinod are that 
•njdtise sguiflpsd with thie device are not wlyjmy to start la 





INSTRUCTION No. 14 

CARBURETOR ADJUSTMENTS: Mixture; Troubles and Remedies; Float 
Adjustments; Tools for Repairing Carburetors; Examples 
of Priuciple and Adjustments of Carburetors 


^ The principle of carburetion is treated in instruc¬ 
tion No. 13. It will be advisable to start at the 
beriming of the subject and master the fundamental 
prmciples before taldng up the subject of adjust¬ 
ments. 

Kerosene carburetors are treated under the sub¬ 
ject of ^‘Tractors.'' See Index, 

The first and most important thing to learn about 
any carburetor is to let it alone as long as it is 
working properly. Never tamper with the car¬ 
buretor until you are quite sure that it is at 
fault. 


There are two essentials necessary before am 
engine will run: first, gasoline; second, a spark. 
The gasoline must reach the inside of the cylmders 
and a hot spark must be there at the proper time to 
ignite the gas. If you have both, something is bound 
to happen, even though it is but a single explosion. 

Next, remember that even though you have a 
spark and gasoline, the engine will not run properly 
it the gas does not enter the cylinder at the right 
time and if it is not in a proper gaseous form, or a 
correct ^^mixture.” See ‘^Digest of Troubles^^ for 
various reasons why an engine will not start, etc. 


MIXTURE 


At low speeds the mixture should be richer than 
at high. At low speeds more heat is lost to the cylin¬ 
der walls, more compression is lost by leakage, and 
the combustion can therefore be slower, thus sus¬ 
taining the pressure. At high speeds the compres¬ 
sion is higher, due to less leakage and less loss of 
heat. A lean and highly compressed charge bums 
faster and hence mves better pressures and fuel 
economy than a richer one. 

The quantity of mixture an engine will take, 
varies greatly with the speed and pull. At slow 
speedSi the volume, at carburetor pressure, is equal 
to the cubic content of the cylinders multiplied by 
the number of intake strokes. 

At high speeds of one thousand revolutions or 
over, the quantity may drop to less than one-half 
the amount, depending on the design of the valves, 
inlet piping, and passages. This reacts upon the 
compression, and hence on the mixture desired for 
best results. 

The design of the engine has a bearing on the 
carburetor design, which explains the well-known 
but seemingly mysterious fact that a carburetor 
giving good results on one engine sometimes fails to 
maintam its reputation when applied to one of dif¬ 
ferent design. The system of ignition used also 
has a marked influence on the proper working of an 
engine, as a hot spark is most essential (see Index for 
**rlame propagation”)* 

Proportions of air and gasoline. Different mix¬ 
tures of ah^ aud gasoline are needed for different 
engine requirements. It is no longer the belief 
that a umform mixture is correct for all speeds. 
The new rule is, that the amount of gasoline fed 
into the air must be changed according to demands, 
and if a 12 to 1, or rich, mixture is best for 
quick acceleration, a 15 to 1, or leaner, mixture may 
be best for pulling with the throttle wide open, and 
a 17 to 1. or still leaner, mixture is best for particu¬ 
larly hij^ j^peed work. Therefore, a varymg mix¬ 
ture miBt be supplied. See also page 95* 

Atmosfdieiic conditions have much to do with 
^ action of a carburetor. An engine seems to run 
better at ni^t. Taking an engine from sea level 
to an aHitude of 10,000 feet involves usmg air m 
the ehyne eyfisders at atmoepherio pressures rang¬ 


ing from 14.7 lbs. down to 10.1 lbs. to the square 
inch. In other words, the higher the altitude, the 
lighter is the air, and thus more air for the carburetor 
is required. 

To Test the Mixture 

If there are doubts in the mind of the operator as 
to whether the mixture is too rich, one method of 
ascertaining the correct proportion of air and gaso¬ 
line is to shut off the fuel at the tank and open the 
throttle. 

If the mixture passing into the cylinder is too 
rich, the engine speed will increase as the level 
of the gasohne in the float chamber is lowered, 
since this operation weakens the mixture consid* 
erably. 

If the mixture is thought to be too weak, the float 
chamber can be fleod^ or the “choker valve” 
partially closed while the engine is running, and if 
this causes the engine to spe^ up, it may be taken 
as an indication that the mixture is not rich enou^. 

The proportionate amount of gasoline to air is 
essential. The novice usually gives the carburetor 
too much gasoline by opening the adjustment valve 
too wide, thereby causing “too rich a mixture.” 
Too much gasoline will not run the engine any 
better than not enough. It must be remembered 
that only a very little gasoline is required in pro¬ 
portion to the air needed. 

Use air. It is advisable to run the engine with 
as much air os possible, which means a “lean” mix¬ 
ture. This not only means economy of gasoline, 
but prevents soot deposit and pitted valves (pro¬ 
viding good lubricating oil is us^). 

Of course, when first starting, or when cold, more 
gasoline is absolutely necessary, but as soon as the 
engine warms up, cut down on the gasoline and run 
on more air. Most carburetors, now-a-days, are 
fitted with air regulators and heated intake mani¬ 
folds for this purpose. 

An engine will run on less gasoline, and more air, 
the warmer it gets. This accounts for the necessity 
of the air adjustinent. 


in 
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Rich and Lean Mixture 

A rich mixture is one in which the proportion of 
gasoline abnormally exceeds the amount of air. It 
may be due to faulty adiustment of the gasohne 
needle valve, float, or air valve. The expression, 
'^mixture too rich’’ means that too much g^oline is 
present in ^portion to air, or, technically, that 
their is insumcient oxygen to support its oombustion. 

An over-rich mixture will cause an engine to over¬ 
heat and thereby give rise to a number of troubles, 
such as preignitKm, accumulations of carbon on the 
pistons and cylinder heads, steaming water in the 
radiator, and loss of power and ^^oping” or choking 
up on slow speeds. 

The cause of mixture being too rich may be: Too 
much gasoline at needle valve: punctured float; 
float vSve not working properly, owing to bent 
needle, or presence of foreign matter in valve seat; 
too much priming; primary air passage clogged or 
partially obstructs; air valve not open enough, 
spring too strong or air opening choked. 

A mixture is poor or lean when it contains too 
much air and not enough gasoline, a condition often 
due to a faulty adjustment of the needle or air-valve, 
float, a leak in the inlet pipe, the spray nozzle, float 
vdvc, or feed pipe partly clogged, or water in the 
gasoline. 

A poor mixture will make the engine miss when 
running idle at slow speeds, and at high speeds it 
will not only cause misfiring, but the missing will be 
accompanied by coughing and * ^popping” in the 
carburetor. Both this and explosions m the muffler 
may also occur (see also page 461). 

The cause of mixture beii^ too weak may be: Too 
much air, not enough gasoline; carburetor passages 
or jet clogged; throttle valve out of adjustment; 
insufficientflow of gasoline; tank valve closed; vent 
hole in gasoline tank cap stopped up: break in 
gasoline supply; bad g^line, originally, or from 
standing: water in gasoline; carburetor cold; gaso¬ 
line cold and unvaporized; gasoline supply jgx- 
hausted. The ignition system not working properly 
will also act in a manner similar to t^ lean a 
carburetor mixture. 

Smoke Indicatioiis of Carburetor Mixture 

If the ens^e is fed too much gasoline, black 
smoke, smelBng of raw gasoline, wiO usually be in 
evidence, issuing from tl]« exhaust. Care should be 
taken to distin|;ui8h this from the excess of heavy 
blue smoke which is indicative of too much engine 
lubrication. 

Whenever any considerable quantity of smoke 
of either color comes from the exhaust, the engine 
may miss explosions through fouled spark plugs. 

If the mixture is too rich, the enme will have a 
tendency to slow up and '^choke” or^%ad up” when 
the throttle is opened wide, and will run at a higher 
speed when it is partially closed. 

Another indication of the mixture being too rich 
will be shown in its speeding up perceptibly, if the 
auxili^ air valve of the camuretor is held open, or 
additional air is admitted in any way between the 
carburetor and the cylinders. 

Such being the case, the exhaust gases, if United 
by holding a piece of burning paper near the end of 
the exhaust pipe, will bum with a large red flatne, 
rimSar to that of a bunsen burner when the air k 
mostly cut off. 


Loping. Another indication of too rich a mixture 
is that when ^'idling,’* the engine will run in a loping 
manner, as if actuated by a governor; more air and 
less gasoline is needed. 

’’Loading up’* when mnniin slow or idling is due 
to the fact that the air comes mto the carburetor so 
slowly that the gasoline particles are not broken up 
fine enoi^, and condensation takes place. Thus 
the gasolme b taken in in a more or less liquid form, 
and combustion is very poor. That is one reason 
why as much heat as possible should be applied to 
the air intake of the carburetor. Also, the engine 
should not be allowed to tick over slowly for any 
length of time when the car is standing idle. It not 
only wastes fuel, but the manifold will load up with 
raw fuel, and acceleration will be anything but good 
when you attempt to get under way. 

By opening the relief cooks in the cylinder heads (if provided), 
while the en^ne is running, one can judge fairly well, by the 
color of the name, when the mixture is correct. At each explo¬ 
sion a jet of flame will shoot out of the o>dinder through this 
relief cook. 

If the mixture is too poor (too much air for the gasoline), the 
flame will be light yeUow. 

If the mixture is too rich (not enough air for the gasoline), 
the flame will be red and smoky. Bla^ smoke will ^o come 
out of the muffler, smelling of raw gasoline. 

If the mixture is correct, the flame will be light blue or purple, 
and hardly visible. 

Note. This test is not ab6olutel;|r reliable, because, when 
the relief cook is open, air is drawn into cylinder which tends 
to change the mixture. 

*^Back Fudng” or “Popping” in Carburetor 

There seems to be much confusion in the use of 
the terms “back kick” and “back fire,” the latter 
being very often used to describe what happens 
when, in starting an engine, it suddenly reverses its 
direction of rotation to give a “back kick.” 

Back-kicking is usually caused by preignition in 
starting the engine, which is due usually, as is well 
known, to too much “advance” in the sp^k timing. 

Generally speaking, “back-firing” is caused by a 
weak mixture which bums so slowly that the flame 
continues until the opening of the admission valve 
again, when it imiites the incoming charge in the 
intake pipe and shoots back to the carburetor. 
While an over-rich mixture will also burn slowly, it 
rarely ever will cause back-firing. (See also p. 462B.) 

Another cause of back-firing is, of course, the 
faulty timing of the valves, or, in fact, a badly leak¬ 
ing valve. As a general rule, back fimg is due to 
one or more of the following causes: (1) very slow 
explosion or weak mixture; (2) very late explosion; 
f3) a spark occurring during the intake stroke; 
(4) the intake valve being partiall 3 r open during 
the power stroke; (5) premature ignition. 

Slow combustion is caused by a lean mixture: 
late combustion is caused by a weak or retarded 
spark. Nos. 1 and 2 are the usual causes, while Nos. 
3 and 4 happen infrequently. 

“Popping back” or “back-firing** in carburetor 
is quite a common occurrence witii carburetoip 
when first starting the engine on a eold day. But 
after the engine has been run for a brief period it 
will become warmed up and Uie gasoline inll be|^ 
to vaporize properly and run without pop|flng baelCf 

If the “poppiux back” continues, then mixturs 
is too weak and more gasoHne is required;. By 
giving the auxiliary air-valve fq>ring a al^t ineiease 
of tenaioii, or by opening the giuMinxie nsecUe valve a 
notch far so. or by doa% the tur ikilai 
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the '^damper’^ at the air intake, more gasoline will 
be supplied to the carburetor until ^e popping 
stops, which it will probably do when the engme is 
warmed up. 

Do not use the ^‘choker’’ any more than absolutely 
necessary. It permits raw ^oline to be drawn 
into the en^e, a part of which passes to the crank 
case and thins the lubricating oil. (See p. 462B.) 

Never run an engine in a closed garage, because 
carbon monoxide, a deadly poisonous gas. is present 
in the exhaust of gasolme engines. Too rich a 
mixture increases the amount of carbon monoxide 
given off. 

Carburetion during Cool Weather 

Since, at the present day, low-gravity gasoline is 
being ui^, the engine will have a tendency to miss 
explosion and run in jerks or uneven explosions, 
especially when starting. 

This is due, principally, to insufficient heat 
prdperly to vaporize the gasoline to prevent con¬ 
densation. After the engine becomes thoroughly 
warmed up, the **missing** usually disappears. 
When the weather is warm the engine starts easier, 
because ^oline will vaporize more readily and is 
easier ignited. Therefore during cool weather three 
things are essential: a good hot spark, a quick 
method of heating, and a choker or primer for en¬ 
riching the mixture to start on. 

For starting. There are different methods 
employed to inject a rich mixture into the cylinder in 
order to start the engine at all on a cold day. The 
common method is to close the main air intake, 
which causes raw gasolme to be drawn into the 
cylinder, which would be termed ^^choking*^ the air 
supply. After the endne is started^ it is then only 
a matter of running the engine until warm enough 
to vaporize the gasoline, at the same time gradually 
opening the choke or air valve, until the regular 
amount of air is being used. Never race engine 
when starting engine on a cold day; see page 171. 

There is a disadvantage, however, in priming an 
engine, and that is, the raw gasoline drawn into a 


cool cylinder is not all utilized for combustion, but 
part of it forms carbon, due to lack of oxygen, which 
IS not being supplied, as the air is choked.. The 
result is a deposit of carbon on the head of the piston, 
in the combustion chamber, and on the spark plug. 
Therefore the air should be supplied as quickly as 
possible. The problem is, then, to heat the gasoline 
as quickly as possible, so tnat vapor and air are used 
instead of raw gaaoline. 

The *'ch iker'^ or some method of supplying a 
richer mix ure, however, is usually necessary for 
starting, if the choker principle is used, it is closed 
only until the engine starts, then gradually opened. 
In fact, by using an exhaust-heated intake manifold 
to heat the mixture, and also drawing warm air 
through the air passagje of the carburetor, the 
amount of raw gasoline injected into the cylinders 
will be considerably less than if it is not heated. 
Therefore this system will provide a quicker vapor¬ 
izing or heating of the mixture and a saving of fuel, 
with less carbon deposit in cylinders. 

Additional Pointers on Cold-Weather Starting 

Don’t expect the engine to warm up in a minute 
any more tn^ you expect a kettle to boil as soon 
as it is set on the stove. It takes time to heat. 

Take into consideration the fact that cold solidi¬ 
fies the lubricant in the transmission, rear axle, and 
other parts of the car. Therefore it requires grater 
energy on the part of the self-starter to revolve the 
engine. If the clutch is in^ when starting, and gears 
are in neutral, the transmission counter-shaft gears 
are directly in this oil and are revolved when crank¬ 
ing. After a car has been standing over night in a 
cold gara^ or sufficiently long at the curb to become 
thoroughly chilled^ throw out the clutch when 
cranking. This eliminates the drag ot the trans¬ 
mission gears plowing through the solidified grease. 

A good hot spark is important, especially in winter. 
Be particular to see that the battery is always 
charged. A quick method of starting should be 
provided in order to save current. also pages 
563, 556, 462A, 462B, 286. 


CARBURETOR ADJUSTMENTS IN GENERAL 


The parts to adjust in the carburetor depend upon 
the tjrpe of carburetor. This subject is therefore best 
treated by giving examples of carburetors of dif¬ 
ferent tyjies, such as the air-valve type, metering- 
pin type, plain-tube type, etc. 

Carburetors are usually adjusted to the best 
advantage when the en^e has been run and all 
parts are warmed up. If a carburetor is adjusted 
when the engine is cold, it will be noticed that it 
will need readjusting when warm, that is, in order 
to get a perfect adjustment. 

When carburetors are adjusted when warm, 
aometimes, especially on a cold day, the engine will 
not hit just right when first starting; it will miss and 
not run even or smooth until it has run a few 
moments and is heated up; then it runs satisfac¬ 
torily. 

Another point to remember is to be sure the 
i^tion is right and you have a good hot spark, and 
tne spark plug gaps set about If too close, 

the enme will operate unevenly at idling speeds 
imd muis at hi^heir speeds; if too wide, it will miss 
when aeodetatttig at very low speeds or hard pulls. 
A weak spark causes late combustion. (See Index 
fdr ’'Adj\^ihg spkrk-nhxg gaps.”) Also remember, 
thgt if muUiti lack of poweir, etc., devdops with the 
engiiie sdssihg it is well to be sure that the trouble 


is in the carburetor and not due to other troubles. 
See ^‘Digest of Troubles,” for suggestions ot how to 
diagnose troubles. 

The best way to adjust a carburetor is to arrange 
so that the engine may be run loaded while the 
adjustment is being made. One way to do this is 
to adjust the carburetor while the car is in motion 
on the road. 

To test the carburetor for adjustment, run 
throttled down for two blocks. When there is a 
clear space ahead, suddenly press the accelerator 
pedal down. The engine should pick up smoothly, 
to as high speed as you care to run at. If the engine 
chokes, stalls, misses or labors, or backfires at the 
carburetor or at the muffler explosions, it shows the 
carburetor is out of adjustment. 

Adjusting the Air-Valve Type of Carburetor 

The three principal parts of a carburetor used for 
making adjustments on the air-valve type are: the 
auxiliary air valve, the gasoline needle valve, and 
the float needle valve. 

For the average carburetor, having an ^auxiliary 
air valve” and a ”needle-valve” adjustment, the 
following rule for adjusting will apply. 
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Fig. 1* Showing principal parts of an air-valve car- 
Wetor lor adjustments. 


First, run the engine at what will be nearly its 
maximum speed in ordinary use, with the throttle 
open considerably and the spark rather late. This 
speed, of course, will be considerably less than 
the maximum speed of the engine when running 
idle. 

Second, turn the main gasoline needle-valve 
adjustment, until the mixture is so weak that there 
is popping in the carburetor. 

Third, note this position and then turn this 
adjustment until so much gas is fed that the engine 
chokes and threatens to stop. 

Fourth, set the adjustment half-way between 
these two points, which will be ve^ near the correct 
position. Turn the adj ustmcnt sli^tly in one direc¬ 
tion and then in the other until the point is found 
where the engine seems to run the fastest and 
smoothest. 

Fifth, TOntly and graduallv cover the auxiliary air 
inlet of the carburetor by placing the hands partly 
over the valve^ if necessary, in order partially to 
exclude the air. If the engine slows down, the 
spring should be weakened, since not enough air is 
allowed to enter the carburetor. 

Sixth, next try opening the auxiliary air inlet 
slowly and gradually by pushing the poppet off its 
seat with the finger or the end of a pencil. If the 
en^ne speeds up. there was not enough air and the 
spring should be loosened, while if it slows down, the 
mixture is correct or a little too lean, according to 


the degree to which the ape^ ia affected. If it is 
found to be too lean, the spring needs tightening. 

Seventh, after the auxiliar]r air inlet has been 
adjusted, open the throttle again and adjust at high 
sp^d, as this adjustment may now require to be 
altered. 

In the air-valve spring lies the chief difficulty in 
making carburetor adjustments, if the carburetor is 
pjovided with an automatic auxiliary air valve. 
This spring should be of such length and of such 
gauge wire^ diameter, and number of convolutions 
as to provide the requisite progressively increasing 
resistance to opening, while at the same time exert¬ 
ing little or no pressure upon the valve when it is 
against its seat. 

Adjustment: The needle valve should be oet for 
slowest running with the air valve held lightlv against 
its seat, and then the spring adjustment should be 
backed off until the slightest further increase in 
throttle opening causes the valve to leave its seat. 

From this point on the only proper adjustment 
for the air valve becomes a series of tests for spring 
strength without alterations being made in its 
normal length; that is, with the adjustment backed 
off in accordance with the instruction just given. 
If the spring tension with increased throttle open¬ 
ings is too light, and ‘^spitting back'^ in the carbure¬ 
tor continues in spite of the increased opening of the 
gasohne needle-valve adjustment, it is a pretty sure 
indication that the air-valve spring is too weak and 
that a stronger one should be obtained from the 
factory. These can usually be obtained in several 
sizes or degre^ of tension to suit varying engine and 
climatic conditions. 

Too strong a tension on the auiili^ air-valve 
spring will result in too much gasoline and not 
enough air (too rich a mixture), because the valve 
will be more difficult to open by suction. Too weak 
a spring tension will give too much air or too lean 
a mixture. 

When adjusting a carburetor on a **V^'-type en¬ 
gine, a good plan is to adjust each block of cyhnders 
separately. 


TO OBTAIN A SLOW, EVEN PUIX OF ENGINE WITHOUT MISSING 


Factors which, in addition to proper carburetor 

adjustment, assist an engine in pulling slowly 

and firing regularly at low speeds are: 

1. Good compression, which includes proper clear¬ 
ance of pistons, good piston rings, and no air 
leaks at the inlet manifold, carburetor gaskets, 
valve caps, or sp^^k plugs, etc. If there is an air 
leak in one cylinder it will affect the other 
cylinders. 

2. Proper valve clearance, properly seated valves, 
and correct valve timing are very important. 

8. Proper ignition timing—not too far advanced; 
when running slow, retard the spark. 

4. Interrupter points should be set correctly with a 
clear, flat sunace at the points. 

5. Be sure ffiere is a good hot ignition spark which 
will fire a charge at a wideopen throttle and also 
at low speed. A defective cou, condenser or resist¬ 
ance unit will produce a spark, but not one of 
sufficient voIuhm to ignite thO gas properly. See 
Index i(a these subj^ts, including how to test a 
fully charged batteiV' 


6. Properly set spark-plug gaps. About .025" ia 
the average gap. Gk)od spark plugs are also 
important. 

7. Cooling water must be at least 90"* F.; 140® P. 
is better. 

These details are essential to secure a flexible and 

smooth-running engine. 

Indication of Correct Carburetor Adjustment 

1. Run the engine until warmed up. 

2. Close the throttle with spark between hall 
advance and fully retarded position. The engine 
should then run evenly. 

3. The car should run 6 to 7 m. p. h. smoothly on 
high gear, 

4. Run one-barter to one-half mile at 12 to 18 
m. p. h. The engine should run evenly. 

5. With the car running 7 to 8 m. p. h*» open the 
throttle wide sudden^« The oar sbouU aocel^ 
ate smoothly. 
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Iiidleatiotui of loeorrect Adjiutment 1. Spark plugs foul quickly. 

The following indicate a lean mixture: 2. Exhaust gas causes one’s eyes to bum. 

1« The engine starts hard. 3. Black smoke issues from the muffler. 

2. The engine backfires throu^ the carburetor 4. Enme operation is uneven, causing ^loading 

when opening the throttle suddenly. up*^ or ‘^loping,*’ as previously explained. 

3. The engine refuses to idle. 

The foUowing indicate a rich mixture: 

POINTERS ON GOOD CARBURETlONi 


Good ignition, good compression and good spark 
plugs are necessary for penect carburetor perform¬ 
ance. 

Valve stem guides: When the carburetor is 

E roperly installs and the en^e refuses to idle, 
>ok for defective guides. To locate these defects, 
squirt gasoline from an oil can at the bottom of the 
guides while the engine is running. The tendency 
of the ^oline is to travel upwards through the 
loose guide, and each cylinder will begin finng as 
the gasoline takes the place of air which was pre¬ 
viously passing through the guide. 

Remedy: New valves should be installed or the 
valve guides should be bushed. A great deal of 
imaginary ceurburetor trouble can be traced to valve 
springs being weakened and to unequal tension 
having developed. 

Air leaks in intake manifold: When the engine 
refuses to idle, test for air leaks, by removing the 
hot-air tubing from the intake and with a squirt-can 
apply gasoline freely around the manifold connec¬ 
tions. If an air leak exists the engine will either 
speed up or choke down entirely. Air leaks are 
often responsible for poor mileage, loss of power, and 
over-heating trouble. 

The cause of an engine galloping is found in 
unequal explosion in the cylinders, caused by leak¬ 
ing valves and pistons, or by leakage past the intake 
giudes. It may also be due to improper carburetion, 
allowii^ some of the cylinders to be fed liquid gaso¬ 
line. The spark-plug points should be the same 
distance apart; likewise there should be no partial 
short circuit anywhere in the distributor wiring, and 
all bmsh segments in the distributor should be 
cleaned so that the brush may make equal contact 
with all of them. 

Popping back in the carburetor usually indicates 
a weak mixture, not enough gas; it may also indi¬ 
cate a sticking valve, or possibly a leaky intake 
valve which might be due to lack of clearance 
between the stem and P^h rod. It could also ^ 
due to improperly timea ignition or to short circuit. 

B^loding of the gases in the muffler, caused by 
an intermittent spark, generally is due to lack of 
adjustment of the brewer points, to sticking of the 
breaker mechanism, to a loose or badly worn dis¬ 
tributor brush, or to loose or short-circuited wires 
or connections. 

The proper spacing of spark plugs is very essential. 
There are very few motors that should nave a gap 
set closer than .025^’. 

If gaps are set too close, the engine will not idle 
properly, as Uiere will be a loping at low tlmttle. 
The action is something similar to too rich a mixture. 
Under these conditions the results will be the same 
with either a lean or rich mixture. 

I 9ft sho paew 

MSA 4eSB« and test 


If spark-plug gaps are set too wide, the engine 
will have a tendency to cut out at high speed. To 
ascertain if it is oue to the carburetor mixture, 
enrich the mixture by closing the damper, suddenly 
accelerate the engine, then open the damper for the 
leanest mixture, ana agam accelerate tne en^e. 
If the same condition exists with both the ^Tich 
mixture’* and the “lean mixture” test, you will 
know that it is not carburetor trouble, as both rich 
and lean mixtures have been encountered by these 
operations. 

If spark-plug gaps are set too close, it will cause 
the car to jerk at low throttle. The same condition 
will occur if there is a weak spark, a safety gap in 
the magneto set too close, or an exposed wire, which 
will cause the spark to jump across. 

If the engine runs smooth on the level but misses 
on a grade or under extreme pulling conditions, it 
is an indication of igmtion trouble, which is likely 
to be located in the coil or magneto, due to a defec¬ 
tive condenser, or to a punctured armature or coil 
winding. This could al^ be traced to an improper 
mixture. 

To determine whether the trouble is ignition or 
carburetion, release the clutch when missing occurs, 
leaving the throttle wide open. If the engine speeds 
up instantly and does not miss, it is ignition trouble. 
If the engine does not speed up readily and continues 
to miss, it indicates an improper mixture. 

Poor compression is another cause of trouble 
which is often blamed on the carburetor and shows 
up more at low engme speeds. It will cause the car 
to jerk at speeds oelow fifteen miles an hour and 
make it impossible to get good idling with any mix¬ 
ture. The cylinders with poor compression will 
not draw in as much mixture as those with good 
compression. It will force out on the compression 
stroke a portion of the mixture taken in on the suc¬ 
tion stroke. This trouble is caused by valves not 
seating properly, valve tappets set too high, or 
poorly fitting pistons or rings. 

To test this out, see if the engine will rock on all 
cylinders by using the starting crank. This should 
always be tested before making a carburetor installa¬ 
tion. 

To "rook’* meana to have a good oompression, which offers 
resistanoe to the piston when it is going up on oompressioii 
stroke. 

If the engine heats up excessively, look for a late 
spark or poor water circulation. If the magneto or 
distributor is set late, the engine will heat and will 
also cause a power loss, and you will be unable to 
|»t a spark knock with spark advance on a hard pull. 
Overheating could also be caused by an air leak or 
too lean a mixture. 

When the engine backfires, it is caused by too 
lean a mixture. If it backfires continually ana you 
are unable to overcome it by adjustment of the 
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carburetor, you will know that a valve is sticking 
open. Exhaust valves closing too early will also 
cause the motor to heat. 

The impression is prevalent that en^e knocks 
are caused by a poor mixture. This is in fact very 
rarely the cause, as in the case of overheating, caused 
by a very lean mixture. When the en^e knocks, 
look for carbon deposit, the spark bemg too far 
advanced, loose pistons causing a slap, loose bear¬ 
ings or wrist pins. Do not lay it on the carbu* 
retor. 

Lubrication: To obtain the greatest possible mile¬ 
age from an enj^e it is particularly essential to get 
the full expansion forces of the gases exploding in 
the combustion chamber. This is possible only 
when the best ^de of lubricating oil is used. The 
perfect lubrication of an engine means considerably 
more than the mere elimination of friction between 
the moving parts. 

The oil should form a perfect seal between the 
piston and the piston rings and the cylinder walls. 
This seal is all important in the saving of fuel, for it 
is very evident that if only a small fraction of the 
pressure is lost, a corresponding amount of fuel 
must be used to enable the engine to do the same 
amount of work. The fuel passing by the rings into 
the crank case will eventually dilute the oil to 
such an extent that it will be entirely robbed of its 
lubricating value. It is therefore essential to re¬ 
place this oil with a fresh supply at least every two 
thousand miles. 

When vacuum systems are used, there are occar 
sional instances where trouble is experienced bv 
gasoline being drawn direct from the vacuum tank 
to the intake manifold, causing the engine to load 
badly. This is due to a leaky check valve in the 
vacuum system caused either by dirt or a punctured 
float. The result is that the vacuum tank fills, per¬ 


mitting gasoline to be drawn through the vacuum 
tube direct into the manifold. To determine if this 
trouble exists loosen the vacuum tube connection at 
the manifold; when Ihe engine starts loaduig, draw 
the pipe out of connection about one-^hth of an 
inch while the engine is running. If the wve leaks, 
you will notice gas being drawn through the tube. 
If there is an air leak existing at the vacuum-tank 
connection, the tank will not supply enough fuel to 
the c^buretor under heavy pulling conditions. 
See also page 1041. 

In making carburetor installations it is often 
necessary to use elbow fittings, which will necessi¬ 
tate tapping the flange for vacuum connections. In 
such cases do not tap the intake manifold too close 
to the outlet of the carburetor throttle, as this will 
reduce the vacuum in the manifold when the throttle 
is suddenly opened to such an extent as to interfere 
with the proper functioning of the vacuum tank. 
The bottom of the vacuum tank should be at least 
two inches higher than the gasoline level in the float 
chamber of the carburetor. 

Vacuum tanks should be drained and cleaned at 
regular intervals. The carburetor is blamed quite 
often for vacuum-tank trouble. However, do not 
lay your trouble to the vacuum system until you 
have proved that it lies there. 

When the car runs perfectly at low throttle or 
ordinary speeds and will accelerate quickly without 
backfiring, but will backhre at high engine speeds 
or on hiDs with wide-open throttle, look for some 
restriction in the flow of fuel from the tank to the 
bowl of the carburetor (providing you are sure the 
spark-plug gaps and ignition are all right). If the 
Ime is free from restriction, remove the screen and 
wash with gasoline. If there is no restriction up to 
this pointy see tliat the vent hole in the main gas tank 
filler cap is not plugged up and trapping the flow of 
gasoline in the hne. See also pages 114, 115,1041. 


FLOAT TROUBLES AND ADJUSTMENTS 


When a carburetor drips, it usually indicates 
that the float or float-valve mechanism is out of 
adjustment. This prevents the float needle valve 
from properly closing. For instance, the float may 
be loose at the float screw; the gasoline then reaches 
a higher level than the spray nozzle or jet, with the 
resiut of an overflowing at the spray nozzle. 

There are several causes for a dripping carburetor: 
either the float needle valve does not seat, due to 
sediment under it, or worn. 

H sediment is the cause, the needle valve can be 
turned a few times on its seat and will probably 
clear the obstruction. On some carburetors, the float 
needle valve is in the form of a rod (needle valve) 
running through the float (see (20), page 462H). 


If flie leak is not in the float needle valve, then it 
is probably due to the float being set so that it does 
not cut off in time to prevent overflowing at the jet. 
Or. in the case of a metal float, there may be a small 
hole in it, preventing it from properly floating: 
if a cork float, it may nave become gasoline soak^ 
or lo^ed (see pages 123 and 1132); another cause 
may be that the mechanism is loose. 


A ainuile method of teetbif a caibnretor float mochanism ie 
dkown in Fig. 1. 


In inakittf this teet, uneorew that part ci the oerburetor 
whioh will permit acoem to the float and float meohaoiem. 
Then prepare a device conaieting of a can with a wire handle, 
a piece of copper tubing eoldered to the bottom a the oan to 
form an inlet, a piece of rubber tubing, and a nipple or ebort 
piece of metal tubingwith a eonpUng adapted for attadunent 
to the carburetor. The gaeoUne flowa to the carburetor froin 
the can, whan it ii h^ abort the earburetor. By waling 
the float ehamber flU with gaetrfUie, the height the gaeoline 


reaches at the time the float valve outs off can be ascertained. 
If the height of gasoline in the carburetor is not sufficient, 
then the float must be raised slightly so that it will cut off later; 
if the height is too g^t, which can be determined by the 
gasoline flowing out m the jet, then the float must be idightly 
lowered, sc ^hat it will cut off earlier. 

Owing to the variation in the suction of different engines on 
a carburetor, it is often found that a slight variation of the fuel 
level or a shght change in the sise of Uie spraying nossle will 
add ip'eatly to the efficiency of the engine. Tne met thing to 
do, then, before attempting the adjustment of a float is to 
learn whether or not the float needs adjustment, by seeu^ if 
the gasoline is at the proper height in the jet when the float 
outs off the gasoline. 
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ToIocAtoA ftiipectedltak in alloitt of tho hollow motel ^e: 
If tho float U immorsed in very hot water, the gasoline wifi be 
vOmiiod onffioiaatiy to force ite way out through a puncture 
ana the epot may be located by watching the bubbles. The 
float should, of eouree, be removed from the water the instant 
bubbles oease appearing. The remedy is to solder the hole, but 
use solder eparfcigly, otherwise it will cause the float to become 
too heavy. 

Cork floats are coated with varnish, but after long periods 
of time this coating may come off and the cork may become 
gasoline soaked, making it heavy and thus causing the float 
needle valve to fail to cut off properly. A mixture for coating 
is as follows: 1 lb. of glue, 1 teaspoon glyoerine, 1 quart water. 
Let this come to a boil and add formaldehyde for quick drying. 
When coated, suspend the float by a string until dry. 

Testing the Float Height 

On most makes of carburetors, the float needle 
valve is intended to cut off the gasoline when the 
level of gasoline in the float chamber reaches a level 
of about H” below the top of the nozzle or jet tube. 
Therefore the height recommended by the manu^ 
facturer ought to be maiutained. 

Float adjustment: There is usually an adjustment 
provided directly above the gasolme float needle 
valve, which will regulate the height of the float. 
If not, then on some makes of carburetors (see Fig. 1) 
the float arm can be bent up or down, which will 
regulate the height of the float,,and this in turn 
governs the float needle valve cut-off. 

If the leak is due to a faulty seating of the float 
needle valve, then it will be necessary to put in a 
new needle valve or to reseat it. 

Gasoline Level in the Jet 

It is advisable to not tamper with the float unless 
you know positively that it is out of adjustment. 
This can be determined, if continually leaking, by 
making the test suggested above. Carburetors 
with floats similar to the Stromberg type are pro¬ 

vided with float adjustments. A Zenith carburetor 
is used os an example. 

Zenith (Fig. 2): The level of the |;asoline is maintained in 
the float chamber so that the gasoline stands 3 millimeters 
below the top of the jet, or about 7/64". To regulate the level, 
note the washers (L), ]^g. 2. 

Master: The float weights are set about 1/32" from the 
bottom of the float lid. 



Fig. 2. This illustration shows the level of gasoline in the 
float chamber and in the jet of the Zenith carburetor. If the 
float level was above the jet, the gasoline would run out of the 
jet. 

Schebler: In model "L," the top of the cork should stand 
1 1/16" from the top of the bowl in tho l-inch, 1 }^-inch, 1 
inen and 1 ^-inch. In the 2-iuch model "L" carburetors this 
measurement is 1 and in the 2^inch model ‘‘L,*’ 15^". 
These measurernento should be made when the float valve is 
seated. In the M<xiel R, the height of the cork float should be 
23/32" from the top of the bowl when the float valve is seated. 
In models D and E, the cork float should be level and rest 1/16" 
above the top of the nozzle in the ^inch, 5^-inch, and 2-ihob 
sizes, and l/32" on the 1-inch, 1 ^-inch, and 1 H-inch sizea 
Model II is 19/32". 

Note: When changing the float level, great care must be 
taken to bend the arm in such a manner that the float will be 
at the proper height, yet perfectly level. 

Stromberg: Note the level of gasoline in the float chamber in 
Fig. 2. This illustration will give the reader an idea as to the 
relation of the level of the gasoline in the float chamber to that 
in the jet. On the Stromberg models “II," “L" and “M,“ the 
fuel level in float chamber should be about one inch below the 
top machined surface of tho float chamber. This can be ad¬ 
justed by removing the dust cap and loosening the nut; if the 
asoline is too low, screw adjustment up; if the gasoline is too 
igh, screw adjustment down. 

The adjustment on the Stromberg “K" type can be adjusted 
only by “bending the arm,” as previously explained, which 
governs the float level. 

Rayfield: The float level is correctly set at the factory and 
does not ordinarily require adjustment; but if it should, then the 
correct gasoline level should be maintained in the middle of the 
window in the side of the float chamber. 


TOOLS REQUIRED FOR REPAIRING CARBURETORS 


A few of the tools generally used for repairing 
carburetors are given below. Special service tools, 
such as wrenches, gauges, etc., also parts, may be 
obtained of the various carburetor manufacturers, 
or their authorized distributors. 

Some of tho small hand tools required are: 2 os. hammer; 
long, thin 3/16" wide point screw driver; 1/4" and 1/2" screw 
drivers; flat and box type socket wrenches 6/16", 3/8", 7/16", 
1/2", 9/16", 6/8", 3/4"; hand drill; very small drills; feeler 

S augee: regular and long noee pliers; flexible 6" scale; 6" and 
" mill file; special wrenches for removing and inserting jets 
and float nc^e ndre seats; seating tool for inlet needle valve; 
float gauge and adjusting tool. Other equipment: gasoline 
mileage teeter (explained in Dyke's Carburetor Book ); compres¬ 
sion and vacuum gauges (see Addenda, pages 40-44 and 481); 
battery tester. An exhaust gas analyser is recommended for 
those doing regular oarburetor work. See Dyke’s Carburetor 
Book, 

Before proceeding with carburetor adjustments the engine 
should be Checked for **tuneHip.** This involves cheeking the 
spark plugs, ignition interrupter points, ignition timing, valve 
QieM&oe, oompreasion, manifold and oan>uretor gaskets and 
ohoser operation, etc. See page 1054B. 


Carburetor Repair Bench 

A ttmee ehotdd beiiet afdde for testing and repair¬ 
ing the oatburetor, and ho greasy or dirty tools 


should be used, as it is important that no dirt gets 
into the assembly. 



Fig. 3. Carburetor repair bench. 
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A suggestion for a repair bench is shown in Fi^. 3. 
A bracket is provided to hold the carburetor in a 
level position. A tank 6'' above the level of the 
bracket is connected to the carburetor by means of 
a series of standard feed pipes. ^ Note the four 
gasoline pet cocks and connections which permit four 
carburetors to be tested at one time. Below the 
bracket a pan is provided to catch any drippings. 

To guard against fire due to static electricity, the 
bracket should be connected to the drip pan by 
some metallic connector. 


The carburetor is secured to the bracket and the 
feed pipe is attached to the carburetor from the 
connections (shown on the right) in the remilar way. 
Here the gasoline level may be checkea and the 
carburetor may be watched to see that it does not 
leak at the float valve. 

A 4" machine vise with jaws opening 6 should 
be provided to hold the carburetor during the 
repair operations. 


CARBURETORS—PRINCIPLE AND ADJUSTMENT 


Owing to the fact that innumerable improvements 
are constantly being made in carburetor construc¬ 
tion, it is impossible in this instruction to describe 
all the actual adjustments of all carburetors. 

Repairmen are advised to secure instructions for 
adjustment of all the leading makes of carburetors 
from the manufacturers and to keep them on file 
(see Index for “Addresses of carburetor manu¬ 
facturers’*)* 

Schebler Model **R** Carburetor 

This carburetor may be termed an air-valve t 5 rpe 
of carburetor, with an automatically operated gaso¬ 
line needle valve controlled by the auxiliary air valve. 

Note that the gasoline needle valve (metering pin 
I) is operated automatically by movement of the 
auioliary air valve. A concentric-type cork float 
IS used. 



Fig. lA Fig. 1 


Big. 1. Sohebler model **R** carburetor. 

Fig. lA. Showing how the float gasoline needle-valve (B) 
euta otf and opens the gasoline passage (F) by the rise and fall 
fd the float (C). 

The parts consist of a float chamber (D), the cork 
float (C), and a float needle valve (B). These three 
parts control all flow of gasoline into the carburetor 
as it is needed by the engine. 

That part of the carburetor where the gasoline 
and air are mixed consists of a mixing chamber (L), 
a spray-nozzle (G), and a needle valve (I). 

The parts which automaticallv regulate the 
amount of gasoline required from the float chamber 
to provide the proper mixture consist of an auxiliary 
sir valve (A) and lever (H), connected with needle 
valve (1). 


Principle of operation: Gasoline flows from the 
tank through the gasoline pipe into the float cham¬ 
ber (D). 

As the gasoline rises in the float chamber (D) it 
raises the cork float (C) with it, which, through a 
lever connection, automatically closes the needle 
valve (B) and shuts off the flow of gasoline from the 
tank to the carburetor. Of course, as the gasoline 
is drawn from float chamber (D), the float (C) drops 
and raises valve (B), admitting more gasoline. 

The suction of the pistons draws the gasoline from 
the float chamber (D) through the passages ffi) 
into the nozzle well (G), and past the needle valve 
fl) into the mixing chamber (L). As the needle 
valve (I) is raised and lowered, more or less gasoline 
is allowed to spray into the mixing chamber (L). 
At the same time the suction of the pistons draws 
from the warm-air intake (F) and the passages (J) 
warm air into the mixing chamber (L). As the 
suction of the swiftly moving pistons is very strong, 
the air is drawn tlirough the mixing chamber (L) 
with great velocity, and there, coming into contact 
with the gasoline spray from the nozzle well (G), it 
vaporizes the gasoline. 

This vaporized mixture is then drawn by the suc¬ 
tion of the pistons past the throttle valve (P) into 
the cylmders. The quantity of combustive vapor 
flowing past the throttle valve (P) is regulated by 
the position of this throttle valve, and the position 
of this throttle valve is reflated by the driver either 
from a pedal called the “accelerator” or a throttle 
lever on the steering post. Opening the valve (P) 
admits more combustive vapor to the cylinders, and 
consequently increases the speed and powec of the 
motor. Closing it has the reverse effect. 

At high sp^ it is obvious that the suction 
through the mixing chamber (L) and the warm air 
passages (J) greatly increases, and as it increases 
beyond the capacity of these passages to supply air, 
a strong suction is brought to bear upon the auxiliary 
air valve (A). At a certain speea this suction is 
sufficient to draw this valve down against the coil 
spring (0). As the valve is drawn down, air rushes 
into the auxiliary air passage (R), and thence past 
the mixing chamber (L) into the cylinders. 

Auxiliary air valve: To take care of this extra 
supply of air there must be an extra supply of gaso¬ 
line automatically furnished. This is taken care 
of as follows: As valve (A) is depressed against the 
spring (O^ it (grates the lever (H), which is hinged 
at the ^mt (S). As the lever (H) is depressedliy 
the valve (A) it opens needle valve (I) admitting 
more gasoline to the mixture. It will be seen that 
this extra supply of gasoline is always directly in 
proportion to the air supply through the valve (A). 

Dash-pot sction: It is obvious that if means were 
not taken to prevent it, the valve (A), which is under* 
the tension of the spring (O), would close very 


NOTE: Although these carburetors are early models, the reader ihould study their principle of operation. With theee fun¬ 
damental prindplee in mind he can then more readily undentaad the modem carburetors, such as on insert No. 6 and 1. 


CARBURETOR ADJUSTMENTS 
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abruptlv if the speed of the engine was suddenly 
cheokea. It would also tend to open very abruptly 
if the speed of the engine was suddenly increased, as, 
for instance, if the accelerator was suddenly opened. 
Furthermore, the suction of the cylinders is to a 
certain degr^ intermittent between the strokes of 
the pistons, and this intemodssion between the 
strokes would ordinarily tend to cause the valve (A) 
to flutter or vibrate if means were not taken to 
prevent it. The fluttering or vibratory action of 
the valve (A) would result in an unstdkdy flow of 
gasoline vapor to the cylinders, which would cause 
a vibratory or jarring effect in the er^e. Any 
such action Is prevented by a device m) caUed a 
dash pot. Its function is automatically to insure 
a steady and stable supply of gasoline vapor to 
take care of varying engme speeds under aU circum¬ 
stances. To hold the valve (A) steady and to check 
its sudden closing or opening and to overcome its 
tendency to vibrate, it is attached directly to a 
plunger (T), which operates on a cushion of air in 
the <msh pot (U). 

To adjust the carburetor (Fig. 1): Turn the auxiliary air- 
valve cap (K) clockwise, or to the right (right means “rich*') 
until you can turn it no farther. Then turn to the left or 
counter-clockwise (left means “lean”) through one complete 
turn. Start the engine and then continue to turn (K) to the 
left or counter-clockwise until the engine hits perfectly on all 
cylinders, at the slowest speed possible. Advance the spark 
lever two-thirds or three-fourths the way on the sector ^d 
then suddenly o^n the throttle lever or accelerator wide. 
If the engine ba(^-fires on this quick acceleration, turn the 
spring adjusting screw (V) up until the carburetor works 
perfectly. 

By turning the screw (V) up or inward, it is turned against 
the spring (O), which increases its tension, thus preventing 
valve (A) from admitting air into the carburetor too freely. 

Turning (K) to the right, or clockwise, lifts the needle valve 
(I) out of the nozzle well (G) and permits more gasoline to 
spray into the mixing chamber. 

When (K) is turned to the left, or counter-clockwise, it lowers 
the needle in the nozzle and shuts off the gasoline. It should 
be remembered that it is desirable, from botn points of economy 
and power, to drive the car with the leanest mixture possible. 

The throttle valve should be adjusted so that when the hand 
throttle is closed, the engine wiu idle and run evenly on all 
cylinders. This can be ascertained by the regularity of the 
impulses in the exhaust when both the spark and throttle levers 
are set at their lowest positions. If the engine, however, should 
run too fast, or should stop when the throttle is at lowest posi¬ 
tion, adjustment is necessary. Directions for this are as 
follows: 

Adjusting carburetor throttle idling screw: Loosen the 
set screw (V) which locks the adjusting screw (X) where the 
throttle shaft enters the carburetor, l^ce throttle in lowest 
position. If the engine runs too fast, unscrew adjusting screw 
(X) so that the butterfly throttle valve (P) is closed a little 
tighter. If the engine runs too slow, screw in the adjusting 
screw so that the valve is held a little more open. Lock adjust¬ 
ing screw <X) with set screw (Y) after adjustment. About .005” 
clearance of throttle valve (P) is usually allowed when closed. 


Schebler Model Carburetor 


This carburetor may be termed an **air-valve 
type^l of carburetor with a mechanically operated 
gasoline needle valve. Note that the gasoline 
needle valve (B) is raised and thus opened mechani¬ 
cally by movement of the throttle lever which is 
connect^ with a cam arrangement (C). As the 
throttle lever is opened, the cam action raises the 
arm (J) connected with the gasoline needle valve, 
thus raising the needle valve from its seat (S) ana 
admitting more gasoline at the jet. 


To Adjust tho CArburotor: First, make adjustments on the 
auxiliary air valve (A) so that it seats firmly, but Ugh^; then 
close the needle valve turning the adjustment screw (B) to the 
right tintU it stops. Do not use any pressure on this adjust¬ 
ment screw after it meets with resistance. Then turn it to 
the left about a turn and a half and prime or flush the carbu¬ 
retor by pulling up the priming lever (C) and holding it up for 
about five seconds. Next, open the throttle about one-third, 


and start the ehgine; then doee the throttle sligl^ 
the spark and adjust the throttle-lever screw (F) i 


valve adjusting Mm (F) to that the engiat 
tptad tad wit on all cgrlliid«a. 


and retard 
e nd nciodlo 


iruiitatUia<Wi«d 



After getting a good adjustment with the engine running 
idle, do not touch the needle valve adjustment again, but make 
intermediate and high-speed adjustment on the dials (D) and 
(B). Adjust pointer on the first dial (D) from figure No. 1 
toward figure No. 3, about half-way between. Advance the 
spark and open the throttle so that the roller on the track 
running below the dials is in line with the first dial. If the 
engine back-fires with the throttle in this position and the 
spark advanced, turn the indicator a little more toward figure 
No. 3; or if the mixture is too rich, turn the indicator back 
or toward figure No. 1 until satisfied that the engine is run¬ 
ning properly with the throttle in this position, or at inter- 
memate sp^. Now, open the throttle wide and make adjust¬ 
ment on dial (E) for high speed, the same as adjustments 
for intermediate speed on dial (D). 

Note: In the majority of cases, in adjusting this carburetor, 
the tendency is to give too rich a mixture. In adjusting the 
carburetor, Doth at low, intermediate, and high speed, cut 
down the gasoline until the engine begins to back fire, and then 
increase the supply of fuel, a notch at a time, until the engine 
hits evenly on all cylinders. Do not increase the supply of 
gasoline by turning the needle valve adjusting screw more than 
a notch at a time, in low-speed adjustment, and do not turn 
it after the engine hits regularly on all cylinders. 

In making the adjustments on the intermediate and high¬ 
speed dials, do not turn tho pointers more than half-way at a 
time between the graduated divisions or marks shown on the 
dials. 


Stromberg Model “H” 

This carburetor would be termed a compensating- 
type carburetor, because, as previously stated, an 
auxiliary full jet comes into action as the throttle is 
opened. 

For low speeds the gasoline is taken from the 
spray nozzle (C), in a venturi tube, through which 
hot air passes. Regulation of amount of gasoline it 
by needle valve (A) (Figs. 3 and 4). 



Fig. 3. Stramberg model “B” carburetor 
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For hii^ speeds^ the nossle m the center of the 
air valve is automatioall^r related by opening of 
the air valve thus supplying the necessary volume 
of gasoline for hifi^ sp^. 

Adjustment for high 8p«|ed is by (B), which con¬ 
trols the amount of flow of gasolme on high sp^ 
by regulating the time when the needle valve begins 
to open. The heedle valve opens only when (B) 
comes in contact with (X). (B) is raised by a 
throttle opening at high speed. There is usually 
about 1/32" clearance between (B) and (X). 

Low-s^ed adjustment is controlled by the needle 
valve (Ay If too rich, as indicated by the en^e 
"rolling" or ‘loading," turn (A) up, thus admitting 
less g^line and making the mixture leaner. If 
the mixture is too lean, turn (A) down, thus admit¬ 
ting more gasoline and a richer mixture. 

High-apeed adjustment: Advance the spark, 
open the throttle. If the mixture is too lean on 
high speed, screw (B) up until desired results are 
obtained. If the mixture is too rich, screw (B) 
down. 



Nozile: Before changing a nossle, check up cloeely on the 
ignition esretem, and examine all manifold and viuve-head 
oonneotaone for air leaks, as it is absolutely impossible to make 
a carburetor operate properly if the ignition is not in good 
condition or if there are air leidcs in the engine. 

If, howevOT, with the enmne in normal condition, it is neoes- 
Mry to turn the needle vmve (A) down more than two and a 
hiw turns, and stiU the engine will not idle, it indicates that 
the primary nossle is too small and that a la^er one should be 


If it is impossible to enoui^ gas on high speed except 
when nut (B) so high that there is no clearanoe at (X) on idls, 
a higher number needle valve should be used. 

If there is too mudb gfm on high speed when nut (B) is turned 
down as far as it will go, a lower number needle valve 
should be used. 

To change the primary nossle (C), take out the needle valve (A) 
and remove nossle with a regular soiw driver. To remove 
the taper valve on high speed, pull up the steering poet control, 
tmscrew nut (B) all the way, and lift valve out. This valve 
and nut O) are assembled together and should be ordered in 
that way. Do not attempt to take theee apart or to change 
the tapor. 

Never change the nossle more than one sise at a time. The 
nossle opening gete smaller as the number gets larger; thus a 
No. 50 fiMimauer than a No. 58. 

m^<speed needle valves delivsr more gas as the number 
gets larger; thus a No. 7 will give more gas than No. 6. 

Always Install ths earburetor with thsBoatohaiiibertowardc 
theradktor. 



Fig. 5. Phantom sectional view of model *‘H** Strombe^ 
carburetor, showing high-speed needle and primary nossle in 
action. Note the path of the gas. 


Marvel Model “E” Carburetor 

The Marvel model "E" is a double jet, "compen¬ 
sating type" of carburetor, with the application of 
exhaust heat to a jacket surrounding the throttle 
chamber and venturi tube, the amount of heat be¬ 
ing automatically controlled by the throttle opening. 
Outside the float mechanism this carburetor ^ but 
one moving part, the auxiliary air valve. (See 
Figs. 6 and 7.) 



Fig. 6. Marvel model “£*' carburetor. 



VUu7. SeetfonalvlawcfMemltnodd^^*^earh»ilaii 
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Two Jew aie used, a primarjr low-opeed jet and a 
eoondary jet wmoh is brought into 

action by tbe opening of the auxiliary air valve. 

When the enme is idlinjs, the hing^ auxiliary air 
\*alve (V) (Fig. 7) rides on its seat a|»inst the bore of 
Ihe mudj^ chamber, thus closing off the air passage 
past the tall high-speed nozzle jet, rendering it 
ineffective. At inis time the air passes up through 
the small venturi surrounding the low-sp^ jet. 

As the suction of the engine increases the auxiliary 
air valve is opened against the spring pressure, and 
the second jet (high speed), comes into action. 

A choker valve (eee air shutter) in the main air 
intake allows a rich mixture to be obtained for 
starting. This device may be controlled from the 
dash, so that when the en^e is cold it may be closed 
to prevent back-fires, ana may be gradually opened 
up as the engine warms up. 

The feature of this carburetor, previously men¬ 
tioned, is the exhaust-heated jacket The heat is 
controlled by a damper connected to the throttle 
lever, which damper can be set to give any degree of 
heat desired. This is of particular importance, as 
the quality of gasoline is yearly becoming heavier 
and neavier. This heat d^per, therefore, can be 
set to admit sufficient heat to secure good vaporiza¬ 
tion of heavy fuel on low throttle, and then, as the 
throttle is opened, the heat is automatically cut off, 
thus insuring maximum power at the higher sp^ds 
where heat is not necessaiy to good carburetion. 
By such an application of neat the entering air is 
not preheated, and this naturally results in greater 
thermal efficiency and power due to a maximum 
cylinder filling at each stroke of the pistons. 

Adjuftment: start by turnii^ needle valve (A) to the right 
until it ia completely closed. Then a^ust the air adjustment 
(B) until the e^ of the screw is even with the end of the ratchet 
*^t spring above it. 

Nett, op<m (A) (gasoline needle) one turn, start the engine 
u usual, using the stn^ler button (S) to get a rich mixture 
at first. Allow the engine to settle and warm up: then gradu¬ 
ally out down on (A) until tbe engine nins smoothly. 

Next, turn air screw (B) to the left, a little at a time, until 
the enisle b^ns to slow down. This indicates that the air- 
valve spring is too loose. Turn it back to the right just enough 
to make tbe engine run well. 

To test tho adjustment, advance the spark and open the 
throttle quickly. The engine should “take hold” instantly 
and speea up at once. If it missee, or *'pops back" in the 
carburetor, open needle valve (A) slightly, turning to the left. 
If this does not give results, the air screw ffi) may oe tightened 
a little by turning slightly to the right. It should be borne in 
mind that the air valve should be carried as loosely as possible, 
and that die'adjustment for "pick-up" may be obtained by 
carrying more gas with needle vmve (A), rather than to tighten 
up die air valve too much. 

The beet possible adjustment is secured when sir adjustment 
(B) is turned as far as possible to the left and needle valve (A) 
to the right, providing the engine runs smoothly and picks up 
quickly when the throttle is open. The speed of the eniune is 
governed by the small set screw in the throttle stop. If the 
engine runs too fas^ turn the screw to the left; if too slow, turn 
the screw to the right. 

The gnxllianr air vahre apring (V) after long use may lose its 
tension due to heat. 

Mttnrel Carburetor Coxmected to a Buick 

The fflustretioa (Fig. 8) is that of the maoline sys¬ 
tem of tbe Buiok siAMsyfinder, enclosed-model car. 
Note the vacuum ipsoline fe^ system connected 
with the intake maraold and carburetor. 

The Biikk exhauit heatliig method of the mixture, 
by means of the exhaui^ manifold surrounding the 
intalm manifold, is ehowiii 

A gasoline gaiige is Ahown on the dash, the pur¬ 
pose and expGmation whhsk is as foUows: 

A vliual gasoline gauge ia loeated on the dmh of the eloeed 
only gad :1a a daviea which 


registers at all times the quantity of gasoline iciMiaiaB In the 
main gasoline tank attached to the rear of the oar. 

It consists of a oork float, a piano wire, and a graduated 
registering dial. The oork float (F) is fastened to the Vmk 
base extension by means of an arm bent at the proper ar.gle, 
ndiioh rises and lowers as the gas<dine level ohangee. 



Fig. 8. Fuel system of the Buiok in which the Marvel car¬ 
buretor is used. 


The piano wire (P) is attached to the float arm by means of 
a clip, and as the float rises and lowers it forces the wire to 
oscillate in and out of the tank through an aperture in tbe tank 
base which is fastened to the tank, from which a flexible tubing 
or casing (T) extends to the gauge on the dash inside of which 
the piano wire oecillates (see ako page 650). 

The graduated dial or drum is enclosed in a housing which 
fastens to the instrument plate, and the guoline level is 
registered by the longitudinal motion of the wire. The drum 
is supported by pivot pins, and a constant tension is maintained 
Mrith a hair-spring adjustment, set in such a manner as to per¬ 
mit the drum to rotate. The registering figures are placed on 
the outside of the drum and show through a small aperture in 
the face of the instrument conveniently located on the dash. 

Bayfield Models “G** and Carburetor 

Rayfield carburetors are ixiade in two types: 
model and the difference being that 
model has a wat^-jacket. 

In both models the air-valve adjustment has been 
eliminated, high and lowHspeed adjustments being 
made through the control of the fuel. 

Both models are of the two-jet type, one jet feed¬ 
ing at low speed and both at mgh speed. The 
pnnciple of this carburetor ia explained in Fig. 24 
and on page 102. 



Fig. C. ade view of Rayfield model **G’* carburetor. 


arc three air openings, one fixed and operate 
ingin ooiuunoUon with the lovaneednoBgle and tbf 
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other two having automatic valves linked together 
and operating simultaneously. 



Fig. 10. Sectional side view of Rayfield model “G” carburetor. 


The high-speed nozzle is controlled by a metering 
pin actuated by the upper automatic air valve. The 
stem of the valve is connected to a piston working 
in the dash pot, from which a passage communicates 
with the float chamber; the dash-]X)t chamber has 
direct connection with the high-speed noazle. 

When the throttle is opened, the tendency of the 
air valve to open suddenly and excessively, and to 
flutter, is checked by the dash-pot piston, which at 
the same time forces an extra supply of fuel into the 
nozzle and enriches the mixture for acceleration; 
the slow opening of the air valve increases accelera¬ 
tion by causing strong suction on the nozzles. 

When adjusting a Rayfield, bear in mind that 
both adjustments are turned to the right for a richer 
mixture, as indicated on the adjustment screw heads. 

The Rayfield dash control connects with the car¬ 
buretor by a wire. When properly used, this will 
render starting easy, furnish a richer mixture when 
the engine is cold, and maintain a correct mixture 
under extreme atmospheric changes. 

Raising the dash control lifts the spray needle and 
supplies a richer mixture. When it is raised full 
distance, a direct passage is opened, permitting raw 
gasoline to be drawn from the fuel chamber of the 
carburetor to the engine. The control button (or 
lever) should be down for running, except when a 
richer mixture is desired. 

The automatic air valve should be closed when 
the engine is not running, or when throttled down. 

The low-speed adjustment is to be used only when 
the engine is running idle and positively must not be 
used m adjusting high spe^. Never adjust a 
carburetor unless the engine is hot and the water 
jacket of the carburetor warm. 



Fig. 11. Smplifled iUuetratloD ol tho Bayfidd. Note that 
Iwo air valves, with a dash pot for aeeeMwtion, are vaed. 
(A), dost ehamo^ (AA), dash pot; (B), atop aorew; (Fi, auto- 
matio air valve: (B), nonde naedla; (If) Jk>w-apeed adjoatokeat: 
'W.MBi (0),&wE4»Mda<ih»taMDii 


Adjuathis low apeod: With the throttle oloeed abd the daeh 
control down, cIom the noule needle by turning low<epeed 
adjustment to the left until block (U) (F}g. 0), alightly leavea 
contact with the cam Then turn to the right about 

three complete turne. Start the endne and allow it to run 
until warmed up. Then with retarded apark, oloee the throttle 
until tne engine runs alowly without stopping. Now, with 
engine thoroughly warm, make final low-epm ^ustment by 
turning low-speed screw to the left until the engine slows down 
and then turn to the right a notch at a time until the engine 
idles smoothly. If the endne does not throttle low enough, 
turn atop arm screw (A) (Fig. 12) to the left until it runs at 
the lowest number of revolutions desired. 



Fig. 12. (A) stop arm screw; (B) stop arm; turn screw 
(A) to left to throttle engine lower. 

Adjusting high speed: Advance spark about one-quarter. 
Oi^n the throttle rather quickly. Should the engine back-fire, 
it indicates a lean mixture. Correct this by turning the high¬ 
speed adjusting screw to the right about one notch at a time, 
xmtil tne throttle can be opened quickly without back-firing. 
If “loading” or choking is experienced when running under 
heavy load with throttle wide open, it indicates too rich a mix¬ 
ture. This can be overcome by turning the high-speed adjust¬ 
ment to the left. 

To start the engine when cold: First close the throttle and 
pull the dash control all the way up. Second, when the engine 
starts, open the throttle slightly and push the dash control one- 
quarter of tho way down. Third, as the engine warms up. push 
the control down gradually; when thoroughly warm, ^uah the 
control all the way down. When the engine is warm it is nec¬ 
essary to pull the dash control only part way up for starting. 

Hot-water connection is connected with the suction end of 
the pump (between radiator and pump). The connection on 
the other side connects with the water jacket of the engine or 
upper water pipe. A shut-off cock is provided for hot weather. 
See that these oonnectioiui are inaae so that water will be 
drained out of the carburetor jacket when the system is drained. 

Attach a hot-air stove to the exhaust pipe and connect to 
the constant air elbow of carburetor by a flexible tube. Con¬ 
nections are 5/16^' outside diameter tubing for gasoline and 
water connections. 


Rayfield Model “M” Carburetor 

The model “M” Rayfield (Fig. 13) is a smaller type, 
incorporating the features of the Rayfield model 
without the dash pot. Fig. 14 shows the principle 
of the primer incorporated within the carburetor. 


BUTTERFLY ADJUSTMENT 



Ffgitff. model **M” cartmintof. 
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To td|^ thli wborotOTt bearing in mind all the precautiona 
pr^oualy, proceed as follows: The low-speed adjustment 
if turned to the right for a rich mixture, to the left for a lean. 

With the engine running idle and the dash control down, 
turn the low*speed screw to the left one notch at a time. 
Between each movement of the thumb screw, the endne should 
be accelerated and allowed to come back to its idling speed. 
In this way a very exact adjustment can be obtained. If the 
dow-speed adjustment is obtained by turning the screw down 
all at once, a very accurate setting will not be obtained. When 
this screw has beMi turned down until the engine manifests a 
marked falling off in speed, it is a sign that the correct position 
has just been pMed a notch or two. During the accelerating 
periods, the engine will commence to miss and spit back when 
the lean mixture is reached. 

The intermediate and high speed is made accessible by 
removing the hot-air elbow from over the main air valve. It 
is well to observe a little precaution at this point. The high¬ 
speed screw should not be moved more than one-eighth turn at 
a time. This screw produces very effective results in the action 
of the oarbiuretor, and its movement should therefore be cor¬ 
respondingly regulated. The economy of the engine is affected 
in a very pronounced manner by turning this screw. 



Johnson Carburetor 


The Johnson is a ^^^avity air-valve type/' with a 
single concentric jet, in wmeh an air valve is made 
up of a sleeve nsing and falling by suction and 
gravity in a cylindrical passage above the jet. 

There are t^ee stages of vacuum: one is the space 
between the throttle and strangle tube; the second, 
in the strangle tube itself; the third, in the space 
below the plate on the bottom of the air-valve sleeve. 
By removing the location of the idling adjustment 
(in Fig. 15) ^e gasoline flow (for idling) is brought in 
a aone of greater vacuum and hence better idlmg. 



Indications of Incorreet adjustment: (A), lean mixture; (B), 
engine difficult to start; (C), '^popping back’* on quickly oi^en' 
ijM throttle; (D), eni^ne knocks when uurottle is opened quickly; 
(B), engine will not idle. 

Many mechanics can adjust this carburetor for high speeds, 
but sometimes find difficulty in adjusting for low spe^ or 
idling. The correct procedure of adjustment is as follows: 
(1) retard n>ark; (2) close the slow-tpeed air-adjustment 
screw (Fig. 15); (3) warm engine; (4) see that the intake pipe 
manifold, where it connects to the carburetor flange, does not 
leak air: (sometimes a water-jacketed intake manifold will 
become air-locked" and water unll not circulate, depriving it 
of heat; open "plug"): (5) accelerate the engine by opemng 
and closing the throttle rapidly; if the mixture is too rich, 
acceleration will be sluggish; if too lean, it will "pop back’* 
considerably; the spray ne^e sdjuBfment should be set 
between these two points; (6) retard the spark and close the 
hand throttle; adjust the throttle stop screw until the engine 
rtins very slowly, regardless of whether it operates evenly or 
not; (7) open the slow-speed air adjustment until the engine 
idles evenly, if possible; if it runs too fast, close down the 
throttle stop-sorew; the adjustments on the stop-screw and 
the low-8pe<^ screw should be made^simultaneously; (8) it may 
be found that the low-speed air adjustment cannot be opened 
at all; in this case the low-speed mixture is too lean; possibly 
the low-speed air adjustment can be opened more than 3^ 
turns, when the mixture is too rich; do not touch the spray- 
needle setting, but proceed as follows: 

Disassemble the carburetor: A small ring, shown in Fig. 15, 
is attached by two lugs to what is known as the lift plate. This 
ring is somewhat curved, and if the slow-speed air adjustment 
cap be opened more than turns without obtaining good 
idling, the curve is excessive and the ring should be sii^itly 
flattened. If on the other hand the air adjustment cannot be 
opened, the ring is too flat and should be slightly curved. The 
standard setting is 3/32^' from the edge of the ring to the lift 
plate to which it is attached. 

Adjusting (Model *'A’’): (1) Turn both idle screw and high¬ 
speed needle (I'ig. 16) to their seats, and set the throttle stop in 
approximately the correct position for closed throttle; (2) open 
the high-speed needle 1H turns. This permits the engine to 
be .startecl. 'Varra the engine up by running a few minutes; (3/ 
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Fig. 16. Johnson model *'A’' oarburetor. 


place the spark lever in full retard position, and open the 
throttle until the engine’turns at a speed equivalent to about 
20 to ^ milee per hour; (4) turn high-spera spray needle to 
the right until the engine speed descreases; (5) then turn the 
spray needle to the left until the engine speed increases and 
then deoreeses from a rich mixture; (6) turn again to the right 
to a point midway between the extremes; this is the correct 
mixture and will give the best results for all throttle positions; 
(7) adjust the throttle stop screw to the desired idling poeition; 
J8) if uneven firing occurs, correct either by unscrewing the idling 
jet to enrich the mixture or by screwing up the idling jet to give 
a leaner mixture. The average setting is one-half turn from 
the seat. This adjustment must be made with the spark and 
throttle levers fully retarded. 

The float should set ovonly all around, the bottom beiiiff 
from the float-chamber seat, as shown in Fig. 16. 


Principle of the Zenith Plain Tuhe or 
Compensating Type Carburetor 

In order to understand the principle of the Zenith 
oarburetor vra shall first consider a type of 
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'*9%ngU earbyTetoTf then a ^^compensating iet,” 
then a '^compound jet/’ 




Fig. 17 A 


Fig. 17. The iUiistration shows a simple tm of **sl]i|i4 
iet** carburetor at rest Note that the gasoline in Jet (O) 
level with the^gasoline in the float chamber (F). Throttle 

more we 


m level with the gasoline in the float chamber (1 
(T) is closed. The more we close the throttle, 
prevent the cylinder from filling with gas. 



■ ■ 



Fig. 17 B 


Fig. ISA 


^ *>4 stnw.. It la ahpwBia.VtM- 

18B, 18C. OtadiM (aa from the Ixrttla) flowa ihivuiA the 


Fig. 17A. Sintfo i«t action: On a level road we *^open up’* 
die throtde (T)« jHie more we open, the faster we go. Assume 
that the thrdttle (T) is full open and the engine running at 
ISOO r.pjn.; the cylinders fill with gas as freely as possible and 
a large quantity of air (see long arrows) passes through the 
carburetor, while the gasoline jet delivers its maximum. 


by suction. The sise of the toeasu^g hole CD* which eonti^ 
the rate of flow into well (J), may be so chosen that the suction 
at (H) (at a certain engine speed and load) will be just suiliHent 
to keep well (J) emptied. Once weU (J) is empti^, no more 
fuel can be drawn from (H) than is aiywed by we oonatant 
gravity flow through the ciaibrated hole (I). The mixtare there¬ 
fore grows poorer as the suction increasefl. 

Fig. 18B. We aaenme the engine Is under a heavy load witii 
wide-OM throttle, running at 400 r.iUBu, as when climbing a 
hill Note that only a relatively email quantity of air is bmng 
drawn through the mixing chambsr, as shown ny two arrows, 
because the suction is not very strong, because of the engine 

r d being reduced, but the mixture is fairly rich—assuming 
opening d) is of the correct else—because we have less air. 

Fig. 18C. Assume that the engine is speeding on a level 
road with wide-open throttle* running a^ say, 1000 r.p.m. 
Note that the air has greatly increased in quantity, as indicated 
by the four arrows (because the speed of the engine has been 
increased), yet the gasoline flow remains the same as in 
18B because the tiny stream at (1) ignores the suction at (Sl) . 
This mixture is much leaner than before, because we have more 
air, and the engine could not run under these conditions iJone. 
It is directly opposite to the single-jet action shown in Fig. 17A. 




Fig. 17B. Now we come to a hill, and although we keep 
throttle wide open, the speed slows up to, say, 400 r.p.m. 
The air does not pass through the carburetor with the same rush 
as before; the suction is much reduced. There is also a lessened 
gasoline discharge at jet (O). How will this simple carburetor 
work under var:^ng demies of suction dictated by the throttle, 
load, and speed? Under increased suction more air will be 
drawn up and also more gasoline. 

The law of liquid flow tells us that the flow of gasoline from the 
jet increases under suction faster than the flow of air. This 
spdls our timple type of carburetor; for the desired ratio of 
16 to 1 between air gasoline cannot be maintained constant 
under varying suction. 

Baverey. the inventor of the compound noxsle, readily saw 
that if, with the ideal simple carburetor, this mixture grew 
ridh ae suction increased, the only lojpcal thing to do was to 
find another simple type which would work the opposite way, 
that is, a jet whidi would ignore suction and produce a mixture 
which would grow poorer as the suction increased, thus combin¬ 
ing the two; the result being a compound which would hold 
its omrect prop<»tion8 under any conditions. This was 
Zverev’s idea, upon which all Zenith carburetors are based. 
The prmcipk ci toe jet which ignores suction is explained as 
follows. 

Fig. 18. Take a full glass of liquid. Suck this liquid through 
a straw. The harder we suck the more we get. This is the 
principle of the single Jot (G) in Figi. 17,17A, 17B. 

Fig. 18A. Take an empty glass. Let a tiny stream pour in 
from a bottle at a constant rate of flow, and again apply the 
straw. This time there is a diflerence; wo may suck as hard 
as wo can, but we get only what the tiny stream allows us. 
The bottle Ignores the suction. This is the principle of the com¬ 
pensating jet (I) in Figs. 18B, 18C. 


Fig. 19 Fig. 19 A 

We will now apply both principles, the **single jet (O)*’ with 
its ^'variable flow,’* and the “compensatinglct (I),”with its 
’^constant flow” to a carburetor (Figs. 19 and 19A), and we have 
the Zenith **compoond nozzle.’’ 

Fig. 19. Assume thst the engine is under a heavy load with 
wide-open throttle, running at 400 r.pon. The suction is not 
very strong, but is lifting gasoline from nossle (O) which feeds 
from float chamber (F), through channel (B), and also from 
nossle (H), which feeds from (I) to open well (J), throuj^ 
channel (K). The arrows indicate but a moderate flow of air and 
at low suction the mixture is richer than in Fig. 18B because we 
have the combined action as shown in Figs. 17B and 18B. 

Fig. 19A. Assume that the engine ia speeding on a level 
road with wide-open throttle, running at 1400 r.p.m. The 
suction has greatly increased, as shown by the arrows, and 
with it the flow of gasoline from nossle (O). Nossle (fi), how- 
ever, still gives the same measured amount of gasoline as in 
F^g. 19, because its flow is held in check by coinpensator (U. 
Here we have the combined action of Figs. 17A and 18C, 
producing a richer mixture in jet (G) because we have more 
suction, and a poorer mixture in jet (H), because we have more 
air, or the desired proportion of air to gasoline. 

The compound nozzle receives Its gasoline from two aonrcee. 
At a^ speM both sources of supply are in action. The main 
jet (fj)p controlled by suction, is selected of the proper sise 
to give Just about enough gasoline at high suction; at low 
suction the flow will be quite deficient. The eompenmtor d) 
lends its strongest support to the main jet (G) at IdW suction 
when it is most needed, and withdraws it gradually as the main 
jet (G) gathers in strength with increasing suction. 
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Model Carburetor 

There are four meacniri^ parts to meet the exact 
re(|Uiremeate of any particular engine as follows: 

1. The choke tube (Xf Fig* 21) measures the 
amount of ahr taken into the endne. The flow of air 
Increases as the engine speed mcreases. 

2. The main Jet acts exactly like the let in the 
simple carburetor (Fig. 17). It varies In flow with 
the suction* 

8. The compensating Jet (I). The flow from this 
jet Is constant, regardless of the amount of suction, 
or the speed of the engine. 

4. The idling jet (N) operates only when the 
throttle is bardy cracked open. Further opening 
of the throttle automatically puts the idling device 
out of operation because the fuel in the well (J) 
is then all drawn through the cap jet (H). 



Fig. 21. Model *‘U’* carburetor. Differs from the early 
mod^ “L” Zenith in that there is a double cap jet (H), or three 
Jets or spray noisles CLl, Kl, Gl) instead of two, and the cali¬ 
brated oipwning of idling jet (N) is placed above the top of 
tube (P) instead of at toe bottom. 


From the float chamber (F) to the engine, gaso- 
flne flows through three different channels (£, K, L), 
in various quantities and proportions according to 
the sise of the nozzles, the sp^ of the engine and 
the degree of the throttle opening. 


With throttle (p fully open, most of the gasoline flows 
through channel JB) ana main jet (O); some flows through 
compensator jet (l), which it located at the bottom of well (n, 
whi<m k open to the atmosphere through (M) from the outside 
of the carburetor. It then passes through channel (K) to 
cap jet passaM (Kl) which surrounds the main jet (O). The 
main jet and cap fet work together and furnish the proper 
mixture, whatever the speed of the engine. 


Tlie faifiuenea of fUs third jet (Ll), (also jet Kl), is greatest 
when accelerating from idling positic 
weU JJ) k level with t' 

20 , 20A), thus giving a_ _ 

with the main jot (G>. As the throttle.k opened and suction is 
increased, the kvd of the moline in atmospheric well (J) 
drops, and gasoline k then fM only from (O) and compensator 
Of) throtuh pssimgs (K) to (Kl), the tbira nostle (LI and its 
passage £) beuw praetkally out out oi action. 

Tho tdpitt tttho (P) has a calibrated jet opening (H) at its 
top, wniWmd m not adjustable 


Air ohokor eonaoetiofi. The air intake on the Zenith car¬ 
buretor k nrovidod idth a ohoker valve 00 (Fig- 31), whit^ 
k opesakdrthroaih the ak shutter kver (T) oonneotod with a 
diem button nn the dash, lor uss in starting and warming up 
a cokLsiigins. . uisaailir a pieos of tubing connects the main aUr 
~ msetm wm a stovs on the exhaust pipe for preheating 
. j air bsfore.ii^en^^the euburetor. The air diatter (or 
^okeryaha) kvar (x) Isfitted with a spring which normally 
Vika 00 to a aWa-epen podtton (as now 



Fig. 22 


The air connectlen is sufflled wMi a 
temperature regulating band around an 
air opening (Z) (Figs. 21,22), which can 
be adjustei so as to admit cold air in 
warm weather or shut off all cold air in 
cold weather. 

Idling. At low or i^ng speed, when 
the throttle (T) knearlyoloe^,themidn 
jet (G) and cap jet (H) give little or 
no-gasoline, but there is considerable suction at^) (Fig. 21). 
Gasoline from compensator (I) flows into well (J) and is then 
drawn through the idling tube (P), through the calibrated 
idling jet hole IN) at the top of (P), which in turn is adjustably 
open to the air, tmouph idling adjusting needle valve (O). The 
suction hits the gasoline through tube (P) and, in combination 
with the air passmg the throttle (T), forms the idling mixture. 

Idling adjustment. The throttle (lever) adjusting screw 
(T2) will regulate the opening of the throttle (T) for slow speed 
or idling, and the position of the screw (O) will regulate the 
quali^ of the mixture at that speed; screwing (O) in, increases 
the effect of gasoline, making the mixture richer, and unserew¬ 
ing it diminishes the effect of the suction in idling tube (P), 
making the mixture leaner. 

This adjustment varies the idling mixture onlv and has no 
effect upon the high-speed action. Be sure the engine is 
warmed up when making the idling adjustment (see alsc 
“Slow SpcM Adjustment,*' page 132). 

Starti^ the engine: Open throttle CT) “just a crack,** and 
close the choker valve (V) tight, by pulling out choker button. 
This will create a very strong suction on the priming hole (U) 
and willjaaise the gasoline through tube (P) and jet (N), 
into the opening (U) and thence to the manifold. Immediately 
the engine is started, open the choker valve (V), adjusting 
its position until the engine runs smoothly and without back¬ 
firing through the carburetor. As soon as the engine has 
thoroughly warmed up, the choker valve (V) should be opened 
wide. Living the choker valve partially closed will greatly 
increase the fuel consumption. 


Adjusting the Zenith Carhuretor 

In the Zenith, the quality of the mixture is fixed, once for all, 
by the choosing of the three variables: Choke tube, Main jet, 
and Compensator, as indicated below. 

The size number of these three parts constitute what is 
called the “Setting.** The size number is stamped on the end 
of each part. 

The chokes are numbered in millimetera according to the 
size of the smallest inside diameter. 

rne jets and compensators are numbered in hundredths of a 
millimeter. A “100“ jet has a one-millimeter hole and is 
smaller than a “105“ ]et. The sizes vary regularly by steps 
of five one-hundredths of a millimeter. 

When cars are reiplarly equipped at the factory with the 
Zenith carburetor, it is seldom necessary to chanjm the “factory 
setting.** This has been determined by experts after exhaustive 
tests, and as there are no moving parts in the Zenith in any 
way affecting the mixture, it is reasonable to assume that any 
trouble that might arise can be caused only by dirt and water 
in the carburetor^ or by the disarrangement of some adjust¬ 
ment of the ignition, vidve-operating mechanism, etc., which 
troubles are often erroneously blamed on the carburetor. 

The follow!^ testa should be made with method, first de¬ 
termining the Choke, then the Main jet, then the Compensator. 

Choke tube (Z). This is really an air nozzle (Venturi), of 
such a stream-hne shape as to allow the maximum flow of air. 
without any eddies, and with the least resistance. It is held 
in place by a screw (Zl) (Fi^ 21) and can easily be changed 
when the butterfly throttle (T) has been remove. If stuck, 
remove the cap and jet at the lower part of the carburetor and 
drive it out with a brass rod. 

Choke tube too large. The tflck-up will be defective and 
cannot be bettered by the use of a larger compensator. 81ow- 
speed running will not be very smooth. The engine will have 
a tendency to “load up** under a hard pull, and at high speed 
the exhaust will be of an irregular nature. (Thk “loading-up” 
will be much worse if the manifold is too large or too cold.) 

Choke tube too small. The effect of a small ehoke tube is 
to prevent the engine from taking a full oharse with the throttle 
open^ fully. The pick-up will be very good, but it will not be 
possible to get all the spcM of which the car k capable. 

Bear in mind that when the choke k increased more air is 
admitted and the mixture is ootreBpandingly thinned, and 
vice versa. 

Main jet (0)» The maii^t k easily removed after un¬ 
screwing the lower plug. The influenoe (ff the main jet k 
moetly felt at high speed. 

Main jet too large. At high med on a kvd road it will ^ve 
the usual iudicationa of a rich mixture: irregular running, 
characteristic smell from the exhaust, firing in the mufAir, 
sooting up the spark plugs and low mileage. 

Main Jet too small. The mixture will be too lean at hh^ 
speed ana the car will not attain its maximum. There may be 
back-firing at high speed, but thk is not probable, espeokily if 
the ohoka and main jet are aooorcUng to the faotoiy eettingi 
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This badii-firing Is more often due to Isr^ sir leaks in the intake 
er valvec or to defects in the gasoline line. 

Compensator CD. The compensator is easily removed after 
unscrewing the lower plug. 

From the e^lanation of the Zenith principle given on page 
130t it is readily noted that the influence of the cofnpensatorls 
most marked at low speeds. The oompensator sise is best 
tried out on a hiU, as rei^ar as possible and as long as possible, 
and of such a slope that the engine will labor rather hard to 
make it on high gear. A long, even, hard pull of this sort taxes 
the efficiency m the compensator to the utmost, and will 
indicate readily the corrcotnees of its sise. 

Compensator too large. Too rich a mixture on a hard pull. 
It will mve the same indications as rich mixtures at high speed 
on the level 


Stromberg Type Plain Tfibe Carburetor 

(Vertical Outlet) 

This carburetor is the plain tube type, so called 
because, having no air valves or metering needles, 
both the air passages and gasoline jet are of fixed 
size for all engine speeds. 

This model has been particularly developed for 
the use of low grade gasoline fuels and contains the 
following special features: 

A gasoline feed above the throttle, with separate 
adjustment, for idling the engine. 


Compensator too small. Too lean a mixture. Liable to 
miss and give a jerky action to the oar on a hard pull 

Slow^peed adjustment (see also “Idling Adjustment,** 
page 131). This adjustment is made on the floor, with the 
engine properly warmed up. It must be remembered that many 
factors may prevent a good idling, such as: poor gaskets, 
loose valve stems, pitted valves, leaky valve caps, leaky plugs 
or iM*iming cocks, all of which create air leaks. Spark-plug 
points too close together, fl 3 nvheel too light, too much spark 
advance, late spark. 

The idling device differs somewhat with each model. The 
sise of the gasoline orifice is stamped on each idling jet in one- 
hundredths of a millimeter. In the case of vertical carburetors, 
models “L,** “U,” “T,” and “O,” it may be said in general: 

If the idling device is too small, it will be impossible to obtain 
a satisfactory mixture except by turning the idling—adjustinij— 
screw (O) aU the way in. In this event put in a larger idling 
device. 

If the mixture Is too rich, it will be indicated by the engine 
running in a surging and irregular manner. Open the throttle 
to clear the paRsagea of the rich mixture, and then bring it 
back to the idling position, and screw out the idlii^ adjusting 
screw (O) until regular running is attained. If it is necessary 
to screw this out more than four or five turns from the seat, 
put in a smaller idling device. 

If the mixture is too lean, it will be indicated bv the engine 
running in a jerky manner, missing will occur^ ana in extreme 
cases the engine will stop altogether. Screw in on the idling 
adjusting screw (O) until this condition is remedied. In case 
it is necessary to screw the valve in to within to 1 turn from 
its seat, put m a larger idling device. 

Water in the moline will sometimes lodge in tube (P) and 
prevent proper ioling. Remove the nut under the compensator 
and clean. This is a common trouble unless a strainer is used. 

If the engine does not slow down or idle, or if it **lopes,** that 
is, speeding up and slowing down as if fitt^ with a governoi*',"it 
is evidento' getting too much gasoline. (1) adjust air screw 
^O); (2) look for air leaks at manifold and other joints; see that 
jets are tight on seat; (3) look for water accumulation in the 
passages; remove plugs under the carburetor and clean (I), 
(P) and (G). 

If the engine does not puU properiy, going up hill: (1) the 
engine may be cold or insufficiently heated; (2) the mixture 
may be too lean or too rich (irregular running results in the 
latter case): try a larger or a smaller compensating jet d), using 
the one which mvee best results; try this also with jet (G) and 
adjust the choke tube to a corresponding sise. 

If the car does not attain its proper speed: ^1) the mixture 
may be too lean; try adjusting slow speed (O); if the trouble is 
chronic, try larger main jet (G): (2) if the mixture is too rich, 
try regulating air intake at (Z) (Fig. 21); if the trouble is 
still clnonic, try a smaller-sise main jet (G). 

When trying a new jet, it is not necessary to change the 
choke tube (X). 

Zenith Duplex Carburetor 


Fig. 23. The Zenith 
(Model duplex 

carburetor is so named, 
because there are two 
carburetors combined 
into one uniU both using 
the same float. Thla 
type of carburetor is 
d^gned for **y**-type 
engines. 



An accelerating well, which gives an extra supply 
of fuel just for a moment as the throttle is opened. 

An economizer, which permits the carburetor 
to operate on a very lean and economical mixture 
at the closed throttle positions of average driving 
but automatically shifts to the needed richer setting 
when the full power of the engine is called for. 



Fig. 25. Stromberg typo ••OE” plain tube carburetor. A 
vertical, single-control carburetor. 


Names of parts: A, idle adjustment; B, high-speed adjust¬ 
ment; C, cap over float needle valve; B, economiser needle; 
J, clamp screw for choke control wire connection; K, plug 
under main discharge jet; L, idling stop screw (limits minimum 
throttle opening and minimum engine speed); M, float level 
plug (when this is removed gasoline should stand even with the 
lower edge of the hole, if the float level is properly adjusted; 
not on OX models); P, plug beneath idling tube; R. strainer 
plug; S, throttle stop screw adjustment; W, season adjustment 
or cold air temperature regulator. The foregoing applies to 
models 0£ and OX. 

Adjustments* 

The idling mixture and closed throttle running up to about 
eight miles per hour are controlled by the knurMd button, or 
idle adjustment screw (A). This operates on the air, so that 
screwing it in, olockwise, gives a richer mixture, outward a 
leaner one. 

When engine is idling properly there should be a steady hiss 
in the oarburetor. I! there is a weak cylinder or a manifold 
leak the hiss may be unsteady. For an engine to idle steadily 
on present fuel toe spark plug gap must not be less thw .022. 

If, after adjusting the low speed needle as above desoribed, 
the engine idles too fast, turn the small throttle stop screw 
to the left or counter clockwise until the proper Idling speed is 
reached. If engine idles too slow and st<m, turn screw (L) 
to the right or olockwise imtil proper speed is reached. 

The hifSh speed and main driving adjustment are regulated 
by the high speed needle (B): Turning down, olookwiss, gives 
less gasolme; up, counter-clockwise, more. 


* Applies to types OE, OX, OT and O which are aU vertical 
modds. Outside of minor arrangement of the pairts the above 
mentioned vertioal tsrpee of Stromberg oarburators funetioa 
internally very much the same, and the adjustments explah^ 
under the type OE will apply to other vertical mocU^ except 
typeM. ** 

The honsontal models, types 08 and OC differ froih above 
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The following is a good way to obtain an exact adjuatmeot: 
Advanoe epark lever to normal driving poeition; set throttle 
lever on iteering wheel to a poeition which will give about 
twenty-five miles per hour speed on a smooth road: then adjust 
hi|^ speed needle tc the minimum opening that will give smooth 
running, and the maximum engine speed for that throttle 
opening; this should give a good average adjustment. 

Several notches less opening may give best economy for 
continuous driving or tourtna; and one notch more may be beet 
for short runs in cold weather, when the engine does not get 
up to normal heat. 

The economizer device (E) operates to automatically lean 
out the mixture at speeds from ten to forty-five miles per hour. 
The economizer ne^le is properly set at time carburetor is 
installed on the engine and no adjustment is needed. 

In all cases the adjustments should be made when the 
Motometer shows a temperature of higher than 140 
and the richer adjustment necessary for a cold engine 
by using the driving control. 

Use of Choke Control 

For starting and warming up with the present-day fuel, it is 
absolutely necessary to use the choke control until the proper 
operating temperature is attained. Ordinarily the engine will 
start readily with the control closed one-half to three-Kiuarters 
of the way. In very cold weather it inav be necessary to pull 
the control up all the wav, but this should be done only for an 
instant, as this cuts off all the air and delivers raw gasoline only. 

In starting with electric starter, the throttle should be nearly 
dosed, or better still, it may be successively opened part way 
and closed while the starter turns the engine over. Never keep 
this control up more than a moment at a time. 

For hand cranking choke control should be only one-half to 
three-quarters up and throttle should be just barely open. In 
cold weather choke control can be pulled all the way up with 
the throttle barely open, for two or three turns of the crank, 
then the choke control should be set at one-half or three-quarters 
open and the crank given several more turns when the engine 
should start. 

When the engine is cold it is best not to open the throttle 
so far that the engine misfires, as this is a freouent cause of 
sooted spark plugs and gasoline (really kerosene) in the crank 
case. 

Season or Cold Air Adjustment 
In the warm months of the year the engine will show more 
power and run cooler with the cold air shutter (W) open; in 
odd weather this shutter (W) should be closed to feed the carbu¬ 
retor warm air only. 

Float Level Adjustment 
The proper float level with en^e not runniiig is one inch 
from the top surface of float chamber casting or just even with 
the bottom of hole in which plug (M) (Fig. 25) is inserted. 

Should the level be more than one-sixteenth of an inch higher 
or lower than bottom of hole the float needle should be readjust¬ 
ed. Remove valve cap (C, Fig. 25) and upper end of float 
needle stem will be seen. 

If level is too high, loosen lock nut, hold needle sleeve from 
turning by putting small wrench on flat sides and screw needle 
down clockwise one turn which should lower level about three 
thirty-seconds of an inch, if too low, a full turn of needle upward 
will raise level same distance. 

The float level described above applies to 0, OE, OX, OS and 
M, but not to OT. 

The float level of OT is adjusted by slightly rotating screw 
under cap (C) (Fig. 25 A). It is an eccentric adjustment on the 
float pivot. By unscrewing cover the adjustment can be ob¬ 
served. The correct level is 1 below top of float chamber 
with cover removed. 

Cautions 

Note: Never adjust the carburetor to a cold engine. Start 
the engine and allow it to run a short time until it is warm. Not 
until then should tihe adjustment of the carburetor be attempted. 

In starting engine on a cold day it may begin ‘^popping.’* 
Do not blame tms on the carburetor and begin to adjust it. 
Wait until the engine has warmed up thorou^ly, and then if 
the popping continues it is time to consider an adjustment. 

If eiiiine» after nmnhif, suddenly ceases to perform properly, 
look over carburetor oonneetions, eto., but do not start to 
change the adjustments until othsr causes of trouble have been 
investigated. Carburetor adjustments should only be neoee- 
aitatedo^ changes in fuel or seasonal changm in weather. 

There are many other things on the engine subject to de¬ 
rangement besides the carburetor. Ninety per cent of the so- 
called qmburetpr trouble Is due to fouled spark plugs, spark 
plug or Igniti^ pteaker points improperly spaced, intake mani- 
fpla leaks, or lack of domprsasion in the cylinders, due to valves 
not Muting tightly, 

.If eniine mgulgrly refuges to ittrt, see whether valve operated 
by choker closes securely; and alwa3^ be cure that it Is fully 
open, and the control all the way down, for normal diiving. 


degrees. 

obtained 


To find whether gasoline it feeding to the carburetor, remove 

nut (C) and feel if needle plunger ioaide la all the way down. 
If up, gasoline is not rea^^ the float chamber. Qasoline 
can also be seen when plug (M) is removed. 

The present low-grade fasoUaes eootain a large percentage 
of kerosene elements which do not evi^rate m the intake 
manifold but remain in liquid form; after shutting off the 
engine, particularly in cold weather, this kerosene i^ch has 
been held in the intake manifold, will drain back out of the 
carburetor. This is unavoidable and should not be taken as 
an indication that the carburetor is *‘flooding” or ‘‘leaking.*’ 
These gasolines sometimes contain heavy lubricating oil com¬ 
ponents which creep up the walls of the carburetor and spread 
over the outside surface; the only remedy for this is the pur¬ 
chase of a better grade of fuel. 

The internal specifications of the oarburetor and the adjust¬ 
ments given above have been selected for the use of gasoline 
56 to 60” Baumf, with end boiling point 400 tc 450 degrees 
Fahrenheit. 

Information regarding the adjustments for very light high 
grade gasolines or benzol mixtures may be obtainea at the 
Stromberg Carburetor Service Stations in the sections of the 
country where these fuels are sold. 


Stromberg Type OT, OX, and O Carburetors 
(Vertical Outlet) 

The types OT. OX, and O carburetors are vertical types as 
OE. They all have “single control” except O, which has 
“double control.” 

Single control means that there is one pull button on dash 
which connects with the air choke lever (J) (Fig. 26) to enrich 
the mixture for starting. 

Double control means that in ^dition, there is another pull 
button which operates an “auxiliary gasoline needle valve” to 
further enrich the mixture and warm engine up more quickly. 

Outside of minor arrangement of the parts these vertical 
types of Stromberg carburetors OE, OT, (OX, and U) function 
internally very much the same, and the adjustments explained 
under type OB will apply to the other vertical models except 
type M. The horizontal models, such as OS, OC, differ con- 
sioerably. 

The OE is made in sizes 1", 1-K" and The OT is 

made in and 1The OX is made in 1)^“ and 

13^" sizes. 



This type differs slightly from the OB and OX. As a rule, 
there is no “economizer ne^e” as on OX and OE, and instead, 
a “high-speed air bleeder” (D) is used, similar to the horisontal 
type OS: this type is also of a much heavier construction and 
is used tor heavy-duty work, such as on heavy trucks, motor 
coaches, etc. 

Names of parts: A, idling adjustment; B, high-speed adjust¬ 
ment; C, cap over float fulcrum and float-level adjustment; D, 
high-speed air bleeder; B, throttle stop scre^ F. clamp for 
throttle stop screw; O, float chamber drain; H, plug holding 
•tradner and gasoline connection; J, screw for clamping oontrol 
wire; K, oontrol tube clamp screw; L, float chamber cover 
screw 
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Fig. 25B. Strotnberg type OX plain tube carburetor* A 
vertical, eina^ control carburetor. This type differs from the 
OE principally in the arrangement of flange. The names of the 
parts are the same as in the 0£ (Fig. 26). 


Stromberg Type Plain Tube Carburetor 
(Vertical Outlet) 

To reduce the number of fuel passages, the emulsion column 
fmr the air-bleed jet is made concentric with the idling tube and 
the fuel emulsion passes through a horizontal drill to a groove 
around the small venturi, into which it disdiarges through a 
number of small holes. 


No air bleeds are used in the idling tube, while the idle dis- 
oharge iet, instead of being slotted as in the model O has a 
recessed round orifice. 


The acceleimting well is of the type used on the models 
OS and OC, and two forms are commonly used; the "single” 
and the "compensating.** The M has no economizer action. 



Principle of Operation 

, TheleveloftheiMolinaiiithofloatchamberoftheoarburetor 

Is maintained constant by the float and the valve which Is 
operated by it* tha float ohamber the gasoline flows to 

m acoelerhting well (M) througb the needle valve (F) (Itg. 28) 
which is adjustable. 

Theiw are two tul^ hi the accderating wdl, one a sort of 
}pe (H). and the other a smaller one that is insids of the 
~ a^ which connects with the Idling jet (jC). The 
” ‘ ' t in the bottom that connects 

y but othsrwiss has no oonnee- 


latter tube has a small 
with the bottom of tbe 
tlon with the wdL 


The tM of the standpipe (R) coimects with a cross- 
9 (N) that feeds the gasinifie to ths eight dischcrgs holts 


in the sm a ll ventori tnhe whioh Is located just below the 
main venturi tube (note thi^ thm are two venturi tubea). 

A fkh mixture and not raw gasolino la fed through pamags 
(N>, because of the small air intake opening (O), whioh enters 
the top of the well (M), and supplies a eeitaiii amount of air 
with the gasoline that ia drawn up tha standpipe to the passage 
(N). 

Holes in the side of the standpipe* below the le?sl of the fnel. 
feed gasoline into the standpipe, while holes above the fuel 
level add sir from the top of wdl (M), thus making a rich mix¬ 
ture to discharge into the email venturi passage. 

At low and Idling speeds* practically no fuel is drawn through 
the small venturi, because of the dom throttle. At this time 
the gasoline is through the hole in the bottom of the small tube 

(J) , up to the idling needle valve (B), and through the passage 

(K) , into the intake manifold above the throttle valve. Tins 
gives a rich mixture for idling and slow-speed running, but is 
out out at about eight miles per hour when the throttle is open^ 
more, and thus does not affect the running mixture at all. 


Adjustments 

The idling mixture and low-s^d dosed throttle mnning are 

controlled by the upper knurled button or idle adjusting screw 
(B). This operates on the air, so that screwing it in gives a 
ridier mixture and out a leaner one. 

Turn screw (B) outward until engine slows down, then turn 
^ in notch by notch until the proper idling mixture is reached, 
when engine is idling properly there should be a steady hiss in 
the carburetor. If there is a weak cylinder or a manifold leak 
tne hiss may be unsteady. 

For an engine to idle steadily on present heavy fuel the spark 
plug gaps must not be less than .022 inches. 

If, after adjusting the low-speed needle as above described* 
the engine idles too fast, turn the small throttle stop screw to 
the left or counter clockwise until the proper idling speed is 
reached. If engine idles too slow and stops, turn stop screw to 
the right or clo^wise until proper speed is reached. 

The hi^ speed and main drivin|( adjustment is regulated 
by the high-speed needle (A), which regulates the opening 
through which the fuel flows to the jets. Turning (A) to the 
left, counter clockwise, gives more gasoline, to the right, clock¬ 
wise, less gasoline. 

To make the proper high-speed adjustment, advance spark 
lever to normal drivini^ positionf set throttle lever on steering 
wheel at a position whicn will give about twenty-five miles an 
hour speed on a smooth road—on trucks throttle should be 
one fourth open—then a^ust the high-speed needle to the 
minimum opening that will give the greatest engine speed fo* 
that throttle opening. 

This should give a good averaM adjustment, for continuous 
driving or touring. Several notches to the left may be best for 
short runs in cold weather when the engine does not get up to 
normal heat. 

To ptevent a wrong high-speed adjustment from giving a 
harmful rich mixture, a gasoline nozlle redacer is inserted oe- 
yond the high-speed needle opening, inside the plug (D) (Fig. 
^). The reducer placed in the carburetor at the factory will 
permit about 20 per cent more gas to pass through than ia 
generally needed. However, under some conditions a larger 
reducer may be needed in order to secure a richer mixture. 
These reducers can be obtained from the Stromberg factory or 
the nearest Stromberg service station 

Instructions for the use of dash control* etc., of OE on page 
133 will apply here. 
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Fig. 2d. Low and medium speed: At intermediate speeds 
the gasoline is drawn past the low-speed adjusting screw (B) 
from the tube (J). As the throttle is opened, more mixture is 
drawn through the small venturi tube (1) and augments that 
drawn from the idle discharge jet (K). 


fig. 31. Stromberg tyiie OS plain tube carburetor. A 
horizontal, single control carburetor. Made V' and sizes. 



Fig. 80. High speed: At high speed practically all the gaso¬ 
line is drawn through the small venturi tube (I) mixed with air, 
drawn through the air-bleed opening (G) above the well (M). 

Stromberg Type “OS” Plain Tube Carburetor 
(Horizontal Outlet) 

This carburetor is of the plain tube tm, so called because, 
having no air valves or metering needles, both the air passages 
and gasoline jet are of fixed size for all engine speeds. 

This model has been particularly developed for the use of low 
grade gasoline fuels and contains the following special features: 

A gi^line feed above the throttle, with separate adjustment, 
for idling the engine, an “accelerating well,’' which gives an 
mctra supply of fuel just for a moment as the throttle is opened. 

An “economizer," which permits the carburetor to operate 
on a very lean and economical mixture at the closed throttle 
positions of average driving but automatically shifts to the need¬ 
ed richer setting when the full power of the engine is called for. 

Adjustment for idling mixture and closed throttle running 
Up to about eight miles per hour is controlled by the idling 
adjurong screw (B) (Fig. si). This operates on the air, so that 
screwing it in gives a richer mixture and out a leaner one. 

Turn the screw outward until the engine slows down, then 
tom in notch by notch until the proper idling mixture is reached. 
When the engine is idling properly there should be a steady hiss 
in the carburetor. If there is a weak cylinder or a manifold 
leak, tbehias may be unsteady. For an engine to idle steadily on 
preeentHday heavy fuel, the spark gaps must be set not less than 


Name of Parts: A, high speed needle adjustment; B, idle 
adjustment screw; C, cap over float needle valve; E, economizer 
needle: J, control tube holder; K, plug for removing accelerator 
well: L, throttle stop screw; vacuum tank connection^; 
P. plug to reach idling discharge jet; R, gasoline inlet; T, air 
ble^er to accelerating well; W, season temperature regulator. 

Adjustment for high speed and main driving adjustment is 
regulated by high-sne^ needle (A), which regulates the opening 
through which fuel flows to the jet. Turning counter-clockwise, 
gives more gasoline; clockwise, less gasoline. 

To make proper high-speed adjustments, advance the spark 
lever to normal driving position, set the throttle lever on the 
steering wheel at a position which will give a speed of engine 
corresponding to a car speed of about 25 miles an hour on smooth 
road. Then adjust the high-speed needle to minimum opening 
that will give greatest engine speed for that throttle opening. 
This should give a good average adjustment. Two or three 
notches less may give best economy for continuous driving or 
touring, and two or three to the left may be best for short runs 
in cold weather when the engine does not reach normal heat. 

To prevent ft wrong high-speed ftdjustment from giving a 
harmful rich mixture, a gasoline nozzle reducer is inserted 
lieyond the high-speed needle opening, in a passage-way closed 
by a reducer jet plug. The reducer placed in the carburetor 
at the factory win permit about 20 per cent more gas to pass 
through than is generally needed. 

The economizer device (B) (Fig. 31) operates to lean out the 
mixture automatically at speeds ot from 10 to 45 miles per hour. 
The economizer needle is properly set at the time the carburetor 
is installed on the engine and no adjustment is needed. 

When starting the engine, first open the carburetor butterfly 
valve slightly by moans of the hand throttle lever on the steer¬ 
ing-gear sector, then pull the choke button out all the way, 
turn the ignition switch to “on" position and depress the starter 
switch. As soon as the engine starts, push the choke button 
in about one-third of the way or to the point where the engine 
runs smoothly. Do not leave the choke button pulled out 
fully after the engine starts as this will flood the engine with 
gasoline and cause it to stop.^ As the engine warms up, the 
choke button should be push^ in gradually, the normal position 
for running being all the way in. The choke button should be 
out the shortest period of time possible, as running with an 
over-rich mixture tends to foul the engine, dilute lubricating oil, 
and use an excessive amount of fuel. 

Engine shonld start after five or ten seconds of cranking. If 
not, it may be that the choke valve does not entirely close. 

The normal position of air temperature re^lator (W) is 
closed. Only in extremely hot weamer should it be open. 

The proper gasoline level in float chamber with engine not 
running is one inch from the top surface of float chamber casting. 
Remove valve cap (C) and upper end of float needle stem will be 
seen. If level is too high loosen lock nut, hold needle sleeve 
from turning by putting small wrench on flat sides and screw 
needle down clockwise one turn which should lower level about 
three thirty-eeconds of an inch, if too low, a full turn of needle 
upward will raise level same distance. 


If, ftfter ftdiofttiag the low-speed needle as described above, 
the eoftine IcUeft too fast, turn the small throttle stop screw 
(L) (Fig. 81) to the left, or eounter-clockwise, until the proper 
idling speed is reached. If the enmne idles too slow and stop^ 
turn the screw to right, or clockwise, until the proper speed is 
rsftohed. Before adlui^ng with throttle stop sorew, it will be 
HOMSftry to looM tibe look sorew. 


*For the Pitot principle, formerly explained on this page, see 
page 103. The Schebfer carburetor, model (AH), formerly on 
thU page is on next page. * This carburetor is us^ on engines 
where the carburetor is fit close to cylinder and where inlet 
manifold is oast in, therefore the suction for operating the 
vacuum tank is connected at (M). 
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Schebler Model '‘AH’* Plain Tube Carburetor 

This carburetor is a horisontal outlet type and functions 
similar to modd A, which is a vertical outlet t>n;>e. Model A 
is used on autos, marine engines, fire engines and large engines 
where flexibility is required. 



Pigs. 35 and 36. (T). high-speed gasniino adjusting needle; 

(H), low-speed ^oline adjusting needle; (L), choker valve; 
(T), throttle valve; (K), idle and low-speed by-pass; (D), 
Pitot opening. 

The Pitot function is simdy to provide air at sufficient pres¬ 
sure to force fuel from well and to be inclosed in carburetor. 

The principle of a *‘pitot tube*' is explained on page 102. 

Tillotson Carburetor^ 

This carburetor as illustrated is an e^ly model 
where a uniform partial vacuum is maintained at the 



Fig. 37. The Tillotson carburetor. 

fuel nozzle by two flenble reeds, which are mounted 
in a cage and so designed that maximum opening 
gives required volume for maximum speed. 


When the reeds (Fig. 39) are closed, they cause the 
highest possible vacuum at slower engine speeds. 



The reeds open and close according to the speed of 
the engine. These reeds are so placed that as they 
move they form a virtual variable venturi. A 
secondary nozzle comes into operation at higher 
speeds and is not in use at the lower speeds. 



Pig. 40. Tillotaon carburetor as used on early model Over¬ 
land 4. 

To adjust the carburetor, set the choke valve in full open 
position, after running the engine until it is warm. Push fn 
the throttle-control button to its lowest operating point and 
pull out the spark levw about three notches. Slowly close the 
needle valve, by turning to the right, cutting down the amount 
of gasoline^until the engine starts to miss because of too lean a 
mixture Then open the needle valve slightly, so that the 
engine begins to fire regularly. Push in the spark-control 
button and accelerate the engine either by hand or foot controls. 
If the engine backfires, or popis in the carburetor, increase the 
amount of gasoline by opening the valve slightly. Continue 
this until the enmne fires regularly when suddenly accelerated. 
The engine should always be allowed to run for half a minute 
after it is slowed down before another attempt is made to 
accelerate it. In cold weather it will be found advisable to 
close the air shutter, insuring warm air for the gas mixture. 

The Hudson Carburetor* 

The Hudson carburetor operates upon the pneu¬ 
matic principle and may also be termed the “meter¬ 
ing-pin^* type, and the “measuring-pin** type of 
carburetor. A glance at the sectional view of the 
carburetor (Fig. 41) will show clearly the opcT'ation. 
When the throttle is opened with the engine running, 
the suction is communicated to the air chamber by 
way ot the pneumatic control passage (Fig. 42). 
This causes the piston to rise and with it the meter¬ 
ing pin (A, Fig. 41). 

The metering pin has a V-shaped slot cut in it, 
and as the pin rises or falls, according to the engine's 
requirements, it changes the area of the slot at the 
gasoline feed regulator, and consequently controls 
tiie amount of fuel passing through. 

The proportioning of the mixture is automatic at 
all speeds, the piston giving instant response to the 
demands made on the engine. 

Adjustments can be made entirely with the dash 
controls. The air-control adjustment is used only 
for starting the engine in cold weather, or after it 
has been standing for any len^h of time. Once 
the engine is running, it should be operated with 
the air-adjustment valve open. 

The gasoline adjustment enables the driver to 
have the mixture as rich or lean as desired, by vary¬ 
ing the amount of fuel allowed to pass the metering 
pin. This is done by raising or lowering the p;asoline 
feed regulator which surrounds the metenng pin. 
This rec^tor is actuated by the “Oas’’ button on 
the dash. 


1 The oonstruoti^ mhI pirlikeiple of later uodeU variea liom 
this model. 











CARBURETOR ADJUSTMENTS 


137 



Fi«. 41. View of the Hudson carburetor. Note the gaso¬ 
line level. 



When the radiator shutter (see Index under 
''Radiator shutter'^) has been adjusted, so that the 
motor temperature maintains the red fluid in the 
motometer (see Index for meaninjj of "Motometer”)f 
at the cent^ of the circular opcnmg, the engine will 
operate very economically on a lean mixture. Of 
course, heavier duty placed on the engine, such as 
hill climbing, i>ullhig through sand, high speed, etc., 
places proportionate demands upon the amount of 
fuel, but in ordinary driving at speeds of 20 miles 
per hour upwards, the carburetor should be adjusted 
as lean as possible. 


Too rich a mixture results in carbonization and 
misfiring; too lean a mixture gives less power and 
aci^eration at low speeds. The entire range of 
adjustments is convement to the driver. 


Carburetor aUention: Make sure, periodically, 
that the piston is clean and that the packing gland 
is tight. sticking piston will seriously interfere 
^th the action of the carburetor* and a loose pack- 
will permit excessive gasoline consumption 
at troubles. 



Instructions for assembling measuring pin and 
piston: When assembling the metering pin and also 
the air bell to the throttle body (Fig. 43), be sure the 
arrow on the bell points in the same direction as the 
open end of the V-groove, and that the arrow on the 
bell also points in the same direction as the arrow 
in the throttle body. 

Stewart Carburetor (on the Dodge)^ 

On the Dodge the carburetor (Figs. 44,45) is on left 
side of the engine, and is fed from a Stewart vacuum 
tank. The carburetor is supplied with a hot-air 
attachment which draws air from around the exhaust 
manifold to the air inlet. 



Fig. 44 (upper). How the metering pin D vaiies the mixture in 
the Stewart. Air passes through the passages R around the nozzle. 

Fig 45 (lower). There is only one adjustment and that is 
the metering pin, which is interconnected with the dash con> 
trol. Ordinarily the metering pin should be two-thirds the 
way through. 

Principle (Fig. 44): The automatic metering valve 
(A) rests on the valve seat (B) when the engine is 
not running. As the engine begins to rotate the suc¬ 
tion of the pistons raises the valve (A) from the seat 
drawing in air (R to B) aa indicated by arrows. The 
suction also draws gasoline up within the valve stem 
which mixes with mcoming air in chamber (C). 

The one adjustment of the Stewart is that of pro¬ 
portioning the volume of gasoline to the air admitted. 
The air being always a fixed factor, it is only neces¬ 
sary to adjust or regulate the volume of gasoline 

^ The construction of the later models varies from this model, 
but the fundamental principles are similar. 

* If engine stops after an acceleration or after releasing clutch 
due to a stiddng piston, the trouble may be remedied by apply¬ 
ing a few drops of oil to inside sunaoe of the bell. 
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admitted which is eontroUed by means of the 
tapered metering pin (D). 

This a^ustment is made when the ei^ne is running at idling 
speed. Turning the adjusting screw (on ‘‘dash control." see 
lower pvt of Fig. 45). either to the right or left, raises or lowers 
the position of the tapered metering pin, thereby allowing an 
increased or decreased supply of gasoline to be drawn up into 
the mixing chamber. When the proper proportion has been 
determined at slow speed, it will be seen that as the speed of 
the enmne increases, the automatic metering valve (A) will 
rise higher from the seat (B) and away from the tapered meter¬ 
ing pin (D), which will allow a greater supply of both moline 
and air, in exactly the same proportion, to be admitted to the 
cylinders. 

On the Dodge (Pig. 45) the tapered metering pin is subject to 
control within fixed limits by means of the "dash control" 
ratchet (see lower pi^ of Fig. 45 for connection), for the pur¬ 
pose of obtaining a rich mixture for stviing. Should there be 
any reason for duu^ing the fixed adjustment of the tapering 
metering pin (D), it can be done by turning the et(m screw 
adjustment on the "dash control" (see lower part of Fig. 45). 
Turning it to the right lowers the poeition of the metering pin 
and allows more gasoline to be admitted to the spray nozzle, 
enriching the mixture. Turning it to the left raises the pin and 
decreases the supply. The throttle valve is in the top of the 
carburetor. 

Ball & Ball Mendel ^^SV-29^* Carburetor 

This carburetor is termed a two-stage type. In 
Fig. 47 , the first and second stage throats are indi¬ 
cated. 


Prior to making carburetor adjustment the follow¬ 
ing points should be thorougmy covered: (1) Sec 
that the spacing of the points in the spark plugs are 
set properly, or to .025''. (2) See that the breaker 

points on the interrupter are set to .020". (3) See 
that the cylinders have good compression. It may 
be that some of the tappets are holding the valves 
partly open. 


MAIff * 



Of^ration: Through a given range of throttle¬ 
opening all the gas is drawn through the first s^e 
throat. The capacity of the first stage is sufficient 
to take care of all level road speeds up to approxi¬ 
mately 40 or 45 miles per hour. 

Fig. 46 shows clearly how the second stage is 
brought into action by opening the main throttle 
to its extreme position. The cam arm, integral 
with the main throttle shaft, coming into con&ct 
with the roller on the arm of the second stage throttle 


1 Hote: The auxiliary valve (Fig. 47) it now fitted with a 
damper to give easier starting. The damper ie connected to 
and oontroiled by the air choke lever. When aseembUng. it is 
iittportMt that this be aeeembled so that the damper be oioeed 
wM the air choke valve is dosed. 


shaft causes the second stage throttle to open under 
additional pressure. The resultant action is to 
draw an additional or secondary supply of gas mix¬ 
ture tlirough the second stage uiroat, Fig. 47. 



Briefly speaking, the first stage furnishes all that Is desired 
in what might be called the touring range, giving ideal economy 
and ample power for all ordinary purposes up to 40 or 46 miles 
per hour. The secondary stage supplies everything desired over 
and above the first stage in the form of added acceleration, 
power, and speed. 



rtOAT CHAMKIf 


Fig. 48 


In detail, the gasoline is fed into the float chamber through a 
removable cylindrical strainer (Fig. 48). From the float cham¬ 
ber the gasoUne is fed separately to both first and second stage 
jets of the fixed orifice type (Fig. 47). In Fig. 4& the gasoline 
feeding to the first stage throat after leaving the first stage jet, 
passes through a tube, adjustable in height, known as theIdU^ 
adjustment screw. By raising this screw the idling mixture 
beromes leaner; by lowering the screw, the mixture ie made 
richer. This is the only adjustment on the eaxhuretor, aside 
from the throttle stop. 

The pick-up device consists of a spring-operated 
pltti^er pump (Fig. 48) which receives a supply of 
gasoline directly from the float chamber throuw a 
small hole in the float-chamber fastening bolt, ^e 
gasoline fills the pump chamber to the level of that 
m the float chamber. In opening the main throttle, 
the "pick-up plunger'’ is depressed, which results 
in gasoline being forced out throu^ holes in the 
plunger stemand carried into the main air chamber 
of the carburetor along with the air drawn thrmiie^ 
ports at the top and side wall of the pump (ffiamber. 
tee resultant action is to supply adoitioiial gasoline 
required for quick get-away. 'This oonstruction, 
on account of the^ time required to fill the pump, is 
such that the engine cannot be flooded by exoesinve 
repeated opening and closing of the tkroUle. 
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TIm IdUnf bf-pMf oontistt of a tube through which a suA- 
eient Amount of gAs mixture ie tAken in Above the throttle VAlve 
to keep the engine nmning when the throttle is eloeecL 

The choke velve is looAted below the first stAge throatfortbe 
purpose of siArting. end Also mey be used in a psrtiAlly closed 
posiuon to enrioh the gAS mixture until the engine werms up. 

The only Adjustment thst csn be msde is the idling Adjust¬ 
ment previously explained. This produces no effect what¬ 
ever on the running of the oar except when the throttle is 
dosed to the idling position. The richness of mixture at all 
n>Mds above idling, is determined by calibrated orifices in the 
Snt and second sta^ jets respectively. 

The possible troubles that might interfere with carburetlon 
are insufficient gasoline supply or obstructions lodging in the 
carburetor passages. 

To test for insufficient gasoline supply, remove the float 
chamber cover (see Fig. 48) and float, and note if gasoline flows 
freely. The gasoline strainer at the bottom of the float chamber 
may have become dogged. 

In looking for obstructed passages in the carburetor, remove 
the fint and second stage jets and carefully examine tne jet 
orifices, keeping in mind that an almost imperceptible obstnio* 
tion will reduce the jet capacity. Blowing through the orifice 
is generally effective, or, in addition, the opening may be 
deaned out by means of a small wire. Attention is called to the 
footnote at the bottom of page 138. 


Ball & Ball Duplex Carburetor 
This carburetor is used for V*t 3 rpe multi-cylinder engines. 


It is a two-sti^e carburetor: the first, or primary stage being 
used when starting and under usual running conditions and the 
second stage when throttle is wide open for full power. 

It is classified as an air valve type of carburetor at speeds 
below 15 m.p.h., and at that speed, or approximately, the air 
valves are fully opened and then the carburetor automatically 
becomes of the fixed nozxle and air-valve type. 



Packard Carburetor^ (Six Cylinder Cars 
Models 116-126-133-226- 
233-326-333) 

Gasoline system: The gasoline supply of 21 gal¬ 
lons is carried in the mam tank at rear of frame. 
Prom there it is drawn to a vacuum tank on the 
dash, by suction from engine. From the vacuum 
tank it flows to the carburetor by ^avity (this 
applies to 6- and 8-cylinder cars). This carburetor 
is an automatic air valve type. 

Construction and operation: The primary air in¬ 
take (30| Fig. 50) is at the front end of the carbu¬ 
retor. 


An air shutter QS) is normally open and not in use 
when running. This shutter is operated by the 
^^carburetor control^* on the instrument board, which 
also operates the auxiliary air valve (34). 


By pulling the control on inc 
the way ou^ the prim^ air in 
clo86d, allowing a very rich mixtn 


the control on instrument board all 
air intake is completely 
^ _ mixture to be drawn into 

the coders. The.control should be pushed in. 
at least part way as soon as the engme has started 
firing. 

The mudUaxy air valve (34) is in a housing (42) 


and. 


t^troHod by the tension of two springs, one 
is within we ^er. 


* 8aa foctnola saxf pAga. 



Fig. 60. Sectional side view of the Packard carburetor and 
fuelizer used on the six-cylinder engines on cars, models 126-333. 

Fig. 60A. Action of the cam (C) which is controlled by pull 
button on instrument board. It will be observed that if cam 
is turned, the tension of springs of the auxiliary air valve will 
be increased or decreased. 

At low engine speed most of the air is admitted 
through the primary air intake (30) around the spray 
nozzle. 

To prevent too rich a mixture at a ^ater throttle 
opening, the auxiliary air valve (34) is opened by 
the increase in the vacuum, admitting the right 
proportion of air to meet all conditions. 

Carburetor Adjustment 

There is only one carburetor adjustment which 
directly affects the mixture, and this is the auxiliary 
air-valve adjustment. 

Permanent adjustment is made by changing the 
tension of the air-valve springs (36, 37). 

These springs which control the action of the valve 
are, in addition, adjusted for temporarily varying 
operating conditions by means of cam (C) (Fig. 50A) 
on cam shaft (Cl) (Fig. 50). Kaising the cams 
increases the pressure of the springs and lowering 
the cam decreases the pressure, increasing the 
pressure produces a richer mixture, and decreasing 
the pressure makes a leaner mixture. 

The cam (C) is controlled and operated by the air- 
valve control on the instrument board throu^ levers 
C4, C3, Cl, C2 (Figs. 51, 52). 

Note that Cl controls the action of cam (C), and 
(B) (Figs. 51, 52) controls the air shutter or choker 
(28) in the primary air intake (30). Both are con¬ 
nected to lever (C4) thence to air valve control on 
dadi. 

The proper adjustment for normal running condi¬ 
tions with eng^e warm is obtained when the carbu¬ 
retor control is against the instrument board* To 
enrich the mixture pull the control out 
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Fig. 51. Side view showing the control levers Cl. C2, C3. 
Fig. 62. End view showing the control levers and connection 
of suction tube (ST) from carburetor (CC) to inlet manifold 

aM). 


The auxiliary air valve (34) should be adjusted 
to the leanest possible mixture at which the engine 
will idle prop>erly when hot. The carburetor control 
on instrument board should be pushed all the way 
in and the valve, when depressed to the point where 
it touches the inside spring (see SS, Fig. 50), should 
have a drop of from its seat (JJ" on the eight 
cylinder engine). 

To check, proceed as follows: Push the carburetor 
control in instrument board all the way in. Meas¬ 
ure height of top of air valve stems from some fixed 
point on the engine. Depress air valve until it 
strikes inside spring. Measure height of top of 
stem as before. The difference in these two meas¬ 
urements is the air valve drop. A special gauge is 
made for this purpose. 

The outer spring (37) should be adjusted so that 
the auxiliary air valve (34) just touches its seat when 
the carburetor control is against the dash. Then 
with engine warm, reduce compression of spring as 
much as possible, retaining smooth operation. 

The large outer tpring (37) is at all times uni^r 
tension, but smaller mside spring (36) is not normally 
under pressure imtil valve (34) opens a little. 

The other adjustment of the springs is made by 
changing the position of the nuts (N, Nl) on the 
stem of the valve. There are two sets of nuts, one 
for each springj and they allow individual adjust¬ 
ment of the sprmgs. 

Make sure that on adjusting connecting rod clevis 
(C2), (Figs. 62, 51) is so adjusted that air shutter 
(28) completely closes when carburetor control on 
instrument board is pulled all the way out. 

Caution: In warm weather, or if the engine is warm, the 
injure ma^ be so rich, if the knob is pulled out. that the charge 
wul not ignite and the surplus of unburned gasoline may inter- 
fere with the proper lubrication of the cylinder walls. 

For idling, the throttle valve if held very ilightly open to 
allow a very enoall amount of mixture to go to the cylinders. If 
the engine races or stalls when the throttle is closed all the way, 
the stop screw of throttle lever (IX) (Fig. 61) needs adjusting. 

A suction tube (ST) (Fig. 52) leads from the base 
of the spray mixing tube, or nozsle at (CC) (Fig. 62) 
around the carburetor into the intake manifold (IM). 

Purpose is to prevent loading of engine when idled, 
or driven by car in coasting with clutch enga|^. 
The tube removes gasoline which collects in carbu¬ 
retor body due to condensation. It also events 
loading under continued low-throttle drmiig and 
aids in quick acceleration. 


Failure of euction tube to fonction propedy la evidsaoed 
usually by gasoline dripping from the carburetor and by loading 
up, not idling properly, and uneven running at low throttle. 

Cause of faHure: air leakage into tube or oounections. or, 
more frequently, clogjpng of the passage way either in the tuoc . 
elbow, or carburetor body. 

Remedy: Remove tube and blow it out. together with the 
lower elbow connection and the drilled leads in the carburetor, 
with compressed air. 

Throttle valve (TV) (Fig. 51) is of the butterfly type and is 
located in the fuelieer elbow above the spray tube or noszle 
(J).i It is controlled by a hand lever on the steering wheel and 
by the accelerator pedal. 

The air valve (28) and choker valve f34) should be tested for 
tight fitting. Wiien closed must be tight within .0016" at top 
and .004" at bottom. 

Float needle valve (Fig. 50) must have, not less than i^^move- 
ment. Solder collar and needle valve after i^usting. With 
^soline level y%‘ below top of well surrounding jet J (about 
in lino with W), float weights must be approximately horixon- 
tal (position as now shown). 


Fuelizer 

Purpose: The fuelizer heats the gasoline and air 
from the carburetor, so that the mixture enters the 
cylinder? as a dry gas rather than a combination of 
air and liquid particles. 



Fig. 63. Packard fueliser, 
sectional view. Names of 
parts: J, spray tube or nos- 
zle; CH, mixing chamber of 
carburetor; TL, throttle lever; 
TV, throttle valve; IM, to in¬ 
let manifold; P, passage to 
f ueliser which leads to burning 
chamber offueIi£er;G inspec¬ 
tion glass of fuelizer; PL, plug 
and gasket retaining inspec¬ 
tion glass; I^ retaining plug 
set screw: FP, fuelizer spark 
plug; BC, fuelizer burning 
chamber; O. passage of su¬ 
perheated. exhaust from fuel- 
izer burning chamber to in¬ 
take manifold. 

Note: A screen is provided 
in the bottom of retaining 
plug just above fuelizer spark 
plug FP, for the purpose of 
preventing carbon from ob¬ 
scuring the glass. 


This is accomplished in the following manner: 
A small fraction of the gasoline and air mixture 
passing to the engine is shunted into passage (P) 
(Fi^. 63) in the intake elbow (on the eight-cylinder 
engme it is shunted through the throttle valve shaft 
into a passage in the manifold) which leads to the 
burning chamber of the fuelizer. 

This mixture is iniited by the fuelizer spark plug 
(FP) in the side of the fuelizer burning chamber OBC) 
and bums with a steady fiame, which can be viewed 
througjh the inspection glass (O) on top of the fuel¬ 
izer. 

The flame heats the burning chamber walls and 
then the hot burned gas mixes with the charge going 
to the engine cylinders from the carburetor. 

The application of heat to the ingoing mixture 
greatly improves its gasification, which is particu¬ 
larly important at the lower throttle openmgB, at 
which time the fuelizer supplies its maximum neat. 


1 On litter models the spray tube or nossle (J) (Fig. 60} ox« 
tends only about half-wny up the spray mixiiu tube. On 
s^els 426-*433t 326-34^the thrpttle valve is dksetly, above 
^ spray mixing tube. The carburetion mixture It heated and 
vaporisM by means of an exhaust heated Intake manifold. 
O&erwise. tne principle and oonstruotion are pnboUeaUy the 
■ame. 
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The fueliaer mixture when i|;nited| bums instead 
of exploding and so heats the intake manifold so as 
to dry the main flow of gasoline and air. 

After the charge in the fuelizer is ignited and 
bums, it circulates through the fuelizer chamber 
(BC) and spurts through two tiny holes (one shown 
at O, Fig. 53 ) into the main intake manifold (IM), 
further diying the flow of mixture from the carbu¬ 
retor mixing chamber (CH) on its way to the engine 
cylinders. 

By the time the mixture in the main intake mani¬ 
fold (IM) has passed throu$^ the heat created by 
the fuelizer chamber and also has absorb^ the super¬ 
heated exhaust (from O) from the fuelizer, it is so 
dry that it is as near to perfect fuel as has been 
created. 

The suction from the pistons that draws gas into 
the cylinders from the carburetor also keeps a steady 
flow of gasoline and air moving through the fuelizer. 

As the circulation of gas through the fuelizer be^s 
at (P) ahead of the butterfly throttle valve (TV) 
and exhausts beyond it (at O), the degree to which 
the fuelizer heats the main gas and air mixture in 
the intake manifold is regulated by the way the 
throttle valve (TV) is operated. 

How the Fuelizer Automatically Stops 
Functioning 

When the throttle valve is closed or nearly so, 
as when engine is starting or idling (low throttle 
openinra), engine stiction is heavy through the fuel- 
izer, which then receives a maximum of gas and 
gives off its maximum of heat. 

The farther the throttle valve is opened, the less is 
the engine suction through the fuelizer because it is 
easier for the engine to suck in mixture through the 
main manifold. 

Thus heat given off by the fuelizer is automatically 
increased or decreased in proportion to the increas¬ 
ing or decreasing need of the engine for heat. This 
is especially true in cold weather. 

In normal operation the fuelizer uses about 3 per 
cent of the engine’s consiunption of gasoline. Its 
automatic character prevents waste of fuel in warm 
weather or under favorable engine conditions. 

Fuelizer Indications and Care 

The color and condition of the flame is the index 
to the operation of the fuelizer. It should be ob¬ 
served with the engine idling. 

A steady bluish-green flame indicates a good 
mixture. 

If at any time an inmroper mixture is obtained, 
adj^tment can be made by admitting either more 
or less air to the burning chamber by means of the 
small needle valve (IJ) (Hg. 51) at the top. 

If the operation is still unsatisfactory, remove the 
inspection plug (PL) above the inspection dass (G), 
the* glass and screen retainer which is held by a set 
screw (L) at the rear; clean the screen (at bottom of 
retainer just above spark plug FP) and ^ass (G), 
and also the fuelizer spark plug (FP) and replace 
parts carefully. 

The color of flame given off from a petcock on the 
engine while running would be different from that of 
a fuelizer flame, b^use the flame given off from 
the engine has been compressed and ignited, whereas 
^ fuelizer flame is a thoroughly vaporized gas, 
ignited by a spark and merely bume<L It is not 
ma^ressed, and the action could be likened to a 


The fuelizer secondary ignition current (SC) (Fig. 
52) leads directly from the terminal 'Tuelizer” on 
the ignition coil (see pages 420, 407) to the fuelizer 
spark plug (FP) 

The fuelizer spark plug (FP) is of an entirely 
different type than used for engine ignition, and the 
two types should never be interchanged except that 
in an emergency a cylinder spark plug with a widened 
gap may be used in the f lelizer until the proper re¬ 
placement can be made. Rapid depreciation of the 
plug and faulty fuelizer action must be expected in 
a short time under this condition, however. 

The difference in the designs of the two spark 
plugs is due to differences in operating temperature.s, 
mixtures and pressure conditions in flae fuelizer and 
cylinder combustion chambers. 

The fuelizer spark plug functions in the same man¬ 
ner as the ignition plugs and should receive same 
attention. The gap, however, is 

The gap on spark plugs for engine (six and eight) 
is ^ This gap gives a good spark for slow running 
an<f for hard pulling, and is the best all-around 
adjustment obtainable. 

An electric ground or cut off on the eight-cylinder 
engine (not on the six) is provided in order to cut 
off the secondapr circuit leading to the fuelizer spark 
plug at approximately 30 m.p.h. 

This attachment is placed on the fuelizer adjacent 
and connected to the throttle lever. At almost full 
opening of the carburetor throttle the fuelizer spark 
plug is grounded and thus its functioning ceases, 
j'he purpose of this is to intensify the ignition to 
cylinders at wide throttle opening. 

Miller Carburetor 

The Miller “H” is a “multiple-jet expanding car 
buretor” of the rotary or barrel throttle type. 



Four to lix main jet tubes are used, depending on the sise 
of the carburetor, and these tubes, having each the fuel jet in 
the bottom and four small air holes a little above, are placed in 
a row in a removable magazine. This magazine has a fuel 
passage which supplies the jet in the bottom of the tubes and 
provides an air jacket which surrounds the main portion of each 
tube; these jacket spaces have a passageway near the top o the 
magasine above the float level that connects them with each 
other and with the outside air. When not in action the tubes 
and surrounding air-jacket spaces are filled with fuel, which 
provides a succession of puddles as the throttle is opened and 
the tubes brought into action one after another. Each tube, 
when the puddle has been drained, begins to function as a 
miniature carburetor with fuel entering at the jet in the bottom 
and air being supplied through the four small air holes just above. 

By this design the fuel goes through a **two-etaM” atomisa¬ 
tion process: the first in the bottom of the tubes, where a heavy 
■pray is formed, and the second in the venturi of the carburetor, 
where the spray unites with the main air column. The main 
feature of this oonstruotion is the fact that the fuel flows through 
the jets by gravity from the float chamber and combines with 
the air of the first stage at a point below the float level. This 
brings the partially atomised fuel out of the tube and into the 
venturi for the second staM without the ehoke restrictioii 
necessary to create a depression at this point. 

Carter carhuretec (formerly on this page) is also a multiple- 
let tjnm carburetor but ol a different oonstruotion. 
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Two ostofior odjottmoiiti m provided. The first it for 
kDinc mod is a control of the idlina ap^ air by means of a 
screw in the passage. The seoona adjustment is for inter¬ 
mediate speeds and naa its principal effect on the first third of 
the throttle range. It amounts to a control of the spring ten¬ 
sion on a p<q;>pet valve which admits a certain amount of air 
during the met part of the throttle opening when the vacuum 
is at a relatively high point. This adjustment has its greatest 
effect as a control for pick-up, and consequently is also an 
adjustment for economy. 

The air intake is made in two sections, with an adjustable 
clamping ring at the joint. The second section can be supplied 
as a verticcd elbow which can be set at any angle required for 
the hot-air tubing. At the intake connection a butteray valve 
is provided as a choker or strangler for starting; this is operated 
by a flexible wire control from the dash. 

The carburetor here described is the same in aU respects 
except for the two exterior adjustments as the instrument 
which the Miller company has b^n making in large sises only 
for marine and aeronautical engines in past years. 

Franklin Carburetor (Series 10) 

(Series IOC to 11 uses Stromberg carburetor) 

The carburetor used on the Franklin is of Franklin d^gn and 
manufacture. It consists of a carburetor (Fig. 56), with start¬ 
ing devices, air cleaner (N), and a gas heater (Fig. 56C). The 
choke (L), although shown and described below, has been 
found unnecessary. 



in the form of vapor and can be readily ignit^ 



Fig. 56B. Operation of carburetor. 


Running: Having started the engine, the carburetor functions 
as in Fig. 56B. Gasoline is drawn from the float chamber past 
needle valve (O), through a short pas^e to the spray nosile 
shown directly below throttle valve (H). 

Air cleaner: The air entering the carburetor is cleaned of 
dust by passing through air cleaner (N). 

The action of the cleaner depends upon centrifugal force. 
Passage of air through the cleaner operates a small fan. This 
fan rotates four vertical vanes, which throw off any particles of 
dust. Cleaned air enters the carburetor through the lift valve 
shown at the extreme left of the air passage. The lift valve 
moves up and down on a pin through its center. The greater 
the suction of the engine, the farther the lift valve rises, thereby 
allowing more air to pass by the valve. After passing the lift 
valve, the air divides, part going directly piwt the spray nosxle 
tubes where it mixes with gasoline, the remainder passing to the 
right, through a curved passage, thence through an auxiliary 
air valve. 

The shape of the air passage around the spray nossle is such 
that a high velocity of air is obtained past the spray nossle. 
This is necessary in order completely to break up the gasoline 
particles. When the mixture leaves this passage it is too rich 
tor use, which is the reason for adding the auxiliary air. 

The amount of opening of the auxiliary air valve against the 
action of epri^ (left of M, Fig. 56), depends upon suction of 
the engine. The auxiliary air joins the main mixture just 
below butterfly throttle valve (H). 
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The Oauddi Carbiuetor 

Chttd#! carlmrtttor, widely used In Euroue. is manufsetured 
by Claudel Carburetor Co., Louy Island City, N.Y. 

This carburetor was used on the Sunbeam enaines of the 
British dirigible 11-34, which made the first round trip across 
the Atlantic: also on the Rolls-Royce engines of the Viokers- 
Vimy aeroplane, which was the first plane to make a non-stop 
trip across the Atlantic; also used twSadi Leoointe, the French 
aviator, who set a world’s record of 232 m.p.h. 

It is a “plain-tube” automatic oorapensatixm unit which has 
no moviim part. The principle used ts that oforeaking up the 
gasoline by a swift current of air which makes an emulsion 
inside the [et itself before delivering it to the carburetor proper. 



Fig. 57. Claudel carburetor. 


In the American t3rpe of Claudel shown in Fig. 57, an improve- 
nient has been incorporated for strangling the air by means of a 
sliding air cone (A; which, when in strangling position, fits 
snugly into the venturi entry (V). This cone is controlled from 
the dash. This device assures quick starting and warming up 
in cold weather. The streamline air cone, concentric with the 
diffttsor, may be raised into contact with the venturi, shutting 
off the air supply and putting the full suction on the diffusor. 

Magter Carburetor 


Tha rotary throttle dhulnatss the butterfly throttle wdiiob 
is extensively used on other makes. 

As stated above, the fuel openings are fixed, but the air 
opening can be varied throu^ the use of the positive control 
which operates the damper in the carburetor. The changing 
of the damper position, which increases or decreases the volume 
of the air p^ing the distributor, increasing or decreasing suo- 
tion on the jets, gives the widest possible mixture range. 

The air supply is constricted by the damper at the outlet, 
like a variable venturi. When the lever on the steering-post 
control (which is connected to the damper), is pulled to “rich** 
ition, the venturi (or opening) paralleling the row of 11 to 
jets is very small and the pure gas ruimes to the engdne 
under tremendous suction, thus enri(^ng the mixture so that 
quick starting is easy and certain. As the engine picks up 
speed, the mixture may be modified by decrease to any mixture 
required. 

Rapid acceleration. Do not open the throttle suddenly. A 
gradual opening will give quicker get-away and save wear and 
tear on the motor. 

Idle adjust-screw. For perfect idling of the engine set the 
control lever in center position. If the engine rolu or gidlops 
at idling speed, back out on idle adjust-ecrew. If the engine 
seems not to have sufficient gu at idling, screw the idle adjust- 
screw in. Turning it to the right enriches the mixture coming 
from the idle hole only. 

Fuel distributors of various capacities are available for each 
sise carburetor. Should the engine run and pull best with 
control in rich position at ordini^ qpeeds, you should have a 
distributor of greater fuel capacity. Should the engine take 
all the air possible to give it at idle speeds, you should then 
have a distributor of less fuel capacity. The letter on the end 
of distributor designates its fuel capacity. See below for sises. 

Control centers are numbered at the base of the lever and 
those stamped No. 1 are for 1" and IH*' JR carburetors. 
Those stamped No. 2 are for 1 STD and 1H" JR carburetors. 
Those stamped No. 3 are for 1 W' and all larger sises. Manu¬ 
facturers are the Master Carburetor Company, Box 444 Sta. 
C , Los Angeles, Cal. 


Eagle Carburetor 

The Eagle carburetor used on the Maxwell engine is an 
"air-valve” type of carburetor. 



The fuel distribotor (Fig. 69) is placed across the mixjng 
chamber, the number of its Jete varying from 11 to 19, according 
to its sise. Each of these tiny jets occupies a different position 
in the path of the inruihing air, thus forming a perfectly atom¬ 
ised fuel that is instantly and thoroughly mixed with the air, 
the two elements being merged into one. 



Big. 69 Master fuel distributor. 


When the throtdo Is closed, a single hole remains uncovered 
to admit a sop^ of fuel that is ample for idling or for slow 
numUig. As umi thfotllo it ops —d, the adffitional holes are 
uncaged, wss op^ swTtb# fppl supply increased. 



Big. 60. Ea^e carburetor. 


An air-hall valve is placed in the main air inlet, which thus 
controls all air passing the spray nossle. 

At low speeds the balljp«>mite only a small quantity of air 
to pass. At high speeds the ball is raised by tiie greater suction 
of the piston, and thus more air is admitUn. 

Adjustment: Loosen lock nut (B) and turn the gasoline 
adjuatina needle valve (A) to its seat and set the stop screw 
on the tiirottle valve to approximately the correct position for 
idling. *rhen open adjusting needle valve by turning to the 
left three-Quartm of a turn, 'inth this adjustment the engine 
can be started. 

When starting with a cool en^ne, H is absolutely necessary 
to ^ve choker butterfly (B) closed. This is opsratM from the 
dash and shoald be <g>ened gradually as the engine warms up. 
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The ensine should be run long enough to be warmed up to 
•enrioe condition. Be sure that the choker butterfly VMve (B) 
is open when making adjustment. 

Then retard the spark control, open the throttle until the 
engine is ninniiu at average driving speed. Next turn gasoline 
adjusting needle (A) to the rumt until the engine speed 
decreases from lean mixture. Then turn to left until the 
speed increases and again starts slowing up, which is as rich 
a mixture as engine can be run on. By turning again to the 
right to a point half-way between the two, when the engine 
^peed is himesjL the correct mixture for general driving will 
be obtained. Tighten look nut (B). ana the adjustment is 
complete. 

The air>adjusting screw (D) is provided only for the purpose 
of controlling the air supply to the carburetor when running 
at low speeds. It may be possible that the adjustment on the 
gasoline adjusting needle is slightly too rich for idling purposes 
and will cause the carburetor to choke. By loosening lock nut 
(If) and turning the air adjusting screw (D) to the right, admit¬ 
ting more air, this condition will be eliminated. Tighten 
the look nut, and the adjustment is complete. 

AcBust the throttle-lever stop screw until the desired idling 
speed is secured. Adjustments ^ould be made with spark and 
throttle fully retarded. 



Fm. 61. If carburetor drim, it is usually due to dirt under 
the float needle valve (V). Remove the float dust cap, place a 
screw driver in the end of float collar (F) and turn gently back 
and forth, thus seating the float needle valve. 


Marvel Carburetor Heating System 

The Marvel carburetor used on the Bulck, Nas^ and Oak¬ 
land (1923) varies slightly in construction, but is similar in 
principle, by which the air drawn into the main air inlet is 
heatM and controlled by the choker valve, and the mixture is 
heated by the exhaust gases passing around the jacket of the 
carburetor. 


Refer to Fig. 63 and note a damper body holding a valve in 
the main exhaust this. This valve is inter-connected to the 
throttle and forces all the exhaust gas to pats around tho jacket 
of tho carburetor when Uie throttle is closed and partly closed 
for town driving. As the throttle is opened up however, the 
damper too is opened, allowing more ana more heat to pass out 
the main exhaust, thus preventing over-heating. It takes but 
a few explosions to warm the jacket of the carburetor. 

Crank-case dflution. or thinning out of the en^e oiI» comes 
from excessive use of the choker in cold weather in gettins 
the car up to normal operating temperature. This is prevented 
by the quick application of heat requiring the use of the choker 
for starting only, and but a very short time thereafter. Sm 
also O.M.C. manifold on page 917. 
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Fig. 62. Marvel carburetor and heat control used in the 
Nash (1923). 



Fig. 63. Marvel carburetor showing the intake and outlet 
of eimaust gases around the jacket of the carburetor. 


ADDRESS OF CARBURETOR MANUFACTURERS* 


"Carter’*: Carter Carburetor Corp., St. Louis 7, Mo. 

"Bnngn”: Ensign Carburetor Co., Huntington Psrk, Cal. 
(Butane, gasoun^. 

" HoUey”: Holley Carburetor Co., Detr<n^ Mich. 

‘Veknson”; Marvel-Schebler Carburetor Div., Borg-Wamer 
^rp., Flin^Mieh. , 

“ Kingdon**: sangston Products Corp., Kokomo, Ind. (Oaso- 
Hne, kerosene). 

"MaUory”: Mallory Electric Corp., Detroit, Mich. 
"Marvif’: Marvel-Sebehler Carburetor Div., Borg-Warner 
Corp., Flint, Micb. 


’’Rayfidd”: Marvel-Schebler Carburetor Div., Borg-Warner 
Corp., Flint, Mich. 

”Roaamaeter”: Roadmaster Products Co., Los Angeles, Cal. 
(Butane). 

"8ehtbler”: Marvel-Sdisbler Carburetor Div., Borg-Warner 
CJc^., llin^Mich. 

**8tromberd’: Bendix Products Div. of Bendix Aviation Corp., 
Sou^ Bend, Ind. 

’’TtUoieon”: Tillotson Mfg. Co., Toledo, Ohio. 

“ZemiA”: Zenith Carburetor Div. of Bendix Aviation OMrp., 
Detroit, Mich. 


For make of carburets used on various cars, see Ix»dex undw ''Spedfioations of passenger cars.” 


NoU: Carburetors described in this instruction are selected at examples in order to ei^in the diffemt f^ddee of 
operation and construction. Carburetor manufacturers are changing their models from ti^ to^time. It is not our in^tJon to 
attempt to show all the different models, as q;>ace would not perinit. See 

which will give the make of carburetor used 6n late model cars; see ai^ page 966 for Truck Spec^fieoXianct ^ ana page 99f/ 
for "Traetor Speeificationc.” 

^Revised 1946. Other material on ibis pegs not revised. 
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tube i.s swcdged (just above J). This slightly rc- 
, thus increases the velocity of the gas, insuring 


)ttlc butterfly valve is opened air rushes in through the 
id in passing in and up through the venturi tube creates a 
a causes air to be drawn down through the four holes L 
air picking up gasoline from the main or accelerating well 
to the venturi tube where i t is met by the main body of air 
proper proportion for accelerating speeds, 
et A feeding the main or accelerating well M is unable to 
^f the line of suction, therefore the level in the well M lowers, 
ultiple jet nozzle. 

vard through the four holes L surrounding the standpipe is 
1 multiple jet nozzle creating an increased suction on the 
0 is drawn direct from bowl chamber through multiple jet 
supplies both gas and air at high speeds. 


y 40 or 46 m.p.h. the economizer E covers the ports H as 
ich mixture resulting in greater speed and power. • 


loat to machined surface of casting. 


ER LEVERLESS VACUUM TANK 


he lever type of tank discussed in the Carburetor 
) Encyclopedia (pages 1303-1306) in that there arc 
no levers with springs. 



The bends in the float 
stem cause the valve.s 
B and C to be opened 
and closed as the float 
reaches the bottom or 
top of its travel. 

When the float F is up 
the float stem lower bend 
(just above the top of the 
float) closes the vacuum 
valve B and opens the at¬ 
mospheric valve C. 

When the float F is down 
the float stem upper bend 
(at end of float stem) 
opens vacuum valve B and 
closes atmospheric valve C. 


For example, when vac¬ 
uum chamber M is full and 


the ga.soline begins to flow 
into the outer chamber N, 
the float F starts to go down. 
It will thus be observed 
that the float stem lower 
bend no longer presses 
against the vacuum valve 
stem B to hold this valve 
closed. The manifold vac¬ 
uum therefore must be great 
enough to hold this valve 


closed until the float reaches the bottom of its stroke. In 
the lever type a spring serves this purpose. The principle 
of operation otherwise is practically the same, therefore a 
study of pages 1303-1306 will make clear the operation. 

Name of Parts of Stewart Model 493 Tank 
Name of parts of the Stewart model 493 leverless type 
vacuum tank used on Chevrolet model. National AB 
^iga. 19, 20) : A, fuel inlet; B, vacuum valve stem 
C, atmospheric valve stem; D, drain; E, gasoline outlet 
to carburetor (gravi^ feed); F. float; G, flapper valve; 
H, air valve inlet; K, vent tube; M, inner or vacuum 
chamber; N, outer or reserve chamber; P, vacuum opening 
(connects with intake manifold); S, filter screen. 

Stewart model 409 and 418 leverless type vacuum tank 
differs in the flapper G (Fig. 21). This type used on Essex, 
Erskinc, Whippet and several other cars. 



Testini^ 

To test for leak in atmospheric valve C see Fig. 22; to 
test for leak in vacuum valve B, Fig. 23; to test the flapper 
valve. Fig. 24. 

AC FUEL SUPPLY SYSTEM 

Purpose: Pumps fuel from tank in rear of car 
through a combined gasoline strainer ‘before 
forcing it into carburetor. Can be operated from 
push rods, tappets or eccentrics located on cam¬ 
shaft or other rotating part-s giving a reciprocal 
motion of from 34*^ maximum. 

As an example, the series "R,” AC diaphragm type of 
fuel pump attached to the crankcase and operated from 
the camshaft is shown in Fig. 25. A reciprocal motion of 
about ^ 4 ’ maximum is imparted to lever D, by a small 
eccentric H, mounted on the camshaft G. 



Fig. 25. The AC fuel pump, series “ B ” of the diaphragm 
type. Standard in.stallation operating from engine cam¬ 
shaft with angular pump lever arm. Various other methods 
can be used for operating pump. 

The diaphragm is composed of several layers of especially 
treated flexible cloth material, which is impervious to 
gasoline and benzol. This cloth material A is held between 
two unequal metal discs B and is pushed upward by a 
pump spring C. This diaphragm in its upward position 
almost fills the punip chamber M so that in its downward 
movement a very high vacuum is obtained, thus assuring 
high pumping capacity even at low speed. 

The repeated 14 ^ movement of the diaphragm is possible 
indefinitely without any injury, due to the extreme flexi¬ 
bility of this material. Further, the extreme movement of 
the diaphragm occurs only when the carburetor is empty. 
When the carburetor is full, this movement is greatly 
diminished, being directly proportional to the amount of 
gasoline used by the engine. This means that in practically 
all normal driving conditions this diaphragm is pulsating 
in a movement of a few thousandths of an inch. 

This movement is controlled by the two-piece rocker 
arm D, split at R, because when the diaphragm is in the 
depressed position it carries part of the split rocker arm 
downward and forms a gap at line R, thus ahowing the 
eccentric G to reciprocate part of rocker arm D without 
engaging the diaphragm on the suction stroke. 

Operation: By revolving the shaft G the eccentric H 

—over 












INSTRUCTION No. IS 

COOLING THE GASOLINE ENGINE: Cooling Methods; Water Circulating 
Pumps; Fans; Radiators; Water Thermostats; Water Temperature; Water 
Cooling Troubles; Overheating of Engine; Non>Freezing Solutions; Air* 
Cooling Methods; Heating a Car. 


WATER COOLING 


If no provision is made for cooling the cylinder of 
a gasoline engine, the intense heat of the explosions 
would heat it to a point that would cause the lubri¬ 
cating oil to bum and become useless. At the same 
time, the cylinder must not be kept too cool, for 
that would prevent development of full power; the 
cylinder must therefore be permitted to get as hot 
as is possible without burning the lubricating oil. 
About 170® Fahr. or below the lulling point, appears 
to give the best results. 

The cylinder may be cooled either by water or 
air, and while the greater number of engines are 
water cooled, air cooling has been developed to a 
ooint where successful results are attained. 

The water-cooling system consists of jackets 
iround the part of the cylinder that is to be cooled, 
through which water may flow; a radiator for cool¬ 
ing the heated water; and some method of keeping 
the water in circulation, together with the necessary 
connections (see Fig. 4). Tlie cylinder water- 


jackets are usually cast in one piece with the 
cylinder. When heated, the water passes to the 
radiator tank, thence through the radiator tubes, 
where the rush of air to which it is exposed absorbs 
the heat, cooling the water, which then passes back 
to the lower water connections on cylinders. 

The radiator system is alwa^ fixed in the forward 
part of the car, to obtain the full benefit of the 
draught of air. The same water is used over and 
over again, so that it is only necessary to replace 
the loss caused by evaporation and leakage. 

It is usual with radiator systems to have a rotaij 
fan to assist in inducing a draught of cold air 
through the radiator tub^ and in accelerating the 
cooling when the car is moving slowly, as in hill¬ 
climbing or slow running in trafiSc. The fan is 
driven from the endne shaft by a belt or gear and 
fixed back of the radSator. The alternative method, 
which avoids the use of a separate fan, is provided 
by fan-vaned arms in the fly wheel. 


WATER—CIRCULATING METHODS 


The two systems of circulation are the ^'thermo- 
syphon” system and the "force” system, 

Thermo-Syphon Water Circulation System 

The thermo-syphon system of water circulation 
is as follows: Upon becoming heated, the water 
rises to the top, entering the pipe and passing into 
the radiator at top where it is brought mto contact 
with a larTO cooling surface, in the shape of the 
radiator. On being cooled and thereby oecoming 
heavier, the water sinks again to the bottom of the 
cooling system, to enter the cyj^dors once more 
and to repeat its circulation. The cooling action 
is further moreased by a belt-driven fan whiwi draws 
air through the radiator spaces. The connections 
are the same as for the force system^ except that 
there is no pump, and the connection from the 
water-jacket outlet to the top of the radiator slants 
upward. It is more necessary to have clear pas¬ 
sages for the thermo-evphon sye^m than for the 
force svstem, because the pump, in the latter, will 
force the water past an obstruction that would stop 
the flow of water that moves only because of its heat. 





Sasalto 

arttsia. 



The height of the radiator with the thermo-syphon 
system must be higher and lower than the extreme 
top and bottom of the water jacket (see Fig. 1 and 
also, refer to page 155). 

The height of water with the thermo-sjyhon 
system should be kept at level above top inlet of 
i^ator to insure proper circulation. Below this 
point circulation ceases and water boils. 


Keep the radiator full: When the cooling water 
is kept in motion by thermo-syphon action, it is 


quite important that the radiator be kept reasonably 
full in order that there be a back resistance to aid 


in forcing the water forward. It is _ 
care to add frequently a little cold water, i 


waiting for the engine to knock, especially in summer. 




U& 
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Faroe WateivCirculatlon System 

ui the force system, the engine drives a pump 
which ke^ the water in constant circulaiiion, as 
shown in Fig. 4. The pump forces the water from 
the bottom of the radiator to the inlet at the bottom 
of the water jacket, through which it flows to the 
outlet at the top, whence it goes to the top of the 
radiator, and flows through the radiator tubes to 
the bottom. As it passes through the radiator 
tubes it is cooled. After passing through in this 
manner, it is again drawn through the pump and 
forced again through the same path. 



Circulating Pumps 

Practically all water-circulating pumps are driven 

so that 

motion is positive, and without slipping. All forced 
circulating systems must use a circulatmg pum^. 



Fig. 5 Fig. 6 Fig. 7 


F1^ 5. The gear type of circulating ptmp consiste of two 
•mall gean with large teeth, the two being in meeh, and placed 
in a oMing that fita as inugly aa possible. The water enters at 
one aide where the teeth amarate and is carried around to the 
oppoaitie side in the apaoee between the teeth, where it eeoapee 
tnroui^ an outlet. 

Fig. 6. The rotaiy* or Tano tvpe pump eonsiste of a ring- 
dutped earing, withm which a disk revcaree, the dhJc beiim 
*‘ecoentrie,** or to one ride of the center of the easing. Throui^ 
a riot across the disk are two arms, their ends being pressed 
against the oaring by a spring. As the disk revolvee, the water 
is forced from the iiuet to the outlet by the arms. 

Fig. 7. The centrifngsl type of pomp acts on the principle 
of an air Mower, and has blaow projecUngfrom a huo, which 
revolve at high nieed inside of a casing. The water enters at 
the hub, and ie thrown outward by the bladm to the outlet in 
the earing. This Is the type in general use. 


There are four types of circulatiiig pumps: the 
*'gear” typ, the '^centrifugal” type, the 'notary” 
or “vane^^ type, and the “piston” or “plunger” 
type 

Principle of circulatixm pumps: The jnrinciple is 
the same for water or oil. If the pumjp is elevated 
above the supply, the feed to the pump is by vacuum 
and the delivery by force; if submerged, or below 
the source of supply, the feed to pump is by gravity 
and the delivery by force. 


CooUng Fans 

order to cool the water suflBciently, a fan is 
driven by a belt attached to a special bracket on 
the engine. This is shown in Fig. 4. 

The fan draws a current of air through the 
passages in the radiator in addition to that driven 
through it by the forward motion of the car. 

There are two types of fans in general use: the 
multiple blade (Fig. 9), and the two-blade (Fig. 10). 



Fig. 8 shows how the fan draws air in through the 
cores of the radiator to keep the water cooled. This 
demonstrates clearly the function of the fan. and 
shows how futile is its attempt to cool the radiator 
when a winter cover is placed over the radiator and 
is fully closed. There is no cooling action to the fan 
unless the front of the radiator is at least partially 
exposed. Often obstructions are placed in front of 
the radiator, as license tags, etc., which cut down 
the efficiency of the cooling system. 


Fan adjustment: the belt can be tight^ied by 
raising the fan by an eccentric adjustment (Fig. 8A), 
or by bodily liftmjg the fan and its bearing and tight¬ 
ening a bolt holding it (Pig. 9). 



RADUTORS 

The purpose of a radiator is to keep the water, ning lengthwise cil the tank. A tank was placed on 
whmh circulates around the water jacket of the each side of the body <K)miected with the water 

flinders bdow the boiling point. jacket of the engine. A circiflktingpump was used 

The early type of radiator (Fig. 11) odnsisted of a to eironlate ^ hfodem emiMitnictioiia are 

oomigated copper tank, with horisontal tubes run- ihown Oh. ^ 
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Fig. 11. One of the early methoda employed for cooling the 
irater. 

The location of a modem radiator is usually in 
front of the engine, where it will come in contact 
with the air. The air passes between the tubes or 
fins on a tubular type of radiator and through the 
cells of a cellular type. A fan is usually placed 
directly behind the radiator, which is operated from 
a pulley on the crank shaft of the engine, for the 
purpose of drawing a large quantity of air through 
the radiator, thus increasing the cooling capacity. 

Construction of a radiator: There is a reservoir 
or tank placed at the top and one at the bottom, as 
shown in Fig. 4. Between these two tanks, the 
tubes or ce^ are connected. A flexible hose pipe 
connection is made with the t^ and bottom tank 
from the enme, as shown. When the engine is 
running, the hot water passes to the top tank, thence 
downward through the radiator tubes (if a tubular 
type), or around the cells (if a cellular type), and is 
thus cooled. The cooled water then passes into 
the lower part of the engine from the lower tank 
of the radiator. 

Radiators must be used with either the ‘Torced- 
ciroulating’’ system, using a pump, or with the 
*‘thenno-syphon^' system, which does not use a 
pump. 

Types of radiators: There are two types in ^neral 
use, the ‘^tubular’' and the “ceUular,” or *^oney- 
comb.” 

The tubular t3rpe consists of vertical tubes placed 
between the upper and lower radiator tank. The 
water passes downward throu^ all of the tubes. 
If one tube becomes domed, then all of the water 
must pass through the other tubes. Each tube is a 
separate path tl^ugh the radiator. 

The cellular radiator consists of tubes or cells 
placed horizontally, through which the air passes 
and the water flows downward around these cells 
or tubes. 

The honey-comb type of radiator was a term orig¬ 
inally applied to a cellular type of radiator, due 
to its likeness to a honey-comb, but now that tubular 
type radiators can be constructed so as to have the 
appearance of a cellular radiator, the term could 
slio be applied to the tubular type. 

Tiibiilar-T 3 rpe Radiators 

The tubular type of radiator used in 1900 and 
1901 is shown in Fig. 18. The tubes were placed 
horizontally in heads ffl). Crimped fins (F) were 
placed on the tubes. The radiator was suspended 
under the front of tiie car by studs (S). A pump 
circulated the water. 

Tlie vertical tubular type with '^spiral” fins (F) 
(Fig. 14) was the next type introduced. These 
tubes were placed between an upper and lower tank 
(|1g. 4| page 146). This type is still in use, piin- 
«PiUy on tnieki. 



Fig. 13 Fig. 15 Fig. 14 


The vertical tubular type with “flat” fins (Fig. 
16) was the next type introduced, the idea being to 
have it resemble the cellular radiator which at that 
time was introduced on the Mercedes car. A tubu¬ 
lar radiator made up with fiat fins, is shown in Fig. 12. 



Variations of construction of the tubular type 
radiator are shown in Figs. 10,17, and IS. Note that 
the appearance is similar to the cellular type, but 
the water flows through the tubes, whereas, with a 
cellular radiator, the water flows around the tubes. 

Cellular-Type Radiators 

The original cellular type was the Mercedes (Fig. 
19). It consisted of four or five thousand ” square 
copper tubes 4“ long, nested horizontally together, 
bemg separated from each other by wires arranged 
to run between the rows of tubes in both directions. 
The blocks so made were clamped together, and 
dipped in a bath of solder, both front and back, by 
which means a space^^” thick was left on each 
side of every tube. The blocks (divided into sec¬ 
tions similar to Fig. 20) were assembled with the 
top and bottom tank of the radiator, and water was 
forced to pass in between the tubes, the air being 
allowed to travel through the inside of the tubes. A 
very larm radiating surface was thus obtained, and 
it would be hard to conceive of any arrangement 
offering a larger radiating capacity for any given 
size of radiator. 

The cellular radiator is a very expensive type to 
construct. In this country, where tarm quantities 
are required, this construction was quickly modified 
to make the production cheaper. 

Honeycomb Type of Radiator 

The tubular type construction of radiator is often 
termed a “honeycomb” type. It is very much like 
a cellular honeycomb in appearance. See Fig. 18. 

The Fiat true cellular type of radiator (Fig. 20) is 
similar to the Mercedes, it is formed in four divi¬ 
sions indicated by horizontal lines. Where these 
tines cross there ar^ open horizontal passages throui^ 
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which the water may flow 
from one side to the other. 
Thus a section can be re¬ 
moved and repaired sepa¬ 
rately. 

Some of the modifications 
employed are shown in Fira. 
21 and 22. Note in fig. 21 
that the tubes are expanded 
at the ends, thus elimmating 

L I the wires. 

_ J The Mayo is constructed 

in a similar manner with the 
water passage to the sides of tubes. In the Fedders 
(Fig. 22) the hexagon tubes can be removed and r^ 
placed. The Hamson hexagon cellular is shown in 
Rg. 23. Between every other row of cells there is a 
water passage .08'' thick. 

Hgs. 24 and 26. Front and side view of a popular type of 
radiator, showing overflow pipe, upper and lower tank, and 
eonneotions. 



Fit 21 Fit 22 Fit 23 



FI* 24 FI*. 3& Pi*, ae 


Fig. 20. Extension or syphon tank (S). used on many 
thormo-syphon systems to give greater body of water and tu 
absorb steam and to maintain a constant level—a desirable 
feature on all radiators. 



WATER TEMPERATURE 


In general service it has been found that the water 
circulating around the water jackets has an averi^e 
normal temperature of ITCf F. in cars equipped with 
a water pump and about 200° F. in cars cooled by 
the thermo-s^on ^stem. If the actual water tem¬ 
perature reaches 212° F., boiling occurs, with a con¬ 
sequent loss of water due to steam which passes off 
through the overflow pipe. Continued op^^tion, 
when steaming, is liable to cause scored cyhnders. 

If the temperature of the water is low, the cold 
engine condenses a portion of the gasoline, which 
leaks past the piston rings, dilutes and thins the 
lubricating oil, with the result that the engine is not 
properly lubricated, and the raw. unvaponzed gaso¬ 
line produces carbon deposit in the cylinders. 

Temperature Indicator 

A device which is placed on the filler cap of the 
radiator (Fig. 27) serves to indicate the temperature 
of the air, or vapor, above the water and not the 
actual temperature of the water. This device is 
known as the ‘*Boyce Moto-Meter.” It is a very 
useful device for warning the driver when his engine 
is oveibeating. This device is placed on the radiator 
cap and the bulb at the end does not extend into the 
water. The fluid in the tube reaches different levels 
according to the temperature. These figures can be 
seen from the driver’s seat. 

By taking the temperature of the air over the 
water, the manufacturers claim that this instrument 
has greater utility, as follows: 

First, because (up to the actual creation of steam) 
it always reads well below the danger point, and by 
a quick jump to ’^danger” (when ste^ occurs) it 
warns the dnver to stop. 

Second, on a thermo-syphon system, practically no 
jump would occur, since the water temperature is 
usu^y around the 200° F., and the change to 212° 
steam would be almost imperceptible to the driver. 

Third, a broken water pump or stopp>age of circu¬ 
lation would not show in time to prevent damage, 
were the bulb of the Moto-Meter to be submerged 
n toe radiator water, as toe radiator tank would re¬ 
main cool while toe steam passes out the overflow 
pipe. It is, however, directly in the flow of steam 
and immediately signals dangerous conditions.^ 


lAnotlier make oi^ temperature Indicator la the Radlmeter. 
It ia intuUed on the dash and a tube leads to a bulb installed 
in toe water Jacket and indicates the actual temperatura of the 

water. 


Fig. 27. Boyce Moto-Meter, na 
showing the lines which now 27 
appear on the dial of all Moto- 
Meters. Tho approximate 
temperature of the air space 
over the water in degrees Fah. 
is shown to the side. 
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Fig. 27 A. If fluid is driven 
from bulb into tube during 
shipment, tap it on tire. 


The top line is danger; stoi) car and see if tho overheating ia 
due to lack of water, lubricatiun, too much gasoline being fed 
by carburetor, or loose fan belt. 

The next lower line is an efficient temperature at which to 
operate an engine, especially of tho thermo-syphon type during 
summer. 

Nora: "Summer average” represents a sone, not a line on 
the scale. It is quite impossible to give a doflnite line for all 
care. 

The next lower line for water-pump care means the temper¬ 
ature at which most pump-equipped oars generally operate 
under summer conditions. 

The next line is intended to show the bottom of the "summer 
average sone, and a temperature above which ^cohol non¬ 
freeze is likely to evaporate in winter. 

After the Moto-Meter is installed and the car 
is driven about ten miles, the engine’s normal 
operating temperature, as remstered on the dial 
should be carefully noted. This will usually be 
found to be at the bottom of toe circle, or about 
1/4" below this point in pump-eauipped cars; on 
thermo-syphon cars, about toe middle of the circle. 
Unless unusual road conditions are met with, such as 
climbing hills, etc., any rapid rise above this point 
calls for immediate action. Stop car and investigate 
the trouble as follows: 

First: See if radiator contains sufficient water. 

Second: Examine toe lubricating system,making 
sure toe engine is receiving sufficient on. 
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Third: Examine fan belt for breakage or slippage. 

With plenty of water and oil and the fan in good 
condition, excessive heat is probably due to other 
causes. See p. 152, '^Overheating of engine.*' 

When the red fluid reaches the top of the circle 
of window on the dial, engine is dangerously over¬ 
heated. Any water-cooled engine allowed to op¬ 
erate at this high temperature will sooner or later 
burn out its bearings or score its cylinders. 

On ctrt operating without a water pump» employing the 
thermo-syphon system^ of cooling, the water must reach a 
certain temperature before it will become agitated sufficiently 
to cause it to circulate (similar to a coffee percolator). Thus it 
will usually be found that on thermo-syphon cars the red 
column will be at normal when about half-way up the window, 
whereas on engines using a water pump the normal temperature 
will be near the bottom of window. 

When using alcohol non-freeze solution, care must be used 
not to keep the radiator covered for too long a time, as alcohol 
causes boiling to occur at lower temperatures than the steam- 
point of water marked on tlie scale (see table, page 154). 

Bear in mind, however, the engine should be heated as 
quickly as possible in order to prevent dilution of the lubricat¬ 
ing oil, but not overheated. 

Care should be taken in reading the instrument, when the 
car is being operated at high altitudes, for at an elevation of 
ten timusand feet above sea-level, steam occurs when the red 
column is 1/8^' below the point marked ‘‘steam” on the dial 
(see page 116 for reason). 

Extension or distance type of 
temperature indicator: This de¬ 
vice (Fig. 28) will indicate the 
temperature of water circulating 
through the engine. The gauge 
is placed on the instrument panel 
of the car. and the bulb (E) is 
placed in tne cylinder-head wat^r 
jacket. This type is also used 
on motor boats, airplanes, etc., 
and can be used for engineering work where test of 
actual water tc^mperature (or oil) in degrees is re¬ 
quired. Instruments of this type are sometinns 
used to operate rheostats connnected with an electric 
gauge on the instrument panel. 

Princi]rfs. The head of this instrument is of similar con¬ 
struction and operates on the same principle as a prCs.sure oil 
gauge (see p. 162). The head, the copper tube (T), and bulb 
(E) are hllM with treated alcohol under pressure. When the 
bulb (S) is subjected to changing temperatures, the alcohol 
expands or contracts, thus moving the minute column of alcohol 
forward or backward in the entire length of the tube, cuasing the 
head to operate like a pressure gauge. 

Note. The temperature often rises right after engine is 
shut off. This condition is normal and is due to the heat that re¬ 
mains in the cylinder block after air and water circulation have 
stopped. 

Temperature Regulation 

There are four methods employed to heat a cold 
eagine more rapidly than if these methods were not 
employed, as follows: (1) bv the use of a radiator 
shutter; (2) by restricting the wateif circulation by 
means of a water thermostat (Fig. 30); (3) by heat¬ 
ing the carburetion mixture (p. 106); (4) by closing 
the hood ventilators (p. 150). 

Radiator Damper or Shutters 

A radiator damper or shutter prevents circulation 
of air through the radiator core when the engine is 
cold, thereby permitting the engine to quickly* reach 
an efficient and economical operating temperature. 
Shutter Fig. 29 is controlled by hand. A thermostat¬ 
ically controlled shutter is shown on page 653.* 

^ The thermo-syphon principle of water circulation is now 
seldom used; instead, a water pomp, which forces the water 
through the cooling system, is in general use. 

* See pages 104,462A, 462B, 166, why an engine should quick¬ 
ly reach normal operating temperature. 

* Shutters on boaee and trucks are sometimes operated by a 
therm'wtat which in turn OMrates an air valve admitting com¬ 
pressed air to a small cylinder which operates the shutter. 

* The exact temperatore at which the different thermostats 
open and oloae vanea alightly. 



oi>«ned, air circulation begins, and temperature remains normal. 

Thermostatic Control of Water Cireulation 
The thermostat is located at the cylinder-head 
water outlet (Fig. 30). The purpose is to auto¬ 
matically cut off the circulation of water through the 
radiator when the water is below approximately 
150° F.,^ thereby permitting the water in the cylinder 
block and head to warm up quicker^ and thus to 
make the engine more efficient in respect to power 
and gasoline consumption. 


Fig. 30. View 
showing the ther¬ 
mostat valve open 
and normal water 
circulation through 
the radiator and 
cooling system. (Il¬ 
lustration is exag¬ 
gerated in order to 
show the principle. ) 


The water thermostat shown in this example is the 
bellows type. The accordion-shaped metal bellows 
contains a liquid. 

^inciple of operation. When the water in the 
cylinder block is cold, or below approximately 
150° ¥.* the thermostat bellows is contracted and the 
thermostat valve is on its seat in a closed position, 
thereby cutting off the circulation of water to the 
radiator; thus the water in cylinder block water 
jackets and head warms up rapidly. When the 
water warms up and reaches a temperature above 
approximately 150° F. * the liquid in the bellows is 
driven into a gas. Tne resulting pressure expands 
the thermostat bellows and the thermostat valve 
starts to operif allowing water to flow throi^h the 
radiator. At a temperature of about 17^^ the 
thermostat valve is fully open. A small hole in the 
thermostat valve provides an air vent, necessary 
when filling the cooling system with water while the 
valve is closed. It also permits very slow circula¬ 
tion when the valve is closed. 

Care. Thermostats should be removed and 
cleaned whenever the cooling sjrstem is cleaned (see 
p. 739). The vent hole in the valve should be clear 
and free of obstruction. If thermostats become in¬ 
operative, they should be replaced, and not repaired. 
When replacing, the bellows end should be toward 
the engine. 

Failure of the thermoeUt to dote will be indicated by dow 
warming-up of the water and alow rise of the water temperature 
indioator. 
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By-Pass Type of Water-Temperature 
Control 

To provide water circulation during the warm-up 
period while the thermostat valve is closed^ a 
water by-pass is sometimes provided. The Buick^ 
thermostatically operated by-pass type of water 
temperature control is used as an example. The 
operation of this bellows-type thermostat and the 
by-pass valve is explained bdow. 


Fig. 31 Geft). When the coolant is below nonnal operating 
temperature, it is blocked from circulation through the radiator 
(R) by the thermostat valve (V) as shown. The water pump 
(P) pressure forces the coolant through the spring-loaded by¬ 
pass valve (B) and allows coolant to recirculate through the 
cylinder block and head. 

Fig 31A (right). When the coolant has reached a tempera¬ 
ture of 148° to 153° F., the thermostat valve (V) starts to open 
and the circulation proceede in the normal wav as shown. At 
approximately 170° the thermostat valve is fully opem relieving 
the water-pump pressure on the by-pass valve (B), which 
automatically closes. 

Testing thermostat. Follow the same instructions as on 
page 739, except that the Buick thermoetat valve should start 
to leave the seat at 148° to 153* F. and be fully open at a tem¬ 
perature not to exceed 176°. 

A thermostat sticking closed, or a sticking by-pass valve 
either open or closed, will prevent the cooling sytsem from 
functiomng and will cause overheating. 

Bimetal-Type Water-Line Thermostar 

An example of this type of thermostat is used on 
the Ford V-8 en^e.* In order to reduce engine 
warm-up time and maintain more efficient operating 
temperatures, a thermostat, as shown in Fig. 32, is 
instdled in each cylinder-head water-outlet con¬ 
nection held in position by the radiator hose.’ It is 
designed to start opening at 145° F. and be fully 
open at 175° to 180° F. 


The operating element in the Ford thermostat is a bimetal 
strip composed of two layers of oo-operating metals of widely 
different expansion. The two 
different metals are permanently 
fused together. With tempera¬ 
ture change, the tendency is for 
one to elongate faster than the 
other, so that a bending or de¬ 
flection results. This Dimetal 
in the form of a ooil is anchored 
at one end, and the other end is 
attached to the butterfly valve. 
Thus, as the water temperature 
reaches 145° F., the butterfly 
gradually opens. 

When for any reason a thsr- 
mostat becomes inoperative, the 
following should be checked: 
Q) Thermostats installed upside 
down. (2) Dirt and pieces of 
rubber hose getting i mbedded on 
edge of butterfly, holding valve either open or closed. (3) 
Failure to expel all air from cooling system when fillii^ radiator. 
(This is accomplished by running engine several minutes and 
then adding additional water to cooling system.) (4) With 
low-boiling-point anti-freese solutions, it is important to watch 
the rquid level in the radiator and to replace the evaporated 
solution. 

Thermostats for Hot-Water Heaters, 
Adjustable, Etc. 

High-reading thermostats. In areas where extreme cold 
weather is encountered, it may be necessary to instal a special 
high-reading thermostat in order to secure satisfactory results 
from a hot-water heater. Be sure to use an anti-freeze solu¬ 
tion whose boiling-i>oint is higher than the temperature at 
which it operates. 

Thermostats can be obtained which are adjustable, that is, 
the temperature can be varied. Thermostats are commonly 
known as the insert type and the hose-line type. 

Radiator Cover, Louver Openings, and 
Hood Ventilators 

Radiator covers. Where radiator shutters are not provided, 
a cover over the cooling surface of the radiator during cold 
weather is advisable if properly used. The purpose is to pre¬ 
vent the fan from drawing cold air through radiator core, and 
thus to assist in heating engine more quickly. The cover 
should be left over the front of the radiator until the engine be' 
comes warm, then removed. During extremely cold weatbei 
it may be advisable to remove only the upper half, because the 
hot water having just passed through the radiator on its way 
back to the engine is at its lowest temperature at the bottom 
of the radiator. The idea is to get the engine heated as quickly 
as possible to prevent dilution of the lubricating oil, but not to 
permit overheating, which is likely to occur if radiator is en¬ 
tirely covered for too long a period. When volatile anti-freese 
solutions are used, care must be exercised in this respect. See 
pages 149, 153. A great many operators merely place a piece 
of cardboard over the lower front of the radiator. 

Louver openings can be protected during cold weather from 
the inside, by covers made for the purpose, and thus assist in 
retaining warm air under the hood. 

Hood ventilators on each side of the hood can be opened or 
closed by hand, according to the temperature. They can also 
be open^ automatically oy thermostats, controlled by the air 
temperature under the hood. 





CARE OF THE WATER-COOLING SYSTEM^ 


Water 

Water for the cooling system should be as nearly 
neutral as possible. Soft water is better than hard 
water,’ for reasons stated on page 151. Rain water 
is usually soft and is desirable for coolinjs systems. 
Avoid water containing lime, alkali, or unpurities. 
Where water is alkaline, acid, or saline, a rust pre¬ 
ventive (inhibitor) can be added, as esmlained on 
page 151. Before adding however, the cooling 
system should be thoroughly cleaned (see pp. 151, 
739). In localities where pure water is not easily 
obtained, it is well to strain it throuf^ muslin. 

Water-Circulating Pump 

Chedt the water pump for air or water leaks, end- 
play, worn or scored shaft, and worn bushii^. The 
first condition can usually be remedied by ti^tening 
the packing nut (not too tight, however—see pp. 


151, 735), that is, if water pump has a packing nut. 
The other conditions, if present, will necessitate the 
removal of water-pump assembly and an overhaul 
or replacement. 

Fan 

The fan requires no particular attention, except 
lubricating. Sometimes the belt gets loose and 
causes the fan to slip and does not turn as rapidly as 
it should, causing overheating of the engme. If 
this happens, 

1 CootpUgd from Buick Shop Manual (1937). 

* Compiled from Service BulUtin of the Ford Motor Competiy. 
’ On 1937 oart and trucks they are installed in cylinder-head 

outlet opening. 

* See p. 690 under ** Anti-Freue and Cooling SyeHm** tor 
free inetruetive literature on torvieino the eocling eyeUm, 

* To tell if water is hard or soft, a simple test is to take a 

2 aantity in the hands and go through the motion of washing. 
F it is oifllottlt to rub the hands togethm, the watsr ie hard. 
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loosen the nut which holds the eccentric snn of the 
fan; raise the arm slightly, and retighten the nut. 
This will tighten the belt. Note that this nut fre¬ 
quently has a left-hand thread. Do not tighten too 
tight, as you are liable to crack the fan support. 
See aiso figs. $A., 9, and 36. 

Where the fan, water pump and generator are 
driven by a conventional ^e endless composi¬ 
tion belt, the drive being off the front end or the 
crankshaft, the generator may be moved in or out 
to tighten or slacken the belt. Too tight a fan belt 
may pull the water pump impeller shaft out of 
alignment and causes excessive wear on the bearings 
and eventual leaks. Follow car manufacturer'a in- 
atructiona for adjuating. See p. 735 for adjusting, 
repacking, and lubrication of water pumps. 

Cleaning and Care of the Cooling System 

%e cooling system should be flushed out in the 
spring and fall (the latter before adding antifreeze 
solution) to remove loose particles of rust, scale, 
and sediment, which, if allowed to remain, may 
clog the water passages of the radiator and prevent 
the heat of the engine being properly dissipated, re¬ 
sulting in overheating. Hard water (such as lime 
water) will cause a hard scale to form in the water 
passages, which impairs the efficiency of the cooling 
system in the same manner as does rust. Lime is 
present in nearly all water, more in some than in 
others. 

The cleaning process should include ^he use of a 
good cleaning solution to loosen rust, scale, and 
grease bv a chemical and solvent action before 
flushing {see p. 739). Use care in selecting cleaners, 
as some may contain acids that are too strong. 
Follow the manufacturer'a inatructiona. 

Where engines are equipped with aluminum cylinder heads 
attention is called to the (act that caustic soda and alkaline 
solutions react very readily on aluminum and aluminum alloys, 
and should never be usm. DuPont No. 7 or "Eveready” 
radiator cleaners are recommended for flushing all kinds of 
engines, including those equipped with aluminum cylinder 
heads. There are other good cleaners. 

Rust preventives can be obtained which are added 
to the water in the cooling system for the purpose 
of preventing, not removing, the accumulation of 
rust and scale in the radiator and cylinder block, 
and should be put into the cooling system of new 
cars and added when the cooling system has been 
flushed. When calling for rust preventive (inhibi¬ 
tor) at auto supply dealers, state if it is to be used in 
engines with aluminum cylinder heads. 

Machinist's soluble cutting oils and emulsifying oils which 
have been properly propped may be used to prevent rust. In¬ 
soluble oils will deposit in the cooling system, thereby retarding 
heat radiation. Approximately 3/4 to 1 pint to a 5-10 gallon 
cooling system ana 1/2 to 3/4 pint for cooling systems of less 
capacity. Too much will have a tendency to penetrate through 
the connections. 

The cooling system connections should be made 
leak tight, especially when adding anti-freeze solu¬ 
tions, in order to prevent leaks and loss of the anti¬ 
freeze solution. Some of the places to check are: 
(1) see that drain cocks are closed and tight; (2) 
tighten cylinder head nuts and cylinder block water 
jacket plate cap screws (on some enmnes). Engine 
should be warm; (8) tighten hose damps (also on 
the hot water heatd*, if one is on the car). Swollen 
or disinte^ated hose should be replaced, as the pump 
may build up sufficient pressure m forcing the solu¬ 
tion through restricted hose to cause leaks in the 
cooling symm, which will disappear when the re¬ 
striction is removed; (i) draw up water pump pack¬ 
ing nuts but not so ti^t that there is dan^ of 
binding the pump shaft. If the water pump is sup¬ 
posed to be lubiieated with grease and the bearings 
or paddng is in close contact with the hot water, 


apply novraoluble waterproof pump grease (always 
follow the manufacturer's inatructiona). Some lubri¬ 
cants become liquid when hot and may be taken into 
the cooling system, thereby coating and insulating 
the radiator and jackets, which retards dissipation 
of heat. High melting-point greases tend more to 
clog the radiator tubes. For these reasons, do not 
over lubricate (see also, p. 735); (5) tighten water- 
pump assembly; ( 6 ) tighten radiator hold-down 
bolts: (7) if radiator leaks or overheats, it is best 
to take it to a radiator apecioliaty who will determine 
if it is best to repair or replace the radiator core. 

Overheating and cpnsequent overflow through 
the radiator overflow pipe can be due to one or more 
of the causes as mentioned on page 152. 

Cleaning a muddv radiator: If the air spaces of the radiator 
become clogged with mud, do not attempt to remove the mud 
with a screwdriver, wire, or other metal instrument. Instead, 
soften the mud with water. The best way is to wash the radia¬ 
tor by flufiliine a stream of water from a hose through it from 
the rear. In doing this, take care not to let water get into the 
ignition distributor, magneto, or electrical system, which is 
likely to be short-circuited in that way. 


Hose Leaks 

The rubber hose (H, Fig. 34) and its connections 
(C) are often a source of leaking. 

jC . Hv _ Fig. 34. A good plan, especially 

.where anti-freeze is being added, is 

^ A gasket cement, 

J- ■" obtainable at auto supply dealers. 

) forTOttcnappcamnCf ends of the pipes before 

placing the hoee on them. Shellac 
can be used but may necessitate renewal of hose when removed. 


When the hose is old and worn it will become 
ragged-looking or swollen on the outside and may 
collapse and restrict circulation and shed its rotted 
lining causing clogging of the radiator cores which 
is difficult to remove. The reverse fluahir^ method 
(p. 739) may remove it, if not, the radiator will 
have to be disassembled. Hose should be replaced 
when it shows signs of deterioration. A copper coil 
type of stiffener spring is now placed inside of hose 
on many cars. 

Cylinder Leaks 

Cylinder leaks. A slight leakage of water from 
the jacket into the cylinder may be caused by a 
crack or sand hole in the casting, but more usually 
will be found to be simply a defect in the seating 
of the gasket. See legend under Fig. 66, page 733. 

A crack in the cylinder, when on the inaide, is difficult to 
locate. Its action may be of such a nature as to be only opera¬ 
tive when the engine is at full working heat (due, of course, to 
the expansion), it is generally accompanied by misfiring and 
boiling, the former owing to leakage of water into the cylinder, 
and the latter owing to the hot gues (at a very high tempera¬ 
ture) being forced into the water-jacket. 

To Ust, fill the radiator entirely to top of cap, run the engine 
until i t is hot, then stop engine and turn it over by hand against 
the oompressioB in each cylinder. If there is a crack, bubbles 
will apMar at the cap. Thus, by noting the compression of 
each cylinder, the defective one can be located. 

Slight leaks inside of the evlinder have been remedied by 
rusting, if the hole is very small. See page 723. 

When replacing a cylinder head it is good practice 
to install a new gasket Do not remove a cylinder 
head while engine is hot; drain and allow engine to 
cool to avoid springing or warping head. 

If the gasket is copper-asbestos or steel-asbestos 
some mechanics coat both sides with light cup 
grease or engine oil, others immerse it in water 
fifteen or twenty minutes prior to applying, in 
which case the grei^ or ou is not used. Other 
mechanics do not thihk it necessary to do either if 
the head and block are clean. The water immersion, 
however, is recommended, particularly if toe head 
happens to be slightly warped, which condition 
shows black on gasket when head is first removed. 
Always look a gasket over carefully to see that it 
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has not been damas^ in any way. All cylinder 
head nuts should oe drawn down evenly and 
tightened^ in the order shown in Fig. 66, page 733, 
or as recommended by the manufacturer. Run engine 
for a time, and then tighten again* Operate en^e 
for about 300-500 miles and do the final tightezung. 

Cast-tron cyliiidsr head nuts are retightened while engine is 
warm. Alominomf»alloy cytindei heads, according to some car 
manufacturers* instructions, should be retightened when warm; 
others recommend to retighten while cold. Differences in de¬ 
sign characteristics of engines may account for the difference of 
opinion; therefore, follow car manufacturers* recommendations. 
Fmlure to retighten after gasket has been compressed may result 
in a gasket leak. Aluminum-alloy cylinder heads, it is claimed, 
b^ause of their rajnd heat diaeipation, permit hi|^er compres- 
akm-ratios, increasing power and effecting economy in fuel 
consumption. 

Gaskets on water plates, on the side of some engines, should 
be tightened or renewed if there are leaks. This gasket ma¬ 
terial is usually Vellumoid, Seigelite or similar material. Gas¬ 
kets on the backing plate of water pumps should always be 
replaced with new ones when removed. 

Radiator Leaks 

Leaks in the radiator are often hard to reach. 
They are detected by the steam arising or from the 
water that flows tl^ugh the leak and down the 
outside of the radiator. 

Testing: The usual method of determining a leaky 
radiator is by noticing water dripping from it and 
when the car owner complains of adding water too 
frequently. To detect all leaks and to locate them, 
the radiator should be submerged, see page 737. 

Small leaks in ndiators:* There are several preparations 
which can be obtained of auto accessory dealers, which, the 
manufacturers claim, will stop small leaks temporarily imtil 
the radiator can be repaired: some claim to be able to stop small 
leaks permanently. Some of these preparations are cements, 
which are pasted externally on a leak and harden. Some others 
are in liquid or powder form which are placed internally in the 
radiator when the water is hot. The solution is supposed to 
pass out of the leak in the radiator and in so doing, is exposed 
to the air and oxidises or hardens and thus closes the leak. It 
is also claimed that some of theee preparations are particularly 
suited to correcting small leaks around the cylinder block side 
plates. Another method is by means of creating a slight 
vacuum in the radiator and apmying with a brush around the 
leak, liquid solder, which is drawn through the opening making 
a seal. The cooling system is drained when making repair. 

Quoting from the book mentioned in footnote 3, page 740. we 
find it statee: **Soap shared into a radiator will stop almost 
any leak temporarily. The repairman can effect this repair 


and tell the owner at the same time it will necessitate the radia¬ 
tor being boiled when it is brought for repair." 

One manufacturer states that ordinary bran mixed with water 
will stop a slight leak. The writer has never tried this. An¬ 
other manufacturer advises against the use of bran, meal, or 
patented preparations. The best plan is to have the radiator 
soldered. See index under "Radiator repairs." 

Paint for radiator fins can be made from drop black around in 
Japan and gold sise, thinned with turpentine. See Index under 
"Painting radiator.’* 

Water Temperature 

Water boils at 212® F. at atmospheric pressure. 
Therefore an automobile cooling system is designed 
to maintain a water temi^rature less than 200® under 
average running conditions. This leaves quite a 
margin before the boiling-point. 

If the water is kept too cool, the fuel mixture will 
not be properly vaporized, with results mentioned 
on page 104. If permitted to become too hot, the 
mixture will become too lean, with results as ex¬ 
plained on page 106 and Addenda page 39 (footnote). 
The best water temperature to maintain varies with 
different engines. 

When driving through mud and deep sand or up 
long hills in extremely warm weather, the water may 
steam. This condition should not be continued for 
any great length of time. If there is persistent over¬ 
heating when the engine is working under ordinary 
conditions, find the cause of the trouble and remedy 
it; otherwise damage will result to the bearings and 
pistons. 

When the radiator steams, let the engine cool 
gradually. When cooled to nearly operating tem¬ 
perature, start the engine and run at idling speed. 
Add cold water very slowly. This procedure wiU 
avoid tlie possibility of cracking the cylinder head 
or block and warping the valves. If water is 
frozen, see page 153* 

Note: Permitting the engine to idle lone enough for the 
valves to cool before turning the ignition “on" will materially 
len^hen the life of the valves when the engine is operated 
under sustained high speeds. 

To determine if steaming is due to stoppage of circulation, 
feel the radiator. It should be slightlv hotter at the top than 
at the bottom; but if closed, there will be a pronoimoed differ¬ 
ence in temperature. The remedy then is to clean Uie circula¬ 
tion system. See page 739. 


OVERHEATING OF ENGINE; SOME OF THE CAUSES 


1. Insuffici^t water supply in the cooling system. 

2. Radiator. Core passages clogged; air passages 
clogged with dirt or insects. 

3. Radiator shutters stuck. 

4. Cooling system* Engine cylinder block or hose 
connections clogged; water thermostat faulty. 

5. Ipiition* Spark (ignition) retarded too far; 
timed too late; (see pages 304, 631, 291 ex¬ 
plaining why); automatic advance stuck: i^i- 
tion missing, which may be due to defective 
spark plugs, condensers, coils, interrupter points 
or high tension wire leaks. Il engine is misfiring, 
it is necessa:^ to open the throttle much wider, 
and this, with retarded or late spark timing, 
tends to cause overheating. 

6. Carbon in the cylinder combustion chamber and 
on piston and valves. Take off cylinder head 
and remove. Do not scratch cylinder heads or 
pistons, as small projections may ga^r ^bon. 
Become incandes^nt, and cause pre-ignition and 
pinging. See also footnote, p. 763* 

7. Pistems, piston rings, piston pins and bearinn 

fitted too tight after recondijuonii^; engine ww 
cause overheating as will thick piston lings in 
iriiallow grooves. 


8. Driving in low gear. The engine should not be 
raced when driving in low gear, and the spark 
should be well advanced, because the engine 
speed is comparatively high. The high speed 
of engine in low gear and dow forward motion, 
which does not provide sufficient air for cooling 
the water, overheats the engine. Do not use 
low, when high speed can be used without strain. 

9. Valves. Timing incorrect. The exhaust valve 
may not o^n early enough to discharge aU of 
the burned gas. Leaking valves. 

10. Carburetion. Incorrect mixture, caused by im¬ 
proper I oportions of air to gasoline, which in 
turn are sometimes caused by driving with 
carburetor choke (air valve) clos^ too far, auto¬ 
matic choke stuck, air cleaner badly clogged. 
See pages 117,118, 462A, 462B. 

11. Insufficient or poor quality of oiL Lack of oil 
will cause such friction between the pistons and 
the cylinder walls that the engine will overheat 
and tne pistons may stick, likewise the bearings 
and other moving parts. Poor oil, due to its 
probable admixture of compounds not derived 
from crude petroleum, fails to provide the oil 
film to separate friction surfaces and to transmit 
heat (see page 166). Use oil recommend by 
the manufeusturet^ii costs less in the long run. 


1 Tbf qtte - i ndkatinf •hould be tMed for tishtenhii, to obtein proper eod snttomi preMoro— eeepegeofSS* 601. Cherta 

wfakh eeoooipeny torque wrenehee indieete tbet It ie geuenu preotioe to tyre U$a preieuxe in tightening nUuninum-elloy eylinder- 
heed nute then on eeet-4roo beedt. Follow metramotaren* recowmendetiotti end tighten "oottr* or "uom," and in theor3«r,fukl 
exnelly the yreMore epeoified by the mnnufacturen. fWrIte KerkUng Co., Bloomington, Ind. for lit. on ''Radiator 3eol." 
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12. Racing the engine. Close the throttle when 
the clutch is disengaged, and so save gasoline 
and prevent overheating. 

13. Clogged muffler. Too rich a mixture or too 
much oil will deposit soot in the muffler and by 
preventing the escape of the exhaust, will cause 
overheating. Clean the muffler by disassem¬ 
bling it. 

14. Water frozen—steams. Water usually freezes 
at bottom of radiator first, thereby stopping the 
circulation. It then begins to steam excessive¬ 
ly. It would appear that the steam or heat 
would thaw it out and start the circulation 
again, but such is not the case. When the water 
freezes, do not run the engine to tr 3 r and start 
circulation, as the fan draws in cold air and only 
assists in keeping it frozen. The best plan, if 
possible, is to get it into the nearest garage and 
turn warm water on the bottom of the radiator, 
having first carefully removed the radiator cap 
and opened the radiator drain cocks. If too 
far from a garage, it is sometimes possible to 
thaw out the radiator by entirely covering same 
so that the fan will not draw in cold air, and 
run engine at idling sp^d? When cold water 
is added, follow instructions, page 152. 

14a. When the engine overheats and steams; to tell if 
it is frozen or due to something else, see page 152. 

15. Fan not working properly. A broken or a loose 
and slipping bdt will not rotate the fan fast 
enough to clraw a cooling current of air through 
the nuiiator. This will tend to cause overheat¬ 
ing, particularly at high speeds or when in low 
gear. Tighten or replace the belt. If the fan 
blades are bent to an improper angle, do not 
bend them in order to draw more air, as this may 
throw fan out of balance unless extreme care is 
used. The saf(3st method is to replace the fan. 

16. Poor water circulation may l>e due to low water. 


clogged condition, sticking water thermostat, 
faulty water pump, etc. Leaks may lower the 
level. The clogged condition may be due to 
rust corrosion or a loose flap of rotted lining in¬ 
side of the hose, impeding the flow of water. 

16a. Water losses from cooling system may be due 
to: improper seating of radiator cap, air leaks 
into system, cylinder-head gasket leak when 
under power, overheating. Overheating may 
cause the water to boil and pass out overflow 
pipe; and this may be due to a weak thermostat, 
retarded spark, improper valve-timing, dirty air- 
cleaner, clogged radiator, or some of the other 
causes mentioned under “Overheating.^^ 

17. Broken pump shaft. It is difficult to tell 
whether or not a circulating pump is working. 
Remove the radiator cap and see if water is 
circulating while running the engine. The pin 
through the pump shaft and impeller may be 
sheared off, yet the pump shaft would continue 
to revolve. Examine pump for broken or 
cracked blades and air leaks. 

18. Brakes dragging. This would call for an 
increase of power from the engine. Examine 
the brakes with rear wheels jacked up. 

19. Bearings. If the engine is new or just over¬ 
hauled, the bearings may be too tight. Put in 
plenty of oil and nm until loosened up. 

20. Radiator clogged with mud or dirt, or an obstruc¬ 
tion in front of the radiator, thus preventing 
passage of air. 

Q.: How is the engine on an automobile fire truck cooled 
when the en^e is ruxmina continuously for long periods with 
iho car standing, which is often the case at a fire? 

Ans.: There is a cooling line from the discharjre side of the 
main pump directly into the water manifold. This is a 
line, and is controlled by a gate valve which enables the opera- 
tor to keep the enmne at any desired temperature. An overflow 
on the radiator allows this cooling water, which amounts to 
8 to 10 gallons per minute, to pass off. 


ANTI-FKEEZE SOLUTIONS FOR COOLING SYSTEM 

such as honey, glucose, and sugar solutions, oils,^ and kerosene 
are not satisfactory for use in automotive cooling systems. 


In winter, a water-cooled engine must be care¬ 
fully guarded against freezing, for if the water freezes 
in any part of the system it will cause the breakage 
of piping or radiator, or crack a water jacket. W hen 
the engine is running, the water is kept warm; there¬ 
fore the danger is not as great, particularly if the 
cooling system is equipped with a radiator shutter 
or cover or a water thermostat, or both. It is ad¬ 
visable, however, to take no chances, as freezing 
can occur even with the engine running. 

One method to prevent the water from freezing 
during cold weather is to drain the water out of ail 
parts of the system,* drain cocks being provided for 
the purpose at the lowest point of the system, usually 
at tne bottom of the radiator. 

If drain cocks are also provided at the lower edee of the 
water jadkets of the enaine cylinders, they should also be 
opened. Engine should be warm when draining; and, after 
draining, ru^t for a minute or so to make sure all the water has 
been removed. 

The best method to prevent the water from freez¬ 
ing is to use an anti-freeze. Commercial materials 
generally available for preparing anti-freeze solu¬ 
tions are: denatured alcohol (188, 200 proof), 
methanol (synthetic wood or methyl alcohol), 
glycerine, and ethylene glycol (Preston^. 

Other anti-freeze eolntions. Salt solutions, such as oaldum 
or magnesium chloride, sodium silicate, etc., and other solutions 


' Oil is sometimes used in heavy-duty tractors; but a.cooling 
system designed to use oil, instead of Water, requires, in general, 
a more rapid rate of circulation on account of the relatively 
low heat capacity, and larger or lees obstructed passagee on 
account of the raUttlvely high visooeity of most oils. See also 
P-166 ** Ker a mo e for oaoling.;' 


Alcohols 

Alcohols are extensively used, and those in gen¬ 
eral use for preparing anti-freeze solutions are de¬ 
natured alcohol and methanol. Denatured alcohol 
is an ethyl alcohol to which has been added a de- 
naturant to make it unfit as a beverage. Methanol 
is generally obtained from the destructive distillation 
of wood, or made synthetically. Methanol is 
poisonous when taken internally. 

Many alcohols are now sold in different concen¬ 
trations and under various trade names: and, owing 
to this fact particularly, the proportions to use and 
instructions for its use, usually on the container, 
should be carefully followed. The higher concen¬ 
trations require less material for protection. 

The various alcohol anti-freeze materials avail¬ 
able in most localities are not injurious to the cooling 
system, and many of them contain special corrosion 
inhibitors, an added advantage. 

Alcohol solutions are volatile and evaporation loaees will 
occur, the greatest loss being when it is permitted to boil. 
Boiling is usually caused by; hard driving on warm days; high 
opening water thermoetats, as explained en page 739; using a 
mixture more highly concentratea than is neoeeeary to assure 
protection; sudden slope after hard driving, at which time the 
thermal expaneion of the solution may cause it to pass out 
the overflow pipe. Long-oontinued idling will idso cause an 
increase of temperature. 

Alcohol solutions accidentally spilled on the car finish should 
be washed off immediately with j^enty of clean, cold water to 
prevent damage. 

* Providing of oourse engine will not be run. 


Be eure there is sulBeisnt water in the cooling system to avoid damaging engine. 




154 


DYKE'S INSTRUCTION No. 16 


Loss of solution through leaks^ boiling, or evapora- 
lion of the alcohol will weaken the solution. 

In order that the solution may be kept at the pron- 
er strength it will be necessary occasionally to add 
alcohol until the desired hydrometer readi^ of the 
specific gravity of the solution is obtained. Auto¬ 
mobile accessory houses sell a specially made 
hydrometer for this purpose, and it is a good idea 
to obtain one rather than guess (see page 1041). 

When testinf, it should be tested at the temperature for 
which the hjrdrometer is calibrated, and the correct hydrometer 
for the solution should be employed in testing.^ 

If a hydrometer is not aTsilable, replace losses with alcohol, 
or in accordance with instructions given by the manufacturer. 

To prevent loss of solution from thermal expan¬ 
sion when the engine warms up, regardless of what 
anti-freeze mixture is used, the radiator should not 
be filled to the top but should be below the level of 
the overflow pipe.* 

Check solution level after engine has been warmed up to 
normal operating temperature but with engine not running. 
Do not add water if the solution can be seen. 

The following table gives the proportions of water 
and denatured alcohol (188 proof) for cooling sys¬ 
tems of various capacities, and the approximate tem¬ 
perature to which mixtures may be subjected with¬ 
out freezing. The approximate specific gravity and 
boiling-points are also given. 
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0.9343 

noiKnp Point 
^ ot ^lutioa . 

18«* 
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The specific gravity figures above are obtained when the 
8<dution 18 thoroi^hly mixed and at a temperature of 60* F. An 
ordinary glass dairy thermometer can be used to test the temip^r- 
ature; see page 1041 for hydrometers (F. means Fahrenheit). 

The boiling pednt figures are approximate. Also bear in 
mind that when a car is operated in high altitudes, for example 
at ten thousand feet above sea-level, the solution will boil at a 
lower temperature (water at sea-level boils at 212* F. and at 
10,000 feet altitude, at 193* F.; see page 116). 

Heat is very desirable and necessary for the efficient opera¬ 
tion of the engine, and an engine should be heated up as quickly 
as possiUe to prevent dilution of the lubricating oil; but don't 
overheat. 

It has sometimes occurred that car operators have permitted 
thek engine to run with radiator covered until a considerable 
portion ot the alcohol boiled away. When the engine cooled 
down, the solution froze, owing to the decrease in amount of 
alcohol remaining. 

Glycerine and Water Solution 
Glycerine raises ike boiling point of the solution 
and does not boil away on warm days, neither does 
it evaporate, and the engine can be run at a higher 
temperature, and so long as none is lost by leakage, 
the addition of water is all that is necessary, as ms 


> Hydrometers can be bbtuned of B. Edelmann 4b Co., 2332 
Logan Blvd., Chicago, or of auto acoessory houses. 

* Some msmifacturefe g^e instroctioiie to fiU until water 
lev^ is visible through the Wsr neck and then to stop. Owing, 
however, to the arrangement of overflow pipe, baffle platee, etc., 
being different on some oars, it is advisable to foUow ihtt maiw 
/oefurer't tnsfruefiene. Some cars have a p reienre-opecated vent 
valve fitted to the radiator filler oap. Where hot-water beaten 
are need, be sure to open the vent valve on the top of the 
heater, with engine running, in order te remove the mt. See 
p. 000 under * Anti-Freeze and CooUnd 8vetem^ for free in- 
struotive literature on eertking the coding eyetem. 


glycerine itself will not evapnorate. If there are 
leaks, replace both the glycerine and water. 

Although glycerine does not freese solid, solutions containing 
extra large percentagee of glycerine may have a tendency to be¬ 
come thick at low temperaturee, especially if not tho^l^ 
mixed before patting into the oo<mng system. 

The following table gives the proportions, by 
volume, of glycerine and water to mix for various 
freezing points, and also approximate boiling points 
of the solution. 


Qiyoerine 

Water 

Freeiing Point 

Boiling 

0% 

100% 

32* F. above 

212* 

30% 

70% 

12* P. above 

2 ir 

40% 

60% 

2*F. below 

221* 

45% 

55% 

8* F. below 

223* 

50% 

60% 

15* F. below 

225* 

65% 

46% 

20* F. below 

22r 


Glycerine and water should be thoroughly mixed In a separate 
vessel and stirred before putting it into the cooling system. 

Example: Suppose a solution was to be mixed for a 5-^lon 
capacity radiator (40 pints), with a freesi^ point of 2* below 
xero. The table gives 40 per cent glycerine and 60 per cent 
water; therefore 40 per cent of 40 pints (.40X40) ■■ 16 pints of 
glycerine, and (40—16) ■>24 pints of water. 

It has been said that glycerine will injure the rubber water 
hose. Experiments show that this is not altogether true. 
Glycerine tends to reduce swollen (ubber to normal sise; hence, 
tightening of the hose clamps is usually necessary to insure 
against leakage at these points. 

It is a good plan to put on new water hose before filling the 
radiator and to use a good gasket cement or shellac on the in¬ 
side of the hoee connections to prevent seeping at the joints. 
All water-hose connections, pump packings, oylinder-head and 
other gaskets should be tightened at the time of filling and then 
be inspected again a day or so after. 

The glycerine referred to above is the 95 per 
cent chemically pure (c.p.) 1.26 specific gravity or 
SO"" Baum4 (di^g store grade). It must be mixed 
thoroughly before putting it into the radiator. 

Radiator glycerine anti-freeze, made under the 
approved formula of the Glycerine Producers As¬ 
sociation, termed ^‘G.P.A, radiator glycerine,'* con¬ 
tains a rust inhibitor and is ready-mixed so that it 
can be introduced directly into the radiator. The 
proportions differ from the glycerine tables shown 
on this page. 

Ethylene Glycol 

Ethylene glycol (Eveready Prestone) has a higher 
boiling-point than water and will not evaporate at 
engine-operating temperatures. The material sold 
in the United States for anti-freeze purposes is 
chemically treated to reduce the normal rusting and 
corrosion action of water. Before using, it is ad¬ 
visable to flush and clean the cooling system and to 
tighten all hose connections and cyUnder-head 
gaskets to prevent leakage. 

The following table gives the amount of ethylene 
glycol required (in gallons) for various capacity 
cooling systems to protect freezing to the tempera¬ 
ture points shown below. (If car is equipped with 
a hoWater heater add 1/4 gallon.) 
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COOLING THE GASOLINE ENGINE 
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B«for€ Adding Anti-Freeze 

Before adding anti-freeze, the cooling system 
should be flushed thoroughly, as explained on page 
739. This is also a good time to put on new hose 
connecting radiator to engine and water pump. The 
cooling s^em connections and water pump should 
be made leak tight in order to avoid the loss of anti¬ 
freeze. See page 151, mmg some of the places to 
check. If there are lei&s or si^ of leakage in the 
radiator core, have them soldered. See that fan 
belt is properly adjusted and replace if necessary. 
Check water pump (see pp. 151 and 735). Checking 
as above is usually done when engine is at operating 
temperature. 

Condenser 

With this patented condensing device it is possible to reetore 
vspor to liquid form when using sloohol and water solution as 
an anti-freese cooling medium. A condenser of simple con> 
struotion is attached to the frame and is connected bv a tube 
to the overflow pipe which runs from the upper tank of the 
radiator. 


Alcohol vapor driven out of the solu¬ 
tion by heat, as well as any water vapor, 
is restored to liquid form in the condenser. 
When the radiator gets cold, the vacuum 
produced by the contraction of its con¬ 
tents automatically causes the surplus 
liquid in the oondenaer to return under 
atmospheric pressure to the radiator. The 
filler cap on radiator should be kept air 
tight. Before filling cooling system with 
non-freeze solution, drain condenser. 


Kerosene for Cooling 

Keroeene (also oil, see footnote, p. 153) is sometimes used in 
extremely cold climatee on heavy-dutv engines equipped with 
water-circulating pumps. It could not be used with the thermo¬ 
syphon system. 

Objection to keroeene is the odor of heated kerosene. When 
heated, keroeene evaporates and is liable to cause a fire if near 
a flame; on warm days in winter there is a tendency for the 
enmne to heat on account of difference in the coefficient of heat 
of keroeene and water or alcohol; keroeene rots radiator tubing 
and will also deposit a greasy mist over the car. Gas is also 
liable to form and cause expansion and bulging of the radiator. 
The boiling-point of keroeene is much higher than alcohol. 
See page 1050. 



EXAMPLE OF A THERMO-SYPHON WATER-CIRCULATING SYSTEM 

Although thermo-syphon water circulation is now “forced water-circulation'" system referred to on 
seldom used, the principle is shown below in order page 146, Fig. 4. 
that the re^er can make comparison with the 



Internal view of a thermo-ajrphon,principle of water circulation sptem. Principle: When the water is heated it rises* 
and passes from the top of the water jacket at the top of cylinders, through the upper rubber hose connection, to upper tank 
of radiator, through radiator ooree, whence it is cooled by air drawn through the radiator openings by the fan. Tne oooled 
water then passes to the lower radiator tank, up through lower hose connection, to lower part of cylinder water jackets. 

The word **ther]iio” pertains to heat and the word **s 7 phon*’ refers to drawing off a liquid from a higher to a lower level. 


AIR COOLING 


The object of cooling is to remove the excess heat 
from the cylinders. This is accomplished by the 
air direct, without the use of water. 

Air-cooled engines usually have small-bore 
cylinders. 

The different methods of air cooling are summed 
up as follows; 

(1) By bavins a large radiating surface by means 
of oast or copper flanges or gills, inserted pins, or tubes. 


(2) By using extra large exhaust valves, so as 
to cool the combustion space between power 
strokes. 

(3) By large radiating surfaces in multiple-cylin¬ 
der engine. 

(4) By the use of auxiliary exhaust ports, com¬ 
bined with surface radiation. 

(5^ By forced draught of air circulating through 
an air jacket around the cylinder. 
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A ^lin^er with radiating flanges is shown in 
Fig. 3». When in motion, the current of air blowing 
against the flanges drives the heat away. This 
principle is used extensively on motorcycle engines. 

The **oopper-cooled** cylinders are fitted with 

copper flanges (copper radiates heat quicker) and a draught of 
air is circulated around cylinders. 



Fig. 38 Pig. 39 


A forced draught air-cooling system is shown in 
Fig. 39. formerly used years ago on a prominent 
fnA ft of car. With this system the circulation of air 
was forced through jackets placed around each 
cylinder, open at the bottom and top, being con¬ 
nected to a pipe from a centrifugal air blower or fan. 
The forced air passed the radiator flanges, and out at 
the bottom. 

The Franklin air-cooled engine is a very successful 
engine for automobile pleasure cars employing the 
air-cooled method. The six cylinders are 334'"bore 
and 4" stroke, giving a formula horsepower of 25.3. 

By referring to the illustration (Fig. 40), the path 
of tne air is shown, first through the hood, thence 
over and down through the air jackets. The air is 
then deflected downwards and out through the fly¬ 
wheel blades. 

Vertical steel fins are made integral with the 
individual cylinder casting, by having the iron 

HEATING 

There are three methods of heating a as 
explained below: 

(1) hot water; (2) exhaust gas; (3) hot air. 



The hot-water method is shown in Fig. 41. This 
method can be used only where there is a forced or 
pump-circulation system. Connections are made 
with the circulating system at the top of the rear 
cyh'nder. The water circulates through the heater, 
whence it returns to the bottom of the radiator. 

The heater is made of regular water pipe, and the 
housing of aluminum or lignt cast iron. The floor is 
cut away, allowing the surface of the heater to be 
flush with the floor. The top plate, made of alumi¬ 
num, is then placed over the heater box. 

The exhaust method for heating is to utilize the 
eodiaust gases instead of water. In this instance 

Sm alM> page 1066 for iatei 


poured around the stripe of steel. Very light 
aluminum jackets guide the air draught downward 
from the heads of the cylinders. 



Pig. 40. Direct air cooling of the Franklin. The fly wheel 
ia the only moving part of the cooling system. This is termed 
a ''draught system.” The later Series 10 car uses a "blast 
system”; the air being drawn by a fan placed in front. 

Note the vanes in the fly wheel, which create a 
suction equal to 2,200 cubic feet every 60 seconds; 
a continuous flow of air literally wiping the heat 
away. It is stated that the heat on a Franklin 
engine is about 350° Fahr. (see Fig. 12, page 107, for 
jPranklin exhaust-heated inlet manifold). This heat 
is shut off after the engine is warmed up. 

The Franklin at one time employed auxiliary exhaust valyet 
to assist in dispelling the heat of explosion from the cylinder as 
rapidly as possible. This method, however, has been 
discontinued. 

Another popular make of air-cooled car is the Holmes. 


A CAR 

the pipes would be connected with the exhaust pipe 
instead of with the water pipe. Only one side, tne 
inlet, would be connected and an outlet is provided 
for the emission of the gas. 



The hot-air method is shown in Fig. 42. This 
example illustrates the Brickly (patented) method. 
The air is taken from the fan through a funnel open¬ 
ing, and a flexible metal hose drives it through a 
metal jacket 24 to 30 inches long, which covers the 
‘‘piping hot^^ exhaust pipe, and warms it thoroughly. 
It then drives it through a IJ^-inch opening in the 
floor of the car, into a tubular register, ak>ng the 
back edge of the front seat, sending a continuous 
stream of heated air into the car. (Exhaust gases 
are not used.) 

information on heating a car 





INSTRUCTION No. 16 

LUBRICATION: Purpose of Lubrication; Engine Lubrication Systems; Oil 
Gauges; Oil Pumps; Oil Purifying Devices; Correct Lubrication of Engine; 
Oil Specifications; Correct Use of Oils; Engine Lubrication Troubles; 
Relation of Carbon to Lubricating Oil; Lubrication of Transmission, Rear 
Axle (Differential), Clutch, Wheels, and Chassis 


EXAMPLES OF SOME OF THE EARLY ENGINE LUBRICATION SYSTEMS 


Note: The fllustnttione below are not Intended to exemplify 
the lateat approved engine lubrication methoda. In order that 
the reader may clearly understand the advantages of the mod¬ 
ern enmne lubrication systems, it is necessary that he under¬ 
stand the early systems. Furthermore, he may have occasion 
at times to work on engines equipped with some of the early 
systems. Moreover, some of the systems shown below are 
now used on tractor, marine, and stationary engines. 



Fig. 1. A composite illustration showing some of the early 
methods of engine lubrication: There are four different systems 
shown on this engine in order to clearly explain each system. 
The systems are enumerated and described below. 

Sfrfash system: The mechanically operated pumps (B) are 
driven bv belt, chain, or gears. There ore several small pumps 
in the oil reservoir box (N), in fact a pump for each feed; the 
delivery pipe is from (B) to (D) through pipe (P3) and each 
separate tekl is piped to the different parts to be lubricated. 


The oil passes through a sight glass (O) . The oil then passes 
to the bearii^ and cylinders and falls to the bottom of the 
crank case. The oil reaches such a level or height in the crank 
case so that the connecting rods give an additional lubrication 
by splash. The amount oloil fed is rnpilated by dr<^, through 
the sight glasses, by the regulation of the screws (D), and de¬ 
pends upon the sise of the engine and on the speed. 

This system would be termed a “non-circulating, ell-loss” 
tjrpe. The type of oiling device would be termed a multi-feed 
mechanical oiler, a type sometimes used on tractor engines. 

(Note that pipe (P4) is not connected with this system, nor 
is the reservoir (V) used.) 

Be-circulating g^vity 83 rstem: We will assume that the splash 
system just described is a part of this system. The ovcraow 
pass^ to reservoir (V): it is then forced by Pump (M) to a 
gravity feed reservoir placed on top of the ei^ne. The passage 
Is then through the aifferent pipes (S to L) to the barings, 
thence back to the troughs (£) and reservoir (V). This system 
would be termed a re-circulating gravity system, as the oil is 
in circulation. 

Exhaust pressure feed and splash: This system consists of 
an air-vight oil tank or reservoir (PT). A small pipe (Pi) 
connects the tank with the exhaust pipe. A check valve (A) 
ger^ts the gas pressure to pass into tne tank but not to flow 

The initial pressure is given to the tank by a small hand pump 
through pipe (P2). After the engine is started, the pressure 
from the exhaust is sufficient to force the oil through pipe (P4; 
to the sight-feed glasses, thence to the various parts to be lubri* 
cated—thence to the crank case. 

This system requires oil to be fed by drops, as it is not pumped 
over and used a^n, and would be termed a “non-drcuJating 
system” of the lul-loM type. 


PURPOSE OF LUBRICATION 

The purpose of lubrication is to prevent metal-to- Two parts intended to rub together, like a shaft 
metal contact. in its bearing, should be made as smoo^ as p(^ble, 

xxTx. j. -j. t X XI. -x roughness would cause friction that lubrication 

When two parts of a mechanism rub together, it could not prevent. The more rapid the movement 

18 necessary to use some means of preventing exces- of the parts against each other and the greater the 

sive friction,^ and this is usually done by applying a pressure, the more they must be lubricated, the kind 

film of lubricating oil between them. ^ Without a of lubrication must be varied to suit these conditions, 

lubricant the friction would cause heating, and the 
result would be cuts or scratches on the surfaces of 
the two parts and also excessive wear and a great 
loss of power. 

ENGINE LUBRICATION SYSTEMS CLASSIFIEIP 

The parts of an engine to be lubricated are all 

moving parts. 

Methods of en^e lubrication may be divided 
into two general classifications: the circulating and 

the non-ch^ting systems. The major dassifications of the different engine 

lubrication 83 rstems can be grouped under the follow¬ 
ing headings: (1) mvity-feM; (2) splash; (3) 
spTash-circiiIating; (4) force-feed; (5) force-feed and 
splash; (6) full force-feed. 

(1) Gravity-Feed; All-Loss System 

Definition: This system feeds fresh oil to the 
friction surfaces in drops, by gravity to various bear¬ 
ings. No provision is made to imlash the oil. This 
system is an all-losSy non-circulating, non-preesure 
system. It is used on some stationary engines. 
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The circttUttlngmteiiui wouldberepreeentedby systems hav¬ 
ing a continuous oiroulation of oil returning it to the original 
reservoir, and these are frequently termed the “pump over” 
systems. For instance, a system uring a force pump for pump¬ 
ing the oil from the lower mrt of the crank case to the upper 
part, with a drain back to the lower part again, would be termed 
a circulating system.” 

^ ^ pages 106S-10S2 for types of Inbricstion systems used 
on Afferent ptssMi»-car en^es, and pages 098-1000 for 
''•ffPr onrinss. The truck specifioationa on pages 968-977 do 
not give the type of lubrication system, but ate siinilar to those 
lorpassenger cars, that is, some few arssplasb-droulating, quite 
8 numbsH^foreedeed, and a maioritj^W 


A non-circulating system, such as a drip or gravity iprste:^, or 
a meohanical feed, supplying so many drops per minute, de¬ 
pending upon the speed and aise of the enmne, with no provision 
for circulating the oil back again to toe original reservoir, 
would be termed a “non-clroulating system.” 


The functions of a lubricant as applied to an engine 
c^ be briefly stated as follows: (a) to provide an 
oil film to separate friction surfaces; (b) to seal pis¬ 
ton rings; (c) to assist in transmitting heat. 
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(2) Splash System (Nan-Circulating) 


(8) Splash-Circulating System 


Definition: Fresh oil is supplied from a separate 
oil reservoir or tank to crankcase, and in some in¬ 
stances to the crankshaft main beanngs, by means of 
a mechanical oiler, gravity oil cups, or adjustable 
feedi^p. 

The connecting-rods dip into troughs and splasu 
oil to all parts of the engine. 

Adjustable oil feeds are u^ on mechanical oilers 
to control the supply which maintains the splash 
level. A sijEht feed is usually employed to incUcate 
the operation and rate of feed. 

This system is sometimes known as the splash-aU- 
loss type, because the oil is not returned to the res> 
ervoir (from where it originated) for circulation. 



FIc. 2. Bmnple of a gnvity^feod and splash systom: A 
non^droulatinff system coosistinc of a drip or aravity>fee<l oil 
oop placed over the bearinn and also on the nde of cylinder. 
Special oil cupe are required for the <^Hnder which will lirevent 
the compression intertering with oil entering the side of the 
cylinder wdlL The oil drips by gravi^ and is adjusted to a 
certain number of drops per minute. The surplus flows to the 
oil trough, from where it is picked up by the connecting-rod 
and splawed to parts above. The oil cups are filled as required, 
by pouring the m in by hand. 

This system is used to some extent on two-cycle marine 
ongiaoa, and statkMUuy engines. Two-cycle engines are also 
sometimeB lubricated by mixing the oil with the gasoline, the 
mixture being approximately about one part of oil to sixteen of 
gasoline. 



Fig. 3 Fig. i Fig. 6 

Figs. 3-5. A splash system without oil troughs would be 
fanpiictical, although it was at one time used. As loim as the 
engine remains level, this sphwh system would probably mve 
fairly good satisfaction; that is to say, so long as the level of the 
oil is kept up to the lowest point of the connecting-rod where it 
ean be picked up and thrown to the upper part. If, however, 
the car is in such a position that the engine will be tilted, as 
shown in Fig. 4, then the oil goes to the rear cylinder. The rear 
cylinder is over-lubricated and the others are under-lubricated. 
Even though a baffle plate is placed, as shown in Fig. 5, stilt 
there are two cylinders minus ml. Therefore some other means 
ttust be emplo^ so that all cylinders will receive their proper 
share of oil. 

One method of overcoming the objectioa Juat mentioned ii to 
provide troughs undsr each connecting-rod, which is usually 
done with true qilash systems. 

The trotti^ retain the oil, even though the engine la at an 
incline. 8ome provisioD must be made to keep the oil at a 
sonstant level in the troughs. This is done eitbw by means of 
it) e hand pump connecting the erankeese to an oil tank, or (3) 
by oil cups that drip a certain amount of oil into the crankoase 
every minute, or (3) by filling through a breather pipe.* 


1A **breathef** for an engine is a pipe opening connected with 
the cr an k c aa e , and extending gUghtiy amive it. The opening 
is cUned by a cap which does not fit tight, but allows the air to 
enter, to allow for **crmiikcaae breathing** when the pistons tend 
tc* eomprssB the air in the crankcase, and at 4be same timepiw- 
eento oil from workiDg out. Some enginea have a separate tube 
lor thkpurpoae, while otim combine the breathing fMtura with 
the <di fluv pipe where ou to poured into the crai&caae. 


Definition: Oil is supplied from the reservoir, oi 
sump, by means of a puma or by the eentrifug^ 
force of the revolv^ flywheel, to splash-trouts 
and. in some cases, direct to the wells over the crank¬ 
shaft bearings. After lubricating the surfaces and 
bearings, the oH returns to the reservoir or sump. 
(Note that oil is not forced by pressure to any of the 
bearings: The pump or flywheel serves only to cir¬ 
culate the oil.) The connecting-rods dip mto and 
splash the oil to all parts of the engine. 


A constant level is maintained in the splash- 
troughs by an overflow to the sump, or reservoir 
below, whence the oil is circulated again. 



Fig. 6. Example of a eptash-circulating engine lubrication 
■ystem where the flywheel serves as a pump to circulate the 
oil (the Ford model T). The level of the oil in the crankcase 
governs the amount of oil thrown by the flywheel. 

The oil is thrown to the top of the transmission case, where 
part of it is caught by a funnel (T) and then flows by mavitv 
through oil pipe (P) to the timing gears, and flows back tnrougn 
the dipper troughs (O) to the large oil reservoir (R); thus it Is 
a circulating system. (On the improved Ford a connecting* 
rod dipper trough is also supplied under the fourth cylinder.) 

This system is termed a splash system because oil is splashed 
to cylinder walla, piston-pin bearings, main and cam barings 
by toe connecting-rod; the flywheel splashes oil for the trans- 
miaaion gears and clutch. The troughs are kept at a constant 
level, or nearly so, by the excess oil flowing from timing gears 
back to oil reservoir. 

The oU-level should be maintained as follows: Pour oil into 
crankcase until it runs out of upper pet cock (U). After engine 
has become thoroughly limbered up, carry the oil at a level 
midway between the upper pet cock (V) and the lower one (L). 
Oil should never get below the lower one. The recommended 
amount of oil is 4 quarts. 



Fig. 7. Exempt# of e epUab-cIrctilethig oiigtoe Inbrlcattoa 
nritem where an ofl pomp to need to dmieie the oil; the 

Chevrolet (IMee AA). 

The oil pomp inside of wenkoese to elevated above the 
Pmnp ia a rotary vane type drlw from eemahaft. ItUlteJthe 
cUfrom oil pan ana forosait to the oil didributor, where ^flpW 
togvided and | 
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The oil dippers on the ends of connecting-rods strike the oil 
and a portion of it passes up into the connectinR-rod bearing. 
The rest is broken up into a fine spray or oil mist which pene¬ 
trates to all moving parts of the engine, lubricates them, and 
then drains back to the oil pan where it is picked up by the pump 
and circulated again. 

The main and camshaft bearings collect oil from the splash 

in oil reservoirs or wells located over each bearing and oil is fed 
to tliese bearings through oil holes. 

The oil filter removes dirt, carbon, and abrasive particles 
from the crankcase oil. A percentage of the oil passes through 
it and returns to oil distributor. After about 10,000 to 15,000 
miles, the filter cartridge is renewed. Instructions are not to 
use a heavy oil as it will not atomize projierly, and may cause 
under-lubrication. 

The oil gauge is an indicator only, and merely shows whether 
pump is working or not. The pressure (8 lbs.) shown on gauge 
does not necessarily tell the condition of the oil in crankcase. 
The oil level indicator determines the amount of oil in crankcase. 

(4) Forcc-Feed System 

Definition: Oil is forced by pump pressure, direct 
to the crankshaft main bearings, thence through 
drilled holes in the crank webs to the eonnccting-rod 
crankpins and bearings. 

The piston pins, pistons, and cylinders are supplied 
by oil thrown from the crankshaft and connecting- 
rod bearings (sometimes by drilled holes in lower 
part of connecting-rod which squirt oil up as shown 
in Kig. 38, page 795, footnote 3). 

The oil returns to the sump, or reservoir, and is 
circulated again. The connecting-rods do not dip. 
A system of this type is shown in Fig. 10. 

In some en^nes the oil is also forced to and through the 
camshaft bearings, either througli drille<l passages in crankcase 
(Fig. IJ), or through a hollow camsliaft, or tlirough separate 
leads from oil distributor pipes directly to camshaft bearings. 

(5) Force-Feed and Splash System 

Definition: Oil is forced by pump pressure diret^t 
^0 all crankshaft main bearings. 

The oil froin the crankshaft bearings falls to 
splash-troughs in the crankcase, into which the con¬ 
necting-rods dip and splash oil to all other parts of 
the engine. 


A constant oil level is maintained in the splash- 
troughs by an overflow to the sump, or reservoir, 
below, whence the oil is circulated again. 

An example of a force-feed and splash system is 
not shown. 

(6) Full Force-Feed System 

Definition: Oil is forced by pump pressure direct 
to crankshaft main bearings and thence by means of 
drilled holes in the crank webs, to the connecting- 
rod crank pins and bearings, thence through oil pipes 
attached to the connecting-rods, or through hollow 
connecting-rods to the piston pins. 

The pistons and cylinders are supplied by oil 
whi(;h is thrown from the crankshaft and connecting- 
rod bearings. In some instances, auxiliary lubrica¬ 
tion is supplied to the cylinder walls through the 
piston pins. The connecting-rods do not dip. The 
oil returns to the sump, or reservoir, and is circu¬ 
lated again. 

This is the only lubricating system in which the oil is forced 
directly to the piston pin. Th\i8 the difference between the 
“force-feed” and “full-force feed” systems will be apparent. 



1 ig. 9. Diagram of a *‘full-force-feed’* system. Note that 
the path of the oil leads up the connecting-rod through (T? 
to piston pin (F), 


EXAMPLE OF A FORCE-FEED ENGINE-LUBRICATION SYSTEM WHERE OIL 
IS FORCED TO THE MAIN AND CONNECTING-ROD BEARINGS 


-OIL OvCWlOW STWwCS 
. CHAlH'i ANO rc turns 



Fig. 10. Example of a for..e-feed lubrication system showing a drilled crankshaft. Oil is supplied from oil pump through 
aistnbutmg pipes or tubes to crankshaft main hearings, thence through drilled passages to connecting-rod beans gs. Oil pump in 
wus example is a gear type and is submerged. 


Path of Oil Circulation 

Oil potured into the filler tube flows down into the 
oil pan, filling it up to a height indicated by the oil- 
■evel gauge. From the oil pan the oil is drawn up 


through tlie oil pump, which is driven by a vertical 
shaft from spiral gears on the cam shaft. 

The oil pump is a submerged gear-t 3 rpe surround¬ 
ed by a screen, so that all oil entering the system i£ 
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thoroughly strained to remove the dirt or lint that 
mi^t stop up the oil ducts. By following the arrows 
th*} flow of oil can be traced from the oil pan.' 

By-Pass or Relief Valve 

Principle of the by-pass or relief valve which 
regulates die oil pressure: The ball is placed in the 
^ath of the oil line with a spring tension behind it, 
and performs the same function as a safety valve 
in a steam boiler. When the pressure of the oil 
circulation is reached, to which tne spring tension is 
adjusted, the ball is forced open and oil overflows 
past the nole—in this instance, to the chain sprocket. 
In other words, it is merely a ‘‘relief-valve,^* and 
permits the oil to return to the oil pan without pass¬ 
ing through the bearings. The pressure in the sys¬ 
tem is indicated by the oil pressure gauge. 

The oil pressure gauge can be placed anywhere on the system, 
preferably at the farthest point away from oil pump.^ There 


are certain positions of the crank shaft when no oil channels 
register and pressure would build up excessively high, were it 
not provided with some means of release. 

If this regulating screw were set at too low a pressure, then 
the oil would pass out under the ball and the crank pins might 
become dry. If set too hi^, the oil feed would be too great 
and smoke, carbon, and fomed plugs would be the result. 

Adjustment 

To increase pressure: The pressure-regulating screw (Fig. 10) 
can be screwed down after releasing the look nut, which increases 
the tension of the spring against the ball. Thus more oil pres¬ 
sure is required to force the ball against the spring tension so 
that it will open the overflow opening. 

To decrease messure, the regulating screw is turned counter¬ 
clockwise, which lessens the spring tension on the bail. 

It is best to make adjustment when the engine is warm and 
running at a speed equivalent to about 25 miles car speed. The 
scales on various gauges differ, some reading from 0 to 15 or 25; 
some from 0 to 40 or 50. In general adjust so that needle reads 
about 1 /3 of points on scale. If possible, get manufacturer’s 
recommendation. Be sure to tighten the lock nut. Always 
adjust oil pressure when the engine is warm. 


EXAMPLE OF A FORCE-FEED ENGINE LUBRICATION SYSTEM WHERE OIL IS FORCED 
TO MAIN AND CONNECTING-ROD BEARINGS AND CAMSHAFT BEARINGS 

Oil Pressure Gauge 



Fig. 11. Example of a force-feed lubrication system showing 
drilled crankshaft. Oil is supplied from oil pump, through 
distributing pipes to crankshaft main bearings, connecting-rod 
bearings, and camshaft bearings. Oil is delivered under pres¬ 
sure to all bearings in the enmne except the piston-pin bearings. 
(Oldsmobile six, series £). Oil pump is a gear typo and is ele¬ 
vated. 


Path of Oil Circulation 

Tracing the course of the oil: An elevated gear t 3 rpe oil pump 

(1) is attached to the front end of the enmne on the timing gear 
cover, and is driven by a projection of the camshaft extending 
through this cover. 

The pump draws oil from a pocket or depression in the center 

of the oil reservoir (2) by means of a pipe (3) on the outside of 
the engine and forces it into the camshaft (4), which is drilled 
hollow to the front journal. 

At this point, the oil passes out of the camshaft into an an¬ 
nular groove around the journal which coincides with a hole 
drilled in the crankcase (5) for conveying the oil to the front 
crankshaft main bearing, (5A). 

From this point (5A) the oil follows two courses; into the 
hollow crankshaft (6), and into the oil pipe (7), leading from 
the front bearing cap to the center (8) and rear main bear¬ 
ing (9). 

A portion of the oil passes out at the crank pins (C) to lubricate 
the connecting-rod bearings. (On earlier jobs a hollow cam¬ 
shaft formed the auxiliary oil passage to the center and rear 
main bearini^.) 

From the center (8) and rear main bearings (9), the oil passes 
through drilled passages (10,11), in the crankcase to the center 
(12) and rear (13) camshaft bearings. 

The oil which seejM out of the main, connecting-rod and cam¬ 
shaft bearings is whipped into a vapor which floats throughout 
the engine, depositing a film upon such parts as the cyGnder 
walls, pistons, piston-pins, valve lifters, and valve-atems. 


The oil-pressure gauge (14) on the iiistrument board registers 
its pressure from the supply furnished the rear camshaft bear¬ 
ing (13) which is the farthest point in the system from the oil 
pump (1). This assures oil pressure in all points of the line if 
pressure is shown on the oil gauge. 

When the engine is warm and supplied with fresh oil, the 
pressure as indicated by the gauge should not be less than 
one pound for each mile per hour on high gear at low cur 
speeds. 

Any excessive drop in oil pressure would tend to indicate 
thinning of the oil or an extremely loose bearing in the engine. 

The regulating screw for adjusting the pressure should not 
be reset to raise the oil pressure when either of these conditions 
exists, but the oil should be changed or the bearings taken up, 
which will correct the difficulty. No amount of oil under 
pressure will succefisfully take the place of metal which has 
worn away. 

Loss of pressure: If after oil has l>cen replaced and engine 
started, the oil gauge on the instrument board fails to register 

ressure, it is an indication that the oil pump has lost its prime. 

top engine, remove plug from fitting on the oil pipe at top of 
oil pump and pour in sufficient oil to fill pump body. Replace 
plug and start engine. 


By-Pass or Relief Valve Adjustment 

Midway between the camshaft and crankshaft front bearings 
is a by-pass channel (16) for the purpose of relieving the oiling 
system of any excessive quantities of oil (also leads to and lubri¬ 
cates the front-end drive chain). 

This by-pass is normally closed by means of a ball and spring, 
the tension of which is regulated by a screw projecting into the 
channel at the front left side of the engine. Additional tension 
on this spring will cause an increase of oil pressure in the system. 
Decrease of tension on the spring will cause a decrease in pres¬ 
sure. 

Filling 

Oil is poured through an opening (B, Fig. 12). The amount 
of oil in crankcase can be determined by an oU-level indicator 
(D, Fig. 12). Attached to the top of the oil level indicator is 
an air cleaner which serves to extract all foreign matter from 
the air poaaing into the crankcase. 


Crankcase Ventilation 

Approximately one-third of the air that passes through the 
cartmretor is drawn through the crankcase through a pipe (F) 
leading from an opening in the valve cover to the carburetor air 
intake (Fig. 12). This air, after having been cleaned by the air 
cleaner (B) in the filler cap opening, unites with the more 
volatile parts of the lubricating oil (the unburned gasoline and 
water vapor which leaks down past the pistons as the left-over 
product of the combustion taking place in the cylinders) and 
oi^es a portion of it into the carburetor to be again adn^ttod 
to tho engine and burned* 


< For oil pumpe, formerly on this pege, see pegee 102-168. 
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This method relieves the oil of water vapor and enough of 

the gasoline and other volatile matter to eliminate the proba¬ 
bility of oil sludging, freezing, or solidifying in cold weather. 
The materials carriea from the crank case are also an aid to more 
efl&cient combustion in the cylinders. 


Oil Filter 

An oil filter (15, Fig. 11) assists still further in cleaning the oil 
used in the lubrication of the engine. It is attached to the front 
of the dash and receives through a by-pass a portion of the oil 
from the line leading to the oil gauge (14). 

If filter becomes dirty or clogged, no oil will flow through it, 
Ueplace with a new cartridge. In some cases, stoppage of oil 
flow may be caused by lint, etc., collecting in the small bra.ss 
fitting at the top of the filter body and not because of clogging ol 
filter itself, llemove and clean. See also footnote 3 p. IOC. 


Renewing Engine Oil 

Sec “When to Drain and Renew Oil” i^age 167. 


Fig, 12. Crankcase ventilation; Olclsmobile six, series E 
as an example. 

EXAMPLE OF A SPLASH-CIRCULATING ENGINE LUBRICATION SYSTEM USING 
A PISTON OR PLUNGER TYPE OF PUMP 



'-UPPER ourrvRs oh bioc oftms ceAriK case 

Fig. 13. Example of a splash-circulating lubrication system, 
showing the path of oil circulation (Hudson and Essex). 

Path of Oil Circulation 

The oil is taken from the oil reservoir at (A) through a filter 
or metal screen (Fig. 13). 

The oil is fed directly into the front compartment containing 
the timing gears at (T) and their bearings, and flows from this 
into the first oil trough immediately under No. 1 cylinder. The 
dipper on the end of the connecting rod practically emptie.s the 
oil trough at every revolution, throwing the oil into suitable 
channels or gutters on the side of the reservoir and crank case. 

The up^r ^tters feed the main bearings in a continuous 
stream. The lower gutter feeds the oil directly into No. 2 oil 
trough (Fig. 13). 

The splash from No. 2 oil trough feeds No. 3, and so on until 
No. 6 oil trough is reached, at which time the oil flows back into 
the reservoir. 

The two center bearings are fed by two troughs each. The 
front bearing is fed from the timing gears and one through, and 
the rear bearings are fed by two large troughs. It is apparent 
that all oil wlii^ enters at the front end must circulate through 
the various troughs to the reservoir again. 

Oil Pump 

Operation: The piston or variable stroke plunger-type of oil 
pump (Fig. 14) is operated by a cam (O) with an eccentric 
movement. The cam (G) is driven by a vertical shaft from the 
crankshaft. The pump is elevated. 

The cam forces the plunger in and a spring (S) forces it out 
again, thus creating a suction effect which di'awa oil from the 
lower oil-reservoir or oil pan. 


] The Studebaker light six lubrication system, formerly on r 
this page, and referred to in Index was taken out. The standard 
Six replaced the light six oar and uses a regular force-feed 6 
ubrioation system. 


Throttle control of oil pressure: The plunger (P) is also under 
the control of another eccentric (E, Fig. 14A) which is connected 
with the foot accelerator and throttle control. Thus the 
quantity of oil pumped to the engine varies with the demand 
made upon the engine. 

At slow engine speed the plunger is held in by the eccentric 
(E). Thus a shorter stroke is the result when the cam comes 
around. At a car speed of 18 to 20 m.p.h, the gauge should 
show 1 to 1) 2 Ihs. of oil pressure. 

As the throttle is opened for higher engine speeds, the eccen¬ 
tric (E) is turne<l away from the plunger, thus permitting a 
longer stroke of the plunger (P), and the gauge should register 
3 lbs. to 4 lbs. at high speeds. Thus it will be observe<i that the 
pressure is governed by the throttle opening. 

If the gauge does not register the amount in the manner 
described above, the pump mechanism should be investigated. 
On indication of a pump being inoperative, or if the gauge needle 
shows no movement, make sure that there is plenty of oil in 
the reservoir and that tho engine is getting lubrication by 
splash, and can be run irrespective of the pump. Then you 
can drive in carefully and liave the system examined. 

Failure of the gauge to register indicates* (1) lack of oil in 
reservoir; (2) dirty oil preventing pump valves from working 
properly; (3) air leak in oil pipe line; (4) improper adjustment: 
(5) improper tension on spring; (6) foreign matter under valve 
seats. 

Priming the pump: In case you think that the pump is 
clogged, it is a good plan before taking it down to try priming it 
with the same kind of oil that you put in the crank case. To 
prime the pump, remove the cap, spring and plunger and pour 
III oil until it fills, replace the plug, and start the engine. If 
priming does no good, then it will be necessary to clean the 
pipes in order to find tho obstruction. It is also advisable to 
clean the oil strainer occasionally. When the pump is taken 
dow’n it must be primed with oil, after replacing. 

The spring above the delivery valve does not control the 
pressure of oil fed to the engine. The gauge merely pierforms 
the function of showing that the pump is delivering. 

Evidence of Poor Adjustment 

1. Excessive and continued smoking at slow speeds. Sooty 
plugs. This indicates that the adju.sting eccentric does not 
shorten the stroke <>f the pump sufficiently. Adjustment 
of adjusting eccentric is necessitated. 

2. Oil-pressure gauge readings other than from 3/4 lb. to 1 lb. 
when idling or 2 lbs. to 2 >2 lbs. at 30 m.p.h. speed. Eccen¬ 
tric adjustment necessary, or there is possibly a leak in the 
oil pipe lines. 

3. To check adjustment: Measure stroke as shown in Fig. 14A, 
by removing the plug and insert a match or nail in the 
hole, bringing it into contact with the plunger head. The 
pump can be felt going through its strolce, (Care must be 
taken in doing this, as the fan runs very close to the plug 
and offers opportunity for injury.) 

When the engine is idling, with the throttle closed, the 
stroke of the plunger should be minimum maxi¬ 

mum 6/32”. 

Be sure the oil is not thinned out end is in good condition. 
Reassemble pump, start engine, and notice pressure 
readings. 
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7. Should the gauge read less than 2 lbs. at high speed, stop 
the engiue, remove the spring, as shown in Fig. 14, and 
stretch it slightly in oider that there may be more spring 
tension on the delivery ball, thus increasing the reading 
on the gauge; but this does not increase the oil pressure. 
The pressure of the oil is increased only by the stroke of 
the plunger. Replace spring and again test. 

8 . If pressure is more than 2 }4 lbs. at 30 m.p.h. squeeze the 
spring shorter and test; couple up the throttle lever with 
(6), as shown in Fig. 14.; start the engine and let it run with 
dosed throttle. The gauge should read from ^4 lb. to 1 lb. 

9 . Endne hot. Dirty oiling system, necessitating cleaning 
and change of oil, with possible readjustment. 

10. A pressure reading at slow speeds—none at high speeds. 
Caused by the adjusting cam permitting the plunger to work 
at slow speeds, but stopping it at high speeds. Adjustment 
of cam (E) necessary. It is usually advisable to remove the 
oil pan, and to clean and refill with new oil in case of any 
oiling troubles before making any adjustments. A draining 
and replenishing of the oil supply i.s advisable every 500 
miles; or after the first 250 miles with a new car. 



Fig. 14 (left). On outer stroke of plunger (P) oil is drawn 
from oil pan through a 50 mesh screen up tlirough the hall 
check. On inner stroke of (P) oil forces delivery valve open 
and flows to engine. Fig. 14A (right). Adjusting od i>unip. 
(Hudson and Essex.) 



Fig. 15. Control mechanism of oil supply. Note position 
of adjusting screw (A) at the left end of the cross-rod. The 
stroke of the oil pump is decreased by turning this screw (A) 
in a counter-clockwise direction. (B) is a crank connected 
with a shaft which passes through an outer tube (T), and the 
inner end of this shaft is connected with the adjusting cam 
(E, Fig. 14 A) which governs the amount of stroke 0 / plunger 
(P, Fig. 11 A). The arm (B) connects with the foot accelerator 
and throttle control; thus as the throttle is opened for higher 
speed.s the adjusting cam (E) is moved to a position which 
gives a greater stroke of plunger (P) ; con.sequently the cjuantity 
of oil pumped to the engine varies with the opening of the 
throttle. 

To Adjust Oil Pump 

1 . Loosen the throttle arm (B) on* the pump-control eccentric 
(E) at the left side of the engine. 

2. Turn the control eccentric arm (A, Fig. 15) with a scrowdriv'cr 
until, vs’ith the engine idlitig, the stroke is minimum is", 
maximum 5/32", measured as shown in Fig. 14A. 

3. Speed the engine up; note oil pressure. It should be as 

stated. 

4. Lock adjusting screw (A) to lever (B, Fig. 15) by means ol 
the .clump nut provided. 

Dodge Engine Lubriralion System 

The Dodge four-cylinder engine (not illustrated) is another 
example of a splash-circulating system. 

The oil gauge on the dash should show a pres.siire of 2 to 4 lbs. 
at 20 ni.n h. If the pressure i.s too low or too high and investi¬ 
gation shows that adjustment is re(;uired, remove the springs 
in the by-pa.s3, stretching it for more pressure or cutting it off 
for le.ss pressure. 

To determine whether oil is flowing through the feed pipe 
inside the crank case when the gauge does not work, it is best 
first to remove the oil inspection plug If oil spurts out with 
tlie engine running, it shows that trouble is in the gauge. 


OIL CIRCULATING OR PRESSURE GAUGES, OIL-LEVEL INDICATORS. 
OIL PUMPS, OIL PURIFYING DEVICES 


The purpose of an oil gauge is to indicate if tlie 
oil is circulating and in some systems it also indicates 
the pressure within the lubrication system, as in 
Figs. 10 and 11. 

There are two types: (1) ‘^sight-feed" (2) “pre.s- 
sure." 

The sight-feed gauge is seldom used. Generally, when used, 
it is with a "splash-circulating” oil system, where oil i.s only 
forced to the timing gears and to the oil trough.s. The sight- 
feed gauge inounteiTon the dash has two pipes connected to it, 
and the oil can be seen circulating (not illustrated). 



tube B, the principle us^ on many other kinds of gauges. 

Fig. 16A. External view of oil gauge. 

The pressure oil gauge has one pipe connected 
to it, and oil is not supposed to reach the gauge. 

At low speeds of the pump the oil will probably 
go one-quarter the heiglit of the pipe leading to the 
gauge, and at high speeds about three-quarters. 


^ See p. 160 under "Adjustment” for an average adjustment. 


The oil as it rises compresses the air in this pipe 
up into the thin metal expanding tube (B) (Fig. lb). 
The greater the speed of oil pump, the greater the 
air pressure in (B), which causes it to tend to 
straighten out, thus operating (R), (P) and (N). 

The scale readings on the dials of the various 
types of oil-pressure gauges may read anywheres 
from 0 to 15 or 25; somii from 0 to 40 or 50.^ 

The high-range gauges arc usnally used on forcc-feed lubricat¬ 
ing .sy.stems, whereas the low-range gauges are used on splash 
systems; however, it i.s really unneceHsary from an operating 
standpoint to have a high remling on the scale, .so long as some 
pressure shows. If the needle is well up on the 8 <'ale under 
normal driving conditions, it is safe Very few gauges are cali- 
brate<l so that the scale reading indi»*atft3 the actual pressure 
in pounds with any degree of accuracy. 

The amount of pressure as registeresl m the gauged is de¬ 
pendent upon the speed, temiieratme, body or viscosity or 
thickne.s 8 of the oil, and the mechanical condition of the engine 
with regard to wear. 

Maximum pressures will be indicated at given speeds when 
the engine is cold and the oil is fresh; the pressure will be higher 
when the engine speed increases; minimum pres'iures, when 
the engine is hot and the oil becomes thin; or when the engine 
speed decreases, or when the oil becomes diluted. Bearing 
wear will also decrease the oil pressure where force-feed or fuU 
force-feed systems are employed. 

Practically all engine lubricating oils become less viscous from 
use, even under normal conditions. Running the engine too 
long with the "choker” control lever pulled back will cause the 
oil to be thinned more rapidly, owing to the condensation of 
gasoline from the rich mixture. 

Too high a pressure will cause abnormal oil consumption. 
This should be adjusted according to the pressure recommended 
by the manufacturers. Always adjust when the engine 
warm. 
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An excessive pressure on the gauge may also indicate the 
clogging of the systeui. If after the engine is warmed up the 
pressure is excessive and the regulation does not vary it, then 
ft can be attributed to clogged pipes. 

Oil-Gauge Indications 

If the needle fails to indicate or drops to zerc^ This indicates 
that the oil level is low, or that for some reason oil is not circu¬ 
lating. (1) See if there is oil in the oil pan, the oil-level indi¬ 
cator may be stuck. ( 2 ) If there is oil, then disconnect the 
union leading to tlio oil pump; run the engine. If oil flows, then 
look for air leaks, in piping, or in tube (B), Fig. Ifi. If oil dm^s 
not flow, then look for the clogged strainer, pump, or pipes, 
faulty or broken pump shafts, or spring, or pump connections 
loose, or pump not primed (this last-mentioned condition could 
result from lack of oil or washing crankcase with kerosene). 

In cold weather it may be an indication that the cold test of 
the oil you are using is not sufliciently low, and that the oil has 
congealed to a point where the pump cannot draw it from the 
oil pan. Do not continue to run the engine if the hand on the 
gauge vibrates excessively, or returns to zero, or if it rernaims at 
zero after starting the engine. 

Note: The oil gauge needle vibrates with each impulse of 
the ])lungcr when used with a plunger type of oil pump. With 
a gear type of oil pump it should bo steady, or nearly so. 

Sometimes, when tube (B), Fig. IH, is expanded out of normal 
shape by too high a preasure, the needle fails to return to zero. 
In some instances, this tube can be pressed back into shape with 
the Angers. It is usually made of light spring copper. 

If the needle reads lower than usual: (. 1 ) Look for air leaks. 
(2) Loose bearings permit rnl to pass freely, reducing the pre.s- 
sure. (3) Thin oil or oil diluted with gasoline, due to cxces.sive 
priming may bo the cause. (4) JVessure adjustment at pump, 
or at “ball and spring” relief valve not properly adju.stcd, or 
weak, or broken spring, or seats worn on ball or cracked, may 
account for the trouble. (5) Worn pump gears. 

If the needle reads higher than usual: ( 1 ) Heavy or cold, 
congealed od, which produces back-piessure, due to slow circula¬ 
tion; (2) obstruction in oil pines; (3) new and tight bearings 
after overliauling engine, wtll all pro<iucc liigher pressure, as the 
oil will I'ot circulate as freely as when loose. If the oil gauge 
shows full pressure w hen running at a slow speed, foreign matter 
has become lodged in distributor pipe. 

To Test Oil Pipes or Tubes 


Inlet 



Fig. 18 Fig. 19 Fig. 20 


Gear Pump 

The gear pump is usually driven from the cam shaft or the 
crankshaft. The oil is drawn into the spaces between the teeth 
and then forced out to the distributing pipe. 

There are two methods of mounting a gear pump: One, by 
having it submerged in the oil, and another, by having it 
elevated above the oil level. In the latter case it is necessary 
that oil be drawn up to the pump before it will circulate, and 
quite often, if the oil level reaches a point where the pump loses 
its suction-effect, it will be necessary to prime it. 

The submerged gear-type of oil pump is self-priming. The 
submerged pump with a large screen will lend itself to the cir¬ 
culation of hcavier-boilied lubricants with greater ease than the 
system with the elevated pump and small screen. 

Plunger or Piston Pump 

The plunger or piston pump (Fig. 19), quite often used with cir 
culating-splawh oiling system.s, consists of a plunger in (P) which 
draws the oil into the pump at (D) on the suction stroke, 
through a ball valve (B). On the return stroke, the ball valve 
is closed and oil is forced into the oiling system. The rod (R) 
of the pi.ston pump (Fqg. 19) is connected by an eccentric strap 
(E) to an eccentric on the cam shaft, which moves the piston in 
(P). On some systems the plunger is driven directly by a cam. 

The adjustment of the piston pump (Fig. 10) is made by 
shortening or lengthening of the stroke which has the effect of 
regulating the flow of oil. The longer the stroke, the more oil 
flows, and vice versa. 

Rolary or Vane Type Pump 

Another type of pump, is a rotary 

pump similar to that in Fig. 20 , which is not submerged. 


If an air leak is suspected, remove the oil pipe at tlie couplings 
and test them carefully with air pressure, submerging them in 
water to make the teat. 

If the pipe is clogged, remove it, and use air pressure. 

Oil-Lovol Iiulicator 

The oil-level indicator is for the purpose of de¬ 
termining the amount of oil in the oil pan or res¬ 
ervoir, and is the only sure method. 

There are three types in general use: the float type as shown 
in Fig. 10 , page 159; tlie bayonet type as sliow n in Fig. 17; and 
the pet cocks in the oil pan, as on the Ford (Fig. 6 , page 158) 
and on some truck engines. 

Fig. 17. Oil-level indicator of the bayonet 
^ A* insert'd in the side of the crank 

ca.se. To determine the (luantity of oil in the 
\ reservoir, pull the rod out (engine not running), 

1 \ \ wipe free from oil, and insert into the case again. 

I \ \ Pull the rod out a second time, and the amount 

of oil in the base can ea.silv be determined by 
\ noting the height at which the oil shows on 

\ \ the rod. Empty, half-full and full positions 

^ are usually shown by grooves in the rod. 


Oil Pumps 

There are three types of oil-circulating pumps in 

general use: the getir type (Fig. 18), the plunger oi 
piston type (Fig. 19) and the rotary or vane ty]x 
(Fig. 20). 


Priming the Elevated Oil Pump 

If the gauge fails to operate, after finding that the reservoir 
contains oil, then all oil-line joints and gaskets should be checked 
for tightness and the pump primed by rernoWng the plug from 
the fitting on the oil pipe at top of oil pump, and pour into the 
hole a quantity of oil, sullicient to fill pump body. Replace 
plug and start the engine. 

Sometimes the gear-pump gasket in head of pump may be 
loose, owing to loose screws. This may not only cause a leak, 
but may permit end play in the pump, causing local circulation 
in (he pump but not in the oil line, and the oil gauge will not 
indicate. 

Oil Strainer or Screen 

An oil strainer is usually located at the low'er end of the oil- 
Buction pipe for the purpose of straining the oil before it enters 
the oil-circulating system. Should tliis screen become stopped 
up with foreign substances, it can be remt)ved and cleaned. 
Too fine a screen impedes suction when oil is cold. Screens run 
about 20 to -to mesh for best practice. 

When draining oil, remove the screen and clean thoroughly. 

8 ee page 167 discu.saing frequency for draining and renewing 
oil and cleaning screen. 

Oil-Purifying Devices 

In conjunction with the circulating tjrpe of lubricating sys» 
terns, various devices are sometimes employed to remove th'b 
fuel, wafer, cnrbonaceon.s, and other foreign material which 
collect in and contaminate the lubricating oil. 

Tliesc devices may be either heaters or rectifiers which evapo¬ 
rate the fuel and wafer, or filters which strain out the solid 
material circulating with the oil. In some designs, both opera¬ 
tions are performed by a single unit or device. Seepages 166, 
159, 161. 


CORRECT LUBRICATION OF AN AUTOIMOBILE ENGINE 


In order to provide correct lubrication, the oil in 
service must perform the following functions: (1) 

separate the friction sui faces with an oil film to 
prevent metal-to-nietal contact; (2) seal the piston- 
nngs against leakage of compressed gfises or burned 
gases: (3) assist in transmitting heat from piston 
to cylinder walls. 


Determining the Correct Grade of Oil 

Experience has proved that it is just as important 
to use the correct grade of oil as it is to use a high 
quality of oil. 

The selection requires scientific knowledge and 
practical experience, not only with lubricating oil, 


*See page 688 "Three Types of Engine Crankcase Oil" which is later information. See also page 1062B. 
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but with enginee, a combination which the average 
person is not likely to possess. For this reason it is 
suggested that the correct oil for an engine be 
selected^ not by specifications, but by recommenda¬ 
tions of oil refiners who, by scientific knowledge and 
engineering experience, have worked out charts with 
brand names and CTade designations for the various 
cars for winter and summer use; usually this infor¬ 
mation can be obtained at the oil stations.^ 

How Engine Lubrication Requirements 
are Analyzed 

The purpose of the discussion which follows is 

to give the reader an idea how the recommendations 
of an oil to be used for a certain make of engine were 
arrived at by the engineers. 

Experience has shown fiiat there are four basic 
lubrication factors which must be considered in 
analyzing the lubricating requirements of an engine. 
These factors are: (1) operating temperatures; (2) 
method of oil distribution; (3) piston-ring seal; (4) 
carbon sensitiveness. 

(1) Operating Temperatures* 

All oils tend to thin out with an increase of temper¬ 
ature, and the extent to which an oil will thin out 
will depend not only on the temperature but on its 
original body and character. After heating, the oil 
regains its original body when cooled. It does not 
remain thinned out unless diluted by liquid fuel. 

The heavier and more constant the load, such as 
with airplane and tractor engines, the more fuel is 
burned, and consequently, the higher the operating 
temperatures. Therefore heavy-bodied rich lubri¬ 
cants would be desirable. This heat, \vhi(4i is 
usually greatest at the piston, must be conducted 
through the oil and metal walls before it reaches 
the water jacket, therefore liberal cooling surface is 
necessary. 

Automobile service seldom requires more than a 
small fraction of the available engine power for any 
length of time. Therefore it would operate under 
low temperatmres, and oils of lighter body would 
probably be necessary. 

* A chart of automobile recommendations 

is issued by 

the iSocony-Vacuum Oil Company, Inc, (makers of Gargoyle 
Mobiloil), Advertising Department. 26 Broadway, New York, 
N. Y. These will be sent free to readers of this book on request. 
The chart specifies the correct grade of oil for each car and 
model for the last four years. 

* The maximum temperature in the cylinders, at the top of 
the explosion stroke is approximately 2700® F.; the minimum 
temperature during the suction stroke, about 250° F.; average 
temperature during the four strokes, about 950® F. These are 
tenmeratures in the cylinders to which the outer side of the 
oil film is exposed. 

The oil which is between the cylinder walls and pistons is 
kept below the flash point (about 500“ F.) by being in contact 
with the metal which conducts the heat away through the water 
circulation. 

Cooling the lubricating oil. On some racing cars and high¬ 
speed marine and aeronautical engines of high compression and 
speed, where heat is excessive, due to operating under full power 
for long periods of time, the oil is cooled by leading the oil out 
of the engine base, where the temperature can be lowered, before 
pumping it back into the engine. 

The reason for cooling the oil is the fact that an airplane 
engine usually runs at full power for long periods of time and 
considerable heat is generated. The oil also loses its heavy 
lubricating film that is so very neoessary between the bearing 
surfaces, and thins down to a point where the lubricating film is 
reduced.^ Hence the advantages of keeping oil at a low tecni^a- 
ture. Oil cooling is provided on some passenger car engines. 
See pages xix, xxxiii, xxxiv. 

» When speaking of winter temperature, this means a temper¬ 
ature of less than .32® F.; summer means a temperature of 
more than 32® F. These temperatures are a guide as to when 
to change the oil. Oils usually become chilled and start to 
congeal at a temperature of 0° F. for winter oils and 25** to 4^ 
for summer oils. Another term sometime used ie sub-zero 
temperature, meaning a temperature below zero. 


The higher the engine speed, the more frequent wiH be the 
heat impulses, and the higher will be the operating temperature. 

With sleeve valve engines, the heat flow from the piston is 
restricted as shown in Fig. 21 A, by the added oil and metal avails 
which it must traverse before it reaches the water jacket. 
Consequently with sleeve valve construction, higher piston 
operating temperatures are normally encountered than in 
poppet valve engines where the heat has to flow through but 
one oil film and one metal wall before it reaches the cooHng 
water, as shown in Fig. 21. 



The design of the engine materially affects the operating 
temperature. Air-cooled engines run hotter than water-cooled 
enginee. The pistons of sleeve-valve engines attain higher 
temperatures than those of poppet valve engines. 

(2) Oil Distribution 

Lubricating oils vary widely in fluidity, tliat is, 
in thicknesvs or body. Some flow freely in cold 
weather through small passages; others will not 
circailate under such conditions. 

Systems in which oil is distributed by splash must 
use an oil light enough so that it will readily atomize 
in order that it reaches all of the parts to be lul:)ri- 
cated. A heavy oil might fail to do this. 

Systems in which oil is forced to the crankshaft 
and connecting-rod bearings by a pump could use a 
heavier oil in many instances, as it will be mecdiani- 
cally broken up in a fine mist or spray regardless 
of its body and character by its being thinned when 
forced through the bearings. 

In a few instances, however, due to special features of opera¬ 
tion and design, heavy-bodied lubricants cannot be used in force- 
feed aysterns. 

Other factors which affect the distribution of 
lubricating oil in winter and summer* are, the type 
of oil pump, design of oil screen, and dimensions 
and location of the oil piping. 

If the oil pump is located below the oil level in 
the crank case and does not have valves which may 
fail to operate, it will ordinarily circulate a heavy¬ 
bodied oil in cold weather. On the other hand, if 
pump is located far above the oil level or has valves 
which may not act properly in the presence of 
chilled oil, as with some plunger type or pumps, an 
oil of lighter bodv and which will remain fluid at low 
temperatures will be necessary in order to establish 
oil circulation as soon as the engine starts. 

If oil screens have a large area and coarse mesh 
similar to that which surrounds the submerged gear 
pump, a heavier oil could be used than one with 
small area and fine mesh; only a very fluid oil could 
be drawn freely through the fine screen at low 
temperatures. 

Where the oil piping of the suction line is of con¬ 
siderable length and located where it will chill 
rapidly in cold weather, the oil pump may fail to 
lift the oil unless it is exceptionally fluid at low 
temperatures. Consequently on designs embodying 
elevated pt^ps requiring long suction lines, a fluid 
or free-flowing oil is necessary in cold weather. 
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(3) Piston-Ring Seal 

The ability to spread, stick, film^ and seal varies 
with different oils. These {properties depend some¬ 
what on the body of the oil. Effective sealing of 
the piston rings against loss of compression, as ex¬ 
plained on page 169, is one of the major functions 
of a lubricating oil. 

(4) Carbon Sensitiveness 

All oils and fuels, when btumed in the combustion 
chamber of the enf^e, are likely to leave a residue 
which may not be entirely expelled through the ex¬ 
haust and becomes carbon. Carbon may come 
from either the fuel or lubricating oils. 

Carbon deposit from lubricating oil in the com¬ 
bustion chamber will depend upon four things as 
follows: (1) the character of the oil (if clean burn- 


Ing)'; (2) the body of the oil (usually oils of a heavy 
body tend to leave more carbon under the same 
operating conditions); (3) en^ne operating tempera¬ 
tures; (4) the amount of oil reaching combustion 
chamber.* 

The tendency toward carbon formation must be 
analyzed from three distinct standpoints as follows: 

(1) Whether operatinjj conditions promote carbon 
accumulation, such as intermittent running for long 
jKjriods of time under vaijing power; (2) Whether 
the engine construction is such that an excessive 
amount of oil will work past the piston-rings into 
the combustion chamber; if so a clean-burning oil* 
of light or medium body is usually preferable; (3) 
Whether engine is a type in which a slight amount 
of carbon interferes seriously with its performance 
(such as engines developing high compression and 
with a tendency to knock). 


OIL SPECIFICATIONS 


Oil specifications, such as its flash-point, burning- 
I)oint, viscosity, cold test, etc., are valuable data to 
the oil refiner or to the laboratory, but mean virtual¬ 
ly nothing to the car owner or garage man. 

As previously stated, the user should be gtiided by 
brand names and grade designations of the kind of 
oil to use, rather than by oil specifications. 

In order, however, to give the reader an idea as 
to what some of the specification terms mean, the 
following is given. 

Flash and Burning-Points of Oil 

By flash-point and buming-TOint (also termed fire-point), is 

meant the temperature at which the oil, when heated, will flash 
and burn, explained as follows: 

« 

Oil when heated generates ^as, just as gasoline does when 
heated. The best gasoline engine oils generate little or no gas 
at ordinary temneratures, but at high temperatures of, say, 
350“ to 450" F.. they would generate a sufficient amount of gas 
BO that it could be ignited with a match and would thus pro- 
iluce a flash and go out instantly. This is termed the flash¬ 
point. 

If the heat is increased to, say, 400® to 500" F., and the match 
applied, the generation of gas would be so rapid that it would 
continue to burn until the oil was nearly all consumed, unless 
extinguished. This is termed the burning-point. A low quality 
of oil would perhaps flash at 300" F., and burn at 350" F. 

The flash and buming-TOints are lowered soon after the oil 
is put in use, from fuel difution. The initial flash and burning- 
point, if they are within a reasonable range, have little influence 
on the effectiveness of the oil as a lubricant. 


Pour-Point, or Cold Test of an Oil 

Another test is the cold test which determines the ability of 
the oil to withstand extreme low temperatures without getting 
solid, or the temperature at which the oil congeals. Some oils 
finish with a cold test of as high as 60" above zero, others ranging 
lower and very few as low as 15" to 30" below zero. 

A cold test can be made by placing some of the oil in a long 
narrow tube and inserting a low-reading thermometer. Pack 
the tube in a freezing mixture of salt ana ice. After the oil has 
frozen, remove the tube and incline it at an angle of 60". When 


* A clean-burning oil is one that will be completely consumed 
m the combustion chamber of the engine without leaving a 
carbon deposit. 

3 Bear in mind that carbon deposits are dependent on carbu¬ 
retor adjustments to a large extent. Rich mixtures tend to 
promote carbon, as the heat in the engine is less and all the fuel 
is not burned. 

• Federal Specifications VV-L-791a covers the methods for 
sampling and testing lubricants and liquid fuels, including de¬ 
tailed instructions for determining viscosity by the Saybolt 
viscosimeter. The specifications can be obtained by writing 

Superintendent of Documents, Government I^inting Office, 
Washington, D.C., and inclosing Post-Office Money Order for 
15 cents. 


the oil starts to run down the tube, read the thermometer. This 
reading is known as the pour-point. It should be low enough 
80 that the oil will be readily circulated in the lubricating system 
in any engine under consideration. 

The use of lubricatii^ oils at low temperatures will depend 
upon its remaining fluid, otherwise the oil congeals, with the 
result that the engine will be difficult to start, the oil will fail to 
circulate properly through the lubrication system, and all parts 
of the engine may not be lubricated. Climatic conditions are 
considered in selecting an oil from this point of view. 


Viscosity of Engine Lubricating Oils* 

Viscosity refers to the body or fluidity of an oil or any other 
liquid. The viscosity of oils and licpiids varies when heated. 
The viscosity of an oil does not indicate its lubricating quality, 
but only determines its fluidity. By this term is understooc’k 
the flowdng property of the oil at a standard temperature, and 
it is usually measured by determining the rate at which the oil 
wrill flow through a sniall tube of standard dimensions. 

The method adopted in this country to determine the viscosity 
of oils is known as the Saybolt method, which is the passing of a 
certain quantity of oil (60 cubic centimeters) heated to a definite 
temperature, through a standard orifice or port; the time it 
takes the oil to run through, expressed in seconds, is the vis- 
jCosity. 

To make a viscosity test, a viscosimeter is used. One type 
generally u.-^ed i.s known as the Saybolt Standard Universal 
Viscosimeter. In order to give an idea as to the principle 
involved in the test, a simplified illustration is shown in Fig. 22. 


‘THtRMonrTtR 



Fig. 22. The test is made by filling the 
can (A) with oil to be tested and heating 
it to 1(K)“ F. A stop-watch is then used 
to determine the number of seconds 
required for the oil to run through 
the nipple (N). The same process is 
repeated with the oil at a tempera¬ 
ture of 210" F. 


NOZIlt 


No definite viscosity can be stated here as a standard test for 
an oil, as poor oils can be refined to fill nearly any viscosity 
specifications. 

Viscosities of oils, to give an idea, and at 100® F., would be 
approximately as follows: Light oil 200 to 260 sec.; medium 
200 to 400 sec.; heavy 400 to 800 sec.; extra heavy 800 to 
1,300 sec. 

At 212" F., light oil 43 to 47 sec.; medium 47 to 55 sec.; 
heavy 65 to 70 sec.; extra heavy 70 to 100 sec. 

The above is not at all standard with refiners. The refiner’s 
recommendation of his own grade for any car should be followed. 

A simple *'feel** test of the viscosity of an oil being used in 
the engine is to rub a small quantity of the oil between the 
thumb and finger, and compare it with the feel of new oil under 
the same test. 
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ENGINE LUBRICATING OILS 


Crankcase lubricating oils suitable for automobile 
engines are sometimes classified as extra-light, 
light, medium, medium-heavy, heavy, extra-heavy. 
Some oil-refiners give brand names to specufy oils of 
different viscosities. See page 1062B for the S.A.E. 
viscosity numbering system for classifying crankcase 
lubricating oils as to body or viscosity in place of 
such terms as ‘dight,’' ^‘medium,^’ etc. 5 

The selection of the viscosity of oil depends upon 
the temperatures at which it will be used, the clear¬ 
ance space, the general character of the lubricating 
system, and the oil economy required. 

Heavy oils are generally used with high temper¬ 
atures, large clearances, unrestricted circulation 
systems, and where maximum oil economy is de¬ 
sired. Lighter oils are used with low temperatures, 
small clearances, restricted circulating systems, and 
where oil economy is not such an important factor. 

Many factors must be considered in selecting the 
proper oil to use, some of which are: if the engine 
is new or reconditioned; easy starting in cold 
weather; hard driving in warm weather; has the 
engine a splash or force-feed lubrication system, 
or a combination of the two; etc. 

From the foregoing it can be seen that it is a dif¬ 
ficult problem for one not thoroughly informed on 
the subject to determine from his own knowledge the 
best viscosity of oil to use in all cases. It is for 
these reasons that operators should follow the car 
manufacturers* recommendations. Owing to changes 
in engine design with closer fits, etc., also changes in 
oil. refining methods, the engine oils now recom¬ 
mended by many car manufacturers are of lighter 
viscosity than formerly. 

Breaking in a New or Reconditioned Engine^ 
The process of breaking in a new car or reconditioned engine 
by gradually glazing or burnishing the bearing surfaces, by care¬ 
ful initial use, has much to do with the length of the life of the 
parts that come in contact with each other before wear makes 
replacement necessary. 


The breaking-in process consists of: (1) using a good, very 
light oil haying a pure mineral or petroleum base, for the first 
3(K>".5()0 miles; then drain when hot, and flush the oil pan and 
crankcase with flushing oil to remove any abrasive or grit that 
may be present, either from production or initial wear. Refill 
with fresh oil of the body recommended by the manufacturer; (2) 
do not drive in excess of 25-30 m.p.h. during the first 500 miles, 
or at long continued high speeds for the first 1,000-2,000 miles 
(varies); (3) immediately after starting a cold engine {new or not), 
engine should be allowed to run at idle speed for a few minutes 
before driving, and then should not be driven faster than about 
20-25 m.p.h. until a normal operating temperature is reached. 
Warming-up methods in cold weather, such as racing the engine, 
etc., producing excessive speeds of the rotating andreeinroeating 
parts, may cause damage to the frictional surface.*? of tne engine 
if practiced before the engine has reached normal temperature. 
Manufacturers may vary on these instructions, owing to fac¬ 
tors pertaining to different engine designs, too lengthy to men¬ 
tion here; therefore manufacturers' instructions. 

Special tune-up oils can be obtaine<l which, it i.s claimed, can 
be added in each cylinder before spark plugs are replaced, or 
fed through the carburetor air intake, which will remove gum 
and carbon, thus giving quick relief from sticking valves. 

Graphite in an Automobile Engine 

The use of specially prepared graphite mixed with cylinder 
lubricating oil wlien properly used, it is claimed, will improve 
compression, fill up the scores in the cylinder walls and prevent 
valves and rings from sticking. 

According to the manufacturers of graphite, it is the softest 
solid iniiuTal known and forms a sleek firm mirror-like film on 
the bearing surface.s which fills up all the small pores and irregu¬ 
larities in the surfuee.s and prevents metal to metal contact.^ 

Some authoritic.s object to the use of graphite in the crank 
case oil as it may clog some of the oil passages. 

(Iraphite should not be mi.\ed with the engine oil on engines 
equipped with oil filters as it would fill the filter prematurely. 
A graphite manufacturer sugge.sts that for engines so equipped, 
graphite may be introduced through air intake of carburetor. 

Castor Oil 

Castor oil ha.s the property of retaining its oiliness under very 
high temperature.s and severe conditions, but it alsf> has the 
property of gumming and forming a black coating or film on the 
imude of engine, resulting in sluggish engine operation after a 
time. It has been ased in raring and airplane engines, but 
engines used for thi.s purpose are usually dissassembled and 
every part thoroughly cleaned at freiiuent intervals, henee this 
coating or gumming is not a factor to be considered. A high- 
quality mineral lubricant is now considered more satisfactory. 


CORRECT USE OF ENGINE LUBRICATING OILS 


It is just as essential that proper care and atten-; 
tion be given in using the lubricating oil itls for 
that oil to be of high quality and of the correct body. 

The oil should not be allowed to drop to a low 
level. Crank case should not be over filled, as this 
promotes excessive oil consurnption, smoking, and 
carbon deposit, due to the piston rings not being 
able to take care of the excess, thus fxirmitting the 
oil to pass to the combustion chamber. 

Dilution and Sludge 

Dilution of the crankcase oil by unbumed fuel is 
always present, in summer as well as in winter. It 
is founrl in its most aggravated form during winter. 
This condition has led engineers to adopt several 
different means of heating the mixture so as to 
change the fuel mixture to a gas in order to obtain 
more complete combustion. 

In addition to heating the mixture by means of 
hot-spot exhaust manifolds and other means, the 
engine jacket water temperature is important. 
When this temperature is normal (about 170^ F.). 
some of the fuel that has become mixed with the oil 
is thrown off, but in winter cars are operated in the 
majority of cases only for short periods of time and 
low Jacket water temperature prevails and dilution 
continues. 

As the fuel in the crank case oil is driven off by 
heat, the oil becomes thicker, more nearly approach¬ 
ing the body of the fresh oil. It is evident therefore 
that the original oil body would be restored if all 
fuel is driven off and this is very closely approached 
in a true oil reclaiming system. 


Crankcase ventilation^ by permitting a circula¬ 
tion of air through the crankcase, forces out wab'r 
vapors and un])urncd gases while it is still in a vajxir 
stat<‘, before it condensi^s anrl dilutes the oil. 

Water in the products of combustion. The perreiitage «if 
wMfiT fonnetl dnpencLs upon tho proportion of giusolino to air; 
a rirh mixture or a large percentage of fuel to air will form more 
water than a loan mixture. In surnmiT thin water vapor 
payees out with the exhnuat, but in winter it enters tho crank 
ca.se and eonden.ses. It.s presence there ia a menace to the 
engine, because it either freezes in the oil pipes, before the heat 
of tho engine melts it, or it forms an emulaion, a thick pasty 
sludge aubstance which clogs the oil screen and oil pipes.* 


1 Literature on use of “<lag’’ colloidal graphite, for breaking 
in new engines, lubrication of upper portion of cylinders, etc. 
Write Achceon Collohis Corp., rort Huron, Mich. 

* Literature on use of graphite for automobile lubrication. 
Write Joeeph Dixon Crucible Co., Jersey City, N. J. 

* Lubricating oil filters remove dirt and other abrasive ma¬ 
terial in the crankca.so oil, roilucing engine wear. One make i.s 
the Purolator made by Purolatf>r Products, Inc., Newark 2, 
N. J. The filter unit through which the oil flows continuously 
as the engine operates collects all dirt and fine particles of 
foreign substancpj? that find their way into the oil or lubricating 
system. After about 8000 miles of operation, or when oil on 
Clip stick shows dirt, replace oil filter, because it has become 
loaded with this mass of dirt and can no longer ifunetion. 
The connections are such, however, that the oil would oon- 
tinuc to circulate independent of the filter but w'ould not be 
filtered. Some other makes are: AC —see “AC Shop Manuals” 
p. 690; Fram —Fram Coro., Providence, H. I.; DeLuxe — 
DeLiixc Products Corp., LaPorte, Ind.; WQB —W.G.B. Oil 
Clarifier, Inc., Kingston, N.Y.; Michiana and HW —Michiana 
Products Corp., Michigan City, Ind.; Luber-Finer —Luber- 
Fincr, Inc., Los Angeles, Calif. See also p. 161, Insert 4. 
Crankcase oil reclaimer: Write Skinner Purifiers, Inc., Detroit 
11, Mich. Fuel oil filters: See page 1026 and Insert 4A. 

* See also page 160 and Supplementary Index, 

* See also page 688 ''Three Types of Engine Crankcase Oils,'* 
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Thinned, diluted oil may cause a number of lubri¬ 
cating difficulties. In a number of cases the thinned 
oil will pass the piston rings, resulting in fouled spark 
plugs. Thinned oil is squeezed more easily from 
between the bearing sui’faces resulting, in time, in 
bearing wear. It does not provide as complete a 
piston-ring seal, permitting a blow-by, which not 
only increases the dilution already present, but may 
become so bad as to carry with it the major portion 
of the oil film on the cylinder wall, thereby causing 
scoring of cylinder walls and piston. See page 1075 
“Dilution test.” 

Precautions To Assist in Preventing Dilution 

1 . Avoid excessive use of the carburetor choke; after starting 
give engine time to warm up somewhat before driving. 

li. Avoid too rich a mixture adjustment; \iae aa lean a mixture 
as poHHible; too lean, however, may bum the valves on hard 
driving. 

3 . Do not operate engine when it continues to misfire; some 
of the unburned gaaohne finds its way to the erankease. 

4 . Keep ignition system in order; its efficiency affects dilution; 
interrupter points should be kept clean and the proper gup 
maintained; sijark-iilug gap should not be too wide, in 
order to promote easy starting in cold weather; battery 
should be kept fully charged bceaaso with a cold engine the 
pull is so great the vciltage drops to as low as 4 volts, 
weakening tlic spark, therei)y causing inissing of explosion 
and more raw giusoline to be drawn in, 

f). Maintain good compression bv keeping valves, pistons, and 
pist(»n rings from leaking. Maintain proper bearing clear¬ 
ances. See item (9) page 171. 

C). Avoid excessive idling and slow driving in cold weather; 
at very low speeds objectionable suction sets in. 

7. Keep front of radiator closed up in cold weather; until 
engine is warm (see also pages 150, (i l4). 

8 . Drain oil frequently, especially in winter, and refill with 
correct grade of oil recommended by the manufacturer. 

9. Keep oil filter and air cleaner in good operating condition. 

10 , Replenish oil supply frequently in small quantities, rather 
than in large quantities after long periods of operation. 

11 . Use a high quality oil that resists dilution to a maximum. 

When To Drain ami Renew Oil 
The frequency of oil changes depends upon oper¬ 
ating conditions. It is impossible to give definite 
rules that will satisfy all classes of etiuipment and 
all conditions of oiicration. It is obvious that opera¬ 
tion on dusty roads without air cleaners and without 
pro])erly functioning oil filters will reiphre more 
fnaiuent oil changing than operation on clean hard¬ 
surfaced roads with good air cleaners and filters. 
Other factors to consider are the condition of the 
(Migine itself, such as leaky j^iston rings, and if engine 
has crankcase ventilation and if the oil breather pipe 
is equipped with an air strainer. 

In general, the frequency of changing oil is a 
compromise di(;tated by best judgment between the 
cost of changing oil and the iiuTeased niainU*nanee 


cost produced by failing to do so. The best plan 
is to follow manufacturers instructions. 

Oil should be changed more often in the winter than in the 
summer, owing principally to the reasons given under “Dilu¬ 
tion.” A lighter oil should be used so that it will heat up and 
circulate quicker, also permit easier starting, thus requiring less 
current to start. Another suggestion for cold weather—in fact, 
any time—is to declutch when starting, and thus save the cur¬ 
rent req-uired to plow the transmission gears through cold 
congealed oil. 

Draining the Crank Case 

Draining the crank case can be incorrectly done though the 
operation may seem simple. Draining should always be carried 
out immediately after the engine has run, while the oil is hot 
and fluid. If this is done the rapidity 
of flow will be sufficient to carry with it 
all of the sediment and solid matter 
actually in suspension in the oil and it 
may be unnecessary to flush crank case 
after draining. 

Do not flush with kerosene, for in the 
majority of engines a portion of the 
kerosene will become trapped either in 
splash troughs in the many pockets 
found in the crank case under the tim¬ 
ing gears, over bearings, etc., and will 
remain to dilute the fresh oil. 

To flush: Open plug at bottom of crankcase to allow the old 
oil and sludge to drain out thoroughly. Kemove oil screen and 
clean. Replace plug and screen, and add about tw(} quarts 
(or half the oil capacity) of fresh light engine flushing oil, which 
is similar to engine oil but much lighter and less expensive. 
Start engine ana run it at idling spe^ for about two or three 
minutes. Step on the running board and rock the car back 
and forth to allow the fresh oil to wash the interior of the engine 
thoroughly. Uemove drain plug again (also the screen if 
engine design permits), drain off, and refill with the proper grade 
of fre.sh oil. 

The oil pan and oil screen should be removed and cleaned 
according to the manufacturers instructions. If screen is 
clogged, no oil can circulate properly. The importance of this 
operation inorea.ses in dusty territories. 

The cylinder oil which is drained from the crankcase of an 
engine is usually diluted with gasoline, dirt, and sediment, and 
should not be used again unless properly reclaimed. 

Heavier Oils in Worn Engines 

While heavier oil may in some instances soften 
Uie noise emanating from worn parts for a time, it 
is not advisable to use it for this purpose alone. 

No oil can take the place of metal that has been worn away. 

No oil can seal piston rings that have become worn or are a 
misfit in their grooves. Rlow-by will take place vMth any oil— 
even the heaviest bodied oil—under these conditions. In some 
cases it may not circulate proi>erly and may thus fail to reach 
all moving parts. 

The only remedy is to fit new rings, and pistons also if neces¬ 
sary. If, however, the cylinders are out-of-round, tapered, 
or scored (see page 814 on this subject), the cylinder must be 
enlarged and oversize jiLstons and rings fitted. New rings and 
pistons are not sufficient if cylinders are not round and true. 
8 eepp. 828, 81415 on expanders and wheyi to enlarge cylinders. 

If oil is too light in body, an exce.ss quantity will be used; the 
piston rings may not be able to provide sufficient seal and oil 
will work through into the combustion chambers, where it 
deposits carbon. 



ENGINE LUBRICATION TROUBLES^ 


Effect—too much oil: Smoking at exhaust; car¬ 
bon in cylindersj pre-ignition and knocking; carbon 
on valves necessitating grinding (piece of carbon on 
valve scat, holding valve open, will soon burn and 
warp valve); spark plugs become fouled; excessive 
consumption of oil. 

Cause—too much oil: Oil pan too full; oil pres¬ 
sure adjustment too high; piston pumping oil or 
rings leak oil. 

Effect—not enough oil: Overheating; seized bear¬ 
ings or pistons; scored or cut cylinders; knocking. 

Cause—not enough oil: Oil level in oil pan too 
low; oil pressure improperly adjusted; oil pipes 
clogged; oil screen is clogged; pump not operating. 


Scored Cylinders, Pistons, Burned Bearings 
Burned bearings on a crankshaft or elsewhere 
mean that the bearing surface is cut, caused by fric¬ 
tion from lack of oil. 

A “scored cylinder” means that there are scratches 
or cuts in the cylinder, caused by lack of oil, which 
permits the compression and also oil to leak through 
the cuts. A “scored piston" and rings is due to the 
same cause as well as to other causes. Scored cylin¬ 
ders ma^ be caused by the wrong grade of oil, and 
by dirt in the oil, as well as by lack of oil. 


» See page 163 for oil gauge indications. 

* See pages 166, 171, 824B and 833A for a discussion of the 
importance of running-in a new or reconditioned engine, in order 
to assure a highly polished or glased surface. 
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If the engine is not getting enough oil, the cylinder will be¬ 
come 80 hot that a hara metallic knock will start and the exces¬ 
sive heat will finally cause the piston to stick or “seize** in the 
cylinder. (Running without proper water circulation will also 
cause excessive heat, knocking, and finally seizing.) 

Another common cause of a scored piston and cylinder wall 
is the dilution of the lubricating oil by ^soline. The heavy- 
grade fuel is difficult to vaporise, especially in cold weather. 
To get an explosion, priming is resorted to—and right here is 
where much damage is done to an engine. If ignition is good, 
the engine probably will start because a little of the fuel has be¬ 
come vaponzed at ^at particular engine temperature. But most 
of the gasoline remains unvaporized and washes the oil from 
the cylinder walls. It does not take long for a piston or cylinder 
to score under such conditions, or where the oil is highly diluted. 

Many drivers forget to release the choker, and a vast amount 
of unnecessary fuel is drawn into the cylinders for a long period. 
This raw fuel mixes with the oil on the cylinder walls and 
gradually finds its way into the crank-case sump, with the result 
that the oil is reduced to the consistency of a thin liquid and 
has no lubricating value whatever. 

It is well to bear in mind, too, that a cylinder which “misses** 
allows fuel to get into the oil in even greater volume than when 
the cylinder fires, because none of the fuel is burned. 

Another cause of scores is that the piston pin sometimes 
works loose and cuts the walls of the cylinder. 

If the piston sticks or “seizes,** stop—wait until it cools, 
and then fill the oil pan to correct level; also fill the radiator 
with w'ater after the engine has cooled sufficiently. 

The engine should then be inspected before driving, to see 
if any damage has been done. If no obvious damage nos been 
done, a thorough examination should be carried on to determine 
whether or not the running without oil has burned the bearings 
or caused other trouble. This can be ascertained bj^ starting 
the engine, and if it pounds or knocks, it is a certain indication 
of bearings burned or cylinders scored. See, also. Index under 
“Seized piston.” 

Water in Crank Case 

Principal causes of water in the crank case are leakage in 
cylinder head gasket, or moisture condensation or sweating in 
cold weather. 

To demonstrate moisture condensation, hold a piece of cold 
metal near the end of the exhaust pipe of engine and note how 
quickly condensation will collect in drops of w'atcr on the cold 
metal. This is due to the exhaust gases, which are charged 
with water vapor, striking the cold surface. 

A certain amount of these gases pass the piston and rings even 
under favorable conditions, and there will be a formation of 
water in the oil reservoir in a greater or less degree untd engine 
becomes warm, at which time the crank oa.se no longer acts 
as a condenser and this water is either expelled in the form of 
vapor through the exhaust, or else is evaporated in the form 
of steam through the crank case breather pipe. 

Short runs in cold weather will aggravate this condition,’^ut 

even under the best conditions a small amount of w’ater may 
always be expected in the oil reservoir. Sometimes when 
engine is standing, the water settles to the bottom of oil pan or 
reservoir and freezes in cold weather, thus clogging the oil leads 
and covering the pump screen with ice and leaves bearings and 
cylinders unprotected. 

About the only remedy, if there is a tendency of water con¬ 
densation is to drain the oil more frequently and select good fuel. 

In cold weather drain a cupful of oil from crank case after 
engine is run and warmed up, but aIlowe<l to stand idle for about 
fifteen minutes to settle. If there is any water present, this 
will remove part of it at least. 

Sludge formation: Even high-quality oil, which, in its fresh 
state, will readily separate from water, may form a thick pasty 
“sludge” when contaminated with the dirt and carbon dust 
always present in the engine crank case, and mixecl with this 
water and the unburned portions of fuel from the combustion 
chambers. Such sludge may form an obstruction in the lubri¬ 
cating system, or accumulate on the surface of the oil-pump 
screen, preventing circulation. 

In renewing oil supply, be sure all sludge is removed. If this 
is not done, sludge will be formed in the new oil with surprising 
rapidity. 

Smoke Indications and Cause 

If the vapor is black and foul smelling, it is caused by too 
“rich a mixture” (too much gasoline); this can be remedied in 
the carburetor adjustment. 

If the smoke is white or blue, the engine is supplied with an 
excess of oil. 

If the smoke Is grey, there is too much fuel as well as lubricat¬ 
ing oil. 

The reason an engine excessively supplied with oil smokes 

is that there is too much in the crank case; the entire lower 
portion of the connecting rod will dip into it and the lubricant 
will be forced into the cylinder to work by the rings on the 


piston, then into the combustion chamber, thence out through 
the eiffiaust. The same applies to a pressure feed or force 
system where the pressure is too high. 

If there is a black gummy deposit on the spark plug it will 
indicate which cylinder is getting an excess of oil. 

Leaky piston rings are quite frequently the cause of excessive 
smoke. It can also be caused by the piston or piston-ringa 
pumping oil (see also page 832). 



A method formerly used, and still used on some marine and 
stationary engines, for preventing trouble caused by excessive 
oil, was a baffle plate, as shown at (BP) in Fig. 24. This is a 
simple plate of sheet metal in which a slot is out, through which 
the connecting rod works, thus preventing an excess amount of 
oil finding its way into the cylinder. This method has also been 
used in some automobiles. 

Oil-control piston rings, explained on page 826, constitute a 
modern meth(^ of reducing excessive oil consumption. 

Oil Drips from Engine 

Oil drips can come from cap screws being loose on the crank 
case; from worn bearings, out of the ends of the crankshaft; 
from the push rods or tappets above the camshaft; through the 
valve cover plate (not tight); where generator fits to crank 
case (if not tight). 

On some cars the fan often picks up the oil oozing from bear¬ 
ings and throws it over the inside of the hood. 

Oil Pumping 

Oil pumping is a term used where oil is pumped 
from below the piston to the (combustion chamber. 
When this occurs, it produces excessive oil consump¬ 
tion, a smoky exhaust, and carbon accumulates m 
the combustion chamber, resulting in sooty spark 
plugs, w’hich in turn causes missing of explosion. 

When an engine misses explosion, a part of the 
unburned gasoline usually passes to the crank case, 
thinning the oil film on cylinder wall and diluting 
the lubricating oil in the oil pan. This results in wear. 

After wear occurs, burning gases will blow by the 
rings removing part of the lubricating film, resulting 
in further wear of rings and cylinder walls. The 
leak past the piston rings then increases^ causing a 
loss of compression, dilution of the oil, and oil 
passes around the rings out through the exhaust, 
causing smoke, all of which results in a loss of power. 

Oil pumping is usually attributable to leaking past 
the piston rings, and this may be due to several 
causes, such as enumerated below: 

1. Worn piston rings or evlinder walls, which permit the ring 
to expand and emorge the ring gap, permitting oil to pass the 
gap. 

2. Piston ring tension or exi^sion force insufficient, permitting 
oil to pass between the ring and cylinder wall. 

3. Worn ring grooves, or rings improperly fitted to grooves, 

permitting the ring to possess perceptible up-and-down 
movement, causing a pounding action of the rings on the 
sides of their grooves which tenffis to increase the enlargement 
of the groove at a very rapid rate. This permits oil to pass 
arouneftbe ring; in fact, this is where oil pumping usually 
commences. As the piston travels down, the ring moves 
up and oil collects under and behind ring, in its groove. 
As the piston travels up, the ring moves down and the oil 
is forced or pumped out above the top edge of rin^ and into 
combustion chamber. (See Fig. 25 explaining ibis action.) 

4. Pistons fitted with too much clearance permit oil pumping, 
even though the rings are properly fitted, because the rings 
cannot take care of the excess oil between cylinder wall and 
piston. 

5. Too high an oU preMure will produce an excess amount of oil 
which will overtax the capacity of the rings. 
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6. Too much oU. especially in splash-lubricated engines, tends 
to promote oil pumping. 

/. Vacuum is another cause of oil pumping, as explained below. 



Fig, 25. When ring pounding sets in, piston-ring slot clear¬ 
ances enlarge to such an extent that no oil will seal the piston 
rings. See item 3 under oil pumping on page 108 for explana¬ 
tion of these illustrations; see also page 832. 

Vacuum Cause of Piston Pumping Oil 

When you see blue smoke issuing from the exhaust, it indi¬ 
cates that too much lubricating oil is being consumed. 


Fig. 26A. Showing a method of chamfering the lower* part of 
the lower ring. To “chamfer” means to bevel the part as 
shown above, with a file or emery wheel. The illustration 
gives an idea of the amount and angle of the chamfer. This will 
permit cylinders to got oil, but will prevent oil working past the 
rings into the combustion chamber, providing, of course, that 
the cylinder walls are not "scored” and ring fits the groove 
properly. The treatment applies only to those cylinders in 
which the spark plugs are constantly oil-soaked, usually No. 1 
(front), and often No. 4 (rear). 

Piston Ring SeaP 

Effective sealing of the piston rings against loss of 
compression is one of the major functions of a lubri¬ 
cating oil. 

Even though the piston rings fit the grooves of 
the pistons and cylinder walls properly, there is a 
possibility of a leak by the rings unless oil of the 
proper body and character is used, in order to seal 
the rings under the temperature and pressure condi¬ 
tions which prevail inside of the engine. 


If this occurs regularly at all speeds, it is generally due to 
piston rings. 

If it occurs only when the engme is run at low speeds for long 
periods, or idling at the curb, it is due to cither cause as follows: 

When the engine is run fast less vacuum is produced in the 
cylinder, because more gasoline and air is drawn into cyUnder. 

When the engine is throttled down, only a little air is allowed 
to enter, therefore more of a vacuum is produced, the tendency 
being for the vacuum to suck up oil from the crank case past 
the piston rings. 

No doubt you have seen many a car start off from a stand¬ 
still after the engine has been running slowly for a time, and 
have watched clouds of smoke coming from the midlier. Grad¬ 
ually, as the car gets under way, the smoke gets less, and finally 
no smoke is evidfent unless the mixture should be too rich, in 
which case the smoke is black. See Itidcx for meaning of the 
word “Vacuum.” 

Prevention of Excessive Oil in Combustion 
Chamber 

If the piston rings are properly fitted to the grooves 
in the piston and have equal expansion pressure at 
all points of tlieir ciroumfcreiice in the cylinder walls, 
and the pistons have the projicr clearance—and the 
correct oil is used which seals tlie piston rings—very 
little oil pumping will occur, that is, providing the 
cylinder walls are not out-of-round or scored. 

Oil-control piston rings are used extensively to 
control oil pumping. Various types are explained 
on page 82G. 

Some of the other methods employed that have been and are 
still emjployed to prevent oil pumping are shown in Fig, 26. It 
is not the writer’s intention to recommend any particular one of 
these methods, the idea being merely to show some of the various 
methods. 

Fig. 26. In 1 at (A) is shown 
one method for overcoming some of 
the troubles due to an excess of oil. 
Note the chamferetl lower edge of 
the second ring groove (B); 3*3"holes 
are drilled from the chamfered edge 
to the inside of the piston. This 
is for the return flow of the excess 
oil. An extra large hole in each side 
over the piston-pin bearing and run¬ 
ning into it will improve its lubrica¬ 
tion and insure long life. The num¬ 
ber of small holes around the cham¬ 
fered edge should be determined by 
the extent of the fouling. 

At 2, is shown the chamfered lower edge of the second ring 
groove and the small holes drilled through the piston in the 
recessed space about the middle. Hero, as at 1, the number oi 
holes should be determined by the extent of the fouling. 

At 3 is shown the ohamfered lower* edge of the bottom or oil 
ring. 



The chief factors affecting piston-ring seal are the 

number and type of rings, the engine speed and load, 
the operating l^eniperatures, and the tendency of the 
engine toward fuel dilution. 

With an adequate number of rings the tendency toward 
blow-by is minimized, and hght-bodied lubricants provide an 
adequate sealing effect. 

If the engine speed is high, there is iasufficient time for the 
gases to displace the oil filn.. On the other hand, with slow- 
speed engines, the greatest pos-sible sealing ability in the oil 
is desired, particularly if the engine operates under heavy 
loads. 

With high operating temperatures, the sealing ability of the 
oil is reduced, out a much more serious reduction takes place if 
the engine characteristics arc such that unvaporized fuel con¬ 
tinually acts to dilute and thin out both the oil film* on the cylin¬ 
der wall and the oil supply in the crank case. 

Where such action is likely to take place, the utmost possible 
sealing effect is desirable in the oil, providing that some other 
detrimental result is not brought about by a lubricant possessing 
those scaling characteristics. 

It is important that, under normal conditions of design and 
operation, too heavy an oil should not bo used, as it tends to 
create an excessive friction drag, thereby reducing the engine 
efficiency. 

In engines where too heavy and viscous* an oil is used, the 
loss due to the excessive friction of the oil alone often amounts 
to several horsepower. Consequently it is essential that the 
possibilities for such losses be taken into consideration in select¬ 
ing the correct grade of oil to meet the piston seal requirements 
of an engine. 

The oil film^ which protects the friction surfaces 
in the engine is hardly thicker than the page you are 
now reading. It makes no difference how much oil 
is poured into the crank case. The only oil that 
protects the engine is this thin film between the 
moving metal parts. 

And this thin film is not the cool oil you pour into 
your crank case. In use, the oil heats quickly, and 
all oils will thin out under heat, but permanent thin¬ 
ning of the oil by dilution with the fuel is what causes 
most troubles. 


* Although the piston ring here is shown chamfered on the 
lower edge, it is oftentimes chamfered on the upper edge, so that 
the ring rides the oil film on up-stroke and pushes it down on 
down-stroke. 

* Piston-ring seal means the prevention of compressed gases 
above piston from escaping. Piston and rings form part of the 
seal, but the oil film must take care of the space betw’een cylin¬ 
der wall and piston. 

* Oil film is the thin coating of oil between bearing surfaces, 
which separates them from actual contact. 

«Viscous means a thick or heavy body, like molasses; of high 
viscosity. 
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Part of the oil goes off in vapor, just as hot water 
gives off steam. With an oil film only .003" or less 
thick, this vaporization must be reckoned with. 

To get full protection, you must have a constant, 


fuU, even oil film. You must have an oil which will 
stand the heat of service, and oil which is not diluted 
excessively with gasoline. Hence the reason for 
changing tlie oil in Uie crank case often. 


RELATION OF CARBON TO LUBRICATING OIL AND FUEL 


The Cause of Carbon Deposit 

Carbon itself may come either from the fuel or 
from the lubricating oil, usually from both. 

Carbon deposits tend to accumulate whenever 
more oil passes the pistons th\n can be burned up 
by the fuel charge. 

All oil that gets to combustion chamber should 

bum up, as a new film is constantly being worked 
to the upiier cylinder walls by the piston. In a 
heavily loaded^ engine, heat is sufficient to consume 
heavy oil, but a lightly loaded^ engine does not run 
hot enough to consume heavy oil; hence a residue 
is left which stews into a carbon formation. 

Some oils are clean burning, others turn to gum¬ 
my. sticky masses, and still others (coke) to hard 
and dry but abundant carbon formation. 




Fig. 27. Showing points in the combustion chamber where 
carbon deposits are most likely to gather. It bakes on the 
\^linder heads, pistons, and valves by the heat of explosion. 
This carbon deposit will build up very much more quickly if 
it has a bed to build up on, such as would be produced by a 
lubricating oil, which, when exposed to the heat of explosion, 
would leave a gummy deposit, or if parts are rough. Carbon 
collects rapidlv. One starting point at which carbon begins 
to collect 18 shown in Fig. 27A; soon there is a mound at this 
point. The rapidity with which carbon collects can be greatly 
reduced by smoothing the walls of the conibustion chamber, 
especially the top or the piston. The surfaces should be 
polished with emery and crocus cloth. 

All fuels and lubricating oil contain carbon, since 
they are formed by the chemical combination of 
carbon and hydrogen in various proportions. 

The heavier and richer the lubricating oil, the 
greater the amotmt of carbon entering into its 
chemical structure, but the amount which will be 
deposited in an engine depends not only upon the 
amount and character of the oil passing the pistons, 
but also upon the conditions of combustion or burn¬ 
ing of the fuel mixture. 

When an engine is operating under heavy load, 
there is ample flame to consume cleanly, large 
quantities of rich lubricating oil; under lig^it loads 
and if the mixture is over-rich, tending to burn with 
a sooty flame, carbon will accumulate rapidly, even 
with an exceptionally clean-burning oil which 
passes the pistons in very small quantities. 

If the amount of air entering the carburetor is 
not sufficient to insure complete combustion, we 
have what is known as a rich mixture. This is a 
slow-burning mixture, rather than an explosive one, 
and will cause excessive carbon deposit. 


»Heavy load means that an en^dne is normally required to 
deliver a large portion of its available power, for example, a 
tractor, airplanes, marine engines, racing automobiles. 

* Light load means that an engine is normally required to 
deliver a small portion of its available power, for example, a 
paasenger oar. 


For example, if the wick of an oil-burning lamp is turned too 
high, too much oil will be drawn through the wick for the 
amount of air entering the lamp to form complete combustion. 
The lamp will smoke, and soot (which is carbon) will be de¬ 
posited on the chimney. 

In selecting the correct grade of oil for an engine 
from the carbon standpoint, it is necessary to deter¬ 
mine accurately its tendency to knock, its ability to 
bum up the lubricating oil cleanly, and the possi¬ 
bilities for an excess of oil passing the pistons. 

The service in which the engine is used largely 
determines its ability to burn up the oil while the 
amount which actually passes the pistons depends 
upon many features of the engine design and con¬ 
struction. 

If the engine is one which is likely to be sensitive 
to carbon deposits, a clean-burning, light-bodied oil 
must be used, unless the method of controlling the 
oil supply is exceptionally effective. 

On the other hand, if the engine is not sensitive 
and the working conditions are severe, a rich, 
heavy-bodied lubricating oil may be used without 
eiKrountering any detrimental (carbon deposits, if 
other factors make its use advisable. 

Bad ElTeels of Carbon Deposit 

Carbon deposit will cause knocking, missing of 
explosion, and burned valves, a part, a (*oinbination, 
or all of which wiil result in a loss of power. 

Knocking: It was at cue tirno thought that “pre-igfnition” 
was tlie cause of “carbon knocks,” that is, bv highly heated 
carbon particles becoming recl-liot and igtiiting the charge before 
the spark occurred and before the piston was on top of its 
spoke, thus forcing the piston back against its momentum. 
This however, has been disproved to a certain extent, as it ha.s 
been found that the knock comes after the spark has fired the 
mixture and therefore it is not necessarily due to pre-ignition. 

Two factors, acting either alone or together, tend to promote 
knocking or <lctonation of the fuel; first, high compression; 
second, abnormal heating of the fuel charge iii the cylinder. 

Carbon tends to induce knocking, because, being 
a non-conductor of heat, it becomes overheated and 
prevents the free flow of heat from the burning fuel 
charge to the metal surfaces. 

General overheating due to lack of water or other 
causes acts in the same way. Any part of the com¬ 
bustion chamber not properly cooled has a similar 
effect; hence the presence or absence of such parts, 
commonly termea “hot spots,has an important 
bearing on the tendency of an engine to knock. 

Where the engine compression is high or when 
hot-spots are apparent in the design, carbon accumu¬ 
lations must be reduced to a minimum; on the other 
hand, in an engine which is not sensitive, they may 
give little indication of their presence. 

Missing of explosion may be caused by the carbon 
collecting in the spark-plug shell or at the points 
and short-circuiting the nign-voltagc electric current 
across the gap. A part of the unburned fuel then 
passes out the exhaust and a part of it passes to the 
crank case, washing off the oil film and diluting the 
oil. 

Valves are often held open by pieces of carbon in 
the seat with the result that the valve is burned, as 
explained on page 769. Carbon also collects under 
' the bead of the valve where it is joined to the stem; 
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and, due to its being a non-conductor of heat, the 
valve head and stem warp, owing to excessive heat. 
The valve stem also becomes gummed from un¬ 
burned carbon residue, and a sticking valve results. 

Precautions to Minimize Carbon 

Carbon cannot be prevented entirely, but it can be reduced 
in formation by following precautions mentioned below: 

1. Avoid too rich a gasoline mixture by properly adjusting 
carburetor. 

2. Avoid the use of the wrong grade of oil, as well as a poor 
grade. An oil that is too heavy for the engine will form 
excessive carbon, even tho\igh it be of high quality. Use 
only an oil that is recommended for yr)ur engine by a reputa¬ 
ble oil manufacturer. Hee paragraph, “In selecting the 
correct grade of oil for an engine from the carbon stand¬ 
point” (page 170). 


3. Avoid unnecessary idling. 

4. Avoid too much oil and too high a pressure. 

5. Avoid operating an engine when it continues to misfire. 

6. Drain the oil often, as explained on page 167. 

7. Poorly fitted piston rings, as explained on page 168. such as 
worn grooves, etc., also improper piston clearance should be 
remedied. 

8. Avoid allowing the oil in the crank case or oiling system to 
deteriorate to the point that it becomes so thin that even a 
well-fitting piston ring will not prevent a surplus of oil from 
passing into the combustion chamber. 

9. Poor bearing fits or excessively worn main and connecting- 
rod bearings, in a force or pressure-feed system, will allow 
an excessive quantity of oil to pass through the bearings. 
This is thrown to the cylinders, causing over-oiling and 
carbon. 

(seepage 783 


OIL GROOVES IN MAIN AND CONNECTING-ROD BEARINGS 


Bearing grooving should follow the practice of the 
leading manufacturers. 



Fig. 28 (left). Cross-groove often used for splash-lubricated 
engine bearings. 

For force-feed lubricated engine bearings the grooving should 
be held to a minimum in order that the actual bearing area may 
be kept large. The grooving in Fig. 28A (right) is a typo which is 
fairly common in foice-fced bearings. U.sually a .short spiral 
groove or longitudinal channel at point where oil is fed is pro¬ 
vided. Cross-grooving in a forre-feed system allows too much 
oil to leak from the bearings (see also page 782). 

Keep oil grooves out of the^^pressure side of your bearing, 
whenever the pressure is one sided, as in the crank-pin or lower 
connecting-rod bearing. 

“Running-in” a New Engine 

Fine grooves (not visible to the eye) are left on 
the piston by the cutting point of the lathe tool 
when originally made. Also pear-shaped pits are 
left by the grinding machine on the cylinder walls. 
AVhen the engine is new the projections are in the 
fine-line stage. 

With an ordinary temperature, at say, .003" piston 
clearance, the projections will pass one another. 
When the temperature of the engine is raised, tlie 
projections will touch from expansion, and it the 


speed is excessive, the temperature is raised which, 
in turn, increases expansion, and friction takes place. 
The projections then imbed themselves in the 
recesses opposite them, which will cause a stuck or 
"seized" piston, with the attendant condition of a 
"scored" or cut cylinder wall. 

Care is necessary to use plenty of oil and to run at 
normal rates of s[)eed until the projections gradually 
change shape, and are bent over in such a way that 
the high points fill the recesses. Avoid driving more 
than 25 miles per hour for the first 500 to 1,000 miles 
in a new car. 

After the engine has been run 1,000 miles with 
care, the piston and cylinder surfaces become very 
smooth and polished. See also pages 833A, 824H, 
033. 

When the engine stands over night, donT immedi¬ 
ately race the engine to warm it up, because the 
oil has drained from bearings, cylinder walls, etc. 
Conse(iuently it is going to take a few minutes to 
lubricate these i):irt,s properly; more so, if the oil is 
cold and congc^aled it will require warming so it will 
circulate freely. Therefore at first let it run slowly 
for a minute or so. 

Glazing cylinders is an important operation when 
running-in a new or reconditioned engine (see page 
824B). Running-in after reconditioning an engine is 
discussed on pages 833A, 833B. 


LUBRICATING ENGINE ACCESSORIES * 


Some of the parts under this heading are included 
in chassis lubrication, but will be discussed here. 


Fan bearings are frequently neglected. These bearings are 
all isolated from the lubricating system of the engine, and so 
need separate and periodic attention. 

On many engines the fan hub is hollow and serves as a reser¬ 
voir for the lubricant. On some engines the fan hub is provided 
with an oil hole that is closed by a ball check, and on some others 
an oil or grease cup is at the rear of the fan spindle. 

Every 500 miles lubricate these bearings, using either light 
pease or a heavy engine oil, according to the deaign of the 
bearing and the lubricating fitting provided. 


Generators in all inslanres are provided ^vith small oil holes 
or cups for the armature bearings. When the drive of a 
generator is by means of a chain which is enclosed, this end is 
usually lubricated with the chain and the other end is lubricated 
by hand. In Fig. 29 both ends would require lubrication. 

F.vcry 500 miles fill these oilers ^^^th four or five drops of light 
engine oil. 

The starting motor is not in constant oj^ration, like the 
generator, and does not need as frequent attention to lubrica¬ 
tion. liike the generator, oil holes or cups arc usually provided 
for the armature shaft bearings. 

Every 1,000 miles fill these oilers with four or five drops of 
light engine oil. Sec also pages 209, 212, 219 for lubricating 
distributor and interrupter. 

The ignition distributor shaft bearings are designed either 
for oil or grease lubrication. In either instance, however, 
periodic attention is very necessary. 

Every 500 miles lubricate with either engine oil or grease 
according to the connection. Guard against over-lubrication. 
Oil or grease should not work up into distributor housing. 

Control connections, such as for ignition levers and joints, 
carburetor throttle lovers, and joints, accelerator, etc., should be 
lubricated every 500 miles with light engine oil. 


Water-pump shaft bearings are usually provided vNith grease 
Generator: As a general rule, the generator requires little cups or grease connections. Unless a grease of the correct 

attention. However, unless the bearings are periodically lubri- viscosity and quality is used, as soon as the water gets hot, the 

oated excessive wear and oostly bearing replacement will result. grease melts and wpter will sometimes leak out the grease cups. 

^ *For later information on how often to lubricate and the kirxd of lubricant to use follow manufacturer’s recommendations in 
their instruction book, or the chart recommendation of lubricant refiners of established reputation. 
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DYKE’S INSTRUCTION No. 16 


' . Some 

water pumps are provided with oilless packings which require 
no lubrication. 

Rocker arms and parts: In engines of the valve-in-head type, 
these parts are usually automatically lubricated by engine oil. 
Where these rocker arms, however, do not receive lubrication 
from the engine it is very essential that they should be periodi¬ 
cally lubricated with engine oil. 

Either oil cups or wick-filled oil wells are usually employed. 

Engine support arm: Many engines are of the three-point 
suspension type. In such designs the manufacturer provides 
for the lubrication of the center engine support arm bearing, 
usually at the front of the engine. 

TRANSMISSION 

Drain and flush out twice a year, spring and fall. 

Drain after having run car, or when in warm gara^, 
or under conditions where lubricant is most fluid, 
so that it will drain out readily. 

Refill with correct transmission lubricant, as rec¬ 
ommended by the car manufacturer or oil refiner 
of established reputation. 

There are several grades of gear lubricants avail¬ 
able, and the manufacturer’s recommendation is 
based on the ability of the oil to be properly dis- 
tributed,! to lubricate and cushion the teeth of the 
gears under pressures encountered, and to prevent 
metal-to-metal contact, and to avoid leakage which 
might oil-soak the brake bands. 

A heavy-bodied, fluid gear oil is usually required. 
In some instances a more fluid oil is necessary to 
assure distribution. On the other hand, a semi-fluid 
lubricant may be essential in some designs to mini¬ 
mize leakage. The lubricant should remain fluid 
in winter and not get too thin in summer. Stiffneas 
in the gear-shifting is an indication that the lubri¬ 
cant has congealed, the result of cold w’eather. 

The quantity to use is generally determined by 


Every 1,000 miles lubricate this bearing with either oil or 
grease, according to the design. 

Timing chains or gears are usually lubricated automatically 
by the oil relief or by-pass valve (see page 160), or from the front 
camshaft bearing, and sometimes from the main bearing. 

Oil rectifiers or filters: Clean periodically as recommended 
in instruction book of car manufacturer. Renew strainer or 
cartridge on oil filters every year, or as recommended by manu¬ 
facturer. 

Gear-shift lever bearing: Lubricate every 600 miloj. 

Door handles, door hinges, locks, and windshield working 
parts, starting-motor button, brake rods and joints, clutch and 
brake pedal shafts, top of steering-gear post, should be given 
a few drops of oil occasionally. 


LUBRICATION 

filling until the lubricant overflows from an oil-level 
plug hole on the side of gear box. Higher levels 
tend to cause leakage from the bearings. 

If there is no oil-level plug, fill those types where 
countershaft is below the transmission shaft, until 
the lubricant just covers the bodv of the counter¬ 
shaft. Where the shafts are side oy side, the lubri¬ 
cant should touch the underside of the countershaft. 

Leakage Ls usually caused by over-lubricating, and 
the oil works out from the bearings. Worn bearings, 
loose bearing packing rings, and oil that is too thin 
will also cause leakage. Under-lubrication will cause 
noise and wear. 


RtAftAUC FILLER PLUO 



REAR AXLE (DIFFERENTIAL) LUBRICATION 


What is said relative to the draining and lubrica¬ 
tion of the transmission also applies to the rear 

axle, with some exceptions, as follows: 

The drive pinion,* differential, differential bear¬ 
ings, and axle shafts arc enclosed in the rear axle 
housing which is usually designed to be oil tight. 

The lubricant to use depends upon the type of 
rear axle. Since the drive pinion and differential 
ring gears, like the transmission gears, operate under 
heavy pressures and are subjected to severe shocks, 
their lubricating requirements are similar in many 
respects. The lubricant must coat and cushion flie 
ear teeth under pressures encountered. It must 
ow perfectly to all parts, and at the same time 
minimize leakage on to the brake drums, so far as 
this can be done by the lubricant itself. 

A semi-fluid lubricant is desirable for summer in 
those types of bevel-gear rear axles where distribu¬ 
tion of this type of lubricant is assured by the ar- 

> On some transmissions, where dry disk clutches are used, 
there is an oil hole in the clutch shaft which permits oil to pass 
to the clutch release bearing. With this oil that does 
not remain fluid would result in non-lubrication of these parts. 
On the other hand, an oil too thin would find its way to the 
clutch plates and cause slipping. 

< On some rear axles the drive pinion shaft outer bearing is 
lubricated by a grease cup or connectiom and being in an isolated 
position is sometimes neglected (see Fig. 82). in many rear 
axles this bearing is lubricated by the throw of lubricant from 
the ring gear in differential case, thus the importance of main¬ 
taining the proper oil level. 


rangement of the axle parts. For winter, in most 
bevel-gear rear axles, a fluid lubricant is used. 

A fluid lubricant i.s desirable for the differenf-ial 
bevel drive gears and differential for double-reduc¬ 
tion rear axles where the final drive gears are located 
in the wheels and are not enclosed (see h ig. 42, page 
929 for an example), while a semi-fluid lubricant 
must be used for the internal gears and pinions in 
the wheels. 

A fluid lubricant is almost invariably required for 
year-round use in worm-gear rear axles and in 
other types where proper distribution of the lubri¬ 
cant requires that it flow very easily. 

The quantity of lubricant to use is generally deter¬ 
mined by filling until it overflows out of an oil-level 
plug hole (see Fig. 33, showing a typical example). 

Where oil-level plug holes are not provided, the 
correct level with a fluid lubricant is that at which 
the lower edge of the bevel-driven (ring) gear dips 
into the lubricant sufficiently to cover the length of 
the lowest gear tooth. If a semi-fluid lubricant is 
used, the a^e housing should be filled until the dif¬ 
ferential case dips into the lubricant for a depth of 
from one-half to one inch. 

Leakage on to the brakes is usually caused by 
over-lubrication. Leaks can also occur through 
special packing, felt washers, leather oil seals (see 
page 8 m)i and other means to prevent leaks, and 
mSse parts should be examined. 


Note. See pege 1062B tor TifCPflty Qf lubrictnte now genernllj need in trenemitsions and rear azlea. See alao page 867 and 
footnote 3 on page 1062B. 
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CLUTCH LUBRICATION 


Some plate and disk clutches are designed to run 
in oil. With such types, a light-bodied, free-flowing 
oil (mixed with kerosene in some instances) is re¬ 
quired, so that while lubricating the friction surfaces, 
it will quickly e8cap)e from between the plates as 
pressure is applied, thereby providing smooth en¬ 
gagement wimout excessive slipping. 

In clutches of the dry type, 
lubrication is required 

for the clutch 
release bearing (f, ¥ig, 34), 
also for the clutch thrust bear¬ 
ing, (g) clutch shaft bearing, 
(hi) and clutch shaft pilot bear¬ 
ing, (i) in designs where these 
are u^. 


Different methods are employed for supplying 
lubricant to these bearings. In some c^es they 
are lubricated from transmission'; in some instances, 
bv grease cups that are reached by removing the 
clutch cover; on other cars an extension is provided 
for grease cups or high-pressure fittings. When 
grease or oil must be supplied by the operator 
regular attention is essential (see 

also ^‘Chassis lubrication”)- 

The clutch-pedal shaft is lubricated by grease cups 
or high-pressure fittings or by 

tubes in centrally controlled systems (see chassis 
lubrication chart). 



WHEEL LUBRICATION 


In some instances the wheel lubrication is a sepa¬ 
rate and distinct operation from the chassis lubri- 
(^ation, and in other instances connections are pro¬ 
vided on hub caps for high-pressure grease lubrica¬ 
tion. 

Replenish lubricant every 2,000 miles; remove 
wheels; clean and repack every 5,000 miles. 

Rear-Wheel Bearings 

Rear-wheel bearings, in most all designs, are not 
lubricated from the differential supply, but are either 
designed to be packed in grease or supplied with 
oil or ^ease through special connections (see also 
^‘Chassis lubrication^’). 


Front-Wheel Bearings* 

Front-wheel bearings are usually lubricated with 
grease. Usually it is only necessary to remove hub 
cap, fill with grease, then screw it back in place. 
This will force grease throughout the hub and into 
front-wheel bearings. 

Sometimes there are plugs or fittings in the wheel 
hubs (to accomrnodate the pressure gun); fill these 
with grease, and in addition, remove hub cap and fill. 

When repacking, remove wheels and clean the 
bearings (front) with kerosene. Use care to adjust 
bearings and replace wheels so as to prevent leaks. 

If bearings are worn and leak, use heavier gre^ise. If 
leak continues, replace worn bearings with new ones. 


CHASSIS LUBRICATION 


Chassis lubrication refers to the lubrication of all 
parts of the oar other than the engine, transmission, 
rear axle (differential), clutch, and wheels. See 
chart, page 174, which shows the parts included in 
^^chassis lubrication.” 

Note; While the clutch itself is not included, parts 
of the clutch, such as the clutch-pedal bearing and 
clutch-release bearing, are included in the chassis 
lubrication. Also observe that while the engine 
itself is not included, some of its accessories, such as 
the water pump, fan, and distributor shaft, are in¬ 
cluded in tne cnassis lubrication. 

There are two very important essentials to observe 
in chassis lubrication. 

One is, not to overlook any of the parts to be 
lubricated. There are 17 to 60 (or more) vital bear¬ 
ings on the chassis of every car. If one or more are 
overlooked, they will run Sry and may cost the owner 
a repair bill. 

Second, use correct lubricants. The correct 
lubricant functions in hot weather or in below-zero 
weather. Inferior lubricants get too thin in summer 
or freeze in winter. 

Ihe kind of lubricant to use for chassis lubrication 
varies with different makes of cars and lubricating 
systems. There is a divergence of opinion as to 
whether oil or grease is preferable. 

It is best to follow the car manufacturer’s recom¬ 
mendation, in the instruction book, or the chart 
recommendation of well-known lubricant refiners of 


*See footnote 1, page 172, See also footnotes pages 171,174A. 


established reputation in deteraiining the parts to 
lubricate, and the kind of lubricant to use. 

Steering-Gear Lubrication* 

The slow-sliding motion of the surfaces in contact under heavy 
pressure tends to scrape off the film of lubricant and cause 
metal-to-metal contact, and therefore wear and hard steering 
result. Consequently lubricants which will resist these heavy 
pressures are desirable. 



The usu^ method of lubricating the steering gear is to fiU 
the cMe with a viscous or heavy-bodied gear <m or grease. 
The kind of lubricant to use depends upon whether or not the 
Bteering-gear case is oil tight. Lubricate every 1,000 miles. 

In winter difficult steering results from congealing of the 
lubricant. This can be remedied by cleaning out the md lubri¬ 
cant and using a fluid lubricant recommended on the charts oi 
well-known luoricant refiners. 

Steering-Gear Connections 

The steering-gear connecting-rod (h, Fig. 35) also called 
drag link, w’hich connects the steering-gear arm (e) with 
the steering-knuckle gear-rod arm (k) on the front-ade left 
steering knuckle is provided with adjustable ball socket joints 
(J) at each end. These should be pa^ed with light pease 
about every IjOOO miles. 


For revised informstion see Supplementary Index for “Wheel bearing lubrication” and “Steering gear lubrication.' 
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To pack them properly they should be taken apart. Remove 
the cotter pin in the ends of the sockets and screw out the sockets 
(i) with a large screwdriver. Great care must be taken in 
reassembling to see that they are tight and recotterpinned. 

Some steering-gear connecting-rods are hollow and are filled 
with engine oil wliich feeds out of each end through wicks. 
Some cars have high-pressure fittings at points (i). 

The steering-knuckle tie-rod (Fig. 36) is usually fitted with 
grease connections. 

Sieering-Knuckle Lubrication 

Since the steering knuckles turn on the knuckle pivots as 
the car is steered (Fig. 36), while at the same time carrying the 
weight of the car on the thrust bearings, it is highly important 
for easy steering that these bearings and other steering connec¬ 
tions be correctly lubricated, otherwise hard steering, wear, and 
wobbly wheels will be the result. 

Application of the lubricant is usually provided for by the 
same type of device as employed for spring-shackle lubrication. 


with oil holes or grease connections or grease cups for grease 
lubrication. 



Brake-rod yokes and devices, 
brake arm or levers on the brake 
bands and where no grease or oil 
connections are provided are usu¬ 
ally sprayed, or given a few drops 
of engine oil when the chassis is 
lubricated. 

Brake parts and connections 
should be kept cleane<i and oiled 
with a solution of oil and graphite, 8U(!h as graphite penetrating 
oil. In lubricating service .st ations this is applied by air through 
an air gun. 


Clulch-Conlrol Members 

Parts such as the clutch-release bearing and clutch-p^al 
bearing arc provided with connections for chassis lubrication. 

See also page 173. 


Spring Lubrication 

Sometimes springs are enclosed by flexible covers, filled with 
lubricant (see page 762). It i.s important to use a lubricant 
which will not dry out or separate. 

Where the springs are not enclosed, they may be most con¬ 
veniently lubricated by painting them with engine oil at inter¬ 
vals of 1,000 miles. * 

At some of the lubrication service stations, compressed air 
is used to force a spray of penetrating oil and graphite between 
the spring leaves, wliich lubricates the spring leaves, dissolves 
rust, and stops stpicaks. 

Tightening springs: When lubri<*ating the springs, it is a 
timely opportunity for observing defects of loose nuts or broken 
leaves, etc. fcJec page 762. 



One example of lubricating the spring leaves (Fig. 39) is to 
lift the car by placing a jack under the spring seat or frame, and 
not under the axle, and allow the weight of the wheels and the 
axle to pull the spring leaves apart. It will then be pos.-^ible 
to force giaphitc gieaso between the spring leaves with a chi.scl 
or screwdriver. The graphite will remain between the leaves 
and continue to ac’t as a lubricant after the grease it.self has 
become dry. Graphite penetrating oil applied by an air spray 
gun is often iLscd to lubricate spring leaves. 

Spring Shackle Bolt and Seat Lubrication 

Since there is a slight oscillation of the spring upon the 
shackle bolts, it is customary to in,sort bronze bushings in the 
spring ends or eyes vhich are rollcvl up for this purpose, and to 
make the shackle bolts of hardened steel. 

Lubrication is provided by means of oil cups, grease cups, 
connections for pre.«sure-type oil or grea.se guiuj, or in some 
instances by means of an oil reservoir or magazine located 
adjacent to the wearing surfaces, oil being feil by capillary 
action through felt wicks to the wearing surfaces. 

A few designs provide for the supplying of oil from a central 
reservoir (centralized system) to all the chassis parts through 
flexible connections. 

Where hibricated periodically by means of oil cups, grease 
cup.s, or connections, lubricate 
every 1,000 miles. 

To eliminate the wear and noise resulting from the shackle- 
bolt bushings not being properly lubricated, rubber-spring 
shackles are being used in some instances, particularly for 
taxicabs and motor trucks where the service is extremely severe 
(see page 763). These require no lubrication. 

Brake Lubrication 

Brake-pedal bearing, hand-brake lever shaft, brake cams, 
brake shafts, and brake-drum bearings arc usually provider! 


Wheel-Bearing Lubrication 

The rear-wheel hub cap and also the front-wheel hub cap are 
sometimes provided with connections or grease cups for chassis 
lubri(‘ation. also page 173. 

Torque-Arm Lubrication 

The tonpie-arm pivot upper and lower bearing and torque- 
arm hanger upper and lower beariiig used on some cars are 
usually provid<^l with connections or grease cups for chassis 
lubrit ation. 

Universal-Joint Lubrication 

Filling and kind of lubricant: Depending upon whether or 
not the joint casing is oil tight, a fluid oil or grease of a sticky 
compo.sition will be required. Tlie lubricant used must not 
separate under the high-speed centrifugal action in the joint, 
and mast witlistaiid heavy pressures. Lubricate every 1,000 
miles. 

Universal-^oint splines at end of propeller shaft are lubricated, 
when Sjneer joints are used, from the universal joint. They are 
soinelime.s lubricated by pressure fittings, or by packing the 
spline joint with grea.se. If pre.SHure fittings are supplied, thev 
sliouM be attended to when the universal joint.s are lubricated. 
If packed with grease, lubricate in your semiannual overhaul. 

Neglect of lubrication of the universal joints permits excessive 
play, which in turn develops lost motion between the engine and 
roar wheels, causing jerking and undue strain on the transmis¬ 
sion and differential gear teeth. 

For de.sign.s where the angle at which the propeller shaft 
usually operates is slight, a joint of (he fabric type, as shown in 
Fig. 50, {lage Si) 1, This require-s no lubrica¬ 

tion and eompemsates for the shaft angle by the flexing of the 
fabric. 

Propeller or Drive Shaft Bearing 

Very important beating -on a Ford; also on some truck 
chassi.s with long wheel base. 

Miscellaneous Chassis Parts to Lubricate 

Speedometer cable: Remove flexible shaft core from casing, 
and as it is put back into ca.'^ing. run it tlirough a handful of 
grease. 3'his .should be done about every 2,500 miles. A liibri- 
eaut leoouiiueiuled by the speedometer manufacturer should be 
u.sed. If a substitute is used, a grease that will not melt and 
run out of easing and will not get too stiff in cold weather is 
recommended. The shaft should not be near the exhaust pipe. 
If a grease is used that becomes too stiff and hard it may break 
the .shaft. 

Speedometer head should be lubricated about every 10,000 
miles; use oil. It is advisable to have this wmrk done at the 
sjieedometer service station, as an excess of oil getting into the 
head will unbalance the speed dial and may necessitate dis¬ 
assembling. 

Speedometer swivel joint is usually fitted with a grease cup 
or grease connection; 

For lubrication of fan bearing, generator, starting motOTt 
water pump, etc., see page 171, and chart on page 174. 


CHASSIS LUBRICATION SYSTEMS 


For lubrication of the chassis there is, as previous¬ 
ly stated, a divergenre of opinion as to whether 
^ease or oil is preferable. 

The lubricant is supplied to the bearings by either 
low pressure or high pressure. 


The low-pressure methods would consist of hand- 
type grease cups, oil cups, wick feed with reservoirs. 

The high-pressure methods would consist of con¬ 
nections or fittings where the lubricant is forced into 
the bearings by pressure. These connections are 

’^For later information on places <o/M5rtcafc,;tindo//ubr»Vanf, either individual connections supplied by high- 
and how often —follow car manufacturers’ instmetion book. Sprina-lcnf lubricatioy} periodically is not advocated by some manu- 
ffttfturers, one reason being it may cause excessive bounce and lead to broken springs. Modern brakes require very little lubrication 
—aao p. 1089. See footno^ p. 1085 re-master cylinder reservoir. Modern clutches may or may not have lubrication fittings- 
see pp. 1091, 1093, Insert No. 6, page 10. 
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pressure guns or compressors, or they are all connect¬ 
ed to one source of supply and supplied with oil 
from a centrally controlled tank. 

An example of a wick-feed low-pressure oiling system is the 
Myers magasine oiling system, used principally on spring 
shackles and steering-knuckle pivot (king pin), and operated 
on the principle of capillary action (Fig. 41). 

An example of a high-pressure method where the lubricant 
is forced tmough individual connections to the bearings is the 
Alemite (Fig. 42) and Alemite-Zerk grease compressors (page 
671). 

Elbow or straight fittings are substituted for the old-style 
grease cups on lul parts to be lubricated. The compressor is 
then filled with grease or oil and coupled to the fitting with a 
special coupling which is easily attached. With a sli^t turn 
of the compressor handle, fresh grease or oil is forced into the 
pvts to be lubricated and the old grease or oil is forced out. 
The compressor is capable of exerting a high pressure. 

This system can be applied to old cars, not so equipped, and 
the time saved in labor alone will soon pay for the installation. 

One of the fundamentals of this system is that because of 
the high pressure developed, all old lubricant as well as any 
grit or other foreign matter is entirely removed and the bearing 
is completely packed with fresh lubricant. 

In most cases it is advisable to force lubricant into bearing 
until the old lubricant is forced out and new lubricant appears. 
There are exceptions to this, however. For example, too much 
lubricant on the fan bearing would cause fan b61t to slip. Too 
much on ignition distributor shaft may cause trouble. Care 
should be taken to avoid over-lubricating the wheel hubs and 
universal joints which tend to throw grea.se. 



Fig. 41 (left). Magazine or reservoir is attached to spring 
bolt, steering knuckle, or other chassis parts to be lubricated 
by means of a nipple-nut. Fill every 1,000 miles. 

Hg. 42 (right). Alemite high-compression grease gun forcing 

f reaae into a fitting located on rear axle, with the Alemite- 
erk high-messure grease gun, connection is made wholly by 
contact with the special fitting, no coupling or flexible hose being 
used. For lubricating work at service stations a pneumatic 
compressor such as shown in Fig. 2SF, page 671, is more suitable, 
because it has greater pressure and will force out all of the old 
grease. 


Examples of high-pressure methods where the lubricant is 
sussed from one centrally controlled tank are the Bowen, 
Bijur, and Alemite. With these systems oil can be delivered 
to the chassis bearings from a single central reservoir connected 
by tubing. 



Fig. 43. The Bowen system of chassis lubrication, also 
known as the "One Shot" system, consists of an oil reservoir 
(A) installed on the dash or under the floor board. When 
pump foot button (C) is depressed, oil is forced under pressure 
into the supply lines (tubing) leading to the bearings. A pre¬ 
determined, measured quantity of oil is delivered through the 
control headers (B) every time the pump plunger is depressed 
to such chassis bearings as spring bolts, shackles, front-wheel 
brake shaft, steering-knuckle bearings, fan, ignition distributor 
shaft, etc. Under normal operating conditions use heavy 
cylinder oil, such as Mobiloil B in warm weather; Mobiloil Arctic 
in freezing weather 


A#/* ^ \ 













Fig. 44. The Bijur system of chassis lubrication' showing 
where 64 places are oiled at one stroke of the pump. The black, 
heavy lines represent copi>er tubing rV' outside diameter, which 
is fed from a reservoir on the dash (see Fig. 9B, p. 761). 
Normally, the oil is not under pressure until a pump handle in 
front of the driver is pulled out and released, when a uniform 
pressure of 60 lbs., imposed by a compression coil-sprii^ in the 
pump, gradually forces a measured charge into the pipe line.> 

Another example of a centrally controlled chassis lubrication 
sptem (not illustrated) is the Alemite automatic continuous 
chassis lubrication system. The road motion or vibration of 
the oar actuates a delicately balanced weight suspended by 
springe in such a way that it is free to oscillate vertically in 
response to the slightest bobbing motion of the car. The move¬ 
ment of this weight actuates a pump developing pressure up to 
100 lbs. per square inch in the oil lines, and disunarges one drop 
of oil at each stroke. The mechanism is enclosed in a small oil 
tank. Oil is forced to various parts to be lubricated through 
tubing. Resistance units located at the bearings control the 
rate of flow (Alemite Corporation, Chicago, Ill.). 


EQUIPMENT FOR LUBRICATION SERVICE STATIONS 


Thif rabject ie discussed on pages 671,672, and 673. Equip¬ 
ment for washing cars is discussed onpage 645. See also page 761. 

Some of the equipment would consist of a pneumatic com¬ 
pressor for injecting pease into the chassis parts to be lubri- 
oated. A service rack for elevating cars to a convenient posi¬ 
tion Is also part of the equipment. The modern method of 
elevating a ear is by means of a pneumatic or hydraulic lift, 
one that will revolve being preferable. An air compressor is 
also required. Miscellaneous equipment, such as spray gun, 
oil dispensers, oil cabinets, etc., are some of the other equipment 
required, also a stock of lubricants of the best quality. 

Some of the concerns manufacturing pneumatic, hydraulic, 
or hand auto lifts are: Curtis Pneumatic Machinery Co., St. 


Louis, Mo.; Weaver Mfg. Co., Springfield, Ill.; Manley Mfg 
Co., Bridgeport, Conn. 


^Illustration from The Journal of the Society of Automotive 
Engineere. 

* Bijur system of automatic chassis lubrication which oper¬ 
ates constantly while the car is operating is a later development. 
An autopiatic diaphragm pump connected to and operated by 
the vacuum in the intake manifold feeds continuously a tiny 
stream of oil into the chassis lines which distribute it to the drip 
plugs. 
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lELEMENTARY PRINCIPLES OF ELECTRICITY AND MAGNETISM: Pufr 
pose of Ignition; Ignition Methods; Low-Tension Coil Ignition; 
I^ciple of a Low-Tension Coil 


ELECTRICITY 


Electrici^^: No one can tell you what electricity 
is. Electricity is in everything—in your body, in 
your clothes, in this paper, in the chair; and the 
only reason you do not know of its presence is 
because it is not in motion. 


If you put a water-wheel in the middle of a pond, 
the wheel will not revolve. To make the wheel 
revolve, in order to get any work out of it, you must 
place the wheel in such a position that the water may 
now from a high to a low level and thus produce 
pressure of the water against the wheel. Thus 
when the water is in motion we can obtain work or 
energy from it. 

Just so with electricity: when it is put into 
motion you can obtain work from it. 


Before the water-wheel will move, a current of 
water is necessary. So in electricity, there must be 
a ^‘current/^ or a *‘flowing” of electricity before 
you can get any work out of it, and a circuit must 
be provided for it to flow in. 


Amperes: The current, or rate of flow, of elec¬ 
tricity is termed ‘‘amperes.” Just so is the flow of 
so many gallons of water per second or minute. 
The ampere is the unit of electric current, or the rate 
of flow, as, for example, so many gallons of water 
per second. 


Electro-motive force: Before a current of elec¬ 
tricity will flow in a circuit, there must be a force or 
pressure to move it. The something which is neces¬ 
sary to put it into motion is an electro-motive force, 
abrreviated e.m.f., and often referred to as “volt¬ 
age.” 


Electro-motive force can be generated “chemi¬ 
cally,” by means of a battery, or “mechanically,” 
by means of a generator. 

When water is pumped into a tank, a pressure is 
required to force the water to the tjink through the 
pipes. Just so with electricity. When a current 
of electricity from a generator is sent through a 
circuit to charge a battery, a pressure (e.m.f.) is 
required to force the current of electricity to the 
battery. 

Volt: The unit of e.m.f. is the “volt,” For 
instance, we could say a generator had an e.m.f. of 


* It is said that atoms of which everything is made, are oom- 
Poaod of two different elements called “electrons**: one a posi¬ 
tive, the other negative. They neutralize each other when 
together. Thus if electricity is to be utilized, it is necessary 
to separate the negative from the positive electrons, and then 
electricity will flow. It ia*easier to separate these electrons in 
copper than it is in hard rubber, glass, etc. Thus copper is 
used as a conductor and glass and rubber as insulators. 

There are several methods of setting electricity in motion. 
One method is to pass a copper wire across a magnetic field or a 
magnetic field past a wire. Thus e. m. f. (electro-motive force) 
IS generated in the wire, causing electricity to flow. 

. Electricity, and a current of electricity, are different. For 
instance, we do not notice the atmosphere we are living in until 
a pressure arises and the wind is caused to move. Then we 
ieel it. Thus with electricity, it is in almost everything, but 
we do not notice it until it is set in motion by pressure (e.m.f.). 


8 volts at the brush terminals at 1,000 revolutions, 
and at this speed, e.m.f. would force an output or 
rate-of-flow of current of 15 amperes through a 
circuit. 

To make this clear, take the analogy of water 
flowing through a pipe under pressure. That which 
causes the flow is “pressure,” which corresponds 
with e.m.f.; that which resists the flow of water 
through the pipe is “friction” of water against the 
pipe, due to the size of the pipe and the rate of flow 
of water through the pipe. 

Just so with electricity, there is resistance offered 
to the flow of the electric current through a con¬ 
ductor forming a circuit. 

Conductors: A conductor is anything that readily 
carries electric current, such as copper wire, carbon 
or gauze generator brushes, the frame of a car, the 
metal part of the car such as the engine, etc. All 
metals are conductors. 

Some conductors offer less resistance to the flow 
of electric current than do others. The less resist¬ 
ance a conductor offers, the better a conductor it is. 

The best conductor is silver, the next best, copper, 
then aluminum, zinc, brass, platinum, iron, mcael, 
tin, lead, German silver, antimony, mercury, bis¬ 
muth, carbon, water. Thus it will be seen that iron 
offers more resistance than copper, and carbon and 
water more resistance than iron. Non-conductors 
are slate, marble (if there are no metallic veins), oils, 
porcelain, glass, rubber, dry paper, silk, gutta 
percha, shellac, ebonite, etc. 

Hence the reason for using copper wire. Silver, 
as observed above, is the best conductor, but is too 
expensive. Copper is next best, and not as expen¬ 
sive, and is universally used. 

Iron wire offers times the resistance to the 
flow of current that the same length and size of 
copper wire does; therefore if cither the iron wire 
or copper wire is not of sufficient size to permit the 
free passage of current, the wire will heat. The 
resistance of the lamp filament is ^uch that it heats 
and gets quite hot. The greater the resistance, the 
less total current can pass; hence the pressure or 
voltage will drop.^ 

Ohm: The ohm is the unit of electric resistance. 
We speak of a certain size of copper wire of a certain 
length having so many ohms-reaistance. 

Electric current flowing in a circuit, is therefore 
dependent upon something besides pressure (e.m.f., 
voltage) and that is the resistance which opposes 
the flow of electric current in a circuit. 

Resistance is that property of an electric conduc¬ 
tor by which it opposes the flow of an electric cur¬ 
rent. For instance, carbon, iron wire, German 


‘Termed a “potential difference” or “energy lost.** For 
instance, “two volts lost on a line” means this much pressure 
is lost in sendiDg the current through the line. 
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sflver and water will permit current to flow through, 
but it opposes, or offers resistance to, the flow. 
A rheostat is a device for the purpose of varying 
the resistance of an electrical current, and is usually 
made with coils of iron wire or German silver wire, 
etc. A lamp filament of an electric lamp bulb 
offers resistance; in fact, it offers so much that it 
heats white hot. 

Resistance opposes the flow of electric current 
in any circuit it may travel in. The amount of 
resistance offered depends upon the circuit, size of 
wire, etc. 

As the pressure (e.m.f., voltage) increases, the 
rate of flow of electric current increases proportion¬ 
ally; as the resistance increases, the rate of flow of 
electric current decreases. 

The greater the resistance which opposes the flow 
of elec&ic current in a circuit, the less current a 
certain pressure will produce. 

The less the resistance of the circuit, the greater 
the current a certain pressure will produce. 

For example, if the pressure, say, is 6 volts and 
remains constant, the rate of flow of current will 
vary if the resistance varies; that is, if the resistance 
of the circuit be doubled by adding more lamps, etc., 
the current in the circuit would decrease one-half. 

If the resistance of the circuit be decreased, say, 
one-fourth, by cutting off lamps, the current will 
increase four times. 

Ohms law: One volt will force a current of elec¬ 
tricity through one ohm of resistance at the rate of 
one ampere 

Volts 4-ohms « amperes 
Volts+ampere8 =» ohms 
Amperes Xohms ■■ volts 

Thus, if any two terms are known, the third can 
aasfly be found by means of this rule. 

For example, suppose the pressure of a generator 
is 6 volts and the resistance of a lamp is 6 ohms. 
What amperage or current is necessary? 

Current (amperes) "pressure (6 volts) -i-resistance (6 ohms) 
«1 ampere. 

Again, suppose the pressure of a generator is 6 
volts and there is a current of 4 amperes passing in a 
circuit. What is the resistance in ohms of the dr- 

cult? 

Reelstanoe (ohms) -pressure, 6 voHs4-current, 4 amperes" 
IHohms^ 

Agmn, suppose the resistance of a lamp is 3 ohms, 
what pressure would be required to produce 1 
ampere through the lamp? 

Pressure (volts) "resistance, 3 obmsXcurrent, 1 ampere-3 
volts. 

Coulomb is the unit of electrical quantity, or such 
a quantity of electricity as pas^ in one second in 
a circuit m which one amp^e is flowing. We are 
not mterested in the quantity of electncity alone, 
but in the ampere, which is a rate-of-flow of one 
coulomb per second. 

The watt is the unit of electric power. 746 watts 
is equal to 1 horse power (h.p.). AmperesX volts 
■■watts. 

Ampere-hour: 1 ampere of current for 1 hour» 
1 ampere-hour. 


How Electricity Is Transmitted 

Electricity produced in one place may be trans¬ 
mitted to another ^lace, providing a path or circuit 
is arranged so that it may return to where it started. 
If the circuit is broken, the flow will immediately 
stop and will not start again until the circuit is 
completed. 

A switch is usually placed in all electrical circuits 
to stop the current from flowing when not desired. 

Electricity flows from the positive (+) terminal 
through the circuit back to the negative (—) 
terminal. Therefore in tracing a circuit, always 
start with the source of electric supply at the 
H- terminal. The copper wire in wliKjh the cur¬ 
rent starts is called the “lead” (pronounced “leed”), 
and the return path is called the “return.” 

Insulators: Substances such as rubber, china, 
porcelain, glass, wood, fiber and mica are called non¬ 
conductors or insulators. 

A wire is insulated to prevent leakage of current 
into any metallic substance it may touch, by wrap¬ 
ping it with cotton or silk, which is soaked with 
rubber to prevent dampness from getting in. 

When dry, cotton and silk are insulators, but as 
water is a conductor, damp cotton and silk ceiisc to 
be insulators. 

Ground:^ This word is used to express two mean¬ 
ings. It has nothing to do with the ground. 

One meaning of a “ground” is a leak. For 
instance, if there is any way by which the current 
may “leak” from the wires conducting the current, 
and return to the starting point without going 
through the entire circuit, this is termed a “bad 
ground” or “short-circuit.” If the leak is only 
slight^ and not enough to short-circuit the path, 
then it is termed a “ground,” and part of the cur¬ 
rent may reach its destination and return, but part 
of it will leak through the “ground,” such as damp 
or oil-soaked insulated wires, or wires too near the 
hot enrine, etc. See Index for the meaning of 
“grounds” and “short circuits.” 

Another meaning of “ground” is where a wire is 
intentionally “grounded” or connected to the metal 
part of the car, such as the frame, engine, etc. One 
wire of an ignition coil, contact-breaker, and one ter¬ 
minal of a generator and storage battery are often 
“grounded” to some metal part of the car. This 
permits using the frame as a return path, and also 
less wire is used. 

Imition coil terminals often have one of the terminals marked 
•‘GHND/' meaning that this terminal should be grounded. 

When a battery negative terminal (—) is 
grounded, the generator — terminal must also be 
bounded, and vice-versa, if the positive terminal 
(-f) is pounded. The — terminals are usually 
grounded; however, on some systems, the ter¬ 
minals are grounded. 

When electricity has two or more paths to follow, 
most but not all of the electricity will follow the 
path of least resistance.^ Air offers considerable 
resistance to the flow of electricity. This is the 
reason why such a high pressure (voltage) is required 
to cause current to jump across the gap of a spark 
plug (see Fig. 1, page 1^, for a spark plug). 

I For meaning of open-circuits and short-circuits, see Danes 
461-463, 

>The velocity of deotridty through a ooppar wire is said to 

be 186,000 miles per second. See footnote, p. 237. 
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HYDRAULIC ANALOGY OF CONNECTING CELLS 


In order to e^lain the meaning of voltage and 
amperage more clearly, and how these vary through 
making different connections, we shall use a hy¬ 
draulic analogy as follows: 

Suppose an ignition coil was wound with a certain 
number of turns of wire, and that a pressure of 6 
volts was required to force a current of 5 amperes 
of electricity through the wire; and suppose wo 
wanted to use dry-cell batteries for this purpose. 

A dry cell usually gives about 134 to 1/4 volts 
and its rated output or capacity is from 20 to 25 
ampere hours, that is, it will deliver 1 ampere for 
20 or 25 hours, or 20 or 25 amperes for 1 hour.i 

If we connected one dry cell to the primary wind¬ 
ing of the coil, the pressure of the one dry cell would 
not supply suHicient electromotive-force to carry 
the required current through the winding of the 
coil. It w'ould be necessary to increase the pres¬ 
sure (voltage). As the pressure (voltage) increases, 
the rate of current (amperage) flow increases. 
Therefore it would be necessary to add more cells. 

If one cell gives 134 volts pressure, 4 cells would 
give 6 volts. Therefore if we connected 4 cells in 
series, we should obtain 6 volts, but inasmuch as 
the voltage of a dry cell drops quickly to 134 volts 
or less, we should then use 5 cells connected in 
series. 

It is not advisable to use more cells in series than 
are needed, because the excess of pressure (voltage) 
would force the electricity through the circuit at 
too great a rate or amperage, and this would cause 
sparking at the vibrator points of the contact- 
breaker of the coil ignition system and would also 
likely cause such an increase of voltage in the 
secondary winding that it would puncture the insula¬ 
tion of the secondary winding (if a high tension coil). 

Mcauing of “Scries,” “Parallel,” and 
“Multiple” Coiiiicclions 

This can be explained by referring to our hy¬ 
draulic analogy, as follows: Suppose we had three 
pails of water, each of them 1 foot high (giving 
1 foot pressure), as shown in Fig. 1, and suppose we 
had three dry cells, each of them giving a pressure 
of 1 volt. By connecting them in different ways 
we obtain different pressures. 



Fiff. 1. Comparing dry cella or storage-battery cells with 
pails of water. 


* A dry cell, in actual practice, would not deliver current 
steadily for any great period of time, due to the fact that its 
voltage would drop on continued use; but if used intermittently, 
such as for such service as ignition starting, and then being 
switched off, and used off and on for short periods of time, it 
would deliver somewhere near its capacity as mentioned above. 
In other words, it is so constructed that the ampere-hour capa¬ 
city is greater when producing small current than when produ¬ 
cing large current. If a dry cell exceeds 25 ampere capacity 
of tne usual standard size, it will likely polarize and set up a 
coiinter-eleotroraotive-foroe. Thus the terminal voltage would 
drop more quickly than one of normal capacity (20 to 25 
amperes). 

Where several dry cells are connected together, if there are 
weak colls in the circuit, they will absorb the strength from 
the strong ones, as they will then offer resistance to the good 
ones, thus bringing the caracity down to that of the weak ones. 
A storage-battery cell which delivers 2 volts pressure would 
hold its pressure nearer to a constant value until discharged. 


Series connection: In the illustration (Fig. 2), 
three dry cells are connected in ^^series,^^ simflar to 
pails of water placed one above the other; the pres¬ 
sure (voltage) is three times as great as if only one 
ail or cell is used, or 3 volts. The capacity would 
e that of one cell. 



Fig. 2. Dry cells connected in “series,” similar to pails of 
water placed one above the other. 

When connecting dry cells mentioned above in series, the 
carbon terminal (-f) is connected with the zinc (—) terminal 
of the next cell. Thus at the final two terminals, we have one 
(-f) and one (—) terminal, and the voltage at these terminals 
would be 3X1 volt, or 3 volts. 

Note. ■ Illustrations of dry cells are represented as giving 
1 volt, and each pail of water as 1 foot pressure, as a matter of 
easy comparison. 

Parallel or multiple connection: The three dry 
cells are connected in ‘‘parallel” or ‘^multiple,” 
similar to pails of water connected one with the 
other as shown in Fig. 3. The pressure (voltage), 
is equal to only one pail or one cell. The capacity 
would bo that of three cells. 



Fig. 3. Dry cells connected in “parallel” or “multiple,** 
similar to pails of water connected one with the other, as shown, 
to increase the capacity. Voltage is reduced to one cell. 

The (-f) terminals are connected together and all of the ( —) 
terminals are connected together. The circuit is then between 
the ( H) and ( —) group, and the voltage at the terminals would 
be that of one cell, or 1 volts. 

“Series-parallel” or “series-multiple” connec¬ 
tion; Two sets of cells are connected in “parallel.” 
Each set of three cells is connected in “series.” 
This connection is termed “series multiple” or 
“series-parallel.” The pressure is equal to three 
pails or three cells. The capacity would be that 
of two cells. 



Fig. 4. Two sets of dry cells connected in “parallel,” each 
set connected in “series,” similar to pails of water placed and 
connected as shown, to increase the capacity to two cells and 
the voltage to three coUa- 

The two sets of three cells are connected in 
“series”; then the two series sets would be con- 
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nected in '^parallel’^ or ‘^multiple.” Each of these 
two sets would then have a (+) and a (—) terminal. 
The two (-f-) terminals are connected together, and 
the two (—) terminals are connected together. The 
voltage at the terminals would be 3X1H volts, or 
volts. 

When connecting two sets of cells in “i)araller* 
it is important that they have the same internal 
resistance and produce the same pressures, in order 
that they divide the total current equally. The 
same thing is true of storage batteries. 


If one set has a lower voltage than the other set, 
then there will be a current through the lower volt¬ 
age set from the higher voltage set, in a direction 
opposite to its own pressure. The one of higher 
pressure will send a current through the one of lower 
pressure and also the current through the main circuit. 

Where dry cells are used for ignition, it is advis¬ 
able to use two sets of 5 or 6 cells connected in 
“series.” One set is used for a while, then the other 
set. If both sets give out, as an emergency, connect 
the two sets in “series-parallel” as shown in Fig. 4. 


METHODS OF GENERATING ELECTRICITY 


Electrical energy or e.m.f. which forces electric 
current to flow in a circuit, can be generated by two 
general methods, as used on the automobile. One 
method is by a chemical action^ which is the prin¬ 
ciple of the battery^ the other is the conversion of 
mechanical ener^ into electrical energy by means 
of electromagnetic induction, which is the principle 
of the generator and magneto. 



Fig. 5 Fig. 6 


Fig. 5. Dry cell; a primary cell; a chemical generator. 

Fig. 6. Storage battery; secondary cell; a chemical generator. 


Fig. 7 Fig. 8 

Fig. 7. Dynamo; a mechanical generator; direct current. 

Fig. 8. Magneto; a mechanical generator; alternating cur¬ 
rent. 

Direct current (D.C.), means electric current 
which flows in one continuous direction. 

Alternating current (A.C.), means electric current 
which alternates in its flow. 

Chemical Generators 

Chemical generators are of two kinds, “primary 
cells” and “secondary cells.” Only direct current 
is produced by a chemical generator. 

Primary cells^ (Fig. 6) are usually referred to as 
*‘dry cells,” and electrical current in a circuit is 
produced from them by converting chemical energy 
into electrical enerpr by a consumption in it of 
some substance, such as zinc. 


> Wet cella (not the storage-battery cell) are also referred to 
•• primary oella, but are not uaed for automobile work. 


Secondary cells^ (Fig. 6) refer to the cells of a 
storage battery, where a current of electricity must 
first be sent through the cell to cause a chemical 
action, called “charging,” which will put it in such 
a conoition that it is capable of producing a current 
on “discharge,” or whereby it will convert chemical 
energy into electrical energy. 

On most cars three cells of 2 volts each, are used 
thus making a six-volt battery. On some cars, 

six cells of 2 volts 
each, or a 12-volt battery, are used. 

There is a set of positive (+) plates and a set of 
negative (—) plates to each cell, and the cells are 
usually connected in series. The (+) terminal is 
usually a dark-brown color, whereas the (—) ter¬ 
minal is gray. 



Fig. 9 


A dry cell (primary cell, Fi^. 9) consists of a zinc 
cup (—) in which a carbon stick (+) is placed as 
shown. The space between the carbon and zinc 
is packed with bits of carbon and the necessary 
chemicals. 

The dry cell contains no liquid, but merely moisture, hence 
its name—“dry cell.’' 

The chemicals used vary, one formula being chloride of sine, 
sal-ammoniac, sulphate of lime, and powdered charcoal. 

When the circuit is closed from one terminal to the other, a 
chemical action takes place between the carbon (+) plate and 
zinc (—) plate, thus generating an electromotive-force which 
causes the current to flow. 

A dry cell has a pressure or voltage of about 1 to 1 H volts, 
and the capacity or volume of current it will Moduce, called 
amperage, depends upon the size of the cell. The average is 
20 to 30 amperes. 

When in use, a primary cell becomes exhausted, and the 
voltage drops gradually. It will, however, recuperate if dis¬ 
connected for a period of time. When it has reached a point 
where it does not recuperate to give sufficient current, it must 
be discarded and replaced with a new one. 

It should bo remembered that dry cells are intended for 
^’intermittent” service, as for ignition starting where a magneto 
is used, after starting the engine, but for continuous service the 


> Secondary cells are also called “storage-battery cells” or 
“accumulators.” One cell, no matter how large or how small, 
will show a voltage of a little over 2 volts when fully charged, 
and will drop to about 1.8 volts when discharged. 
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dry cell is not a suitable eouroe of current. After the engine 
has started, dry cells for ignition are not very satisfactory, for 
they become exhausted in a short time. The less continuous 
current is used from a dry cell, the longer it will last, and the 
more efficient it will be. 

For continuous-current service, the most efficient 
means of obtaining current is by means of a storage 
battery consisting of a battery of “secondary cells,” 
or, as it is sometimes called, an “accumulator.” 
This chemical type of electric generator, in connec¬ 
tion with a dynamo, is in more common use for 
ignition than the dry cells. 

Mechanical Generators 

A mechanical generator of electricity on an auto¬ 
mobile is usually driven by the engine and thus 
produces electromotive-force in the armature coils. 
This causes electric current to flow out of the 
armature through the (-f) brush, through the 
external circuit to the (—) generator brush. This 
action de|>ends upon electromagnetic induction, 
which will be explained farther on. 

There are two general types of mechanical genera¬ 
tors for automobile work: 

1. The alternating-current magneto-generator 

(Figs. 10 and 8) is driven by the engine and is used 
only for ignition purposes, and can be a low-tension 
(voltage) or a high-tension (voltage) generator. It 
generates alternating current; therefore it would not 
charge a storage battery. 



Fig. 10 Fig. 11 


Fig. 10. A magneto. Generates alternating current. 

Fig. 11. A direct-current generator (dynamo). Both magneto 
and generator are driven mechanically by the engine. 

2. The direct-current electric generator or 

dynamo (Figs. 11 and 7) is driven by the engine and 
generates alternating current. In fact, all mechani¬ 
cal generators generate alternating current in their 
armatures, but this is changed to direct current at 
the commutator. Thus, from the brushes the cur¬ 
rent is direct. This direct-current generator is 
used to charge the storage battery and to supply 
c^ent for the lights and ignition. When it is run¬ 
ning at its normal speed its voltage is higher than 
that of the storage battery. At other times, the 
storage battery supplies current for the lights, 
ignition, and also the starting motor. Approxi¬ 
mately, the generator gives only from 15 to 20 
amperes at 6 or 12 volts. The starting motor 
requires from 150 to 450 amperes of current, depend¬ 
ing on how stiff the engine is. Thus only the storage 
battery could supply this great quantity of current. 


PRINCIPLES OF ELECTRICITY AND MAGNETISM 


In order to understand the action of an ignition 
coil, magneto, and generator, it is necessary to 
understand: (1) magnetism; (2) magnetic induc¬ 
tion; (3) electromagnetism; (4) electromagnetic 
induction. 


Magnetism 

Magnetic circuit: Magnetic lines-of-force are 
invisible waves that pass from one pole of the magnet 
to the other. The lines-of-force pass from the 
north (N) pole to the south pole (S), outsule of a 
permanent magnet, and from (S) to (N) insidej thus 
forming a closed magnetic circuit. Magnetism can¬ 
not be transmitted through wires like electricity. 



Fig. 1 Fig. lA 

Fig. 1. A horseshoe type of permanent magnet. 
Fig. lA. A bar type of permanent magnet. 


Polarity of a magnet: If a compass (Figs. 1 and 
lA) is placed at the (N) pole end of a magnet the 
(N) end of needle will point away from the (N) pole, 
with the direction of the flow of lines-of-force, 
wlpch is always oiU at (N) and in at (S) pole. This 


is why the (N) pole of a magnet attracts the (Se 
pole of a compass needle, and why the (S) pole of 
a magnet attracts the (N) pole of a compass needle. 



Fig. 2. Unlike poles attract. 
Fig. 2A. Like poles repel. 


This is also the reason why the (N) pole attracts 
the (S) pole of another magnet (Fig. 2), and why 
the (N) pole repels the (N) pole (Fig. 2A). Like 
poles repel, and unlike poles attract, because other 
lines-of-force pass in a circuit (N) to (S), outside, 
and (S) to (N) inside of a magnet. 

A bar magnet is shown in Figs. lA, 2, and 2A. 
Note that the magnetic circuit is the same as in the 
horseshoe magnet (Fig. 1). The magnetic lines flow 
through the air from (N) to (S) pole outside of 
the magnet and through the magnet from (S) to 
(N). 

If an iron bar is placed between the poles of a 
mamet, as in Fig. 3, the lines-of-force will flow 
fredy through the iron bar, because the air-gap 
between the poles offers 280 times the resistanca 
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Fig. 3 


that iron does. The iron bar tends to gather and 
collect stray lines-of-force and to concentrate the 
hnes. Thus w e ol^tain a great many more lines-of- 
force by using the iron bar. 

Soft iron is generally used for the armature core on 
a magneto and also on generators, and for cores of 
ignition coils also, because soft iron w ill not retain its 
magnetism after the magnetic effect has been 
removed. In generating electric current this is an 
important factor, that is, the iron bar must become 
magnetized and demagnetized quickly, as this 
change of action, explained farther on, is desirable. 

Permanent magnet: If hard steel is used, it tends 
to retain its magnetism, just as the magnets in 
Figs. 1, 2, and 3 do. Thus they are called perma¬ 
nent magnets on this account. Permanent magnets 
are used principally on magnetos. 

When permanent magnets are heated, the iron has a tendency 
to soften; thus, tlic more it is heated, the more it loses its 
magnetism. 


Magnetic Induction 

Magnetic induction: If a piece of iron or steel is 
placed in a magnetic field of a magnet, it will become 
a magnet. Magnetism is “induced” into the iron 



An explanation or theory why hard steel retains 
the magnetism, and why soft iron does not, is that 
steel or iron composed, like all matter, of small 
molecules, is made up of minute magnets. If the 
steel or iron is not magnetized, the molecules have no 
definite arrangement (Fig. 5). If, however, it is 
m.agnetizcd (Fig. 5A), the molecules, like small 
magnets, all arrange themselves wuth the (N) pole 
of each pointing (N), and thus these molecules or 
little magnets all point in the direction from which 
the magnetizing force is being applied, and thus form 
one large magnet. 

When all of the molecules or little magnets have 
been turned around, the iron or steel is then said to 
be completely magnetizt^d or “saturated,” and 
cannot be further magnetized. 

Soft iron permits these mole(ailcs or little magnets 
to return to their original position, and almost all 
of its magnetism is lost when the magnetic influence 
is removed. This condition is termed “de-magnet- 
ized.” 

There is, however, always some magnetism left 
in a soft iron core, called “residual magnetism,” 
on generators, where the field poles are wound 
wuth wire. When the; gcuierator first starts, enough 
residual magnetism is in the iron to sujiply lines-of- 
force for the armature wires to cut and thus build 
uj). This is a very important factor w'licn generat¬ 
ing current in a tlynanio wiili electromagnetic fields. 



Fjk. 5B. Keopor. 


Steel rc(iuires more magnetic force to magnetize 
it, but the mole(:uk‘S retain their position if a 
“keeper” (Fig. 5B) is placed on the end of the poles; 
otherwise tlie molecules will eventually return to 
normal condition and the pi^rmanent magnet W'ill 
gradually lose its magrictisin. 

A pennanont magnet wouUi bo suitable for magneto field 
pole.s, but not for an armature. It is not 8Uital)lo for any pait 
of a generator or ignition coil, but linea-of-forct^ are very neces¬ 
sary, and, owing to the fai t tfiat the lines-of-foreo must efiango 
in value from zero to maximum, soft iron is used ffir magneto 
armatures, generator armatures, and field poles and cores of 
ignition coils. 


or steel. See Fig. 4 and note how one magnet w ill 
induce magneti.sm into another magnet if unlike 
poles are placed t()gether so the lines-of-force will 
flow from (N) to (S), 



Fig. 5. Not magnetized. 



Magnetic-field-of-force^ is the space around or 
between the magnet where the magnetic lines-of- 
force pass. 

Electricity is in almost everything, but requires 
force to move it in order to produce energy or work. 

Electromotive force (abbreviated e.m.f.) is the 
force or pressure which moves electricity, and the 
unit of electromotive force is a volt. When current 
is sent through a wire or coil from some source, the 
e.m.f. is supplied from that source. 

Electromagnetism 

Electromagnetism differs from magnetism in that 
the magnetism exists only when the current is flow¬ 
ing tlirough the conductor or wire. 


Fig. 5A. Magnetized. 


^"Magnetic flux” is a term often used to express the total 
number of lines-of-force flowing through a magnetic oirouit. 
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If electric current is sent through a straight wire, 

an in Fig. 6, a magnetic field will be set up around 
the wire. Its strength or intensity will he in 
proportion to the amount of electric current flowing 
through the wire. 


OlREaiON OF FlKGNETiC LIMES OF 
FORCE 






>1 


B 


DIRECTION OF current 


+ 




BAT'Y. 

Fig. 6. Magnetic "whirls” around 
electric current is flowing. 


wire in whic.li direct 


Electric current always flows from positive (1 ) to 
negative ( —). '’J'herefore, in Fig. G, the current i.s 
flowing from (-f) of the battery, tlirough wire, to 
( —) of the battery. The magnetic liiios-of-foreo 
will whirl around the ware in a right-hand or clock¬ 
wise direction ivith the flow of electric current. 



Fig. 6A. Note that (he magnetic whirl above the wire is in 
one direction, and underneath in the oppiisite direction. 

Direction of magnetic whirls around a wire: Tf a 

compass isphieed above the ware (Fig. ()A),w'h(*n look¬ 
ing at t he end A, where the current is going nt, the 
Jin(is-()f-foree wall whirl clockwise as in Fig. GB, and 
tlic (N) end of the compass needle will point. uaV/j, 
the (lir(‘ct ion of the flow of the lines-of-forco. If 
the compass is placed Or/oio the ware, the (N) end 
of the compass needle will point in the oppo.-^iti* 
direction, thus proving that there is a magnetic field 
circling around the wire. 

If the compass is placed above the wire, when 
looking at the end (B) (Fig. ()C), where the flow' of 
current is coming o//i instead of going in, the lines- 
of-foree wall be whirling around the wire in a 
counter-eloekwise direction, but the magnetic, 
whirls are st ill clockwise following the direct ion of 
the flow of the current in a eloekwa.so direction. 

In other words, the lines-of-force are in the same 
direction, but we are looking at it from the other 
end; just as the engine of an automobile revolves 
ill a clo(',kwiso direct inn if we look from the front, 
but it revolves in a countcr-elockwase direction if w e 
look from the rear. 




Fig. OB. Note that the magnetic w’hirla are clockwise when 
the current is going in the front end of the wire, and countcr- 
ciockwiso when leaving at the rear end (CC) where the current 
is coming out. 


If electric current is sent through a wire at end 
(B) instead of (A), the magnetic whirls would be 
clockwuso, or in a right-hand direction with the flow 
of electric current, but in the opposite direction 
to what tlioy were formerly, because the current has 
been reversed. 



Fig. 7 


If an electric, current is sent through a wure in 
th(i form of a coil (Fig. 7), the direction of the 
m;igneli(; w'hirls of lincs-of-foree is clockwise W’ith 
the flow^ of electric curn^nt in the ware. Note that 
the whirls are in an opposite direction on cither 
side of tfie w ire. Ilow'ever, the whirls are (‘,k>ckwiso 
with the direction of the flow of current at all points 
of the circle. Start at (T) and follow the circle 
in a right-hand direction all the W'ay around, and 
the explanation w’ill be made clear.. 



Fig. 7A 


If an electric current is sent through several turns 
of w'ires or coils (Fig. 7A), which would be termed a 
“solenoid*’ or “lielix,” the lines-of-force wamld join 
togethcT, because when current flows in two wires 
side by side 7B), in the same direction, the 

lin(’S-of-forco join, because they are circling around 
the Avire in the same direction. 



Fig. 7B 


Where there are several roils side by side, as in 
Fig. 7A, i\ote the (T) current is going in the wares 
at (A) and coming out ( —) at (B), at the other end 
of the coil. The lines-of-force w'ould then W’hirl 
clockwise with the flow of electric current, but in 
doing so they would whirl at the top, in one direc¬ 
tion, and in another direction at the bottom. This 
is due to the current flowing around a circle. How¬ 
ever, if the magnetic whirl is followed in its path 
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around the circle, it will be observed that the direc¬ 
tion is right hand or clockwise with the flow of 
current at any point of the circle. 



Polarity of a helix or solenoid: In Fig. 7C, one 
coil of wire is cut in half to make the explanation 
clearer, because the point we wish to arrive at is 
the advantage of the lines-of-force joining and pass¬ 
ing around all of the turns of wire of the coil, which 
is to make one end of the coil (N) pole, and the other 
end (S) pole. 



We observed in Fig. lA that on a permanent 
magnet, the lines-of-force passed outside of the 
magnet from (N) pole to (S) pole, then from (S) to 
(N) inside. The same effect is taking place in this 
coil of wire or helix (also called a solenoid), because 
when the lines-of-force whirl clockwise with the 
current goine in at (A) (Fig. 7A), the lines would 
whirl out of the (N) or left end of the coil, pass over 
and under and around the coil, and go into the 
other end (S) (see Fig. 7X), through the inside of 
the coil, back to end (N) again. Thus we have the 
lines whirling out at (N) pole and in at (S) pole, and we 
have established a (N) and (S) pole polarity of the 
coil, which is clearly shown in Figs. 7A and 7X. 

If the electric current was sent into the end at 
(B) of the coil (Fig. 7A) instead of at (A), the whirl 
would be in an opposite direction. Thus the end 
(B) would be (N) pole, and the end (A) would be (S) 
pole. 

The next question is. What is the advantage of 
having these lines-of-force passing around a coil of 
wire in this manner? The answer is. To form an 
electro-magnet. 

Electro-magnets: If we place a soft-iron wire 
core (Fig. 7Z) inside of a coil or helix which is carry¬ 
ing current, the iron core will offer a great deal less 
resistance to the passage of the lines-of-force through 
the center of the coil than does the air. This is due 
to the fact that the iron will collect a lot of stray 


lines-of-force and produce a ^eat many more, and 
thus strengthen tne magnetic field (lines-of-force 



Fig. 7Z. How the magnetic whirls around the wires join 
forces to produce an electro-magnet. 


around the coils of wire), as it is this magnetic field 
which, when the circuit is opened, collapses and 
passes back into the core and, in doing so, cuts the 
coils of wires and produces a greatly increased 
electromotive force. In other words, the magnetic 
lines-of-force produced from the current flowing 
through the turns of wires arc going to be utilized to 
transform the primary low-voltage current passing 
through the turns of wires (primary winding) into a 
high-voltage current for ignition purposes, as will be 
more fully explained farther on. 

The strength of an electro-magnet is dependent 
upon the number of ampere turns^ of wire on the 
coil. The number of amperes flowing through 
the turns, multiplied by the number of turns, will 
determine the magnetic strength of the core. 

For instance, if one ampere is carried around the 
core for 100 turns (100 ampere turns), it will equal 
in effect ten amperes flowing through ten turns. 
The effect of the turns decreases as the distance 
from the core increases. A rule is to wind wire 1 
inch deep on a core of about 1 inch in diameter. 

Polarity of electro-magnets: In Fig. 8, the (-f) 
current is going in at the right-hand end of the coil, 
and lines-of-force around the wire would whirl into 
(S) end of the core and then pass through the core 
and come out at the other end of the core (N). thence 
around the core and coil outside to (S) end again. 

The end irdo which the lines whirl would be (S) 
pole end, and the end they whirl out would be (N) 
pole end. 

In Fig.jSA^ the (-h) current is going into the coil 
at the opposite end from that of Fig. 8. Therefore 
the magnetic lines-of-force would whirl in at end (S) 
and oui at end (N). Thus the polarity would be 
reversed from what it was in Fij^. 8^ owing to the 
electric current flowing in the wire m an opposite 
direction. 

In Fig. 8B, the electric current enters the wire 
coil at the same end as in Fig. 8. but the wire is 
wound under instead of over, Tnus if we follow 
the magnetic whirl in a right-hand direction where 
it enters wire (-f), we note that the whirl is out of 


> "Ampere turn" is one turn of a winding through which a 
current of 1 ampere flowa. 
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FiRS. 8, 8A, 8B, 8C, and 8D. Explaininpr how the direction 
of the current through the wire and the direction of the wire 
wound on the iron core produces different polarities of an 
electro-magnet. 

core instead of into core; thus it is (N) pole at 
the right-hand end and (S) pole at the left-hand end. 

In Fig. 8C, the electric current enters the wire coil 
at the same end as in Fig. 8A, but the wire is wound 
over instead of under; thus the magnetic lines-of- 
force around the wire at the left end whirl out of 
core and the left end is (N) and the right end (S). 

A good way to remember the direction of the whirl of the 
lines-of-force around a wire, when the current is flowin/^ in the 
wire, is to think of a rod with right-hand threads on it (Fig. 8D). 
If, for example, the current enters in the end of rod where 
nut (C) would bo screwed on, the nut would turn in a right- 
hand or clockwise direction with the flow of currcuit. If, how¬ 
ever, you were looking at the end where the nut is screwed off, 
and wnere the current came out, the nut (D) would still be turn¬ 
ing clockwise with the flow of current, but the nut would be 
turning counter-clockwise when looking at that end. 



Fig. 9 


The difference between a permanent magnet and 
an electro-magnet is shown in Fig. 9. Note in 
this instance that the electro-magnet is being used 
to induce magnetism into a permanent steel magnet. 
Note that the flow of magnetic lines-of-force is 
out (N) pole into (S) pole. The permanent magnet 
of hard steel will retain its induced magnetism, 
whereas the soft-iron core of the electro-magnet 
will lose its magnetism when the electric current 
flow is open. This is an important point to remem¬ 
ber in connection with the principle of the action 
of a coil. 

The principle of the ignition coil, magneto, and 
generator is based on electromagnetism and electro¬ 
magnetic induction. 

How are we going to apply this information to 
the production of a nigh electromotive force in an 
ignition coil, and to the generating of electric current 
in a magneto, and the generating of electric cur¬ 
rent in a dynamo or generator? 


have their fundamental principle based on magnet¬ 
ism in some form, especially electromagnetic induc¬ 
tion. 


Electromagnetic Induction 

Electromagnetic induction refers to an electro¬ 
motive force, or electrical pressure, set up by 
induction at the terminals of a conductor, such as a 
wire, which is moved in such a way as to cut across 
the magnetic lines-of-force, or magnetic field, at 
right angles.! 



If the wire is a closed loop the electromotive force 
(voltage pressure) produced in the wire loop will 
cause a current of electricity to flow in the circuit. 
Thus we can produce elecAric current in a W'ire by 
merely moving it across a magi^etic field, as in Fig. 
10 . 

How and whjr the electricity is in the wire we do 
not know, but if electromotive force is applied to 
the electricity in the wire, and the wire forms a 
circuit, the electricity will be made to move. 

Copper wire offers less resistance to the flow of 
electric current, therefore it is used most. Electric 
currents thus produced are termed induction cur¬ 
rents, and the principle or method is termed electro¬ 
magnetic induction. 

The question then is, How can the e.m.f. be 
obtained, in order to cause the electricity to move? 

The e.m.f. induced in a wire by a magnet is one 

method of producing electric current in a wire. 

For example, if a wire is quickly moved down, so 
that it will cut the magnetic lines-of-force which 
flow from the (N) to (S) pole of magnets, a momen- 



The reverse-current cut-out, the electromagnetic 
vibrator type of generator relator, in fact very 
nearly all parts of the electric system on a car, 


! We might also say that whenever a loop of wire forming a 
closed circuit is placed in a magnetic field, an e.m.f. will be 
generated in the wire, causing electric current to flow whenever 
the strength of the magnetio field ohanges. 
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tary current will flow in the wire (as in Fig. lOA) 
which is in a direction out of the wire or toward 
the surface of the paper. This is because the lines- 
of-force, when forced dowuy will act like rubber 
bands, i.e., first stretch, then loosen from the (S) 
pole (the weakest point), and tend to wrap around 
the wire and wliirl counter-clockwise. 

These magnetic whirls of lines-of-force around the 
wire, which are taken from the magnetic field of 
the magnets flowing from (N) to (S) induce an e.m.f. 
in the W'iro which causes electric current to flow 
which was already in the wire but not in motion. 

This momentarily induced e.m.f. is greatest when 
the wdre is moved so that it will cut the magnetic 
lines-of-force at right angles, or across the magnetic 
field, the position the wire is cutting, as shown in 
the illustrations. 

An e.m.f. would also be induced in the ware when 
moved, even though it did not form a closed cir¬ 
cuit, and the e.m.f. would be at the terminals the 
same as on the terminals of a battery on open circuit. 



CURRENT IH 


Fig. lOB 

When the wire is quickly moved up, as in Fig. JOB, 
the magnetic lines-of-force will tend to circle around 
the wire in an opposite direction to that w hen mov¬ 
ing down. Therefore another momentary current 
will flow into the wire. Thus if the wire is moved 
up and dowm rapidly, the flow of current m the wire 
would be first in one direction, then in another direc¬ 
tion, or alternating in its flow. 

Principle of Ix»v-Tcnsion Coil 

The induced in a wire of an electro-magnet 

is another method of causing electric current to 
flow in a wire. Instead of moving a wire so as to 
cut the lines-of-force, the lines-of-force, or magnetic 
field, moves and cuts the wires. 

For instance, take an electro-ma^et (Fig. 11), 
which would represent a primary coil, also called a 
‘‘self-induction coil," or “low-tension coil," which 
is used to produce a spark or flash inside of an 
engine cylinder or in the combustion chamber, when 
the ciremt is suddenly 0 T)ened. This primary or 
low-tension coil consists of a core made of a bundle 
of soft iron wires, around which is wrapped about 
200 turns and several layers of No. 19 to 24 B. <fe S. 
gauge copper insulated wire. When the circuit is 
closed, the lines-of-force start to build up, and in 
doing BO they spring from the center of the wire 
and cut the wire up. 


> If H is difficult to understand the meaning of e.m.f., just 
consider it as voltage or pressure, or the electric force which 
moves electric current or causes electricity to move in a wire. 



Fig. 11. An elcctro-niagnot being used to prodiice a spark, 
by the circuit being opened, thus causing the magnetic lines-of- 
force to collapse into the core. This generate.^ a self-induced 
c.m f. in wires caused by the collapsing lines-of-force cutting 
the turns of wires. Such a coil is termed a “low-tension coil,” 
or “self-induction coil,” or “primary coil.” 

The principle or action is the same as that shown 
in Fig. lOA, where the wire was moved down to cut 
the lines. Therefore this elect romagnotic induction 
or self-induction would timd to caii.se the lines-of- 
force to whirl around the wire in a counter-clockwise 
rotation, causing the generated e.m.f. to buck or 
oppose the battery e.m.f., called “countcr-clcctro- 
motive force." In other w'ords, we have two 
electromotive forces to deal with in the same wire: 
the induced e.m.f. produced by the magiietic whirls 
caused by current from the battery passing through 
the wire, and a generated e.m.f., caused by these 
same magnetic whirls, cutting the coils of wires as 
they build up around the coil. 

The generated self-induced e.m.f. or counter- 
e.m.f., however, is only momentary, as the steady 
e.m.f. from the battery will force its current through, 
and in a brief interval of time the lines-of-force 
around the wires will have been establislied at their 
normal value. 

The point to remember in connection with the 
above is that when the circuit is closed, the e.m.f. 
or voltage would not be as great as when the circuit 
is opened, principally due to the fact that the a(!tion 
of magnetizing the core when the circuit is closed is 
slower (due to this counter-electromotive force just 
mentioned) than the action of demagnetizing the 
core when the circuit is opened. 

The question then is, What effect does the 
magnetizing and demagnetizing of the core have on 
producing a higher voltage (e.m.f.) in the wires 
which will cause a spark or flash at the wires when 
suddenly separated? This is answered as follows: 

The amount of voltage (e.m.f.) and of current 
induced in a coil depends upon three factors: 

1. The strength of the magnetic field (number of 
lines-of-force per unit area). 

2. The speed or rate at which the lines-of-force 
cut through the windings or coil. 

3. The number of turns of the wires that are on 
the coil into which the e.m.f. is to be induced. 

When the circuit was closed, the lines-of-force 
were estabhshed around the turns of wires, which 
pass outside, from (N) to (S) of the core and inside 
(S) to (N), thus formii^ a magnetic circuit around 
the turns of wires (see Iig. 11). 
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We can greatly increase the rate of speed with 
which the lines-oi-force will cut the turns of wires if 
the battery circuit is opened, so that the iron core 
will become demagnetized and thus permit the lines- 
of-force to die down or collapse more quickly into 
the iron core. 

Thus, when the lines-of-force collapse, they cut 
the turns of wires at a much more rapid rate than 
when they were built up; this “self-induced’^ action 
causes a greatly increased e.m.f. to be generated in 
the turns of wires, and is the basic principle of all 
ignition coils. 

The third factor mentioned above, relative to the 
turns of wires on the coil, also assists in increasing 
the e.m.f. 

For instance, when a conductor is cut by the 
lines-of-force at the rate of 100,000,000 per second, 
a pressure of 1 volt is set up at the terminals. 

If a single straight wire is cut by a certain number 
of lines-of-forc-e per second, causing a certain pres¬ 
sure, say 1 volt, and if three wires joined in series 
are cut by the same number of lines-of-force as the 
single wire, three times the pressure or 3 volts would 
be the result. Tli(‘reforc where there are many 
turns of wire in a coil and several layers of wire, the 
induced pressure will be greatly increased, as very 
nearly all of the lines-o^force produced by each 
turn of the coil will cut all of the other turns, and 
the total number of lincs-of-furce are therefore 
greatly increased. 

From this we learn that when the circuit is opened 
on a primary coil, we have increased the number of 
lines-()f-force and also the rate of speed at which 
the lines-of-force cut the turns of wires as they 
collapse, greatly increasing the “self-induced” pres¬ 
sure in the wires. 

Furthermore, the “self-induced” generated e.m.f. 
in the turns of wires, when the circaiit is opened, is 
in the same direction as the original battery current 
was. This current from the l)attcry through the 
primary winding, when opened, did not instantly 
stop tlovyiiig, and with the high “self-induced” e.m.f. 
flowing in the same direction^ the result was a very 
bright flashy spark at the points of the break, as in 
Fig. 11. This is what is often seen when a fla.sh 
follows from the switch-bladc*s when a switch con¬ 
nected with a motor or generator is opened.^ 

This principle might be compared to liolding your hand over 
a water nozzle when water is flowing. At tlu; iuataut of r«*!cn.sc, 
the pressure is greater, duo to momentum, although the originai 
pressure which set the water in motion was several times ie.ss. 

The “self-induced” e.m.f. or voltage (pressure) in 
a low-tension coil in series with the battery voltage 
may reach from 150 to 250 volts, owing to the num¬ 
ber of turns of wires, length of w ire, and strength of 
(jurrent in the w ires to build up the original lines-of- 
force. 


Low-Tension Coil Ignition “Make-and-Break” 
System 

The low-tension coil, described in the preceding 
pages and illustrated in Fig. 11, was formerly used 
with early ignition systems, such as the “make-and- 
break” igniter shown in Fig. 12. The principle is 
clearly shown. 


• This is why a condenser is used in connection with a high- 
tension coilj ns will be explained farther on. While the fia^y 
spark is desirable on a low-tension ignition coil, as in Fig. 11, or 
as used with a “make-and-break” low-tension ignition system, 
it is very undesirable at oontaot points in connection with a 
high -tension system. 



Fig. 12 .A “make-and-break" ignition system using a battery 
(chemical generator) as a source of electric supply. The cur¬ 
rent is intenBifie<l, or the voltage raised, so as to produce a 
spark at the break of the igniter points. 


Although the low'-tension coil ignition system is 
not now used for ignition on automobile engines, it 
is very important that the principle be studied 
carefully, as the low-tension or primary coil is used 
on the cores of high-tension coils and magneto 
armatures, but with another winding over the pri¬ 
mary, called the secondary winding. Therefore 
the primary winding is the foundation of high-ten¬ 
sion coil and magneto ignition. 


niCA 



Fig. 13. A clearer view of the mako-and-break igniter. 

The make-and-break igniter (Figs. 12 and 13) 
consists of a stationary and a movable electrode 
insulated from each other and connected with a 
low-tension coil. 

The “movable electrode” is operated by a cam 
arrangement, exactly as the exhaust valve of the 
engine is operated. As the spark is needed only 
once during two revolutions of the crank shaft, 
the cam is attached to the half-time shaft, and 
operates the electrode by a rod called a tappet rod, 
in a manner similar to that in wdiich the valves are 
operated on a side-valve engine. 

The “stationa^ electrode” is insulated from the 
cylinder with mica, and one wire of the circuit is 
connected to it. The “movable electrode” is 
operated by a cam, w'hich is in contact with the 
current from the grounded wire of the battery and 
which allows the current to pass from it to the metal 
of the cylinder. 

When the two points are in contact, the current 
flows from the positive pole of the battery by a wire 
to the low-tension coil, through a switch (B), to 
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the stationary electrode, then to the movable, 
because the two are in contact, and back to the 
battery by the ground. 

When the two electrodes are separated by the 

cam acting on the movable one, the circuit is broken, 
and a spark is formed between them. 

Fig. 12 shows the make-and-break ignition system 
connected with a low-tension coil and battery 
through the (B) side of the switch and with a low- 
tension magneto when the switch-blade is on the 
(M) side of the switch. 

When the battery and low-tension coil are used, 
the magneto is cut out entirely in this example. 

Purpose of Ignition 

There are three things required before a gasoline 
engine will run. These are absolutely essential. 

First, it is necessary to have a mixture of gasoline 
and air in the engine cylinders. 

Second, this mixture must be compres.sed. 

Third, there must be a spark to set fire to the 
compressed mixture at the correct time. 

In order thoroughly to understand the principles 
upon which the various ignition systems are built 
up, and how these systems are operated and main¬ 
tained, it is well to start at the beginning. 

The original and first method for igniting the gas 
in a gasoline engine was by means of a “hot tube” 
or flame, but this method being now obsolete, we 
shall deal only with the electric ignition. 

The ignition systems used on automobile engines 
at the present time are all electrical systems giving 
an electric spark which passes in the cylinder of the 
engine and sets fire to the compressed mixture. As 
you \%ill be dealing with electricity and electrical 
apparatus in these systems, the first thing to 
know is how electricity acts and how you can make 
it do work for you, all^of which has now been ex¬ 
plained and should be studied carefully. 

Ignition Systems 

There are two general systems of ignition used for 
automobile engines: the “low-tension system” and 
the “high-tension system”: the source of electric 
supply being either by “chemical” means, as dry 
cells, or a storage battery; or “mechanical” means, 
as a magneto or dynamo (also called a generator). 
(The magneto is explained farther on.) 

The word “tension” means pressure or voltage; 
high tension being high voltage, and low tension low 
voltage. 

The low-tension system of ignition is not now 
used on automobiles. The low-tension system was 
formerly used to a great extent on boat engines, 
and is still used to a great extent on stationary 
engines. 

The low-tension system uses a low-tension single- 
wound primary coil as in Fig. 11, page 184, and its 
source of electric supply can be a dry or storage 
battery, or dynamo. Low-tension magnetos are 
also us^, but the coil is wound on the armature 
(treated under “Low-Tension Magnetos.”) 

The high-tension system of ignition is the ap¬ 
proved system now in use on very nearly all makes 
of cars. The high-tension system inay be either by 
a high-tension coil and a battery; a high-tension 
coil and low-tension magneto; a high-tension coil 
and dynamo in connection with a battery, or by a 
high-tension “magneto” alone. 


Thus we have four principles underlying the pro¬ 
duction of a spark in a gasoline engine, as follows: 

1. Low-tension coil. 

2. Low-tension magneto. 

3. High-tension coU. 

4. High-tension magneto. 

These four fundamental principles are used either 
singly or in combination. Thus when the reader 
masters these four principles he will understand all 
ignition systems, although the construction may 
vary in different makes. 

In this instruction and in Instruction No. 18, we 
deal only with coU ignition, both low-tension and 
high-tension. Low-tension and high-tension mag¬ 
netos will be treated farther on. 

When a low-tension magneto is used with a make- 
and-break igniter (Fig. 12), the engine is usually 
started with the battery and low-tension coil^ by 
turning a switch-blade on the (B) side of the switch. 

After the engine is started, the switch-blade is 
turned to the (M) side and the low-tension (single¬ 
wound armature) magneto supplies the current, 
which, by the way, is alternating current. The 
low-tension coil is not used with the magneto, as 
the armature of the magneto, which has a single 
primary winding, serves in place of the low-tension 
coil. 



Fig. 16 Fig. 17 


Fig. 14. Make-and;break ignition, using dry cells to start 
on when the switch is on the (B) side; after the engine is 
started the swjtch is placed on the (D) side and a direct-current 
dynamo supplies the electric current and the dry cells are cut 
out of service. The low-tension coil is used with either the dry 
cells or the dynamo. 

Fig. 15. Makc-and-break ignition using two seta of dry 
cells. Set No. 1 is used when the switch-blade is on 1, and 
No. 2 set is used when the switch-blade is on side 2. Low-ten¬ 
sion coil is used. 

Fig, 16. Make-and-break ignition on a, stationary engine. 
This principle is similar to that shown in Fig. 14. 

Fig. 17. Make-and-break ignition on a four-cylinder engine. 
The principle is similar to that shown in Fig. 16. Note that 
the igniters are operated by tappet rods on the side by cams on 
a cam shaft, similar to a cam shaft operating the valves. The 
shaft with the cams on are driven by the gears, as in Fig. 12. 

Low-Tension Coil Ignition “Wipe Spark” 
System 

The wipe spark igniter. Fig. 18, is another form of 
ipiition used considerably on large slow-speed sta¬ 
tionary gasoline engines. 
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Fig. 18. Wipe-spark igniter. Eocentrio “C" can be shifted 
forward to advance and backward to retard. 

Wipe spark ignition is similar to the “Make and 
Break“ in every respect, except that it makes a 
wiping and rotary motion as the electrode (A) of the 
igniter revolves; being operated by an eccentric rod 
(E) from the cam gear. 

The other electrode (B) is stationary and looks 
very much like a spark plug. This type of ignition 
is never used on the automobile; but is here shown 
so that the reader can master the elementary princi¬ 
ples of the different ignition systems. This system 
is used mostly on stationary engines. 

Remarks On Low-Tension Ignition 

The true low-tension ignition system would con¬ 
sist of a make-and-break igniter, as shown in Fig. 
13, page 185, or a wipe-spark igniter arrangement, 
shown in Fig. 18. 

The make-and-break igniter was at one time used 
on automobile engines, and is now used on many 
stationary and marine engines. It is practically 
obsolete for automobile use. 

The wipe-spark igniter was never used on auto¬ 
mobile engines, but was and is now used on many 
stationary engines. 

The low-tension coil is used with both igniters 
when a direct-current source is used, as a battery or 
a dynamo, as in Figs. 12 to 17. 

Where the low-tension magneto, which delivers 
an ^^alternating” current, is used, the low-tension 
coil is not used, because the primary winding on 
the armature of the low-tension magneto serves in 
place of the low-tension coil, and the magneto cur¬ 
rent is alternating in flow, that is, first in one direc¬ 
tion, then in another, as explained on pages 250, 
253, and 254. 

In Fig. 12, a low-tension system of ignition is 
shown, whereby a storage battery is used for a 
source of direct electric current for starting, by 
the switch lever being placed on the “B” side of 
the switch. After the engine is started, the switch 
lever is placed on the “M” side of the switch; thus 
the battery and low-tension coil are cut out of service 
and the low-tension magneto (explained farther on) 
takes the place of both the battery and the low-ten¬ 
sion coil. 

An oscillating type of low-tension magneto igni¬ 
tion system, using a make-and-break igniter and 
arranged different from that mentioned above, is 
shown on page 255 (see Fig. 48). 

A magnetic plug, instead of an igniter, could also 
be used for a low-tension ignition system, as shown 
in Figs. 49, 50, and 51 (page 255). 


The Ford magneto (pages 248 and 249) is also a 
low-tension magneto, but is not a low-tension igni¬ 
tion system, because the low-tension current of 
the magneto is transformed to a high-tension cur¬ 
rent by means of a high-tension coil, all of which will 
be explained farther on. 

Where a dynamo, which delivers a “direct” cur¬ 
rent of low-tension is used, as in Figs. 14, 16, and 
17, note that the low-tension coil is used in connec¬ 
tion with the batteries qr with the dynamo, because 
the dynamo delivers a direct current flowing in one 
direction and at a low voltage, or approximately 
the same voltage as the batteries and thus merely 
acts as a mechanical source of electric supply 
instead of a chemical source. 

Disadvantage of the true low-tension ignition 
system, using a make-and-break igniter and a low- 
tension coil: It would appear that this system 
would be a very simple and effective ignition sys¬ 
tem, as it requires less care in wiring than a high- 
tension or jump-spark system, but while this feature 
may predominate, there are several disadvantages. 

For example, the word “make-and-break” refers 
to the igniter as shown in Figs. 12 and 13 (page 185). 
The movable electrode first makes contact with 
the stationary electrode, and after “making” 
contact, it then “breaks” the contact (due to the 
action of the tappet rod); thus the derivation of 
the name, “make-and-break.” 

On each of the electrodes there are platinum 
points. When the contact “breaks,” a spark occurs 
just as it did as shown in Fig. 11 (page 184). This 
spark soon pits the points, burns them off rapidl}’, 
and they often stick. Platinum is used because it 
withstands this action better than any other metal, 
but even so, where the mechanical arrangement is 
all within the cylinder, exposed to the combustion 
heat, it is a difficult matter to keep the points 
from pitting. 

Then another difficulty was in insulating the 
stationary spark point or electrode, and making an 
easy working but tight joint for the movable 
electrode. 

Still another disadvantage was in the great 
advance and retard range of ignition as required on 
variable-speed automobile engines, where the 
enpne varies in speed from 200 to 1,500 r.p.m. 
This action is limited with the make-and-break 
system. 

Where a sldw, constant-speed engine is used, 
this system serves fairly well. 

The low-tension ignition systems are not now 
used on automobile engines, but were formerly usea 
in the early days of motoring. 

The reason for explaining these early systems of 
iraition is the fact that the underlying principles of 
tne more modern systems are founded upon the 
principles of these early days. Therefore it is 
essential that they be mastered first in order more 
clearly to understand the modern systems treated 
farther on. 

The next subject will be that of a high-tension 
coil ignition system using a magnetic vibrator. 
This system is now seldom used, but must be under¬ 
stood before the modern battery and coil-ignition 
system can be thoroughly understood. 



INSTRUCTION No. 18 

HIGH-TENSION COIL IGNITION: Vibrator Type CoU; Condenser Principle; 
Master Vibrator Coil; Distributor Principle 


The Jump Spark 

The voltage produced by a low-tension coil as 
used for the ‘‘inake-and-broak” ignition system, 
explained on page 185, would not have enough pres¬ 
sure to jump atToss the gap of a spark plug. It 
must therefore be intensified (or the pressure must 
be increased) still more. 

Where simple low-tension coils are used for the 
make-and-break system, coils of another kind, 
called ^‘high-tension induction coils,” are used to 
intensify or transform the current to a high voltage 
in order to force the current to jump across the open 
space or gap of a spark-plug point (Fig. 1). There¬ 
fore it is called the “jump spark” or “high tension” 
(meaning high pressure). 



A spark plug (Fig. 1) is screwed into the cylinder 
of the engine, and when the piston is in the right 
position to receive a spark, a high-tension current 
of electricity is sent along the metal center rod 
(called the “electrode”) of the spark^ilug and across 
the small air-gap (X) at the bottom and into the 
outer sleeve or iron shell of the spark plug which 
screws into the cylinder. 

Although this air gap (X) is only about 1/64" to 
1/32" wide, the air in the gap offers suCh a tremendous 
resistance to the current that it requires in the 
neighborhood of 5,000 or more volts’ pre.ssure to 
force a very small quantity of current across the gap. 
In other words, the current must be of such high 
pressure that it will jump across a space between 
two points, forming a spark as it passes. 

The amperage of current across this gap is so 
email a quantity that it cannot be measured with 
a meter, out is measured with an instrument called 
an oscillograph and the current is measured in 
terms of milliamperes (one-thousandth of an 
ampere). 

To give an idea of the quantity represented by a 
milliampere, suppose we have a high-tension coil 
with 6 amperes at 6 volts pressure flowing through 
the primary winding and the voltage at the second¬ 


ary terminal or gap is 10,000 volts, what would be 
the amperage of the secondary? 

5 amp.X6 volts = 30 watts. 30/10,000 = 3/1,000 part of an 
ampere. 

K-W ignition coils are constructed to operate on a 
current consumption in the primary from the battery 
of 1 to 1 2/10 amperes at 6 to 8 volts. The “self- 
induced” voltage in the i)riinary has a sufficient 
number of turns to give 145 volts when the circuit 
is broken. *Voltage at secondary is 6,000 to 10,000 
volts, depending on the number of turns. High- 
tension coils which give a 3 2 " spark, in the open 
air, require about 10,000 volts at the stH;ondary, 
and if the coil is of a vibrator type, the voltage can 
be still further increased when the spring tension 
on the vibrator spring is increased, so that the coil 
will draw a hcavica- current (amperage). This, 
however, sIkjuUI not be made a practice, inasmuch as 
the insulation is not designed to stand current 
values above those recommended l)y the manu¬ 
facturer. Always adjust according to instructions. 

Note that the battery or primary current does not 
jump the spark-plug gap. It is used to magnetize 
the iron core; and when the circuit is opened and 
this core is suddenly demagnetized, a high voltage 
is induced from tlui primary winding into the second¬ 
ary winding. This is due to approximately 12,000 
turns of fine wire used in the secondary winding, 
wound over the primary winding. 

Conslniction of a High-Tension Vibrator Coil 

The high-tension coil (also called a ‘'jump-spark 
coil," “secondary coil,” “transformer coil," etc.) 
differs from the low-tension eoil in that there are 
two windings on the coil core; one, a coarse wire 
winding, called the primary winding, just the same 
as in a lowM-ension coil and the other, a secondary 
fine wire winding w Inch is wTapped over the primary 
winding, both windings being insulated. 

*There are usually about 200 to 250 turns of No. 
20 to 18 B. & y. gauge insulated coppf3r wire for the 
primary winding, and about 13,000 to 18,000 turns 
of very fine No. 38 B. & S. gauge enameled silk- 
covered thin insulated copper wire in the secondary 
winding, so that the layers can be close together and 
with as many turns as possible. The ratio of the 
primary winding to secondary is about 1 to 60. 

The windings can be in either direction. They 
are usually in the same direction, because it is more 
practical from a manufacturing standpoint, 

Tlic original and early form of a high-tension coil 
ignition system consisted of the parts as shown in 
Fig. 2. iHiis system is termed a “magnetic vibrator- 
coil” ignition system. 

A commutator, which is nothing more than a 
revolving switch, has a roller (R) connected to an 
arm which is connected to the cam shaft. This 
roller, therefore, makes one revolution while the 
crank shaft makes two revolutions. Thus on a 


♦Also applies to the “non-vibrating” type coil. 
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Fig. 2. A high-tension coil using a magnetic vibrator. 


single-cylinder engine, there would be one insulated 
commutator contact segment (S), and one spark 
would occur during two revolutions of the crank 
shaft. 

Primary circuit: The current flows from the posi¬ 
tive termmal (-f) of the battery, through the roller 
(R) and segment (S), through the ignition switch, 
vibrator screw and points (P), through the trembler 
or vibrator blade (D), through the primary winding 
wrapped around the coil iron core, to the (—) 
terminal of the battery. 

If the roller (R) is on contact with the commutator 
segment (S), and the ignition switch is *^on,'^ the 
current would then pass through the entire primary 
circuit. 

The moment the primary circuit is completed, 
the vibrator blade (trembler blade—D) is drawn to 
the soft iron core (A), because the soft iron core 
becomes magnetized tne moment the primary cir¬ 
cuit is completed. 

When the vibrator blade (D) is drawn to the soft 
iron core (A), the primary circuit is opened between 
t he platinum points (P) on the vibrator blade and 
on the vibrator screw. Thereupon the core loses its 
magnetism and the vibrator blade is released; on 
account of its spring tension, it rebounds, closing 
the primary circuit again at the point (P). 

This action takes place repeatedly and the blade 
vibrates back and forth, so long as the circuit is 
closed by the roller (R) of the commutator being on 
contact with the segment (S). 

The moment the rolkr (R) leaves contact with 
the segment (S), the coil is out of action. Thus we 
have what is termed a ‘^magnetic’* method of making 
and breaking the primary circuit, instead of a 
‘mechanicaT' method. The mechanical method, 
however, is a popular method and will be explained 
farther on. 

Secondary circtiit: When the primary circuit is 
opened and closed by the magnetism of the core (A), 
which is produced by the current flowing throui^ 
the primary winding, a very high electromotive 
force IS induced into the seconoary winding, which is 
wmpped around the primary winding. This 
induced e.m.!. in the seoondaiy winding causes 


current of a very hig^ voltage to flow in the second¬ 
ary winding, of sufficient intensity to jump a gap ^X) 
of about 1/32'' at the points of the sp^k plug, which 
is screwed into the engine cylinder and to cause a 
spark which ignites the compressed gas. 

To develop a high voltage (e.m.f.) at the second¬ 
ary terminals it is necessary that a very large number 
of turns be used. For instance, if the primary wind¬ 
ing consisted, say, of ten turns of wire and the 
secondary consists of one hundred turns, the 
''induced" voltage in the secondary would be ten 
times as high as that in the primary, but the cur¬ 
rent value (amperage) in the secondary would be 
ten times less than in the primary. 

The secondaxy winding is insulated wire, as is also 
the primary winding. One end of the secondary 
winding leads to the metal rod connection of the 
spark plug which is insulated from the engine ^ 
porcelain, then passes through it, jumps the gap (X) 
to the metal point of the spark-plug shell, which is 
an iron shell screwed into the cylinder, and then 
passes through the frame of the engine back to the 
other end of the secondary winding. As the vibra-® 
tor on the coil vibrates, a "succession of sparks" is 
roduced at the spark-plug gap (X). Bear in mind, 
owever, that there is but one spark produced at 
each break of the contact points (P). Sometimes 
the secondapr and prim^ windings are connected 
together inside of tne coil, and one wire leads from 
both, to a ground connection on the engine. But 
it should be noted that the secondary circuit and 
the primary circuit are two independent circuits. 
Of course the secondary circuit, which is of a very 
high voltage, is depenaent upon the primary cir¬ 
cuit, not by means of metallic connections, but only 
by induction, as will be explained farther on. 

The magnetic vibrator blade (D) (Pig. 2), as previously 
stated, vibrates rapidly and opens and cloees the circuit a great 
number of times, during the time the commutator roller is in 
contact with the segment (S). 

by adjust¬ 
ing the tension of the vibrator, by screwing the adjusting screw 
in or out, the number of times it opens and closes the primary 
circuit can be regulated. The more times it opens and closes 
the primary circuit during a given period of time.. Uie higher 
the voltage 

Time of spark: The commutator roller is set so 
t^t it makes contact with the segment (S) when the 
piston is at the top, or slightly over the top, of the 
compression stroke. This is termed "ignition tim¬ 
ing" and is treated farther on. 

Condenser: A condenser is always used with 
high-tension coils, by placing it across the inter¬ 
rupter points, to prevent a spark at the interrupter 
pomts, which would otherwise occur as shown in 
Fig. 11, page 184, if a condenser were not used. 
The condenser is not shown in Fig. 1, but is shown 
in Fig. 3. The condenser, is fully explained farther 
on. 

How and why the high tension, or voltage is 
induced into the secondary windiiig of sufficient 
intensity to jump the spark-plug gap (X) is explained 
in the text following. 

Note. In Fig. 1, the circuit ia slightly different from that 
in Fig. 2. The principle is the same. Fig. 1 explains 
relation of the spark plug to the cylinder and also how the cur¬ 
rent flows through the engine frame. The connections from 
the battery to the ooiL^^etc., could be aa in Fig. 1 or 2. The 
connections shown in Fig. 2, however, are in conformity with 
the general practice. 

Note that, as shown in Fig. 2, the (—) terminal of the battery 
is usually grounded. The secondary and primary windings are 
also usua^ grounded together. For instance, if the left endi 
of both primary and secondary windii^ were connected together 
in the coil and then grounded^ and if the (—) terminal ef the 
battery was grounded, the otrouit would be a ‘’grounded" 
system insteed of an "inaulated" system, ee shown in Fig. S. 
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Principle of a High-Tension Coil 

How a hi^-tension current is induced in the 
secondary winding can be undratood after 
first reading the explanation of the principle of the 
low-tension coil on pages 182,184j since the self- 
induction action of the primary winding is the base 
for buildinc up the high-tension voltage in the 
secondary, by what is termed mutual-induction. 

The difference between ‘'self-induction” and 
“mutual-induction” is that self-inductance is pro¬ 
duced in the same coil in which the current was 
allowed to flow, as the primary winding. Mutual 
inductance is where an e.m.f. or current is induced 
into a separate coil of wire, as in the secondary 
winding.' 

We learned on page 184 that the greater the num¬ 
ber of lincs-of-force and the greater the rate of speed 
at which the lines cut the turns of wires, the greater 
the induced e.m.f. for voltage. 

Therefore, as we have several thousand turns of 
wire in the secondary and a few hundred turns 

wire in the primary, we thus have a greater num¬ 
ber of cuttings of lines-of-force, because veiy nearly 
afl the magnetic lines-of-force produced by each 
turn in the primary will cut all the turns in the 
secondary coil, hence the total number of cuttings of 
lines-of-force will be greatly increased. The lines- 
of-force will cut the turns of wires at a greater rate of 
speed when contact is broken than when contact is 
made, thus the voltage developed at the “break” of 
the circuit is enormously greater than at the “make.” 
This is explained as follows: 



Fi^. 3. Showing how tho lines-of-force build up around the 
windings when contact is closed, and how they collapse and 
'^iit the turns of wire when the circuit is dpened. 


When the primary circuit is closed by the com¬ 
mutator (Fig. 3), the primary circuit is completed 
through the points (P) on the vibrator screw and 
blade (C), and the lines-of-force spring from the pri¬ 
mary turns of the wires, and a magnetic field is 
built up around the wires^ as explained on page 181. 
This magnetic field in building-up forms an dectro- 
magnet, with lines-of-force flowing from (N) to (S), 
therefore these lines must necessarily cut (up) 
through the turns of wires on the iron core as they 
build up. In doing so, they generate an induced 
e.m.f. which has a tendency to create a counter¬ 
voltage, or counter-electromotive force, which bucks 
or opp(^ the incoming current from the battery 
(see page 184). Consequently the magnetic field 
is momentarily retarded and builds up with com¬ 
parative slowness, and thus we do not <mtain a very 
tii^h rate of speed of the lines-of-foroe cutting the 
wires during tne building-up process. 


In building up this field, the lines-of-force cut 
through the secondary as well as through the 
primary. In doing so, an e.m.f. is generated in 
the secondary which flows in an opposite direction, 
due to the movement-up of the lines-of-force, which 
is an operation similar to that of moving a wire 
dovm in a magnetic field (Fig. lOA, page 183). 

The induced voltage in the secondary is thus not 
enough to jump the spark-plug gap (X). 
Therefore we must make use of another action. 
This is accomplished by breaking, or interrupting 
or opening the primary circuit. In other words, 
the moment the lines-of-force build-up, the core 
(A) becomes an electro-ma^et and draws the inter¬ 
rupter blade (C) to it, thus interrupting, or opening, 
the primary circuit. 


When the primary circuit is opened or interrupted 
q^kly, an entirely different action takes place. 
The magnetic field of lines-of-force, which liave by 
this time built-up around both windings and reached 
maximum value, collapse or recede into the iron 
core. In doing so, the lines-of-force cut at a great 
deal more rapid rate than when being built up. 
Therefore, as the lines-of-force collapse or recede 
to the iron core with great rapidity, they cut the 
secondary turns cf wire in an opposite direction to 
that in which they did so in building-up, and the 
cu^nt then flows in the same direction as the 
dying primary circuit. They thus assist in •'ausing 
self-induction' in both the secondly and primary 
circuits, w’hich generates a very hi^ voltage, but 
still not as high as necessary. 


Bear in mind that the primary circuit is now open. 
Thus we are dealing with “self-induced” current, 
produced by the lines-of-forco cutting the turns of 
wires as they collapse or recede to the core. 


The point to be noted is, that if this iron core is 
demagnetized, so that the lincs-of-force can pass 
back to it at a greater speed, the turns of the wires 
would be cut at a greater rate, correspondingly 
increasing the induced e.m.f. in the turns of the 
wires. 

Owring to the fact that this primary circuit is now 
carrying a self-induced current, caused by the line 
cuttmg its own turns of the wires, this prevents 
the rapid dema^etization of the iron core, and a 
heavy spark wUl occur at the interrupter points 
(P), uwt as it did on the break of the low-tension 
coil (Fig. 11, page 184). 


The condenser assists in demagnetizing the core. 
Therefore, if we could absorb this spark at the inter¬ 
rupter points (which comes from the self-induced 
current in the primary winding) in some way, and 
thus cause a more rapid demagnetization of the 
iron core,, the lines-of-fored would then pass back to 
the iron core more quickly and would thus cut the 
secondary turns of wires at a still greater rate of 
speed. In other words, it is the secondary winding 
into which we wish to induce a very high voltage. 
Therefore, by placing in the coil a condenser which 


> **86ll-4iidoctiofi” meant induction produced in a circuit at 
the moment of starting or stopping the currents flowing therein, 
by induction of the current on itself. For instance, when 
starting current to flow through the primary circuit, if the cir¬ 
cuit is closed, Unes-of-foroe spring out from the center of the 
wire through which the current is flowing, and thus produce a 
temporary *'self-induoed*' current in an opposite direction, 
thus momentarily retarding the building-up of the lines-of- 
force. 

When etopping or opening the circuit of the primary, tbs 
lin«a-of-foroe eolu^Me into the core and, in doing so, out in an 
opposite direction, or in the same direction as that in which 
the battery eurrent was flowing. 
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is connected across the interrupter points (P, Fig. 3), 
we can absorb or suppress the spark across the 
interrupter points (P) of the primary circuit and 
stop the flow of self-induced current which is still 
trying to build up lines-of-force in the core, and 
thus aid the primary current to fall to zero value 
more quickly. Hence the reason for placing the 
condenser (Fig. 3) across interrupter points (P) of 
the primary circuit. 

Purpose of the Condenser 

1. To absorb the self-induced current of the pri¬ 
mary, thereby allowing the magnetic field to 
collapse with the greatest possible speed, and 
also eliminating the spark at the contact points. 

2. To discharge in an |oscillating (alternating) 
manner back and forth into the primary circuit, 
thus completely neutralizing or demagnetizing 
the iron core and thereby preparing it for repeated 
action. 


Condenser Construction 



Fig. 6 


SnkWOFHIGHVMJLIC 



Condenser 1 

kctive- 

absorbing 


Fig. 6 


On account of this action the lines-of-force or 
magnetic field can collapse with greater rapidity 
and cut the turns of wires faster, thus inducing a 
current in the secondary winding of a much higher 
voltage. 


The condenser consists of a series of sheets of 
tinfoil separated from each other by a good insulator, 
such as mica, or several sheets of wax paper.' These 



Fig. 4 Fig. 4A 


are built up in a pile, somewhat as shown in Fig.l. 
The even-numbered sheets of tinfoil, 2-4-6, etc., 
are connected, making one terminal (T) of the 
condenser, Tne odd-numbered sheets, 1-3-5, etc., 
are likewise connected, making the second terminal 
(Tl) of the condenser. There is no connection 
between the two series of sheets. These connec¬ 
tions are then made across the primary circuit at 
the contact points, as shown in Fig. 7. 

Condenser Action 

With contact points (P) closed (Fig. 5), the current 
flows as shown by arrows through the primary 
winding. The condenser and secondary winding 
are not considered, as they are inactive. A current 
of low value is induced in the secondary in a direc¬ 
tion opposite to that of the primary-current flow. 

With contact points (P) open (Fig. 6), the con¬ 
denser is charging. The spark of highest value is 
now at the secondary terminals. Note that when 
points (P) open, the magnetic field of lines-of-force 
collapse, and the induced current in the secondary 
is then flowing in the same direction as that in 
the primary. This spark is greatest just as the 
points open, because the condenser absorbs the self- 
induced current of the primaiy and thereby stops its 
flow, thus preventing it building up lines-of-force in 
the core. On the other hand, it neutralizes the 
core, and also eliminates any flow of current or of 
sparking at the contaet points. 


1 IfeTer attempt to ppea a condeneer, aa thie will deatroy it. 
In the manufacturing proeeaa the tinfoil and inaulating eheeta, 
with the aid of an maulating compound, are preaeed closely 
together under heat, with high preaaure (Fig. 4A). Obtain a 
lew one when neoemary. 


The current flows into the condenser in one direc¬ 
tion when charging, which action takes place 
immediately the points are opened. 

When the condenser is charged with the (+) 
positive current flowing into the (-f) side, it wiU 
establish a (•-) negative charge on the other side. 


PRACTICALLY NO AGlON 
iNAaiyt 



Condensor ||.| 
charging and 11 j L 
discmuging 


Fig. 7 


The condenser, after being charged, makes an 
oscillating discharge of high voltage and frequency 
through the primary winding and battery (Fig. 7). 
That 18 , the discharge is first in one direction and 
then in the other, the strength of this current gradu¬ 
ally decreasing (owing to the resistance of the cir- 
emt) until it dies down to zero. This alternation 
or reversal of the current flow is very rapid, some¬ 
times reversing from one direction to the other a.s 
many as two hundred thousand times every second, 
and its discharge can therefore be considered almost 
instantaneous. 

The msun purpose of the alternate discharges 
shown in Fig. 7 is to completely demagnetize or 
neutralize the iron cor^ thereby preparing the core 
for a repeated action of building-up a^m as shown 
in Fig. 5, and collapsing, as shown in j^g. 6. 

As this is written out. or as it is read, it seems a 
rather long action. Tne process, however, does 
not require one-thousandth of a second, inasmuch as 
the current alternates at an extremely high fre¬ 
quency, sometimes having as many as 100,090 cycles 
per second. 
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Meaning of Cycle and Frequency 

A cycle means a series of events which continually 
reoccur. In the case of a condenser^ for example, 
the ouirait discharge at one instant is a maximum 
(•f), as shown at (C) (Fig. 7A). It gradually 
decUnes to 0 at (A^ then bmlds up to a maximum 
(~) as shown at (D), again declining to 0 at (B), 
reversing in direction and building up to a maximum 
(+) at (£), which is the same condition as at (C), 
thus reversing the direction twice at (A) and (B) 
and completmg the cycle evolution, which is 
repeated over and over again imtil the discharge 
dies down to 0 (zero). 



Frequency means the number of cycles completed 
per second. As mentioned above, it is 100,000. 

The Ignition Commutator 
Because the secondary current is only needed 
when it is time for the spark to pass and ignite the 
mixture, the primair current is switched into the 
prima^ winding only once during two revolutions 
on a single-cylinder engine. The switching is done 
by a commutator, which might be termed a revolv¬ 
ing switch. 


Where there are four cylinders to an engine, 

then it would be necessary to have four segments 
(S) on the commutator, oecause four sparks , are 
required during two revolutions of the crank shaft. 

A four-cylinder ignition commutator is shown in 
Fig. 8. An ignition oommutator is used only 
with a vibrator-type coil, as on the Ford. The 
vibrator-type coil and commutator are seldom used 
on any other make of car. 

The spark timing device (commutator) is so 
named because it “times’^ the spark at the right 
time. In other words, the roller makes contact 
with one of the sements (1, 2, 3, or 4 on a four- 
cylinder engine). Each segment controls one of 
the spark plugs (through a coil) in one of the four 
cylinders. When the right cylinder is ready to 
fire, the timer makes contact and starts the vibrator 
on the cod, which causes a spark at the points of 
the spark plug. This device is called a ^‘commu¬ 
tator,^* ana is used only with a high-tension coil 
using a vibrator. 



Fig. 8. A four-cylinder ignition commutator. 
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Commutator construction: There are many dif¬ 
ferent constructions. One which will explain the 
principle of a commutator is shown in Fig. 8. 

The metal roller hub is connected to the cam 
shaft of the engjine. A roller (R) revolves in a 
housing lined with an insulated, non-conducting 
material, usually fiber. Metal segments (S) are 
placed 90® apart for a four-cylinder engine. These 
se^ents are connected with one terminal of the 
primary winding of the coil. There are as many 
segments on the commutator and as many coils as 
there are cylinders. Since the cam shaft makes 
one revolution while the crank shaft makes two 
revolutions, then the roller (R) would revolve the 
same number of times as the cam shaft, because it 
is connected with it. Thus roller (R) would make 
cx)ntacb with each of the four segments during 
one revolution, and so would produce four sparks 
in the engine cylinders, or one spark for each 
cylinder during one revolution of the roller (R), or 
two revolutions of the crank shaft of the engine 

Electric Circuit of a Four-Cylinder Vibrator 
Coil Ignition System 

The illustration (Fig. 9) explains how a commuta¬ 
tor is driven froni the cam shaft of a four-cylinder 
engine and how it is connected with the primary 
windings of four-vibrator type coils contained in 
one coil box. 

The Ulustration also shows the primary wiring 
connection from the battery, through one of the 
coils and connections to the other three coils and 
to the commutator, back to the battery; also the 
secondary circuit from coil to spark plugs, back to 
the coil. 

Primary circuit: Place your pencil on the drawing 
at the positive pole (P+) of No. 1 battery, ana 
follow out the circuit. 

We will begin with the positive pole connection 
of No. 1 battery; there are two sets of batteries, but 
only one set is used at the time. If one runs down, 
the other one is thrown into service by a switch on 
the coil. 

The switch is now on No. 1 contact, and the 
circuit is from No, 1 battery to the switch, through 
the switch lever to the bus-bar on the front of the 
coil, which connects to the contact screw (V) of 
the coil, thence through the platinum points, through 
the magnetic vibrator spring, to the primary wind¬ 
ing which is wrapped around a core or bundle of 
soft iron wires. 

The other end of this primary wire of coil connects 
with the segment on the commutator; the current 
is closed here at the proper time. The commutator 
roller-contact revolves as explained previously. 
When this contact is completed, the primary circuit 
is closed on one of the four coils (it is now closed on 
No. 1 coil). When this circuit is closed, the bundle 
of iron wires (core) becomes magnctizea and draws 
the vibrator down, but the moment the vibrator is 
drawn away from the contact with the vibrator 
screw, the circuit is broken and the vibrator springs 
back and makes contact again, but is immeoiately 
drawn down again; this, of course, is quick and 
rapid. This vibration is kept up as long as the 
contact is made on the timer, which, of course, is 
only for a moment, but during that time the vibrator 
makes several vibrafions or ^l^uzzes” as explained 
previously. 

Secondary circuit: When these vibrations, or 
interruption of current, occur, a current is ^^induced” 
into the secondary winding of fine insulated wire 


wrapped around the primary winding of the coil, 
called a “secondary wmding.” (How and why this 
current is induced into the secondary winding 
without any metallic connection was explained. 

This secondary winding, of course, has two 
terminals; one end goes to a spark plug, and the 
other end connects to one side of the primary wire, 
which pounds it through the commutator roller to 
the engine, when the roller makes contact; thence 
the circuit is to the metal shell of the spark plug in 
the engine, across the spark-plug gap, to the 
insulated part of the spark plug, back to the coil. 
A separate coil unit is provided for each cylinder. 

The duty of the commutator, therefore, is to make 
contact at a certain time in order that the right coil 
will operate and supply an electric spark to the right 
cylinder at the right time. 

Note. When one wire (on any wiring diagram) passes over 
another wire without making contact, a nalf-drcle is made, as 
shown above. 

How the Commutator Helps Control the Speed 

The commutator is connected to the spark lever 
on the steering wheel (Fig. 10). When the spark- 
lever is pushed forward, the commutator is shifted 
forw ard so that the metal roller makes contact earlier 
with the contact segment. This is called “advanc¬ 
ing’* the spark. 

If the commutator is shifted back instead of for¬ 
ward, the contact is made later. This is called 
“retarding” the spark. 



Fig. 10. Note the manual (hand) method of ‘'advancing" 
and ^‘retarding" the commutator. (Four-cylinder engine as 
example.) If the roller is revolving to the left, by lifting 
the commutator housing to the right, contact would be made 
earlier. This would be called "advancing" the spark. If 
the commutator is shifted to the left, contact would be made 
later—called "retarding." 

When using a vibrator coil (which is the case here), the time 
of the spark is set earlier than when using the single spark 
system, because plenty of time must be given the spark to 
ignite the gas so that it will ignite and combust when the 
piston is at the top of its stroke instead of after the top. (Note 
the connections to the commutator for firing order of 1,2,4, 3.) 

The setting for the time of spark to occur is done 
by placing the contact roller at a certain position, 
as will be explained under “Ignition timing.” 

The gas-throttle lever is the lever used to run on, 
and is used to increase or decrease the speed of an 
engine. This is done by opening and closing the 
throttle, as explained under the subject of Carbure¬ 
tors. 

It is well to run with the spark lever as well for¬ 
ward, or advanced, as possible, as it will tend to 
keep the speed of the engine up and consume less 
gasoline and create less heat. If the spark lever is 
too far advanced, then the en^e will pound or 
knock^ because the ignition will take place before 
the piston is over the center. A retarded spark 
produces heat. 
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The amount of advancing and retarding of the 
spark by hand must be learned by actual practice, 
in order to get the best results. 

High-Tension Vibrator Coil Using a Commu¬ 
tator as Used on One^ Two, and Four- 
Cylinder Engines 

As previously stated, the vibrator-type coil is 
now seldom us^ on automobile engines. It will 
often be found on small marine and stationary 
engines. A few examples of connections are shown 
below. 

There are as many coil units and as many com¬ 
mutator segments as there are cylinders. 



Fig. 11. One-cylinder engine with a vibrator tjrj)© of jump- 
spark coil and two seta of dry batteries for ignition. Only 
one set of batteries is in use at the time. The commutator 
revolves at one-half the speed of the crank shaft. Note that 
there is one commutator segment. 



Fig. 12. Two-cylinder vertical engine (180® crank shaft) 
with a vibrator-type of jump spark coil and two sets of dry cells 
for ignition. Note the position of the segments on the com¬ 
mutator. The commutator revolves at one-half the spe^ of 
the crank shaft. (This type of engine is seldom used.) 



Pig. 13. A two-cylinder opposed-type of engine with a two- 
cylinder jump-spark coil ana a set of dry cells and a storage 
battery, either of which may be used. The two contacts on 
the commutator are placed opposite. This revolves at one- 
balf tbs speed of the crank shaft. 



Fig. 14. A four-cylinder vibrator-type coil, using a com¬ 
mutator with four segments and a set of dry cells and a storage 
battery, either of which may be used. (S) are secondary ter¬ 
minal connections to the spark plugs. 



Fig. 15. A single-cylinder vibrator-type of jump-spark coil. 
This type is usually called a “box coil,“ and is only used on 
small marine or stationary engines. Quite frequently a single- 
cvlinder box coil has but one secondary connection on top. In 
this case the secondary connection shown at the front of the 
coil is connected inside of the coil to the primary wire which 
connects to binding post (P). 


The Master Vibrator Coil 


With the ^‘high-tension” vibrator coil system, 
just described, as many coil units, each with vibra¬ 
tors, would be provided as the engine had cylinders. 
If a four-cylinder engine, four vibrator coil units 
would be necessary. If a six-cylinder engine, six 
vibrator coil units would be necessary. 


It will be noted that with this number of vibrators, 
one or more would be constantly sticking, unless a 
great deal of attention was given to them. 

Therefore, by using a master vibrator, only one 
vibrator coil is used^ which is connected with the 
other coils as shown m Fig. 16 (page 195). 

The master vibrator coil has but a single prunary 
winding, and is connected in series, so the primary 
current must travel through it before reaching any 
of the coils. The usual commutator is employed. 

The master-vibrator coil can be connected with a 
“multiple” of coils, by screwing down the vibrators 
on all coils and short-circuiting them, by connecting 
as shown in Fig. 16A. Note that the coils are the 
regular double-wound, high-tension coils. 

The advantage of such a system is that there is 
but one vibrator to keep in adjustment, since this 
vibrator serves for all the cylinders; whereas, with 
several vibrator-coil units the difficulty of keeping 
several adjustments is a considerable motor. 


The disadvantage is the great amoimt of wiring 
necessary with the multi|:>le-coil system. Although 
the master vibrator is easily connected and requires 
venr little wiring, the “distributor” system, which 
will be e^lained next, requires consideraoly less 
wiring. Tne master vibrator is an exc^lent addi¬ 
tion to be applied to a multiple system of ignition, 
uecL which uses vibratoMype coils. 


already i 
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Fig. 16. A simplified illustration of a master ▼ibrator coil 
un a four-cylinder engine, as an example. (W) secondary 
winding; (PW) primary winding; (P) prima^ wire; (VB) 
vibrator; (C) coils; ((j) secondary ground wire; Fw. 16A. 
shows how the vibrator on the coils Cl, C3, Ct, ana C4 are 
short-circuited. 


•FUCTlHUri C0M1KCT POINT 



Fig. 16A. How to short-circuit vibrators on coils. 

The firing order is 1, 2. 4, 3. No. 1 segment of the com¬ 
mutator is now connected; therefore coil (Cl) is firing No. 1 
cylinder. Note that the master vibrator is in series with this 
coil. The primary circuit in this instance is from (-f) battery, 
through the winding of the master vibrator, through the 
vibrator points, through the primary blinding of coil (Cl), to 
the commutator segment, through the metal roller, through 
the ground of the engine, to the other terminal of the battery. 

The secondary circuit is from wire (S) to the spark plug, 
through the engine, back to the other end of the secondary 
winding on the coil. 

The next cylinder to fire will be No. 2. and coil (C2) will be 
the next one connected by the roller on the commutator. The 
next to fire will be cylinder No. 4 through coil (C4), then 
cylinder No. 3. through coil (C3). 

The “Distributor” or Synchronous System 
of Ignition 

In the foregoing examples it will have been noted 
that the amount of wiring required for engines hav¬ 
ing more than one cylinder becomes increasingly 
complicated. A system now generally used^ known 
as the ^‘distributor system, very considerably 
simplifies the wiring and at the same time a more 
accurate timing of firing of the respective cylinder 
is obtained. (Sw Fig. 17). 

One vibrator coil only is necessary, this having 
the high-tension terminal joined up to the “dis- 
tributorj” which is a special form of rotating switch 
highly insulated, which directs the high-tension 
current to the cylinders in the required order. 

The secondary distributor brush (B) rotates at 
the same speed as the commutator roller contact- 
maker, and in perfect unison with it; that is to say, 
when the low-tension circuit is completed, the high- 
tension circuit is completed likewise. The diagram 
should make the system clear, it being borne in mind 
that the distributor is rotating as well as the contact 
maker, and in perfect “synchronism'' with it. 

The secondary distributor is made in combination 
with a commutator, each with as many contacts as 
the endne has cylinders, and with the moving parts 
of each attached to the same shaft and revolving. 
(See Fig. IS). 

The battery is connected to the single coil in the 
usual manner, and a wire is run from the primary 
terminal of the coil to the commutator, where it is 


connected to the four segments of the commutator. 
Thus when the commutator revolves, the current is 
passed through the one coil every time that contact 
IS made. 

If with this arrangement a wire was run from the 
secondary terminal of the coil to the four spark 
plugs, sparks would pass in all four cylinders when¬ 
ever the timer made contact. Instead of this, one 
secondary wire is run from the secondary terminal 
to the moving part of the distributor, termed the 
“distributor brush/' or “rotor," ana from each 
contact point, or distributor segment of the distrib¬ 
utor to tne proper spark plug. 

When the commutator makes contact, and the 
secondary current is formed, it flows to the second¬ 
ary distributor, which at that instant has made con¬ 
tact with one of its segments, so that that secondary 
current flows across the contact and to the spark 
plug that is connected. 

The advantage of this system is that there is only 
one vibrator to keep in adjustment, and only one 
coil, thus fewer parts. The disadvantage is that 
the constant action of the vibrator is liable to bum 
the vibrator points, and destroy them. Electrical 
lag is also a factor to be considered, as is also a 
greater consumption of current. 

The more modem ignition system uses a distribu¬ 
tor for distributing the secondary current to the 
spark plugs in a similar manner, but instead of using 
a coil with a magnetic type of vibrator, or intermp- 
ter, a coil without a vibrator, termed a “non-vibrat- 
ing" high-tension double-wound coil, is used, and 
instead of using a commutator, a timer or “inter- 
mpter," which is mechanically operated from the 
engine, is used. This system will be treated in the 
next instmetion. 



Fig. 17. A simplified illustration showing the principle of 
a high-tension distributor or synchronous system of ignition 
usingavibrator type of coil. Notingencralu.se. (P) primary 
winding; (S) secondary. Note that one end grounds to the 
engine (usually grounded on the coil). (VS) vibrator screw. 


Fig. 18. Simplified illustrations to explain the principle of a 
distributor and commutator in one housing and operated by 
one drive shaft, used in connection with a vibrator type of coil. 
This method is obsolete, but a similar principle, of different 
oonstruotion, is the modern method, as will be explained farther 
on. Note that the distributor and commutator are together. 
The wiring diagram (Fig. 17) shows the two separated merely 
to explain the action. 
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MODERN BATTERY AND COIL-IGNITION SYSTEMS: High-Tension CoU 
(Non-Vibrator Type); Open and Closed-Circuit Ignition System; 
Distributor; Resistance Unit; Safety Gap 


THE MODERN BATTERY AND COIL IGNITION SYSTEMS 


In order to understand the modem ^*coil and 
battery*' imition systems, it was necessary that the 
reader study the elemental principles of the early 
forms or methods used for ignition, such as the low- 
tension coU, the high-tension vibrator coil, the 
commutator and the distributor, which have all 
been explained. It ought not therefore to be diffi¬ 
cult for the reader to grasp the principle of and the 
difference between the various modem ignition sys¬ 
tems now to be treated. 

The battery and coil system is the modem imition 
system, such as used on the Atwater-Kent, jDelco, 
Kemy, and others which are supplied with a "con¬ 
stant''source of electric supply when used in connec¬ 
tion with a storage battery which is kept charged 
by the generator. 

'*Con8tant source of supply” means that the ignition appara¬ 
tus is not dependent upon a mechanical method of generating 
current, as in a magneto, but the supply of electric current is 
constantly supplied by a stor^e oattery and the storage 
battery is constantly supplied with current (direct) by a 
generator. 


The Non-Vibrator Coil Ignition System 

The same underl 3 ring principle of operation of a 
vibrator-type coil, explained on the preceding pages, 
applies to the non-vibrator coil. The only difference 
to be noted is that the commutator is dispensed 
with, and instead of having a "magnetically operated 
vibrator" or "intermpter" on the coil, a "mechani¬ 
cally operated timer," or "intermpter," is driven 
from tne same shaft as the seconaary distributor 
and is used for exactly the same purpose. 



Fig. 1 Pig. 2 


Fig. 1 represents the **8ingle spark**—-n hot one at the right 
time, which causes the gas to ignite quickly without lag, and 
consumes very little current, as produced by a high-tension 
coil ignition system of the non-vibrator type. 

Fig. 2. Note the succession of swks. This represents 
the sparks as they occur on the old-etsde magnetic vibrator coil 
—several after top of stroke. The hottest one ignites the gas, 
but usually late. 

Th« non-vitmttor coil uses a mechanical inter¬ 
rupter and gives but one ^^single sparic" (see Figs. 
3, 4 and 6). 


Open and Closed-Circuit Interrupters 

The non-vibrator coil system of ignition can be 
classified as an open-circuit system and a closed- 
circuit system. It gives a "single spark." 

The open-circuit system consists of a single non- 
vibrator coil, timer, and distributor (if a multiple- 
cylinder engine). 



Fig. 3. A non-vibrating high-tension coil ignition system, 
using an open-circuit timer. 


The open-circuit timer contact points (Fig. 3), 
used in connection with this system, are normally 
open. The cam is attached to a shaft, usually 
driven from the cam shaft, and must therefore hie 
set so that the high point or lobe on the cam will 
raise the arm (C) so that it will make contact at 
the proper time. The spark does not occur at 
the spark plug when the contact is made, but when 
the contact is opened. This is therefore, a double 
operation, which causes "electrical and mechanical 
lag," and this is eliminated by the use of a contact 
arrangement which is nonmuly closed. Thus the 
improved method (Fig. 4) is termed a "closed- 
circuit" system, and is the system in general use 
today. 

**Elsctric«l lag** means that the spark will not occur in the 
same position as regards piston travel at any and all engine 
speeds. With a very high speed the piston might have a 
tendency to travel past the point of ignition before the open- 
circuit timer made and opened contact, whereas with the closed- 
circuit principle it merely opens the contact. 

While all lag factors deal with time in seconds, theireffect 
on the engine is the number of degrees they cause the spark to 
occur off the point where it should. Consequently a time 
factor of only one-thousandth of a second means only a viwia- 
tion of 3^ at 600 r.p.m., yet means 12** at 2,OCX) r.p.m., and 18* 
at 3,000 r.p.m. 


Mec h an i ca l lag is eliminated much for the same reason, and 
the quicker and simpler the mechanism to ‘‘interrupt” the flow 
in the primary, the quicker the spark. 

Compare the timer in Fig. 3 with the interrupter 
in Fig. 4. 
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Note that in Fig. 8 the cam raises the arm (C) 
which makes contact at points (P), which are nor¬ 
mally open. The strong spark does not occur when 
contact is made, but when it is opened. 



Fig. 4. A non-vibrating high-tension coil ignition system* 
using a dosed circuit interrupter (also called contact-breaker). 

Note that in Fig. 4 the contact points (P) are 
normally closed, and the high point on the cam 
raises the interrupter arm, thus opening the points 
(P) with one single operation. Thus the closed 
primarv circuit of the coil is interrupted; hence its 
name “interrupter,” or “contact breaker” as it is 
also often called. 


The closed-circuit ignition system using a non- 
vibrator coil and a closed-circuit “interrupter” in 
connection with a distributor is more clearly shown 
in Fig. 5. This represents a modem “battery-and- 
coil” Ignition system. 

Note that the distributor shaft, which is driven 
from the cam shaft of the engine, operates the in¬ 
terrupter cam which opens the interrupter contact 
oints. The same shaft operates the distributor 
rush which distributes the secondary high-tension 
current to the spark plugs. 

The cam has as many high places^ or lobes, as 
there are cylinders. On the cam in Fig. 6 there are 
four high places. This would, therefore, be suitable 
for a four-cylinder engine. It is fastened to a shaft 
which is driven at cam-ehaft speed. It is set or 
timed so that the high point on the cam pushes 
the moving contact blade point away from the 
stationary contact point, thus opening the prim^ 
circuit of the coil. By this method the operation 
of first closing the circuit, then opening it, as on the 
open-circuit timer is eliminatea, and makes the 
action much quicker. 

Circuit of the Modern Ooeed-Circuit System 

The primary circuit of the closed-circuit system 
(Fig. 6, below)^ is from (-f) of the battery, through 
the igmtion switch, through the resistance, through 
the primary winding, through the insulated station¬ 
ary contact point, through the movable interrupter 
or contact points, through the frame of the inter¬ 
rupter, to which it is grounded, to a ground connec¬ 
tion of the frame of the car, to (—) ground of the 
battery. 
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The condenser in this instance is placed across 
the contact points of the interrupter and in the 
interrupter, one end being connected with the 
insulate stationary contact and the other end 
grounded to the frame of the interrupter. The 
condenser could be in the coil, which it is, in some 
systems; in such cases it must connect directly 
across the contact points, as explained on page 189. 

The secondary circuit and distributor: One 
terminal is grounded. The other leads to the center 
terminal of the distributor, and makes contact with 
the metal spring on the insulated rotating distribu¬ 
tor brush, also called the ^‘rotor.” 

The other end of the spring on the rotor passes 
close to, but not touching, tlie metal distributor 
terminals of the distributor head (made of insulated 
material) which leads to the spark plugs (termed 
the “distributor gap”0j thence through the center 
terminal of the spark plug: it then jumps the gap 
at the spark-plug points, thence to the shell of the 
plug to the engine, back to the groimded connection 
of the secondary. 

The distributor rotor, of course, is synchronized 
or set so that the rotor spring makes contact with 
the spf^k plug in the cylmder to be bred; at the 
same time the interrupter cam opens the circuit. 

The ignition switch of course is supposed to be 
opened when the engine is idle. However, the 
operator may not always think to open the ignition 
switch, and therefore an igmtion resistance unit is 
placed in series with the primary winding on very 
nearly all closed-circuit battery and cod-ignition 
systems, to take care of any possible damage that 
might occur. 

Ignition Resistance Unit 

The purpose of the ignition resistance unit is 
twofold, one being to protect the battery from dis¬ 
charging back through the primary winding and 
thus overheating the winding and discharging the 
battery,! f the switch is left on and engincis not 
running and interrupter points are closed. 

The ignition resistance is made of iron wire, 
usually mounted on a porcelain spool on the ignition 
coil. It turns a cheriy red when the primary cur¬ 
rent flows through it for any length of time. When 
iron heats it offers resistance; thus the discharge 
through the primary winding is ^eatly decreased. 
If current is left on for a long period of time when 
the en^e is idle, the resistance may bum out and 
open the circuit and a new resistance unit becomes 
necessary. This sort of thing happens frequently. 


When the engine is running, the circuit is con¬ 
tinually opened and closed and thus the heating 
effect is not as great. 

In the instruction on the principle of the ignition 
coil (page 190), we learned that the coil core is slow 
in its action of “building up” lines-of-force, or fn 
being magnetized, when the circuit is closed. This 
being the case, it would appear that at high engine 
speeds the interruption or opening of the circuit 
would take place before the iron core of the coil was 
fully magnetized, thus producing a weak spark. 
This is quite true and possible. 

To overcome this, the coil is wound so that it 
takes an excess of current, or more than is required 
in order to compensate for this slow action of mag¬ 
netizing the core. The question next to arise is, if 
the excess of current takes care of high speeds, 
what is the situation in the case of low speeds? At 
low speeds, the points are closed for a longer period 
and the excess of current would injure the coil. 

The answer is, that the resistance unit heats when 
the circuit is closed for a longer period of time and 
offers resistance which cuts down tneflow of current to 
normal. At high speeds it does not heat so much and 
the resistance is less, and the current is permitted to 
pass at full value through the winding at high speed, 
thus assisting in quickly building up magnetism in 
the core.^ 

High-Tension Safety Gap 

Safety gap: The fact that the distributor spring 
does not make full contact with the distributor 
terminals leading to the spark plugs brings up the 
subject of safety gaps. 

The safety gap on the ignition coil is always a 
“shunt” gap placed across the secondary circuit, 
usually on tne coil. If the external secondary 
circuit is open, the safety gap provides another path 
to ground (see Fig. 6). It is used more on high- 
tension magnetos than it is on ignition coils. It is 
practically a safety valve for the high-tension cur¬ 
rent. The safety gap is usually set slightly farther 
apart than the spark-plug gap, or about 6/16". As 
long as the wires to the spark plug are connected, 
the safety gap is inactive, but if the spark-plug 
wire should come loose, then the safety gap becomes 
active by a spark jumping across its gap instead of 
trying to jump from the end of the loose wire to 
the en^ne. If this were a greater distance than 
which it might well be, it might cause the high-ten¬ 
sion current to force a circuit through its own 
insulated winding to its ground, thus damaging 
the coil, or cause sparking at interrupter points. 


CONNECTICUT IGNITION, CLOSEIM^IRCUIT SYSTEMS* MODELS 16,14, AND 15 


As an example of an ignition system using a 
“safety gap” and a “thermostat resist^ce,” the 
Connecticut ignition system as used on the Dort 
and also on the “model 89” Willy-Knight six, is 
shown in Fig. 6. The diagram represents that of 
the Dort.* The Connecticut ignition system using 
the Connecticut automatic thermostat switch, is 


> The gtp between the diftribntor brash and the tpnrk-iilitc 
terminals (Fig. 5) is about .010^'. It may vary .(f04^ 

either way. 

The prime advantage of this gap is the fact that no rubbing 
parts are employed; therefore there is no friction or wear. 

The high-voltage secondary current is able to jump the gap, 
and as soon as the gap is broken down its resistance becomes very 
low and the seoondaiy discharge passes without notio^le loss. 

^8se page 208 for Dort-sii ignition. 


clearly shown in this illustration. This ignition 
system is known as the model “16.” 

The purrose of the thermostat switch. It must be 
imderstood that the timer, or interrupter (Fig. 7) 
is a closed-circuit type; therefore if the engine is 
not running and the switch is left “on,” a waste of 
current and heating of the ignition coi^ results, 
therefore this automatic switch is used to open the 
circuit. 

There are two ^es of Connecticut thermostat 
switches: one which is operated by magnet coUs, 


I It is a very easy matter to cheek the resistaiice unit, by 
obeerving its heating when the ignition button is out and the 
eontaets of the interrupter are moeed. If it is shorted out, it 
will not heat up, and will cause miseing af low speeds. 
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Fig. 6. The Connecticut model "16” high-tc^on non-vibrating coil closed-circuit ignition system. Note that a thermostat 
of the thermal type, termed "automatic switch,” is used to open the circuit if the ignition switch should be left “on.” Type "GA" 
coil is used in this system. Note that the interrupter is grounded at (A). (See page 232 for a later type coil.) 


which is an early type described in Figs. 13 and 14, 
and a later model where a thermal, or thermostat 
blade (D), (Figs. 6 and 8^ takes the place of the 
magnets. We shall describe the later model, using 
the thermal blade. “Thermal” refers to heat. 



Fig. 7. Top view of Connecticut interrupter or contact- 
breaker. See also page 232 for later model 18 interrupter. 

Thermostat action (see Figs. G and 8). The 
battery current flows from battery (+), to (B), then 
through insulated spring (S, Figs. 6 and 8). If 
the ignition button is pushed in, then an insulated 
plunger (E) on the switch button presses against 
spring (SI) causing spring (S2) to close points (O). 
The current then travels through (A) to (1), through 
resistance wire ribbon (T) (thermostat wire which 
is insulated from A, except where grounded to A at 
1), to insulated connection (C), to (C) connection 
on the coil. 

So long as the engine is running, the intermittent 
opening and closing of timer contact points prevents 
(T) from heating blade (A). 



Fig. 8. Conneotiout thermoetai switch, also called “automatic 
•witch.” 

If the engine stops with ignition switch “in,” then 
the timer points are closed^ and within for 30 or 40 


seconds the continuous current passing through 
resistance wire (T) heats spring blade (A), causing 
it to bend down, thus making contact with (J) at 
(X). The current then flows through (J) to (T) on 
blade (D), through (2) to ground connection of 
switch box at (G). 

Blade (D) then becomes heated and bends up. 
releasing a wedge-shaped lug (L) which is attached 
to under part of (D), from a groove in the ignition 
button shaft. The spring (SI) then easily forces 
the ignition button “out,” thus opening the circuit 
at (O) and (X). 

The primary ignition coil circuit can be traced 
by starting at (-f) of battery (Fig. 6) to thermostat 
connection (B) through spring (S) to connection 
(C) (when ignition button is “in”), thence to the 
primary winding of coil (C), through the coil, out 
coil terminal (B) to stationary contact (B) on model 
16 timer, through points (P) to movable contact 
(A) (which is grounded), to the grounded terminal 
of the coil primary winding at (A), through ground 
plate (GP) to ground (- ) of battery (type GA coil). 

The secondai^ ignition-coil circuit is from the 
secondary winding to center terminal (CT) of the 
distributor, to distributor arm (D) which passes 
the secondary current as it revolves, to spark plugs, 
thence through center terminals of spark plugs 
across spark-^ug gaps to the shell of the spark plug 
to the engine frame, thence back to ground plate 
(GP) on the coil to the grounded terminal ot the 
secondary winding. 

The safety gap is shunted across the secondary 
circuit of the coil, as shown in Fig. 6, and explained 
above. 

The condenser (Fig. 6) is shunted across the 
contact points of the timer, but is located in the coil. 

The lighting and ignition switch (type K.V.B.) 
is combined with the Connecticut autonmtic thermo¬ 
stat ignition switch; a front and rear view is shown 
in Fig. 6. It has two buttons. 

When the button at the left is pushed in, the 
ignition is “on.” When it is pulled out, the ignition 
is “off.” 

When the button at the right is pushed all the way 
In, the headlights will burn “dim,” as the dimmer 
resistance (RS) is in series with the circuit. When 
pulled all the way out, the headlights will burn 
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bright/’ as the resistance (RS) is then cut out of 
the circuit. When placed in the center, the lights 
are ^‘out.” 

The fuse for the lights is under the hood on the 
right side, and a fuse for the horn is on the left side. 
If all lights fail to bum or the horn fails to operate, 
see if the fuse is blown. The fuses are 7 volt, 10 
ampere enclosed No. 1 type, di. x 5^" 
tube. 

Timing ignition (DorM). Open priming cocks. 
Turn starting crank until 1 and 4DC (cylinders No. 
1 and 4 are on dead center of compression stroke) 
appears on the flywheel and is in line with the center 
mark on the crank case; then turn flywheel 1" past 
this dead-center line. 

Retard the spark lever and loosen the set screw on 
the distributor shaft. 

Push in the i^tion-switch button. Disconnect 
the spark-plug wire on cylinder No. 1, and place it 
so that the terminal may be about 1/16'' from the 
metallic part of the spark plug. 

Turn the distributor shaft very slowly, in a clock¬ 
wise direction, till a spark is seen between the spark 
plug and the wire terminal, and stop. 

Screw securely the set screw on the distributor 
shaft, put the handles of the priming cups in a verti¬ 
cal position, and the spark is correctly timed. 

The firing order is 1, 3, 4, 2, and the wrires to spark 
plugs should be attache to the distributor in this 
order. No. 1 cylinder is the one next to the fan. 
Spark plug is J^18 thread, and the gap should be 
.022" to .025". See also page208 for Dort-six ignition. 

The (aerator shown in Fie. 6 (which is the electric diagram 
on the Dort) is the WesUnghouse, using a third-brush regula¬ 
tion with a out-out switch (reverse-current type) contained in 
the generator. Note that one terminal of the generator is 
grounded, likewise the (—) terminal of the battery. When 
startinf, the ignition current ia taken from the battery. After 
starting, and generator gains sufficient speed (8 or 9 miles per 
hour oar speed), and then the generator supplies current for 
ignition and charges the battery. The generator produces 
12 to 15 amperes at 18 miles per hour. At higher spcM^ the 
charging rate decreases slightly. 

The startiiif motor (not shown) is located on the left side of 
the engine, at the rear. It is fitted with a Bendix drive which 
automatlc^y exigages and disengages the fly-wheel gear, as 
explained in the instruction on starting motors One terminal 
of the starting motor is mounded, the other terminal connects 
with the starter switch, from the starter switch to battery (+). 
through the battery to ground. 


Renewing Interrupter Points 

To dissassemble interrupter (timer), model 16: 
first, imclamp the spring and remove the distributor 
cover (Fig. 9); second, remove the distributor arm 
(Hg. 10); third, unscrew the retaining screws (Fig. 
11); fourth, lift the breaker-plate, unscrew nut and 
loosen the primary wire. Install new breaker plate 
(Fig. 12). After installing a new breaker-plate, 
which is always necessary when renewing mter- 
rupter points, reassemble and adjust. 



Fig. 9 Pig. 10 Fig. 11 



Fig. 12 


Interrupter (Timer) Adjustment 

The opening of contact-points on 4- and 
6-cylinder engines should be .016" minimum to 
.024" maximum; on 8-cylinder engines, .012" 
minimum to .015" maximum. When adjusting, 
the roller should rest on the point of the cam. 
Set spark-plug gap .022" to .025" on 4-, 6-, and 
8-cylinder engmes. 

Connecticut Ignition; Models 14 and 15; 

Closed-Circuit System 

This ipiition ^stem was used on many of the 
Overland cars. The thermostat switch was con¬ 
trolled by magnets and enclosed in rear of a switch 
mounted on the dash. In many of the Overland 
cars this switch, called a "combination switch" 
box, was placed on the steering column. 



Fig, IS. The Connecticut models **14’* end **15,’* lugh-teneion non-vibreting coll, oloeed-oirouit ignition syctem, uring a 
nsfiieac thermoetat switch. 


p£« ^ doisd-drmrit Intsmtptsror oontsot-brMksr. NoU that ths iatsrruptgr ia not groandad, aa 
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The timer or intemi]»ter (Figs. 13 and 13A) is 
the model 14 and 15, where both contact points (U). 
one on arm (A), the other on arm (B), are insulated 
from each other and two wires connect with termi¬ 
nals (T) and Tl) from coil, battery, and switch. 
(R) is a fiber roller and (C) a cam, which turns at 
one-half the engine spe 3d and has as many lobes as 
there are cylinders. Loth contact-points are nor¬ 
mally clowd until separated by cam (C). It is thus 
a closed-circuit type. 

The distributor sets above the timer, and the 
rotor or distributor arm sets on top of the cam shaft 
and revolves at the same 8p(^ as the timer cam. 
The rotor in models 14 and 15 is of the ^^brush-type” 
contact (R), which makes a wiping contact. 

The model 16 timer-distributor (Fig. 6) is very 
similar, except, instead of having two binding-posts 
to the timer, there is one binding-post and a wire, 
and the distributor rotor (or arm) is of the “gap- 
type." 

The coil is a non-vibrating type. A safety-gap 
is provided to protect the coil from liability to a 
puncture of the winding insulation if the spark plug 
or secondary wires come loose. 

The switch on this system is the model G. When 
(B) button is pressed, the storage battery supplies 
current for ignition. When (M) button is pressed, 
the magneto supplies current for ignition. When 
the lower button is pressed, it will release either of 
the above, whichever may be in. 

The thermostat, as explained below and also 
shown at the right in Fig. 13, is contained in the 
back of the switch. This switch is now seldom 
used except where magneto ignition is employed. 
The switch below is the model 41Y ignition and 
lighting switch with thermostat. Where a genera¬ 
tor is on the car, it is connected with a separate cut¬ 
out, between battery and switch. 

The thermostat consists of blade (T) (see Figs. 13 
and 14), which heats when current passes through it 
for from 30 seconds to 4 minutes without interrup- 
<ion, and causes it to bend to contact with (L). 


rMCOMOSTAT 



Fig. 14. Connecticut magnotio thermostat switch (early 
model, as used in Fig. 13). An automatic thermostat in the 
Connecticut system breaks the circuit in the event that the 
switch is left in the **on" position with the motor idle. The 
light switch and dimmer are housed at the right. 

This completes an electrical circuit which ener- 
dzes the magnets (M), causing releasing hammer 
(K) to operate like the clapper in an electric bell. 
This arm strikes against a plate (P) which releases 
whichever of the two ignition switch buttons in 
switch may be depressed or “on.” The ^’^ermostat 
ean be set to act from ^ to 4 min. 


An adjusting screw (Fig. 13, right illustration) is 
provided directly over the thermostat spring (T) 
which reflates the time. If the thermostat was 
made to disconnect in less than 30 seconds it would 
probably “kick-off” when putting on ignition, before 
the engine could be started. 

The condenser (C) (Fig. 13) is located in the coil, 
but by tracing the coil primary circuit it will be 
observed that it is shunteil across the timer contact 
points. 

Example of Timing Connecticut Ignition^ 
System 

To time the breaker and distributor six-cylinder 
en^e as example): When replacing, if for any cause 
it becomes necessary to remove the breaker and dis¬ 
tributor, cmnk the engine by hand until the piston 
of No. 1 cylinder (first from front end of car) comes 
up on its compression stroke, and stop when the 1-6 
mark on the flywheel is on top in a line with the fly¬ 
wheel indicator. At this point the piston is at the 
uppermost point of the compression stroke or “dead 
center.” You can determine when the piston is 
coming up on the compression stroke by opening 
the relief cock on the cylmder and holding your finger 
over the opening. 

Now advance the spark lever on the steering 
wheel one-quarter of the way. Remove the dis¬ 
tributor cap, then set the combination breaker and 
distributor on the driving shaft with set screws 
loose; connect the advance lever, turn the hub on 
the shaft in the direction of rotation (counter¬ 
clockwise) until the contact points are just opening, 
which is the point at which the spark takes place; 
then tighten the hub set screws. 

Now replace the distributor cap, carefully notic¬ 
ing which segment of the distributor brush is 
opposite, for this is the connection to the spark plug 
of No. 1 cylinder. Now connect up the balance of 
the spark plugs in their firing order—1, 5, 3, 6, 2, 4. 

The Chevrolet timing; Place the piston on top of 
the compression stroke. Retard spark, loosen set 
screw and turn igniter unit until contact points are 
just opening, which is the point for spark. Tighten 
the set screw. The firing order is 1, 2, 4, 3. There¬ 
fore connect the plug terminals accordingly. 

See also Index under "Lexington ignition timing,” which is 
another example of tne Connecticut system. 

Testing Ignition Circuits and Parts 

Testing coil: In order to determine if the coil is 
operating properly, secure a piece of wire and, hold¬ 
ing one end to the frame of the car, engine casting, 
or other metallic “ground,” bring the other end to 
within one-quarter inch from the point whore the 
high-tension wire (running from the coil to the 
central terminal of the distributor) leads from the 
coU, and turn the engine over by hand with the switch 
on. If a spark occurs at this point and not at the dis¬ 
tributor, the trouble is in the hiah-tension wire 
which l^ds from the coil to the distributor. If, 
however, no spark occurs at either poin^ see if the 
safety gap in the top of the coil is wet. In this case 
dry out the coil for several hours in a warm oven. 
The safety gap may be observed by removing the 
cover on the top of the coil. 

iTo auit individual requirements it may be necessary to 
advance the ignition slightly when timing, if greater spm is 
required, or to retard it slightly for ver^ slow runni^. This is 
done by loosening set screw and turning timer witn rotation 
of shaft if it is found to be timed early-^or against rotation if 
it is found to be timed late. 
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The thermostat (or ignition resis^ce unit in 
other systems) would cause missing if burned out. 

The condenser, if shorted, will cause a weak spark. 
These subjects are treated farther on. 

If this does not correct the trouble and the pri¬ 
mary circuit is intact, it is evident that the coil 
should be replaced or returned for repairs. 

It is a good plan regularly to examine the clamp¬ 
ing rods holding the coil to the generator, tightening 
when needed to prevent vibration from loosening 
the terminals or breaking them. 

Test of primary circuit: WTien testing the primary 
circuit, there are practically only two tilings to be 
taken into consideration, namely, the condition of 
the contact points in the breaker box and the wiring. 


When tracing the primary circuit, first see if any 
of the fuses have ^^blown,” then trace all the wiring 
of the ignition circuit. 

Testing ignition switch: In order to test the 
switch and determine if current flows through it, 
attach a wire to the negative terminal on the storage 
battery and remove the wire from the terminal on 
the coil. Then push the ignition button on the left 
end of the switch in and make and break the circuit 
with the two wires by touching their free ends 
together. If a spark occurs, there is a circuit 
through the switch. If a spark is not obtained, there 
is doubtless an open circuit in the interior; therefore 
it should be returned for repairs. 


ATWATER KENT OPEN-CIRCUIT IGNITION SYSTEM 


As an example of a coil and battery ignition sys¬ 
tem, using an open-circuit timer system of ignition, 
we will take the Atwater-Kent type K2 open-circuit 
system. (This concern also manufactures a closed- 
circuit system, as illustrated on page 205.) 

The distributor and timer (called the Unisparker) 
is illustrated in Figs. 1 to 7. It consists of a timer 
with its contact breaker, or “maker,wWch would 
be more appropriate, mounted on the timer shaft, 
but independent of each other. 

The timer is illustrated in Fig. 3. 


The parts consist of: (1) the distributor and 
timer, which is called the Unisparker; (2) the coil, 
which consists of a simple primary and secondary 
winding, sealed in an insulated cylinder; the coil has 
no vibrators, contacts, or other moving parts; (3) 
the depolarizer switch; (4) the automatic spark 
advance. 

The function of the Atwater-Kent ignition system 
is to produce a single hot spark for each power- 
impulse of the engine, accurately timed to occur at 
the right instant to produce the greatest possible 
power and efficiency. 
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The timer shaft is a half-inch shaft, driven usually 
from the cam shaft and at cam-shaft speed. It is 
also quite ^ften mounted on the generator and 
driven from it, as shown on page 210. It should 
always be installed in the coolest location avail¬ 
able. 

The contact points in the timer (Fig. 3) do not 
touch except during the brief instant of the spark. 
The ignition circuit is therefore normally open and 
no current flows, even though the imtion switch 
be left ‘^closed.” This dispenses with the use of a 
resistance unit, or thermostat. 

Where the hand-spark control lever is also used, 

it should be so proportioned as to give not more than 
one-quarter to one-half inch of movement for the 
entire range of the spark lever on the steering-wheel 
sector. 

Range of spark advance: The high-tension dis¬ 
tributor is carried on a central shaft, which connects 
below the governor, so that the distributor block is 
not moved by the automatic advance mechanism. 
This permits of a wide range of spark advance with¬ 
out affecting the synchronism. The maximum 
advance is about 45® of crank-ehaft travel, at 2,400 
r.p.m. 

The source of electric supply for this system, also 
all other systems of this kmd, is from the storage 
battery. The storage battery, as previously 
explained, is cliarged from an electric generator 
run from the engine. 

The current consumption is very sm^l, but the 
strength or pressure of current as required ^ the 
coil is necessary for a single-spark system. There¬ 
fore keep the battery fully charged at all times. 

In case of an emergency, dry cells can be used 
connected six in series. 

Adjusting A.K. Open-Circuit Timer 

Adjustment of the gap between contact-points 

should be .010", when the lifter (D) (Fig. 3), is in 
the notch. This adjustment can be made by 
placing more or less thin shim washers (see W), 
(Fig. 3) on the contact screw. 

When taking up this distance between points, 
arising from natural wear, remove both screws and 
dress with a very fine file; then replace and shim up 
to .010", The points are made of tungsten steel, 
which is very hard. 

Remember that when the points are working 
properly, small particles of tungsten will be carried 
from one point to the other, forming a roughness 
of a dark my color. This, however, does not in 
any way affect the working of the points, as the 
rough surfaces fit each other p)erfectly. The spark¬ 
plug gap should be .025", 

Do not think that the parts of the timer (Figs. 
8 to 11]) do not work properly because you cannot 
see their movement. The contact maker of the 
Unisparker may be likened to a watch, which, be¬ 
cause of the small size and extreme accuracy and 
hardness of its moving parts, is subject to very little 
wear. Don’t change the tension of spring or alter 
the parts. 

Polarity Switch 

The polarity switchi also termed a "pole-changing 
switch*’ and "depolarizing switch,’’ is intended to 
prevent the points on (^ and (C) (Fig. 3) from 
becoming worn and pitted. "Direct" current is 
us^, wmoh has a tendency to bum and pit the 
points, whereas an alternating current is much 


easier on the points. Therefore the purpose and 

S rinciple of this style of switch is to alternate the 
DW of current from (N) to (S) and (S) to (N), or 
from positive to negative and negative to positive. 

As stated above, "direct" current is used with all 
battery systems; therefore a steady flow in one 
direction nas a tendency to deposit the metal from 
one point to the other—4)ut by changing this flow of 
current occasionally, the deposit will be put back 
to the other point again, as in electroplating. 

Note the action of the polarity switch (Fig. 5): (C) 
to (A) is now flowing positive, and (D) to (B) is flowing 
negative. By turning the switch one-quarter turn, 
the poles are changed; (C) to (D) will become posi¬ 
tive and (A) to (B) will become negative. This 
change is made occasionally when running, and has 
a tendency to keep the contact points clean. 

Automatic Ignition Governor 

The governor (Figs. 6 and 7) is mounted directly 
under the timer. One arm of the governor (Gl), is 
attached to the upper part of the timer shaft which 
is free to advance with the action of the governor. 
The other arm of the governor automatically 
advances the time of spark as the speed of the engine 
increases, by centrifugal action of the governor 
weights (GW), as shown. Note the position of the 
end of the timer shaft (A), at retara (Fig. 6), and 
advance (Fig. 7). Note that at "retard." the 
governor arm (Gl) is at (C), whereas at full speed 
it has advanced to (D) (marks shown on left-hand 
side of housing). 

Explanation of Automatic Spark Advance 

Governor: The Delco, Remy, Atwater Kent, and 
many other systems employ a mechanical governor 
for advancing the spark when the engine is speeded. 
A governor of the centrifugal type is usually 
employed, but of slightly different construction on 
different systems. The purpose of the governor is 
to cause the timer notched shaft^ to turn in the 
direction of rotation, causing the contact points to 
make and break earlier as the speed increases. 

For instance, refer to Fig. 6, page 202. Assume 
that the engine is running slow and Uiat the governor 
is in retarded position. Note the position of the 
notch (A) and the governor weights at the top of 
the timer shaft. If the engine is speeded up, the 
governor weights (GW) fly outward (Fig. 7), caus- 
iiig the timer shaft to turn a farther advance in the 
direction of rotation. It is clear that the contact 
would be made earlier at contact points. The top 
of the timer shaft is driven through the governor 
arm—(Gl) (Fig. 2); thus as weights (GW, Fig. 7) 
are forced outward by centrifugal force, (Gl) moves 
the timer shaft (Fig. 2) in the direction of rotation. 

The automatic spark control is for the purpose of 
securing the proper control due to variations in 
sp^ done, and all that is required for normal 
driving is to secure the proper spark control for 
slow emving from 10 to lo iniles per hour (set the 
spark lever about two-thirds advanced), and the 
automatic feature will gdve the proper spark position 
for aU higher speeds and for all lower speeds, except¬ 
ing when the throttle is wide open, at which time 
the spark lever should be slightly retarded. 

The advantage of the automatic spark advance, 
as further explained is this: With the spark lever 
set at the running position on the steermg wheel, 
the "automatic" feature ^ves the proper spark for 
all speeds excepting a wide-open throttle at low 

1 The notched sh^t would be termed the “cam/* and when 
it is advanced by the tovernor aoUon Uie rotor (DA, Fig 2, 
pace 202) is also advanoed. 
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speeds, at which time the spark lever should be 
slightly retarded. When the ignition is too far 
advanced, it causes loss of ^wer and a knocking 
sound within the engine. With too late a spark 
there is a loss of power (which is usually not noticed 
excepting bv an experienced driver or one very 
fanmiar with the car), and heating of the engine 
and excessive consumption of fuel are the results. 


Manual and Hand Advance of Spark 

In addition to the governor advance—^the dis¬ 
tributor housing can also be advanced by hand, the 
two working inde];)endent of each other (see Fig. 3). 
(L) is connected with the spark lever on the steering 
wheel. This is termed ‘^manual control.’^ 

The manual or hand control is for the purpose of 
securing the proper ignition control for carburetor 
adjusting, slow idling, retard for starting, and 
variable conditions wmch cannot be held constant. 

The reason for using manual (hand) control of 
spark, where system is the automatic advance, is 
as follows: a highly compressed charge burns 
quicker than a light one. For this reason the 
engine will stand more advance with a half-open 
throttle than with a wide-open throttle. The hand 
control is therefore installea in order to secure the 
proper timing of the ignition due to these variations 
anci to retard the spark for ‘‘starting,*’ “idling,” and 
“carburetor adjustmg.” 

The automatic advance mechanism varies slightlv 
in construction on different makes, but almo^ all 
are of the centrifugal type. See also page 212. 

When starting the engine, where ignition is 
manual and with automatic advance, the spark 
lever should be retarded. .Mter starting, move the 
hand spark lever to a position on the quadrant on 
top of the steering wheel, known as “driving posi¬ 
tion.” It can then be advanced or retarded as 
occasion demands. Usually the automatic advance 
starts to operate at about 600 r.p.m. of engine. 

Semi-automatic advance is where automatic and 
manual advance are provided. 

Full-automatic advance is where automatic 
advance alone is provided. 


Operation of A.K. Open-Circuit Timer 

The operation of the timer: This consists of a 
pair of contact points, normally open, which are con¬ 
nected in series with a battery and the primary 
circuit of a simple non-vibrating induction coiL 

A hardened steel latch, against which the trigger 
strikes on its recoil and which in turn operates^e 
contact points, completes the device (see Figs. 8, 9, 
10 and 11). 

The distributor forms the upper ^rt of the Uni- 
sparker; the high-tension current from the coil is 
conveys by the rotating distributor block arm (DA) 
(Fig. 2), thence to the spark plugs in their proper 
order of bring. 
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Ftf. 7A Oliidratiiis the dietributor end timer unit •• 
shown in Fig. 2. Termed the **Uniipe r ker.^^ 


The distributor^ which distributes the current to 
the spark plugs (six, in this instance) in their respec¬ 
tive firing order of 1, 4, 2, 6, 3, 5, is mounted on the 
upper end of the shaft. The distributor arm (DA), 
revolves with the timer shaft and passes the high- 
tension current to the terminals of the distributor. 
As six sparks are required per revolution, there are 
six notches on the timer cam, and the oistributor 
points are spaced 60® apart. Fig. 7A shows the 
parts of the distributor. A secondary cable of 6/16” 
outside diametdr is used for the secondary circuit. 

Gap type distributor: The distributor arm (DA, 
Fig. 2) does not touch the contacts above it, but 
passes close to them (gap .010 in.) as it revolves, and 
the high-tension current jumps the slight gap. It is 
therefore termed a “gap-type” distributor. 




Ilg. 10. CoDtact made. Fig. 11. Contact broken. 

Figs. 8, 9, 10, and 11. Atwater Kent open-oircuit timer 
operation. 

Figs. 8, 9, 10, and 11 show the operation of the 
Atwater-Kent open-circuit timer clearly. It will 
be noted that in Fig, 8, the lifter is being pulled for¬ 
ward by the notched shaft. When pufled forward 
as far as the shaft will carry it (Fig. 9), the lifter 
is suddenly pulled back by the recoil of the lifter 
spring. In returning, it strikes aga^t the latch, 
throwing this against the contact spring and closing 
the contact for a very brief instant^ar too quickly 
for the eye to follow the movement (Fig. 10). Note 
that the circuit is closed only during the ixistant of 
the spark. 

Fig. 11 shows the lifter ready to be pulled forward 
by ti^ next notch. There are as many notches in 
the timer shaft as there are cylinders, and as many 
leads from the distributor to the spark plugs as 
there are cylinders. 

The iK&itkm coil (Fig. 4) is s box-type coil vith a 
secondary and a primary winding. The primaiy 
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current (6 volte), coming from the battery or aera¬ 
tor, is carried through a pole-changing switch (Fi^. 
5) through timer contacts, where the current is 
opened and closed at the proper time by the contact 
arm (D) (Fig. 3) coming in contact with notches 

g f, Fig. 2), which raises latch (E), causing contacts 
and C), which are insulated from each other, to 
come in contact, thereby closing the primary circuit 
in the coil. Tms causes a secondary current to be 
set up in the secondary winding of high voltage. 
This secondary current is then distributed to the 
spark plugs by the distributor. (Cylindrical type 
coil is now used.) 

The condenser in this system, using the box-type 
coil, is mounted in the coil, as shown in Fig. 4. The 
condenser is connected or shunted across the timer 
contact points. 

Where a cylindrical type of coil is used, the con¬ 
denser is mounted on the timer (Fig. 12A), and 
connects across the timer contact points. 


A box-type coil is the type as shown in Fig. 4, 
page 202. 

A cylindrical type coil is the type shown in Fig. 14, 
this page. 



Fig. 12. Atwater Kent open-circuit timer, aa shown in Kig. 
3. The condenser is in the coil box (Fig. 4). 


Fig. 12A- “ A.K.” open-circuit timer with condenser mounted 
on the timer. In this instance a cylindrical type of coil is used. 


TIIE ATWATER-KENT CLOSED-CIRCUIT IGNITION SYSTEM 


The closed-circuit system is similar in many 
respects to the open-circuit system, except that the 
timer, or interrupter, is constructed differently. 
The points are normally closed instead of open. 
This system is termed the type “CC.” When it is 
equipped with a governor or automatic advance it 
is termed the type 

When using a closed-circuit timer, it is necessary 
to use resistance in connection with the primary 
winding of the coil, else the coil might be aamagcd 
if the switch was left on when the engine is not run¬ 
ning, as the timer points are normally closed. The 
r^istance unit also protects the coil during varia¬ 
tions of speed of the cenerator, which slightly 
increases in voltage at high speeds, when the genera¬ 
tor supplies current for ignition. At low speeds 
the battery (6 volts) supplies current for ignition. 

At medium and high speeds the generator supplies 
current for ignition (about 8 or 9 volts). 



Fig, 13. Top view of Atwater Kent tsrpe *‘CC’* oloeed- 
circuit timer (also called interrupter and contact-breaker). 


The closed-circuit timer (we will term it an ^^interT 
nipter,** because it interrupts the flow of current 
in the primary winding instead of first closing and 
then opening) is shown in Fig. 13. Contacts are 
normally closed by a spring on the contact Arm. 
Rotation of cam brings it in contact with a fibre tip 


on contact arm (A), thus separating contact-points 
(P) and breaking the circuit, at which instant the 
coil delivers the strongest current). 
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Fig. 13A. Top and side view of the distributor rotor which 
is placed on the top of the cam (Fig. 13), and serves to distribute 
the secondary current to the spark plugs in a manner similar 
to (DA) (Fig. 2, page 202). 


Adjustment of the interrupter points on a closed- 
circuit system can be made by loosening screw (S) 
(Fig. 13) and moving arm (B). 

The gap between contact points should be .009" 
for 4- and 6-cylinder and .007'* for 8-cylinder 
engines. The spark-plug gap, .025". 



Fig. 14. Wiring of the Atwater Kent closed-circuit ignition 
^tem. Note that a cylindrical type of coil is used. Note: 
The secondary (SO) is grounded to the primary winding. 
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Circuit of the AK closed-circuit interrupter and 
distributor (Fig. 14): Note one wire from the timer 
and one wire from the battery is grounded; there¬ 
fore it is a *‘single-wire*' system. ^ The open or 
closed-circuit system could also use either a ‘‘single** 
or “two-wire** system. 

To trace the primary circuiti start at the switch’ 
follow the black line to the insulated terminal (4), 
then to the insulated contact point through grounded 
contact point to grounded terminal, to ^ound (GT), 
to ground on battery (GB). ‘(Note that the con¬ 
denser connects across the contact points.) 

To trace the secondary circuit, start at (SI) 
thence to distributor rotor, through spark plug to 
ground (SG). 

Note: The secondary is now grounded to the primary winding 

Atwater-Kent “Style 46” Contact Maker 

On some of the type “CC** and “CA” inter¬ 
rupters a contact-breaker shown below is used. 

A contact screw (S) is used instead of (B) ^ig* 13) 
and a different arm (M) instead of (A) mg. 13). 
This type is known as “Style 46’* for a cam and 
“Style 80** for a cam. The adjustaent of the 
interrupter point gap is .015". 



Fig. 14A. Stylo 46 contact-breaker, adaptable to the regular 
Typo “CC” and “CA” interrupter. 


The Atwatcr-Kent Condenser 


The condenser on the type “CC” closed-circuit 
system, instead of being in the coil, is located on 
the interrupter (Figs. 13 and 14). Note the circuit 
in Fig. 14. The condenser short-circuits across the 
timer contact-points for reasons stated on page 190. 


To understand how the condenser is connected, 
see Figs. 14, 15, and 16. A metal cover (Fig. 15) 
is placed over the condenser to protect it, and to 
this is attached the insulated contact-point of the 
interrupter. 
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Figs. 15,16. Sequence of operations in installing condenser: 
(1) insulated washer placed in position; (2) condenser placed 
in pocket; (3) insulated wasner laid on top of condenser 
terminal; (4) condenser cover placed in position; (6 and 6) 
insulated screws put in; (7) adjust contact points. 


This condenser cover is insulated from the base 
of the interrupter by screws 5 and 6 which have 
insulated washers on them. 

Note the terminals (A) and (B) of the condenser 
(Fig. 16). Terminal (A) is pounded to base (C) of 
the timer below it, then an insulated washer (3) is 


placed over (A). The other terminal (B) has an 
insulated washer (1) under it to insulate terminal 
(B) from the base. Cover (4) is then placed over 
the condenser and terminal (B) makes contact with 
the cover. We then have one terminal (A) of the 
condenser grounded to base (C) and the other 
terminal (B) connected with cover (4) which is 
insulated from the base. The circuit would then 
be as shown in Fig. 14. 

It Is seldom necessary to remove the condenser, but if ignition 
fails in ease the timer should become water-soaked, feel the 
coil, with switch on. It should show some heat from current 
passing through resistance unit in the coil. You will then 
know mat current is passing through the coil all right; there¬ 
fore open the switch. Then remove the distributor cover and 
condenser cover and clean all contacts and screws and replace 
the condenser cover; also wipe water from the other parts and 
wires. The ignition may also fail by these screws coming loose; 
however, this seldom happens, but if ignition fails, and you 
know that current is passing through the coil, and if no spark 
can be obtained, then this might be investigated. 

Oil: Use light machine oil at points shown by the lines 
on the open-circuit timer (Figs. 12 and 12A). Oil lightly 
about every 1,000 miles. Sm that the contact-breaker points 
are free from oil. A small amount of vaseline can be applied 
to interrupter cam. 

Testing 

If the engine misses without regard to speed, test each 
cylinder sepi^ately by short-circuiting the plug with a screw 
diriver, allowing a spark to Jump. If all cylinders produce a 
good, regular spark, the trouble is not with the ignition. 

If any one cylinder sparks regularly, this will indicate that 
the system Is in working order, so far as the Unisparker and 
coil are concerned, and the trouble is probably in the high- 
tension wiring between the distributor and plugs, or in the 
plugs themselves. Examine carefully the plugs and wiring. 
Leaky secondary wiring is frequently the cause of missing and 
back-firing. 

Frequently, when high-tension wires are run from the dis¬ 
tributor to tne spark plugs through metal or fiber tubing, 
trouble is experienced with missing and back-firing, which is 
due to induction between the various wires in the tube. This 
trouble is especially likely to happen if the main secondary 
wire from the coil to the center of the distributor runs through 
this tube with the spark-plug wires. 

Wherever possible, the distributor wirea should be separated 
by at least half an inch of space, and should be supported by 
brackets or insulators rather than run through a tube. In no 
case should the main distributor wire be run through a conduit 
with the other wires. 

If irregular sparking is noted at all plugs, examine first the 
battery and connections therefrom. If the trouble commences 
Budde^y, it is probably due to a loose connectian in the wiring. 
If gradu^y, tne batteries may be weakening or the contact 
points may require attention. See that contacts are clean and 
bright, and also that the moving parts are not gummed with 
oil or rusted. 

Timing Atwatcr-Kent Ignition System—Open 
and Closed-Circuit Types 

Open-circuit type when hand-spark control is not 
used (automatic advance): First, place the piston 
of No. 1 cylinder on top of the compression stroke. 
Second, slowly turn the Unisparker backwards until 
a c^ck is heard, which is the exact instant of the 
spark. Third, ^hten the set screw on the timer 
snaft which was loosened when starting to time. Be 
careful not to change position. FourSi, remove the 
distributor cover and note the position of the dis¬ 
tributor block or rotor. It should be on the terminal 
for No. 1 cylinder. Then see if the wires from the 
distributor are connected properly, in accordance 
with the firing order of the cylinaers, keeping in 
mind the direction in which the rotor turns. 

The spark set thus, is on top-dead-center re¬ 
tarded, and the governor action will take care of 
the advance as the speed increases. 

. The closed-circuit type whan the hand-spark 
control is not used (automatic advance): The timing 
is the same as above, except that the timer should 
be turned backwards until the contact-points com* 
mence to open. As they open the spark occurs. A 
good way to test is to have spar]^ plugs on top of 
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the cylinders and current on. so that the spark can 
be seen at points of plugs. If the timer with auto¬ 
matic advance is used in connection with the regular 
spark lever on the steering wheel, then do not 
give over five-eighths or three-quarters of an inch 
movement of the timer from full retard to full 
advance. 

Open-circuit t]rpe with hand-spark control: The 

setting is the same, except that the position of the 
spark-advance lever on the steering wheel should be 
within half an inch of full retard and the lug on the 
timer should have throe-eighths to one-half an inch 
movement from full retard to full advance. After 
retarding the spark lever to within one-half an inch 
full retard, then with the driving member loose, and 
piston on top of the compression stroke, turn back¬ 
wards until a click is heard, at which point set the 
timer. Then see ^‘Fourth’^ procedure, page 206. 

Closed-circuit type with hand-spark control: 

Same as above, except that the timer is turned 
backwards until contact points commence to open, 
at which point set the timer bv set screw or clamp, 
or if driven by a shaft on which the timer cannot be 
loosened, then the setting can be made wdth the 
advance lever shaft or drive gears loosened. The 
lug on the timer should have seven-eighths to one 
inch movement from full retard to full advance. 

Atwater-Kcnt Type “RA” and “LA” 
Interrupters 

Type “RA” distributor and interrupter is shown 
in Figs. 16^ 16B. Tjrpe “LA” interrupter is shown 
in Fig. 16(5. These models are later than iy])i) 
“CC” (page 205). They are equipped with auto¬ 
matic governor and hand control and are of the 
closed circuit type. 


Type “LA” differs from “RA” in that the station¬ 
ary contact arm is grounded and the movable 
arm is insulated, whereas in type “RA” this is 
just the reverse. Adjust contact points (P) to 
open .015" when (16) is on high point of cam. 

Ingition coil type "N" is used with this system, 
and has a straight iron wire resistance enclosed in 
the coil. Connections are shown in Fig. 16 (D 
and E), for type "RA" system. 
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THE WESTINGHOUSE IGNITION SYSTEMS 


The Westinghouse batterv and coil vertical type 
ignition system (Fig. 17) is of the closed-circuit type. 


ntvfmitr Ctmtit' 




Fig. 17. Westinghouse high-tension 
non-vibrating coil, closed-circuit igni¬ 
tion system, the Vertical type is now 
replace with the type ignition 

system. 

Fig. 18. Contact-breaker or inter¬ 
rupter with condenser. 

Fig. ISA. The double-wound, liigb* 
tension ignition coil winding sliown 
in Fig. 17. 


We can Urns tell that this is a closed-circuit ignition system 
by observing the interrupter points or contacts and the cam— 
because, normally, the contact points are closed and are opened 
by the cam, whereas with an open-circuit system, as explained 
on page 204, the contact points are first closed, then opened. 

Interrupter and distributor ean be operated from cam shaft 
or attache to generator. Distributor brush is carbon. Switch 
is of the pole-^nging type. 

Ballast coQ or resistor is the same as an ignition resistance 
unit (page 198). 

Adjust interrupter points .012" gap when cam raises arm (A); 
adjust spark plugs gap .025". 

This is only one example. 


The WetSashottM type “SC” igaition syetem ie 
shown in FSgi- ISB, C, and D. 
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Fig. 18B. Internal of type "SC" coil; Fig. 18C. 
of interrupter. 


Top view 


Adjust interrupter tungsten points by loosening adjusting 
screw and move up or down until points are .011" to .015" 
apart when fully separated by cam. 

Time by loosening unit, so that gear on interrupter abaft 
can be moved one tooth either way; then adjust length of 
rod connected with advance lever arm. Retard spark lever. 
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THE BOSCH BATTERY IGNITION SYSTEM (Model “TC-aO‘») 


Model **TC-20" i« the. ype used on Eesez, Hudson, Doii- 
Siz and other makes of oars (see Speoifioations of Panencer 
Cars). 



Distributor connection from coil secondary terminal (Fia. 
21} U with center terminal (T) of distributor (Fig. 19), whi^ 
connects with rotor metal i^rt (S, Fig. 19B) by means of a 
carbon brush. The rotor revolves with the cam shaft, and 
there is a gap of approximately .010^' from point of (S» Fig. 


19B) to the distributor terminals, thus termed a **gap type of 
distributor.*' 

The antomatie fovemor advances the interrupter cam and 
rotor (Fig. 19A.) The Hudson and Essex have an advance 
range of governor of 28*, and the manual advanos lever arm 
22* (flywheel degrees). 

The interrupter terminal (Tl. Figs. 90, 19) connects with 
primary winding terminal (P, Fig. 9^ The movable contact 
arm is insulated and connects with (Tl). Stationary contact 
screw is grounded. Adjustment of interrupter gap is .020" 
when on highest point of cam. 

Condenser is connected across the points. One end is 
insulated and connects with (Tl), the other end is grounded. 
Condenser is insulated with mica. 

Coil prim^ winding circuit is from battery to (PI, Fig. 21), 
through reeietance unit (ballast coil), through primary winding, 
to (P). to (Tl) on interrupter. (Sm page 198 for purpose of 
resistance unit. Resistance unit is inside of the later model 
T(>30 Bosch coil.) 

Secondary winding: One end is grounded to primary wind¬ 
ing. The other end connects with the secondary twminal, 
which leads to the center terminal (T) of distributor. 

Timing Essez-Bosch igidtion (also Hudson): Place advance 
lever in lull-advance position (top of quadrant). Place No. 1 
cylinder piston on top dead center of compression stroke. 
In this position the pointer on observation hole on flywheel 
case should be directly over mark "DCl-4’* stamped on fly¬ 
wheel. (This mark is “A** on the Hudson). Remove distrib¬ 
utor cap and rotor and loosen clamp screw (HS, Fig. 19) in 
advance-lever timing arm. Turn bousing to left until inter¬ 
rupter points just start to open and tighten screw (HS). 
Replace rotor and determine under which terminal of distrib¬ 
utor cap the point of metal segment (S) (Fig. IQB) will rest. 
Replace distributor cap and connect this terminal to the plug of 
No. 1 cylinder. Connect the rest of the terminals to the plugs in 
rotation according to firing order, 1-3-4-2 (on Hudson, 1-5, 
3, 2, 4). SparK plugjrap is set at j 025'*. Parts requiring 

lubrication are shown in fig. 20, and the governor and its shaft 
(Fig. 19A). 

Dort-Siz timing is similar except that spark lever Is retarded 
and piston is placed on top d.o. compression stroke (which 
mark on flywheel is *‘l and 6 DC" when in center with inspec¬ 
tion hole). 

Address of manufacturer is American Bosch Magneto 
Corpn., Springfield, Maas. 


R£MY DISTRIBUTOR, INTERRUPTER, AND IGNITION COILS 


The waterproof type of Remy distributor ajxd 
intermpter, as used on many different cars is shown 
in Fig. 22. The Eemy automatic advance dis¬ 
tributor is shown on pages 211 and 212. The systems 
are of the clo8ed<H)ircuit type. 

Parts are as follows: (A) Distributor for the 
center terminal connecting with the secondary 
terminal of coil; (B) one of the spark-plug terminals 
of the distributor note that the lower part (Z) is not 
m contact with (iQ, but 1/64" from it; (C) rotor or 



segment insulated; (D) lock nuts holding interrup¬ 
ter oam in place; (E) reference pin; (F) interrupter 
on the contact-breaker cam; (G) fiber block on the 
breaker lever arm; (H) spring with a carbon button 
on the rotor which connects the secondaiv circuit 
coming in at (A) with the rotor metal plate (Y); 
thus as the rotor (C) revolves, the secondary current 
jumps an air-gap clearance of 1/64" to the spark- 
plujg terminal (Z) and other swk-plug terminals 
as it revolves; (K) end of the snaft above the oam 
which the distributor rotor fits over; (L) pin in cam 
(F) which fits into the under part of toe rotor to 
dnve it; (S) shaft driven from the enme which 
drives the interrupter oam (F) and rotor (C).* Note 
that cam (F) is fitted on top of this shaft (8) which 
is tapered; thus lock nut a (D) force it down; 
^ ^j.u8table metal plate on rotor or segment 


To Check Distributor Settings and How to 
Time When Putting in New Parts 

For distributors with counter-clockwise rotation: 
In observing Fig. 22A, from the top, the oam appears 
to be revolving in a clockwise rotation: however, 
by referring to the standard practice of determining 
rotation (looking from the drive end), it is seen 
really to be rotating counter-clockwise. 

The spark-control lever (D (F^. 22A) connects with 
the lever on the steering wneeTand- should be in a 
fully retarded position alter havings located tiie 
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Note. *'ClockwiBe rotation” is from ri^t to left, in the 
same direction as the clock hands rotate. ‘‘Counter-clockwise” 
^ **aDti-<'lookwis«”) is in an opposite direction to clockwise. 
When considerinff the rotation of ianition devices or generators 
the drive end is the ]K>int from which to consider rotation. 

cylinder attached to the terminal (B) (Fig. 22) on 
top of the dead-center compression stroke with the 
distributor coupling connected up. 

(E) is the reference pin (Figs. 22 and 22A) over 
which the reference slot of the distributor cap is set; 
(B) is the exact location of the pin in the distributor 
cap when the distributor cap is installed: therefore, 
always time by bringing the piston in the cylinder 
on top of dead-center of the compression stroke, 
which is attached by high-tension lead to the 
terminal (B), or to the terminal opposite reference 
pin (E). 

Remove the segment or rotor and cam lock nut 
(D) (Fig. 22), and lift the cam. Replace the dis¬ 
tributor segment (C) in its original position over 
shaft (K) and cam pin (L) with the cam loose. Then 
turn cam (F) around (with distributor shaft station¬ 
ary) in the direction of rotation until the distributor 
segment (C) is opposite the reference pin (E) with 
one point of the cam (F) a^nst the fiber block (G), 
and the breaker points are just ready to separate. 

Again remove the se^ent (C) without disturbing 
the setting of the cam, install the cam lock-nut (D), 
tightening it up securely, then install the rotor or 
segment (C) and the distributor cap, being sure that 
all high-tension leads are connected to it, in accord¬ 
ance with the direction of rotation and of firing- 
order. 

For counter-clockwise distributors use the instruc¬ 
tions just given, transposing the control position so 
that the segment and cam rotate in the opposite 
direction. 

When installing new high-tension wiring always 
connect cylinder No. 1 to high-tension termmal (B), 
oqnnectina the rest of the cylinders in accordance 
with the direction of rotation, and as per the seg¬ 
ments and firing order (unless the distributor cap 
is marked otherwise). 

Spark-plug gaps should be .025"' to .030". 

If the engine misses when idling or at light loads, 
the gaps at the plugs should be wider. If the engine 
misses at high speed or when pulling hard, the gaps 
should be narrower. 

The oiler on the shaft should be kept filled with 
medium guj) grease and screwed down two or three 
turns occasionally. On some instruments a wick 
oiler is used. In this case use pure vaseline instead 
of grease. 


Sirvioed by tJnitsd Motors Servioo Branches and Doloo- 
Ros^ Servios StadoBs. 


Remy Ignition Coils 

Coils are usually classified as **two-terminaP’ and 
‘*three-tenninal” coils. The designation applies to 
the primaiv terminals. In a cou without a con¬ 
denser, either of the primary terminals could be 
connected to battery or interrupter (best however 
to connect as marked). A coil with condenser in it 
must be connected properly (see page 229). 



Fig. 23 Fig. 24 Fig. 25 

fig. 23. Remy two-terminal coil; Fig. 24. Thrse-terminal ooil. 
Fig. 25. Side view of Remy ignition coil (cylindrical type). 


A two-terminal ignition coiL top view, is shown in 
Fig. 23, a wiring diagram in Fig. 26, and a top and 
side view in Fig. 25. This coil is known as model 
284B, F, G, and A, and has a condenser in the coil. 



Fig. 26. Circuit of Remy two-terminal ooil (grounded con¬ 
tact-breaker). 

Fig. 27. Circuit of Remy three-terminal ooil (insulated 
contact-breaker). 

The primary circuit (Fig. 26) would be from (-f) 
of battery, through the ammeter, through the igni¬ 
tion switch, to terminal 1, through the resistance 
unit, through the primary winding, out terminal 2, 
to the stationary insulated contact point on the 
internipter, through the 4 >oints, through the movable 
arm, to ground (Gl), to ground of battery (G2), 
thus completing the primary circuit. (This is 
termed a "grounded" S 3 rstem.) 

The condenser is connected across the contact 
points, one end being grounded at (G3). 

The secondary circuit is from the secondary wind¬ 
ing which is wrapped around the same core as the 
primary, to the center terminal of distributor, to 
the rotor arm of the distributor, to the spark 
plugs, through the frame of the engine to ground 
(G3) of the coil. 

Marks on coils vary. Note that terminal 1 is 
marked "B," meaning to battery, or sometimes 
"SW," meaning to switch. Terminal 2 is marked 
"T" or "INT," meaning to timer or interrupter. 
Where a coil has a mark on the terminal as "MAG^" 
it usually means that it is intended to be used m 
connection with a magneto. 

When testing a coil^ by connecting with (B) and 
(T), the primary circuit can be testea, including the 
resistance unit.. 
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The resistance unit can be cut out of the test by 
placing the test point on the screw or terminal (R) 
(Fig. 23). 

When testing the condenser, terminal (T) and 
^und (G3) would be the circuit across the con¬ 
denser. 

A three-terminal ignition coil is shown m Fi^. 24, 
27. Many of the three-terminal coils were used with 
^‘pole-changing|' switches, and ^‘insulated’* ignition 
systems (meaning that the primary circuit is fully 
insulated, or with two wires to the contact 
breaker). 

The primary circuit (Fig. 27) would be from (+) 
of battery to 1 on switch, through “pole-chan^g 
switch^^ blade (B) which, if turned in one direction, 
would connect with 1 and 2 of the switch, thence to 
terminal 1 of the coil, through resistance unit (R), 
through the primary winding, to terminal 2, to 
movable interrupter-contact arm (M). through 
jioints (PS), back to tenr^al 3 on coil, thence to 4 
on the pole-changing switch, through blade (Bl) 
(now disconnected), connecting 4 and 3 together, 
out 3 to ground (Gl), to ground terminal (G2) of 
batteiy (—), thus completmg the primary circuit. 
This is termed an “insulated” system. 

If the pole-changing switch was turned in the 
opposite (urection, so that blade (B) would connect 
with 1 and 4, and blade (Bl) with 3 and 2, the pri¬ 


mary circuit would then first go to the stationary 
contact point (S) on the interrupter instead of to 
the movable arm (M). For instance, the primary 
circuit would then be from (+) of battery to 1 on 
the switch, through blade (B) to 4, to terminal 3 of 
the coil, to the stationary contact point (S), through 
the points, out movable arm (M), to 2 on the coil, 
through the primary winding through resistance 
(R), to coil terminal 1, to switch terminal 2, through 
blade (Bl) to 3, to ground (Gl), to ground (G2) of 
battery. 

Thus the flow of the primary direct current 
through contact points could be reversed so that it 
would flow first in one direction and then in another 
by moving the switch first one way and then the 
other. This is termed a “pole-changing swritch” 
or “depolarizing switch,” and a three-terminal coil 
is often used with it. See also Index under “Wiring 
diagram, Oakland 32,” which clearly shows a pole¬ 
changing switch. 

The purpose of a pole-changing or depolarizing 
switch IS explained on page 203. 

The pole-changing switch is not used very much 
at the present time, because tungsten metal is now' 
used for points. It is very hard and does not have 
the electrolytic^ effect to such an extent as the silver 
points which were formerly used. Note that the 
condenser is connected across the points with either 
direction of the flow of the current. 


DRIVING THE INTERRUPTER AND DISTRIBUTOR 


One modem method of driving the timer (inter¬ 
rupter, also called “contact breaker”) and distribu¬ 
tor, is from the generator shaft, as shown in Fig. 8. 

The generator shaft is driven by gears or by a 
silent chain, encased. The timer shaft is driven 
from the generator shaft by a spiral gear, and is 
geared so that it will run the distributor and timer 
usually at one-half the speed of the crank shaft. 

Quite often the timer and distributor shaft are 
operated from the cam shaft. In fact, there are var¬ 
ious methods employed, but in most every instance 
it runs at cam-shaft speed (one-half the speed of the 
crank shaft). 



Fig. 8. method of driving the timer and distributor 

throu^ the generator shaft. 


On the double distributor, explained far¬ 

ther on, the cam operating the double set of inter¬ 
rupter contact briers is driven at crank-shaft 
sp^, but a three-lobe cam is used. 


Relation of Speed of Distributor-Rotor, and 

Interrupter Cam to Crank Shaft of Engine 

The crank shaft of the engine must make two 
revolutions (720®), to complete its four-cycle revolu¬ 
tion. 

The distributor rotor alw'ays revolves at cam¬ 
shaft speed, or half the crank-shaft speed. 

The interrupter cam in all instances except one, 
as on the twelve, revolves at cam-shaft 

speed, or half crank-shaft speed. 



The interrupter cam (4-lobe) makes 1 revolution 
and makes 4 interruptions of the primary low-teusion 
current, 90® apart, or 180® of fly-wheel movement. 
(See Fig. 9.) 

The distributor rotor makes 1 revolution and 
makes 4 high-tension contacts, 90® apart, or 4 sparks. 


I Eleotrolytio (electrolysis) refers to the depositing of meUI 
from one point to another, as in electro-plating, ^ 
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Slx-^linder engine: When the engine crank shaft 
makes 2 revolutions— 

The interrupter cam (6-lobe) makes 1 revolution 
/ and makes 6 low-tension interruptions, 60** apart, or 
120® of fly-wheel movement. (See Fig. 10.) 

The distributor rotor makes 1 revolution and 
makes 6 high-tension contacts, 60** apart, or 6 
sparks. 

Eight-cylinder engine of the type: When 
the engine crank shaft makes 2 revolutions— 

The interrupter cam (8-lobe) makes 1 revolution 
and makes 8 low-tension interruptions, 45® apart, or 
90® of fly-wheel movement. (See Fig. 11.) 

The distributor rotor makes 1 revolution and 
makes 8 high-tension contacts, 45® apart, or 8 sparks. 

Twclve-cvlinder engine of “V” t 3 rpe: When the 
engine crank shaft makes 2 revolutions, or 720®— 

The interrupter cam (3-lobel makes 2 revolutions 
(720®), or revolves at crank-snaft speed instead of 
cam-shaft speed; therefore it makes 6 interruptions 


of the low-tension primary circuit 60® apart. There 
being two contact-breaker arms instead of one, 
connected with two separate primary coils, then 
each breaker arm would make 6 interruptions, or 
12 interruptions 30® apart, or 60® of fly-wheel rota¬ 
tion, during 2 revolutions of the 3-lobe cam. (See 
Fig. 12.) 

Distributor rotor: Note that there are two dis¬ 
tributors driven at half the speed of the crank shaft; 
therefore each rotor would make one revolution, or 
360®, while the crank shaft made two revolutions. 
Distributor segments are 60® apart^ therefore each 
distributor rotor would make six high-tension con¬ 
tacts during one revolution, or twelve sparks during 
one revolution with both distributors, during which 
time the crank shaft makes two revolutions. 

With these explanations we have dealt with single 
distributors and single contact breakers, with tne 
exception of the twelve-cylinder engine, as explained 
above. 

Attention is called to the Delco double distributors 
and double interrupters, as explained under *^Delco 
ignition coils, distributors and interrupters.** 


REMY IGNITION ON STUDEBAKER “LIGHT SIX’* 


As an example of a method of driving the 

^nerator and ignition system, the Studebaker 
^*Light Six,** model “EJ** engine is used. 



Fig. 1. CrosB-seotion. Fig. lA.. Right Bide view. 
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Fig. 2. Section of distributor. Fig. 3 

The interrupter is of the closed-circuit type. 


Adjustment of Interrupter Points 


Figs. 1 and lA. Studebaker Light-six method of driving 
ignition system. 

The distributor and closed-circuit inter¬ 

rupter are connected with a vertical shaft which is 
driven from a shaft called tjie “accessory shaft.** 
The accessory shaft is driven by a silent chain (see 
page 51). which also drives a water-circulating 
pump and generator. 

The speed of the distributor shaft is 1 revolution 
to 2 of the crank shaft of the engine, or at cam-shaft 
speed. 

There are six hi^ points or lobes on the inter¬ 
rupter earn, and six terminals on the distributor 
2 ana 3 ); therefore, there are six sparks, one 
for each cylinder during two revolutions or the crank 
shaft. 

The distributor and interrupter (Figs. 2 and 3) 
are advanced by a manual control connecting from 
the spark-control lever to the spark lever on the 
steering wheel. An automatic advance is also pro¬ 
vided. 


To check the opening of the breaker points on the 
interrupter, remove the distributor cover, then turn 
the crank shaft over by hand-crank until the contact- 
breaker lever (Fig. 3) rides on one of the high points 
of the cam, then slip a thickness gauge through 
the space between the points. If the opening is 
greater than .025", loosen the lock nuts and 
turn the contact screw until adjustment is not less 
than .020" nor more than .025", Be sure to tighten 
the lock nut. 

Contact points should always be flat, and make 

C d contact with each other. W^hen they have a 
ity appearance all over their surface, it indicates 
good contact. If they are not making good contact, 
the surfaces can be smoothed up with a flne file 

and can then be readjusted. 

See also pages 221 and 224 under the subject of 
“oontact-pcant surface and removal** and "dressing 
and testing platinum points.** 
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REMY SEMI-AUTOMATIC IGNITION SYSTEM 


The Remy semi-automatic ignition system type 
606 is shown in Fig. 4. 

The condenser is mounted on the breaker plate. 

The tjrpe of advance used is known to the trade 
as “semi-automatic/’ which means that part of the 
advance is performed automatically and part is 
taken care of manually. Under all ordinary 
driving conditions the advance mechanism adjusts 
the spark position to the engine requirements. 
The hand advance need be used only when a wide- 
open throttle at ve^ low speed, or at maximum 
speed, is desired. See page 204 for meaning of 
'lull automatic advance.’’ 

The automatic advance mechanism: Three centrif¬ 
ugal weights (W, Fig. 8) advance the cam as speed 
increases. The cam shaft (S) carries a star-shaped 
punching (P) against which rest the tangs (T) on 
the wei^ts, and as the weights fly outward, due 


to increase in speed, the interrupter cam and rotor 
are advanced. 

From retard position the weights move and the 
spark starts to advance at 600 r.p ju. of the engine. 

The primary circuit ia from the battery (+) grounded 
battery terminal, to the grounded contact lever or arm. through 
the pointe, to the ignition-coU terminal marked Timer,*' 
through the primary winding, through the resistance unit, to 
*‘IQhr* on the switch, to the battery (—) terminal. Note 
that this is a two-terminal ignition coil, and the condenser 
is mounted on the breaker plate, idaoed across the points, 
one end being grounded. The cam which raises the breaker 
contact lever, or arm, has six high points; therefore the one 
shown in this illustration would be for a six-cylinder engine. 

The seconds^ circuit is from the ignition coil of the 
secondary winding, to the distributor rotor, to Uie spark-plug 
terminals (note that the gao between rotor and terminals in 
the distributor cap leading to the spark plugs is l/64'O, to 
engine ground, to grounded seconds^ winding at metal base 
of coil. Note that there are six to’minal leads from ths distrib¬ 
utor cap to the spark plugs; therefore it would be for a six- 
cylinder engine. 



Fig 4. Wiring chart of the Kemy **type 606” semi-automatic ignition, together with names of parts and adjustment data. 


The **type 6t6** Remy ignition system (Figs. 6 to 8) is a semi- 
automatie type of distributor and supersedes type 6()6 (Fig. 4). 
Note that the manual advance (Fig. 6) is obtained by moving 
the interrupter plate instead of rotating the entire distributor. 
The type 626 interrumer (Fig. 6) also differs from the type 
606 Interrupter, as wul be observed. A condenser is carried 
on the interrupter plate. 

The automatic governor advances both the rotor and cam 
on typee 606 and 626. However, on another type, 614, used on 
the (jhevTolet “copper-cooled” car, the automatic mechanism ad¬ 
vances the cam only, the rotcv being carried on the main shaft. 

The automatic advance begins to advance at $00 r.pon. 
of the engine. The automatic advance ia 2(1* on aU 606 and 
some 626 models. On oHien it is 30*. 

The manual advance varies aooording to the model distrib¬ 
utor. Usually this advance is 16*, 20*, 26*, or 32*. 

Timing Ignition (Hemy model 606): Tho tindng of this 
system is explained under Fig. 4, page 302, and is b^oosening 
the fulvanoe lever clamp screw, as used on the Btudebaker 
Light-six” model 1022. 

Timing ignition (Remy model 626); The timing of this 
system is by loosening the inteirupter cam (Fig. 7), in a 
suidlar to that oxpimned on page 302^ under Figs. 3, 3A. The 
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DELCO IGNITION: Coils; Distributors and Interrupters* 


The Delco distritmtor might be classified in three 
ways: 

1. Single distributor, with one set of timing contact 
points on the interrupter, using one ignition coil. 

2. Single distributor, with two sets of timing contact 
points on the interrupter (connected in parallel), 
using one ignition cou. 

3. Double distributor, with two sets of timing con¬ 
tacts, using two ignitior coils. 

The following explanations w*ll serve to make the 
foregoing classification clear. 

Delco Ignition Coils 

Four general types of non-vibrating, single-spark 
ignition coils have been used. They are: 

1. Round type with straw-colored shell. This type 
does not incorporate either the resistance unit or 
the condenser. 

2. Round t 3 rpe with black sheU. This type does not 
incorporate the condenser, but the resistance unit 
is mounted on the outside of the coil shell. 

3. D-type with bakelite shell. Certain of the coils 
carry the resistance unit mounted upon the end 
of the shell. This type does not incorporate 
the condenser. 

4s D-t 3 rpe with black shell. This type incorporates 
the condenser withm the shell and the resistance 
unit on the end of the shell. 

Note: The moat popular typee of Delco coihi are 2159 (Fig. 2 
below) and 2178 (see Nash, page 402) and the 2176 used on 
the Buick>six (1923) which is similar to 2178. These coils do 
not have condensers. The condenser is on the interrupter 
plate. The interxud connections of these coils are the same as 
in 2159, Fift. 2. 

Figs. 1 and 2 show the internal circuits in typi¬ 
cal coils. Note in Fig. 1, that the resistance unit 
IS mounted on the right end of the coil and in Fig. 2, 
it is on top at the ri^t end. 


FROM B^TrGl^y TO 

THRU SWITCH lHnrERf?UPTER 



Fig. 1. Deloo model **2158," ignition coil with condenser in coil. 


In Fig. 1, note the condenser in the coil which is 
connected across the interrupter points, one end of 


> See also page 807. 


the condenser being connected to terminal 2, and 
the other end grounded. The primary-circuit 
terminals are numbered 1 and 2; the secondary 
terminal is No. 3. 

Fig. lA illustrates a grounded ignition circuit 
usin^ a condenser in the coil and a single distributor 
and mterrupter. 



Fig. lA. Circuit when using coil shown In Fig. 1. 

The pxime^ circuit (Fig. lA) runs from (-f) of 
battery, to ignition switch to terminal (1) of the 
coil, through primary winding, through ‘‘resistance 
unit,^^ to coil terminal (2), to the insulated inter¬ 
rupter contact point, across contact points (P). to 
grounded interrupter contact, to funded (—) 
terminal of the battery, thus completing the primary 
low-tension circuit. 

The secondary circuit runs from the secondary 
terminal (3) on the coil to the center terminal of 
the (hstributor, through the rotor, to the spark-plug 
terminals of the distributor, to the spark plug, 
through the spark-plug gap, to the spark-plug shell 
grounded to the engine, through the ground of the 
engine and frame, to the grounded terminal of the 
secondary in-coil, thus completing the secondary 
high-tension circuit. 



WmoihQ 


Fi^. 2. Delco model "2159," ignition cml. Condenser is not 
in coiL 

In Fi|. 2, the condenser is not in this coil. It is 
located m the interrupter housing, either inside or 
outside, and is connected across the interrupter 
points (P). 

The primary circuit (Tig. 2A) runs from (+) of 
battery, to the ignition switch^ to the resistance unit 
(1), through the primary winding (P), to the terminal 


213 

Note: Although this subject deals with early models, ^e underlying fundomvnial prineiplea are similar in many reepeets to the 
preMBt day battery and coll ignition systems and should be understood. Bee page 6Q1A under '‘Maintenance^* relative to the 
DelethHemv Operaium and Mainienoftee Manual dealing with later developments; available to readers of this book at a price of 
one doUar. Seealso "auppUmmiafv Indea.** 
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Fig. 2A. Orciiit when using coil shown in Fig. 2. 



(2). to the interrupter points (P), to ground, to 
(—) ground of battery, thus completing the primary 
low-tension circuit. 

The secondary circuit: runs from the secondary 
terminal (3) to the center terminal of the distributor, 
to the spark plugs, to ground on engine and frame, 
to the Datteiy ground (—), through battery (or 
generator, if generator is supplying current instead 
of battery), to the terminal (1) of the coil f-4-), 
through the primary winding (P). to the secondary 
connection to the primary winding at (S), thus 
completing the high-tension secondary circuit. 

Delco Interrupter with a Single Contact* 
Breaker Using One Coil 

The top view of a Delco closed-circuit interrupter 
with a single contact breaker is Bhow;n in Fig. 3. 
The cam in this instance, has 8 high points or lobes 
and revolves at cam-shaft speed; thus 8 interrup¬ 
tions, or 8 sparks occur during two revolutions of 
the crank sh^t of the engine. One spark plug pgr 
cylinder is used. 



only one set of points is divided between the two sets, 
and the resultant wear upon the points is less and 
an additional factor of safety is provided. The 
Marmon, Cadillac, and Cole use this principle. 
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Fig. 4. Delco interrupter with two oontset-breakers in 
parallel (ti 


I (top view). 
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Fig. 6. Sectional side view of Delco ignition unit, a lop 
view of which is shown in Fig. 4. 


The distributor^ interrupter, automatic ^rk 
advance mechanism and the ignition drive sh^ are 
shown in Fig. 5. Manual advance of the spar^ as 
shown in Fig. 5. Manual advance of the sp^k, 
controlled by a lever, as well as by an automatio 
advance, are provided for. 


IMco Interrupter with Two Contact-Breakers 
Connected in Parallel, Using One Coil 

In Figs. 4,5,6, and 6A, note that the closed-circuH 
type interrupters have two interrupters or contact 
briers operated by one cam. 

One spark plug per i^linder is used and also one 
coil, but two contact points are connected in parallel, 
tetn of which open at one time. The primary 
ignition current which could othcnrwiBeflow throii^ 


Deloo-Cadillac Distributor and Timer 

The Cadillac electric system consists of a Delco 
starting motor and generator in one unit, which is 
explains in the later discussion of electrio systems. 
The wiring is a ^'single wire” or grounded leUim 
tern. See Index und^ ^^Cadillac wiring diagram.” 

Ignition: The distributor and timer are carried 
on the fan-shaft housing, and are driven thro^h 
a set of (^sral gears attached to the fan shaft. The 
cgNrtribgtor ooogSsta of a cap or head ef insulating 
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tact-breakers. (A) is the adjusting screw; (B) cam; (C) and 
(D) contact-breaker arms; CB) and (F) breaker points (Type 
55). 


rent which would otherwise pass through one. 
greatly lessens wear and burning of the points. 


This 


Fio. 5A —Location of the distributor and timer, and of the 
motor-generator on the Cadillac (Type 66). 

material, carrying one contact in the center with eight 
additional contacts placed at equal distances about the 
center and a rotor which maintains constant communi¬ 
cation with the center contact. 

The rotor carries a contact button which serves to 
close the secondary circuit to the spark plug in the 
proper cylinder. 



R>o 


IG. SWITCH 


I /OAffTiOH CMb 


tL 



RES. 

UNIT 


TWO 

Fig. 6B. Illustration 8ho\^^ng circuit where two sets of 
contact-breakers (connected in parallel) are used. 


The primary circuit (Fig. 6B) runs from batterj' 
(-f-), to switch, to (1), through the primary winding 
(P), to (2), to the Ignition resistance unit mounted 
on the interrupter housing, to the interrupter points 
fP) connected in parallel, to ground, to (—) pound 
of batterj\ Note that the condenser is shunted 
across the two contact points. 

Note. Cadillac and Marmon have the positive (+) of the 
battery grounded. 

The secondary circuit runs from terminal (3), to 
the distributor, to the spark plugs, to ground of 
engine, to (—) ground of battery, to (1) on coil. 


Deleu-Cadillac Distributor Connections 

Distributor connections on the Cadillac—^Delco igni¬ 
tion system pe sho^m in Fig. 6C. The cables lead 
from connections on the distributor to the cylinders in 
the order which they fire. 


Beneath the distributor head and rotor is the timer. 
The timer cam is provided with a lock screw in the 
center of the shaft. (See Figs. 6 and 6A.) 

A manual spark control is provided In addition to the auto¬ 
matic spark control. The manual spark control is for the pur¬ 
pose of securing the propw ignition control for variable condi¬ 
tions, such as startiitt, differences in gasoline, weather condi¬ 
tions, and amount of carbon in the engine. The automatic 
control is for the purpose of securing the proper ignition control 
necessary for the variation due to engine speed alone. 

The timeri more propply termed an interrupter, is 
shown in Fig. 6A. It is of the closed-circuit type. 
Note that thw are two oontact4>reaker, or interrupter 
points. The object for using two contact-breaker 
points, is to distribute over two sets of points the cur- 


Note that the brush (B) makes contact consecutively, but 
cables from the distributor are connected to the plugs in their 
respective firing order. (This firing order is on types up to 
“ 61 .”) 
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Fig. 7 (upper). 
Fig. 7A Gower). 


Fig. 7B (right). 


directly unde 
cue of the ei 
the fly wheel 


The relative movement of timer cam, diatributor, rotor, and 
pteton is shown in Figji. 7, 7A. 7B. The movement is shown in 
degrees. There is an impulse or firing spark at every 90® move¬ 
ment of the crank sliaft, which is approximately one-half of a 
stroke of the piston, or one-quarter of a revolution of the crank. 

When the erank shown in F!f. 7B travels 90® (A to B, the 
timer or distributor brush (B, Fig. 7A), being run at cam-shaft 
speed, or one-half crank-shaft spm, it then moves 45®, u does 
also tne timer cam (Fig. 7). 

When the crank makes two revolutioi^ or 720®, the timer 
cam and distributor brush (B) move 360® or one revolution. 
Therefore there are 8 sparks to two revolutions of the crank. 


l>elco-Cadillac Ignition Timing (Type 55) 

The timer contact points are set u follows: Turn the engine 
over until the contact arms (D) and (C). Fig. 6A are directly on 
top of the lobes of the cam (B). (Note that there are eight lobes 
or high points on the cam.) Then adjust the contact poinW at 
(E) and (F) so that they stand .020^' (twenty-one-tbousandths of 
an inch) apart. Both sets of contact points should be adjusted 
alike. 

To timo the ignition proceed u follows: Move the spark 
lever to the extreme left on the sector; open the compression 
release cocks on the cylinder blocks, and crank the engine by 
hand until the piston in No. 1 cylinder is on firing center. 
(No. 1 cylinder is the one nearest the radiator in the left-hand 
block <M cylinders.) 

Next remove the distributor cover, algo the rotor, and loosen 
the lock screw (A) just enouj^ to allow the cam (B) to be turned 
by hand after the rotor is fitted. (The lock screw should not 
be loosened enough to allow the cam to turn on the shaft when 
the engine is cranked by hand.) 

Then r^ace the roter and turn it by band until the dis¬ 
tributor mush in the rotor is directly under the terminal 
marked No. 1 on the distributor cover. Replace the distributor 
cover, and move the spark lever to the extreme right on the 
secUn:. 

Then switch on the ignition: hold the high-tension wire to 
the spark plug in No. 1 cylinder about one-eighth of an inch 
away from the cylinder casting, and turn the engine slowly by 
hand in the dire^on in which it runs. Step turning immedi¬ 
ately a spark occurs between the wire and the casting. (It 
will be necessary to turn the engine nearly two complete 
revolutioiis before the spark occurs.) 

If the cam (B) is properly set, a spark will occur when a point 
on the fly wheel 1 21/32'' (one and twenty-one thirty-seconds 
of an in^) in advance of the center line for No. 1 cylinder is 
directly tmder the pointer or ''trammel** attached to the crank 
case of the emdae. This point for each cylinder is marked on 
the fly wheel^ the letters "IQ/A.** 


turning the engine slowly by hand in the direction in which it 
runs, stopping immediately when a spark occurs. 

If the ignition is properly set, the spark srlQ oceor under 
these conditions when the center line on the fly srheel for No. 
1 cylinder is directly under the pointer attached to the crank 
case, or has passed the pointer. 

Caution: Do not set the ignition so that the spark occurs 
before center with the spark lever at the extreme left on the 
sector. 

Resistanee unit and ifiUtlon coll are explained in the discus¬ 
sion of the subject 'Tgmtion.** 

Note. See Index under "Synchronlsini^ two sets of interrup¬ 
ter points." Type 1 connection under this heading applies to 
the Cadillac. 

Delco Double Distributors Using Two Distrib¬ 
utors, Two Contact-Breakers, and Two Igni¬ 
tion Coils and Two Sets of Spark Plugs 

Fira. 8 and 9 illustrate the Delco distributor used 
on the six-cylinder Pierce-Arrow “38-48’' models. 
It is termed a “double ignition system” and consists 
of double distributors, double contact breakers 
(closed-circuit type) ana a double set of spark plugs. 
Two coils are used. Automatic and hand (manual) 
advance of spark is provided. There are two dis¬ 
tributor heads: one contains the two contact 
breakers and the other the condensers. There is 
a distributor head for each set of spark plugs. One 
single six-lobe cam, driven at cam-sh^t speedy is 
used. Either the “smgle” or “double” ignition 
system may be used. 

BPTAKtP APM ACVANCC LCVtR 
cxwact oonts 1 / QPtAse ismo 



CRCAKCR 

Fig. 8. Top view of Delco-Pieroe-Arrow d(mble distributon. 

Two sparks occur at slighUv different times in each 
cylinder; one coil furnishes hi^-voltage current to 
the plugs over the intake valves, while the other coil 
supplies the plugs over the eznaisst valves. The 
Stutz uses a Ddeo distributor which is similar, 
except that interrupter points open simultaneously. 


If the gperk oocun before this, rotate the cam (B) elightly 
in a eotmter-oloekwise direction to correct the adjuttment. 
If a epark oocom later than thie, rotate the earn elightly in a 
cloekwiie direotion. 

After the adjnetment hae been properly made, lock the earn 
■eem^ to the dletribwter e^t^ the lock aorew (A). 



Vlg.P. Side view of JRs* 8. 
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Attentioii is otUed to the method of adjusting 
the relative time of separation of the timing contacts 
in the No« 5216 Pierce-Arrow double distributor. 
The left^iand set of contacts, viewed from the driv¬ 
ing end of the distributor, and operating with the 
ignition of the plugs on the exhaust side of the 
engine, must be adjusted to aenarate 3^ (flywheel) 
or 13^^ (distributor) ahead ci the other set of 
contacts. To make the adjustment accurately and 
easily, a method must be used very similar to that 
described on page 221 for the use of testing lamps. 
The firing order is 1, 5, 3, 6, 2, 4. 

See Index for ‘‘Pierce-Arrow wiring diagram.’’ 

I>elco-Packard (Twin-Six) Ignition 

Fits. 10 and 11 top and vertical sections of 
the Delco-Packard igmtion distributors and inter¬ 
rupters of the closed-circuit type (Twin-six models 
“3-25” and “3-36”). 

The interrupter contact-breaker mechanism con¬ 
sists of a separate set of timing contacts for each low- 
tension circuit. These are operated by a single 
three-lobed cam moimted on the top of a vertical 
shaft which is driven at crank-shaft speed. Thus 
each low-tension circuit is broken three times during 
each revolution of the crank shaft. 


DISTRIBUTOR HEAD 



Pig. 10. Top view of Deloo-Packard (‘Twin-Six”) distributor. 


The distributor is equipped with the automatic 
spark advance. There are two coils used for engine 
ignition and one coil for fuelizer ignition. 

A feature on the ignition unit used on the twelve- 
cylinder Packard models is the auxiliary breaker 
mechanism mounted on the top of the distributor 
and used in connection with a separate ignition coO 
to operate the s^rk plug in the “fuelizer.” See 
Index for Packard “Fuelizer” and Packard “Wiring 
diagram.” The wiring diagram will more clearly 
explain the principle. 

It ihould be obeerred that the 5220 end 5238 dietributore use 
m 15249 euxUieiy breaker, while 5161 and 5220 distributors 
UM a 14806 auzmary breaker. 

Note that in the system described above a three- 
lobe cam is used which revolves at crank-shaft 
speed, whereas with most sdl other systems it 
revolves at cam-shaft speed. 

The fact that t«felve interruptions, or sparks, can 
take place in the two six-cylinaer bkx^ of cylinders 
during two revolutions of the single three-lobe cam 
is explained by the fact that there are two inter¬ 
rupt^ arms with separate contact points operating 
against qpposite skm of a three4obe cam. Note 
that the cam is triangular in form, with the sharp 


VCN0ON 



Pig. 11. Side sectional view of Deloo-Packard (“Twin-Six”) 
distributor. 

comers rounded off; thus the lobes are 120® apart. 
Therefore when one contact arm is raised at the 
highest point on one of the lobes of the cam (which 
is the wide-open position of the contact points), the 
interrupter arm on the opposite side of tne cam will 
be exactly between the two lobes (which is the 
closed position of the contact points). 

Because there are three lobes 120® apart, three 
sparks would be produced per revolution of 360® for 
each set of contact points, or six sparks during one 
revolution for both interrupter contact points. 
Since the cam travels at the same speed as the 
crank shaft, then for two revolutions of the cam, 
there would be twelve sparks. 

The high-tension distributor, like all distributors, 
revolves at cam-shaft speed, or one revolution to 
two revolutions of the crank shaft, and distributor 
terminals on the two distributor heads, each with 
six segments, leading to the twelve spark plugs, 
have the segments 60® apart. 

Separate high-tension distributor heads are pro¬ 
vided for each cylinder block. These are mounted 
on either side of the ignition apparatus housing and 
are operated by rotors on a cross-shaft driven from 
the vertical timer shaft. 

The firing order in each block is: 1, 4. 2, 6, 3, 5. 
The impuli^s alternate between the two blocks. If 
we number the cylinders in succession, beginning 
with number one at the front of the right block, the 
firing order would be: IR, 6L, 41^ 3L, 2R, 6L, 6R, 
IL. 3R, 4L, 5R, 2L, 'the R and L designating the 
rignt and left cylinder blocks. 

Arcing across the contact points when they are 
separating is minimized by the use of separate con¬ 
densers for each set of breaker points, located in 
the rear side of the imition timer and distributor 
housing. Indirectly these condensers also serve to 
intensify the high-tension current wave. 

Resistance units in both low-tension circuits, and 
located on either side of the common ground return 
terminal on the timer housing, serve to keep the low- 
tension current down to the proper rate of flow at 
various car speeds. These also prevent excessive 
discharge from the batter}^ when uie ignition switch 
Is left on and the engine is not running. 

See Index for “Packard wirinic diagram.” 
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The l>elco<-Lincolii Ignition System (1921) 

Figs. 12,13,14 show the interrupter and distribu* 
tor used on the Lincoln. The vertical shaft viewed 
from the top turns counter-clockwise at one-half 
engine speed, and carries the manual spark advance 
mechanism, governor assembly controlling the auto¬ 
matic spark advance, the four-lobe breaker cam, 
and the rotor. The four-lobe cam produces eight 
sparks during one revolution of the cam^ due to 
the two int^rupters. 

Each of the two sets of contacts are connected 
with the primary circuit of a separate ignition coil. 
In this manner the right-hand set of contacts (when 
viewed from the driver’s seat) connected with the 
right-hand ignition coil, controls the igiiition in the 
right bank of four cylinders. Likewise the left- 
hand set of contacts connected with the left-hand 
ignition ooil controls the ignition in the left-hand 
bank of cylinders. 

A rotor (Fig, 15), carried on upper end of distributor 
shaft, carries two steel rotor brushes, both electri¬ 
cally connected. One of them connects with the 
small carbon brush, which makes contact with 
the slip-ring in the distributor head. The other 
rotor brush connects with the center plunger contact 
in the distributor head. 



Fig. 12 Fig. 13 


Figs. 12 and 13. Side and top view of Delco-Lincoln dis¬ 
tributor. 


CONTACT BACAICA 



Fig. 14 Fig. 16 

Fig. 14. Clearer top view of Linodn. On tlie iatermpter, 
owing to the fact that the cylinders are 60° apart, they are not 
placed opposite to each other. 

Leads from each of the eight equally spaced 
terminals around the distributor h^ should be 
connected to spark plugs in the cylinders which 
carry a correqMnding number. 


The high-tension lead from the right-hand ignition 
coil is connected to the center terminal fthe lot^ 
screw) of the distributor head. Current from this 
ooil takes care of ignition in the right bank of oylin« 
ders Nos. 1, 3, 7. and 5, through the rotor brush 
connected with the center plunger contact in the 
head. 

The left-hand bank of cylinders Nos. 6,8, 4, and 
2, receive ignition current from the left-hand ignition 
coil whose high-tension lead is connected to the 
terminal (the short screw) near the center of the 
distributor head. This current passes through the 
rotor brush connected with the carbon brush. 

Care must be taken to see that the leads from both 
primary and secondary terminals of the imition 
coils connect to their correct terminals on the dis¬ 
tributor. 

The distances between the contact points when 
opened by the cam are adjustable by means of the 
contact screws which carry the stationary contact 
points. They should be adjusted so that they are 
.020" apart when the fiber rubbing block of the 
contact arm rests directly on top of the cam lobes. 
Due to the slight wear of the fiber block during the 
fiirst 2,000 miles driving, it may be necessary to make 
one or two adjustments of the points, after which 
practically no attention is necessary other than to 
note occasionally that the adjustment conforms to 
specifications. 

The thickness of the gauge on the distributor 
wrench provided in the tool equipment should be 
used in adjusting the points. 

When a slight readjustment of the contact points 
will not affect the timing noticeably, it is recom¬ 
mended that the ignition timing be checked, and if 
necessary corrects after each adjustment of the 
contact points. 

After assembly of the parts of a repaired Lincoln 
distributor it wUl be necessary correctly to adjust 
the two sets of timing contacts, so that they separate 
at intervals of exactly 30° and 60° of distributor- 
shaft traveL 

These values correspond to 60° and 120® on the 
flywheel, which are the intervals of crank-shaft 
travel between cylinder firings. 

To obtain the correct setting, first adjust each of 
the two sets of contacts to the correct maximum 
dimension of .020". Then shift slightly the position 
of the contact-point mounting plate until a setting 
has been found which will cause the contacts to open 
exactly at 30° and 60° intervals. This plate may be 
shifted within small limits after loosenmg the three 
screws securing it to the distributor housing, and 
allowing the plate to pivot on the screw nearest the 
oiler. 

In order to measure accurately the 30° and 60° 
intervals, the mechanic should connect a small lamp 
in series with each set of contacts similar to the test 
set in Fig. 20, page 221, to indicate the instant the 
points separate. An ordinary protractor, or similar 
measuring device calibrated m degrees and approxi¬ 
mately 4" in diameter, must be used to measure 
the number of degrees of interval between the 
separation of the contacts. Small scratches may 
then be made on the distributor housing opposite a 
previously made scratch or mark at any point on the 
edge of the rotor, indicating the actuied intervals 
between the separation of the two sets of contacts. 
These angular distances may then be measured 
with the protractor, and if not correct, the contact 
mounting plate may again be slighity shifted 
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If during the ehlftlng of the platoi the adjustment 
of the contacts is appreciably changed, their adjust¬ 
ment should be corrected, after which a roKsneck 
should be made with the protractor and lamps of 
the intervals between the separation of the two sets 
of oontaots* It would be advisable to check up 
the adjustment of the contacts once or twice during 
the first 2,000 miles driving, so that any necessary 
correction mi^t be made. 

Lubrication of the upp^ ball bearing is taken 
care of by placing in the oiler three or four drops of 
engine ou every 500 miles. The lower ball bearing 
of the distributor shaft and the advance ring of the 
manual-spark control mechanism receive their lubri¬ 
cation from the light cup grease carried in the lower 
part of the distributor housing. This section of the 
housing should be kept filled with light cup grease 
to a level just above the advance ring. Lubricant 
may be placed in the housing by removing the cover 
plate near the spark-advance lever on the forward 
side of the housing about every 5,000 miles. 

A very small amount of light grease or vaseline 
should be applied to the surface of the breaker cam 
each 2,000 miles. The rubber track containing the 
eight inserts or contacts should receive a very small 
amount of vaseline applied occasionally dunng the 
first 1,500 miles driving. The track will then 
become glazed^ and no further lubrication will be 
required. It is then only necessary to wipe out 
the distributor head occasionally with a clean cloth. 
No lubricant is required on the slip ring in the dis¬ 
tributor head, against which the carbon brush rests. 
The center plunger contact in the distributor should 
always make contact with the rotor, and the carbon 
brush in the rotor should always make contact against 
the slip ring. 

A slight blackening of the surface of the dis¬ 
tributor head inserts has no effect whatever upon 
the perfect performance of the ignition system. 


the current which would otherwise pass through 
one set. Both sets of points separate^ and therefore 
are arranged to separate at the same instant. 

See Index for 'firing diagram.*’ 


Delco-Packard (Six-Cylinder) Distributor 

Fig. 17 shows the general construction of the 
interrupter and distributor used on the six-cylinder 
Packard models. 



Two sets of interrupter contacts are provided, 
each set being connected in series with a separate 
ignition coiL One of these coils provides ignition 
for the engine cylinders, while the other coil supplies 
i^tion at the f uelizer spark plug. Electrical connec¬ 
tions of this system are shown clearly in the circuit 
diagram. See Index for ‘‘Wiring diagram.'* 


Dclco-Lafayctte Distributor (1921) 

Figs. 16 and 16A show the top and side cross-sec¬ 
tion views of the interrupter and the distributor 
used on the Lafayette model, which is similar to 
that shown in Fig. 4, page 214. The vertical shaft, 
turning at one-half engine speed, carries the manual 
advance mechanism, governor assembly controlling 
the automatic spark advance, the eight-lobe breaker 
cam, and the rotor. 


Fin. 

ditUibv 


Fig. 1C 


Id and 16A. 
tutor. 


COMTACT 
AJ>J 3CRJ 



Fig. IdA 

Sidb and too view of Deioo-Lafayetta 


Two of timing contacts are provided, the 
object being to distribute over two sets nointa 


Delco-Buick Distributor 


Figs. 18 and 19 show the top and sectional views 
of the Delco distributor and interrupter used on the 
1921 Buick models. The design is such that ad¬ 
vance and retard of the ignition is accomplished 
through an advance ring (see Fig. 18) within the 
distributor instead of by an oscillating movement of 
the distributor head changing the angular position 
of the timing contacts with the distributor cam. 
(a later modd is shown in Fig. 13, page 307). 

A condenser^ mounted in former models inside 
the ignition ooil, is now contained in a moisture- 
proof metal case within the distributor housing, 
next to the interrupter. Delco coil (1921) is Delco 
No. 2159 (Fig. 2, page 213). 



Fig. 18. Bids view of Deloo-Buiek dktributor. 
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Adjustiiig Spark Plugs for Ignition 

On spark plutps 

having more than one gap, all but one ^p should 
be ini^ wide, and closest gap adjusted 

An exceptionally wide adjustment m^ be the 
cause of missing at the higher speeds, too close 
an adjustment will cause the ignition to be poor at 
y&y low speeds when idling. 

S 3 mchronizing Two Sets of Interrupter 
Contact Points 

20 shows a simple device which is of material 
assistance in synchronizing the operation of two sets 
of timing contacts. This hand^ test set consists of a 
small block of wood upon which are mounted two 
small 6-volt lamps provided with the leads (C), (D), 
and (S). Terminals (A) and (B) are each made of a 
thin piece of fiber 1by 1'', one side being covered 
by a thin piece of brass or copper to serve as a contact. 



ric* Device for synchronising interrupters. 


Distributors with which this set is used are 
divided into two types; type 1 (Fig. 21) has two 
sets of timing contacts connected in parallel; in type 
2 (Fig. 22) tne double distributors nave two sets of 
contacts, each of which is connected to a separate 
primarv ignition circuit, as in the Pierce-Arrow and 
Stuts (ustributors. 



Fig. 21. Type 1 oonnwuon for synchronising two inter¬ 
rupter eonUet-Brenkers (CB) connect^ in oarAlUi. 


When used with distributors !n type 1 (Fig. 21), 
each of the terminals (A) and (B) are slipped between 
the contact-arm spring, and the distributor housing 
with the metal side of the terminal in contact with 
the spring. Connect lead (E) to ‘‘ground.” Cur¬ 
rent m obtained from the storage battery on the car 
by placing the ignition switch lever in “on” position. 

During this operation it wh. be well to place a 
piece of cardboard beneath one of the mnerator 
bnishes on those generators not equipped with a 
cut-out relay, in omr to prevent a fiow of current 
through the generator windings* 

In this tvpe of distributor which is supplied with 
two sets of contacts the primary imtion current is 
divided between the two sets, which reduces the 
amount of burning and offers an additional factor 
of safety to the system* 

‘The separation of each set of thaing contacts will 
be invested by the lamp in the circuit, and when 
both lamps go out at practically the same instant 
the contacts are properly synchronised. 

When used with type 2 distributor (Fig. 22), the 
notches in the ends of the terminals (A) and (B) 
sermit them to be readily connected to the two 
Wnninais on the distributor as shown. 


In the Pierce-Arrow (page 216) and Stutz double 
distributors there are two sets of timing contacts. 
In these cases each set of contacts interrupt a sepa¬ 
rate primary ignition circuit, giving double ignition. 
One circuit supplies high-tension current to the plugs' 
over the intake valves, while the other circuit taker 
care of plugs over exhaust valves. 



By examining the connections as shown in Fig. 
22, it will be noted that as each set of contact- 
breakers separate, the lamp in its circuit lights. 
When contact-breakers are closed, a short-circuit 
will be formed aroimd lamps, causing them to go out. 

In setting the Stutz contacts, both lamps should 
light at the same time: that is the timing contacts 
should be synchronizen. 

Pierce-iuiuw interrupter contacts are not syn¬ 
chronized. By referring to the Pierce-Arrow wiring 
diagram, page 403, and to Fig. 8^ page 216, it will be 
not^ that one contact-point is for the ignition 
system on the exhaust side of the engine and the 
other is for the ignition system on the intidee side. 

The contact points for the exhaust side are set 
ahead of the intake, as mentioned below, the degrees 
referred to being flywheel degree movement. 

Models 31 and 51: exhaust set to open 3® before inlet. 

Models 32 and 33: exhaust set to open 3® to 7® before inlet. 
Models X-5-W-2: exhaust set to open 0 to 3® before inlet. 
M'vlels R-10: exhaust set to open 0 to 3® before inlet. 

I 

For example, with models 32 and 33, the lamp 
connected in the circuit (Fig. 22) with the contact- 
points for the exhaust side should light 3 to 7 fly¬ 
wheel degrees before the one connected in the circuit 
with the contact-points for the intake side. 

Contact-Point Surfaces and Removal 

The contact^int surfaces often have a frosted 
ap^arance. is not an indication of trouble, 

as IS often believed, but shows that the contacts are 
making good contact with one another, and they 
should not be disturbed as long as proper operation 
is maintained. The contact points are made of 
tungsten. This metal is too bard to file. Should 
it be necessary to dress them an oilstone should be 
used. Care should be taken that they seat equally 
against each other after being replao^. 

The contact arms may be removed by lifting them 
from the posts on which they are pivoted, after 
taking out the x>tter-pins and lo isening any clamp- 
ing nuts holdin*} the ends of the steel springs. 






INSTRUCTION No* 21 

TESTS AND ADJUSTMENTS OF THE VIBRATOR TYPE OF HIGH 
TENSION COIL: Ford Ignition CoB 


This instruotion deal6 only with vibrator-type 
coil adjustments and tests. The next instruction 
will deal with the non^vibrator type. 

Adjusting Vibrators of an Ignition Coil 

The usual method of adjusting a coil trembler or 
vibrator is the rather rule-of-thumb method ^ of 
screwing down the trembler screw till there is a 
sharp musical “buzz” obtained, and, as near as it 
is possible to determine, to adjust the screws so as 
to obtain the same note from each trembler. 



Fig.l 


Current consumption of the coil depends largely on 
how close the vibrator contacts are set. ^ Very often 
it happens that a good deal of current is w^ted in 
having too close contact, and at the same time the 
platinum points on both the vibrator and the adjust- 
mg screw are soon ‘Spitted” and worn out from the 
excessive sparking. 

There is a further serious disadvanta^, inasmuch 
as the firing point cannot be synchronize for each 
cylinder, the closely-eet trembler firing the charge 
Earlier than the lightly-set one, and thus it happens 
that an engine rarely gives off the full amount c5 
power. Perfect synchronization is reouired in 
obtaining full piower. This explains why some 
engines often give more power on the magneto. 
The fault lies in bad setting of the coil and sticking 
vibrato^^ 

Instructions for Adjusting the Ford Vibrator 
€k>U (K.W. Ignition Co/s Make) 

There are four vibrator-type coil units (Fig. 2) 
contained in the Ford coil box. 

The primary winding starts at the bottom of the 
coil unit, which consists of a metal which makes 
contact with a spring inside of coil l^x and which 
is connected with electric current, either from the 
battery, the generator, or the magneto (see Index 
under ‘Tord wiring diagram”). 

llie primary currmt passes through the primary 
winding, throu^ vibrator blade (VS), through 
ooints (P), to the contact spring, to the prim^ oon- 
lAct to the timer, to the contact on the timer or 
commutator. 


The secondary is shown in Fig. 2. See 

also Index, for “Ford wiring diagram.” 


Fig. 2. Ford vibrator coil unit (K.W.) 

Adjustment of vibrator; The K.W. coil unit shown 
in the illustration is designed to operate on a current 
consumption i n the primary winding of 1 1/10 tc 
1 2/10 amperes at a voltage of 6 to 8 volts. 

When the vibrator tension on a coil is increased, 
or more vibrations are produced in a given time by 
screwing down on the vibrator adjusting screw, the 
secondary voltage is increased and the primary will 
draw more current. 

Therefore the proper adjustment of tliis adjusting 
screw for certain current values is necessary in order 
to prevent the building up of too Iiigh a voltage, 
which is liable to puncture the insulation of the 
secondary winding. 

A Ford coil unit (K.W., Fig. 2), when tested on a 
6-volt circuit with a low-reading ammeter in series 
with the primary circuit, should register 1 1/10 to 
1 2/10 amperes. 

When the vibrator spring is pressed down against 
the iron core, the air-gap clearance between points 
(P) should be 1/32” apart. It is very essential that 
this vibrator spring have the proper tension, inas¬ 
much as on this depends the amoimt of current that 
the primary winding consumes, as well as the effec¬ 
tiveness of operation. 

The tension, or number of vibrations, can be 
adjusted by the vibrator adjusting screw. First, 
however, in order to adjust properly, the vibratoi 
spring itself should be tested for proper tension a£ 
follows: 

Remove the top bridge. If “tungsten” contact 
points are used, the vibrator sprina should stand 
exactly a^ve the iron core. If K,W. “spwk- 
ite” springs and contact points are used, the spring 
tension is less, owing to the lowHSurface resistance 
of this metal; therefore the vibrator spring should 
be 5/32” above the iron core. 

It is important that the vibrator-spri^ tension be 
eon^ as just stated* before attempting to adjust 
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the tension of the vibrator spring with the adjust* 
ment screw. 

The condenser is located in each coil unit, and is 
connected or shunted across the vibrator contact 
points. 

Hard starting, due to vibrator adjustment: If 
there is too much tension on the vibrator springs, 
the weak current generated ^ the magneto at 
cranking speeds will not be sufficient to cause the 
vibrators to buzz, and it will be difficult to start the 
engine. Too little tension will not let the vibrators 
respond quickly, and the engine will run unevenly. 

A defective coil unit can be detected by noticing 
if the vibrator buzzes without producing a spark at 
the plug. Then the suspected unit can be ex- 
c^nged with another unit to make sure that the 
trouble is actually in the coil unit. A defective or 
punctured condenser is indicated by a heavy spark 
at the vibrators and a weak spark at the spark plug. 

If the engine has a tendency to miss when driving 
over rough roads, this may be due to the coil units 
not fitting tightly in the coil box. The bouncing 
of the car makes the coil units touch the metal cover 
of the box and causes misfiring. Coil units m the 
Ford coil box depend upon spring tension for contact. 

Sometimes, misfiring is due to the wooden lining 
of the metal coil box being damp and allowing the 
electric current to leak across from one terminal to 
another. 

The spark plug: On the Ford and some magnetos 
where there is a volume of spark, a spark plug 
recommended by the manufacturer should be used, 
as the points usually have metal of slightly high 
resistance to prevent pitting and burning of points, 
due to the excess of current supply. The spark¬ 
plug gaps are 1/32" apart on Ford plugs. 

Vibrator Coil Cause of Missing 

In rare instances one of the coil sections will 
become short-circuited or the insulation may become 
punctured on the secondary winding. This is com¬ 
monly caused by using too many batteries or too 
high a voltage. In this case the plu^ would not 
spark at all, therefore it would be advisable to try 
changing positions of the coil units in the box. If 
the plug sparks properly on one of the other coil 
sections, then you may know that that particular 
coil unit is defective. Therefore, inspiect the plati¬ 
num points on the vibrators and contact points, as 
they may be partially burned away or badly pitted, 
if this coil section still fails to give a spark, then it 
is evident it is burnt out mside. 

In some instances a coil may have its insulation 
short-circuited for only half its length of winding 
and would give a spark. If a short circuit was near 
the be ginnin g of the winding, it would not spark at 
all. 

Testing the Coil 

If a multiple-cylinder engine, ^t each unit 
separately until it is determined ;which coil is miss¬ 
ing. After assuring yourself the missing is not 
caused by a spark plug, weak batteries, carbure- 
tion, or other causes, then test the coil itself. 



Fig. 3. The “B W” tester. Designed for testing Ford coil 
units, spark plugs, and lamp bulbs. 


^ gauging the gap with one-quarter inch (>i") drill or rod. 
This gap is much greater than the gap in the spark plug, 
due to the fact that a spark takes place in the open air, while 
in the case of the spark plug, the sparking takes place in 
a highly compressed charge in the cylinder which requires the 
spark gap to be considerably smaller. 

The switch is now closed, and the ammeter should give a 
fairly steady reading of about 1H amperes. While this cur¬ 
rent is flowing, a continuous flow of sparks should follow across 
the spark gap. If the flow of sparks is not constant, this indi¬ 
cates that the vibrator contacts of the coil have probably 
become pitted; they should be removed and smoothed with a 
fine file. The adjusting screws on the coil should be turned one 
way and another until the stream of sparks appears the hottest. 

If at this point of adjustment the current is lower than 1.2 
amperes, then the vibrator spring on the coil is weak and should 
be strengthened as follows: Remove the cross-piece that car¬ 
ries the adjustable contact. Now note the distance that the 
vibrator spring stands away from the coil head. Increase this 
distance slightly by bending the vibrator spring away from 
the coil hea<l; then replace the adjusting cross-bead, and the 
current will have increase<l as well as the stream of sparks. If 
the current is higher than 1.8 amperes, then the vibrator spring 
is too strong and stands away too far from the head of the coil. 
In this case the vibrator springs should be bent inwaitl. 

If the ammeter pointer flics over to the end of the scale, then 
this indicates that the vibrator contacts are stuck together. 
If in this case they are worn out and cannot be smooth^ with 
a file, they should be replaced. 

If it is impossible to get a reading of 1 H amperes and a con¬ 
tinuous hot spark across spark gap, after making all the 
adjustments named above, the coil is no longer serviceable and 
should be replaced. 

Note: The coil must give a hot spark with not more than 
1 H amp., because at low speeds the magneto does not gener¬ 
ate more than 1 ^ amp. 

To test a spark plug with the tester shown above: Connect the 
Tester to a source of power, as instructed above. Place a Ford 
coil into the coil guides in the same manner as in testing the coil. 
Now open the spark gap to at least then place the spark 
plug into the rack provided on the Tester and close the switch. 
Where it is possible, it is a good idea to open the spark np of 
the spark plug to about H"* so as to get the same condition in 
the open as with the small gap in the highly oomprcM^ 
cylinder. Set spark-plug gap to about 1/32" after testi^. 

If the spark plug is only foul from carbon deposit on the 
porcelain, the carbon will be immediately burned If there 
IS a cracked prooelain. the spark will short-circuit through this 
crack and no spark will fiow at the spark-plug gapt and the plug 
is no longer serviceable. 

To test lamp bulbs: Both the single and double-contact 
sockets provided for testing lamps are directly connected td 
the tran^ormer, and all that is necessary to test lamps is to con¬ 
nect to eource of power as instructed above and push the Uunp 
into the proper socket. 


Vibrator Coil Tester 

A very serviceable device for testing Ford coil 
units, single and double contact lamps, as well as 
spark plugs, is the tester^ illustrated above. 

To roplaco or mdjutt contact pointa on a Ford coil unit: 
The ooii to be tested is slipped into place so that the contact 
springs touch the proper contacts. A 6-volt battery is attached 
means of oord and test clips. The ammeter on the Tester 
hM sero (0) oenter. and it is proper for it to read in either 
direction. The adjustable spark nm should now be set 
with ono-qusrter inch (H") tap. This may be measi 


Causes of Spark Plug Missing 
The usual cause of missing of ex^osion is that 
the spark plug becomes fouled by camon, or soot is 
deposited on the porcelain insulation, causing the 
plug to become short-circuited. It is generally 
caused by using a poor grade of oil or loose piston 

* This ejm be secured of A. L. Dyke, Electrical Depculment, 
Granite Bldg., St. Louis, Mo., price $11.65 for use with a 
6-volt battery; for use with alternating ourrent lamp socket, 
pries $14.86. 
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rings, which permits the oil to pass too freely into 
the head of tne cylinder. 

Other causes are sticking vibrator points, a 
defective commutator, or a weak battery. 

When mis-firiiig occurs, particularly when running 
at high spe^, it would be advisable to inspect the 
commutator, as the fiber may be worn so that the 
roller touches only the high spots, or it may be that 
the roller has worn out m round and consequently 
forms imperfect contact on all of the points. 

Kt slow speeds, mis-firing is apt to be the result 
of improperly seated valves or air-leak in the carbu¬ 
retor or cylinder-head gaskets. 

A weakness in compression may be detected by 
lifting the starting crank slowlv the length of its 
stroke for each cylinder in turn. In rare instances 
an exhaust valve may become warped by the engine 
becoming overheated, in which case the valve seat 
will have to be reground or the valve replaced. 

When starti^ to test for the trouble, first deter¬ 
mine if the missing occurs when running slow or 
when running fast, or if at all times. Aim be sure 
the carburetion is right. 

Testing for Miss with Vibrators 

We will assume the engine is a four-cylinder engme. 

To ascertain which, if any, of the four plugs are 
fouled wiUi oil, short-circuit with carbon, or inoper¬ 
ative from some other cause, open the throttle two 
or three notches to speed up the enpne; now hold 
your two fingers on two outside vibrators so that 
they cannot buzz. The evenness of the exhaust 
«vill show that the other two are working correctly 
and that the trouble is not there; or an uneven 
ei^ust will indicate that it is between the two that 
are free. 



Fig. 4. Testing for mieeing with Tibrstors on the coil. 

If the two cylinders fire evenly, change the fingers 
to the two inside vibrators and again listen to the 
exhaust. Having ascertained in which pair the 
trouble is. hold down three fingers at a time until 
you find the one which does not fire. 

Cylinder No. 1, we will say, is the front cylinder, 
and they number in rotation 1, 2, 3. 4. No. 1 coil 
unit would be the one farthest from the steering post 
(leftHude drive), and they number 2,3,4 to the left. 

Causes of commutator troubles 5): (1) 
worn metal segments (C) often cause missmg by not 
making good contact. (2) The commutator may 
also b^me loose pn the shaft and g^t out of time. 
(3) Spring weak. (4) Loose connections at binding 
poets. (5) Depressions worn on face of fiber on 
which the roller (R) travels, resulting in the roller 
jumping (at hi|^ speeds) almost over the metal 
contacts (C). The roller (R) and pin of the revolv¬ 
ing part udll also probably be found in bad shim. 
To repair, turn down in a lathe or ^lace with a 
new one. (6) Grease will coat the inmilated fiber 
ring (C) from one segmmit to another, and cause a 
short circuit. Too much oil will also cause a i^b»ed 



surface over the segments (B), and good contact 
cannot be made between roller (R) and these metal 
segments. 

Platinum Iridium Contact Points 

Platinum-iridium is the best metal for contact 
points on vibrator-type coils and also for magnetos, 
for reajsons explained farther on. 

It is best for the contact points on the vibrator- 
type coil (as in Fig. 6) because it allows finer adjust¬ 
ment and more rapid operation. 

Platinum is usually alloyed with iridium (80 per 
cent platinum and 20 per cent iridium) in. order to 
attain tou^ness and hardness of the contact point, 
which gradually enhances its elecp*ic value. Pure 

latinum would hammer under action of the contact 

reaker; thus iridium which is harder is used with it. 
Platinum-iridium points are always used on ma^eto 
contact breakers (pages 257, 2^, 280). Platintun 
has the property of a very high fusing point and 
does not oxidize (an action similar to rusting, but 
usually of dark color) under ordinary conditions. 
It has a very low surface resistance which remains 
throughout flie life of the point. While it is subject 
to a certain building up and pitting process, this 
process extends over the entire surface of the point, 
with the result that the contact area is not impaired. 
It has long life and can be used to the last thousandth 
of an inch with utmost efficiency. 

It must, however, be kept clean to insure best 
operation, which is easy as it can be dressed with 
a fine file. Platinum is also subject to electrolysis, 
especially where direct current is used, as explamed 
farther on. 

Sp«rkite points, produced bv the K.W. Ignition Co., Clere- 
land, Ohio, is also well adapted for vibrator coil use. oparkite 
metal oas a very low surface resistance and is excellently 
adapted to all vibrating coil ignition. It disintegrates some* 
what more rapidly than either tungsten or platinum, but has 
a much lower suHace resistance than tungsten and does not 
readily oxidise. 

Effect of Electrolysis on Platinum 

Every time the contact separates, a minute 
quantity of platinum is transferred from one contact 
to the other. If the current is reversed by means 
of a reversing switch, the los^latinum will be trans¬ 
ferred back to some extent. This is called depolariz¬ 
ing (see page 203). Therefore, when using “direct’* 
current for vibrator-coil igmtion, it is a good idea 
occasionally to change the connection on the battery. 
The current flo^ng in one continuous direction 
causes the point connected with the (+) side to 
deposit on tne point in the (—) side, thus pitting ^e 
pomts. Where ''alternating” current is used, as 
with a magneto, the points do not pit as much, 
because the current is constantly changing its 
direction of flow. 

On the Ford, the magneto generates ^^alternating” 
current. Therefore the pittmg of points is not so 
bad; but when the car is run continuously at Ugh 
speed, naturally the magneto generates a Uidier 
volta^ wUch react! through the contact points by 
ardng^^tt^tting the platinum pmuts ^e to the 
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Testing Platinum-Iridium Contact Points 
Procure genuine platinum-iridium points when 
purchasing new screws or vibrator springs, if 
possible. Imitation points will pit and bum 
tocether, and will cause sticking of points and 
missing. See also mention above of K-W Sparkite 
points for vibrator coil use. Platinum-iridium 
must be used for magneto points for reasons 
explained farther on. 

Test the points to see if they are Mnuine pktinum 
by putting nitric acid on them. If it eats into the 
metal, it is not genuine platinum. A jeweler’s stone 
can aliBO be used for this test. Ask any jeweler. 



Fig. 6. Fig. 7 


Fig. 6 (left). Shows pitting, and is the state to which a 
properly set contact-point finally arrives. Illustrations repre¬ 
sent the screw above and vibrator spring below witlM;>latinum 
point contacts as used on vibrator tvpe coils. The same 
principle applies to platinum points used on magnetos. 

Fig. 7 (right). Shows the result of a badly set contact which 
is worn unevenly. The platinum would have to be filed away 
right down to the steel, and the spark would then soon eat the 
rivet hole and cause serious misfiring. 

Dressing Platinum-Iridium Contact Po.ints 

To dress the platinum points, remember that the 
main requirements are to remove only as small an 
amount of the valuable metal as possible and to 
trim the surface dead level and smooth. This can 
be done with a small finely cut jeweler’s file. If the 
file is not a very fine-cut file, it will leave roughness 
on the points. A smooth glassy surface is best. 
Platinum-iridium points can best be dressed on an oil 
stone (Fig. 8) which insures a smooth, flat surface. 
In making the final adjustment of the screw, do not 
set the points closer than necessary to give a good, 
steady Duzg of the vibrator. In setting magneto 
contact points, they must not be too close together, 
or too far apart. 

If the surfaces are merely blackened with dirt or 
grease, forming a film over the points, thus offering 
resistance to the primary circuit building up, this 
can be removed by inserting a strip of 00 sandpaper 
between the two points, and by pulling the paper 
through them a few times under its own spring ten¬ 
sion. A better plan to brighten up a platinum 
point surface is to use coarse paper instead of sand¬ 
paper, as sandpaper has a tendency to leave a rough 
surface on soft platinum. Alwa 3 rs adjust the open¬ 
ing of the points after cleaning. 

Tungsten Contact Points 

Tungsten points are used almost entirely on coil 
and iMittery Ijpiition interrupters of the non-vibrator 
type (pam 205, 20$, 211, 214), because of its 
c^reme Wdness, which withstands the hammer 
blows caused by the hi^ spring tension which is 
necessaty in hi^-speea interrupters to prevent 
chattering and also to obtain go^ contact at the 
point sunaces. It is not rapidly consumed or 
disintejgrated by electrolysis, but it is subject to 
oxidation, and inherently has a high resistance. 
This oxidation results in a hig^ resistance oxide 
film coating on the points (similar to rust, but of 
dark color), reducing the flow of the primary current. 
Thus a h4^ potential or voltage across the points 
of the intmupter in the primary circuit is necessary 
(generally 6 volts supplied by the battery). The 


current consumption of the primary circmt of a 
non-vibrator type coil is usufuly less than of the 
vibrator-type coil, and is nearly always less than 
5 amperes. Where 5 amperes or more are used in 
the primary circuit platinum-iridium is best. 

The disadvantage of tungsten for magneto 
contact-breaker use is oxidation of the points and its 
high surface resistance, both of which prevent the 
magneto primary current from building up to its 
maximum value (page 253), resulting in weak cur* 
rent and difficult starting. 

Arcing across the points of tungsten is more 
common than with platinum-iridium, and it is 
difficult to determine when a condenser is defective. 
When platinum iridium contacts are used, extreme 
arcing is fdways an indication of a defective con¬ 
denser. Tungsten points recmire a greater condenser 
capacity to overcome arcing than do platinum points. 

Dressing Tungsten Contact Points 

Conditions which necessitate dressing tungsten 
points are as follows (see also, pages 203, 211, 221): 

1. When dirty, by being coated with grease, etc. 
The points can be cleaned with gasoline. 

2. When oxidized by a dark or blackened oxide film 
forming on the surfaces. The film will r^ulily 
yield to the file and leave a clean surface. It wiU 
be found, however, owing to its hardness, that 
the metal itself cannot be removed except by 
grinding or dressing on an oil stone. 

3. When pitted, caused by an electrolytic effect 
and arcing. If this is sli^t, the point can be 
dressed on the oil stone (Fig. 8), but if deeply 
pitted, new points are necessary. In extreme 
cases of pitting a reversal of the primary current 
will sometimes rectify this trouble. 

4. When burned, owing to sparking or arcing across 
the points which pits the points. Dressing on an 
oil stone will remedy the trouble. It is best to 
renew the points if badly burned or pitted. 

Appearance of tungsten points: a silver gray 
appearance with pebMed suriace at point of con¬ 
tact is O.K. New points may show a small spot, 
usually near the edge, and n^ not be disturbed. 
If points are blackened, clean, and adjust. 
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Fig. 8. Method of dreseing tungHen points on an oil stone 
(also applicable to platinum points). The contact point screw 
(S) is clamped, by means oi two nuts, to the center of the 
metal strip. The strip is moved forward and backward over 
the oil stone, thus securing a true surface on the tungsten 
point, which makes it last much longer without grinding. The 
main point is to have a smooth flat svifsce so Uiat mm point 
will make full face contact with the other, and not on one side 
or edge. 

Another plan of dressing the screw point is to put it into a 
chuck of a drill press and dress it down on an oil stone. The 

g oint on the interrupter arm however will have to be dressed 
y hand. 

Spark-Gap Suggestions 

Do not set spark-^ng gaps over 1/32'' apart for vibrator-eoil 
ignition. The usual setting for non-vibrator ooil ignition is 
.025". Too large a gap wiU likely cause a misfire (see also 
page 238). 

When testing the spark, by removing the wire from the spark 

f »lug, do not separate the tsnnhial wire from the jdag or engine 
rame more than H** on a vibrator type coil, or M' on a non¬ 
vibrator typa, and about 3/18" on a magneto, as it will strain 
the coil windinn and may break down the insulation. On a 
magneto, or ooil which uaea a safMy gap the aafety apark gap 
it uaually set H'’; i^F a teat it made with a spark too wide it 
may jump at the aafety gap instead. 




INSTRUCTION No. 22 

TESTING IGNITION COILS OF NON-VIBRATOR TYPE: Condenser Tests; 

Resistance-Unit Tests 


As an example of the procedure for testing an igni- See Index for ‘‘Dodge wiring diagram’* for the 
tion coil of the non-vibrator t;^, the North East Ig- internal circuit of this system, and study it care- 
nition system as used on the Dodge car will be used.* fully. 


LOCATING IGNITION TROUBLE: N. E. IGNITION SYSTEM (MODEL ‘‘O”) 


1. Whenever it is determined that trouble has 
been located in the ignition mechanism or in the 
coil windings, and that it is not in the spark plug or 
loose connections, or due to a run-down batteiy, 
then turn off the ignition switch and remove the dis¬ 
tributor head in order to expose the interior of the 
breaker box. Crank the engine slowly until it is 
seen that the breaker cams come together. 


To Test the Secondary Winding 

a) A CTOund in the secondary from the second¬ 
ary winding to the coil box cannot be tested with an 
ordinary test lead, because the inner end of the 
secondary coil is normally grounded to the core. A 
ground from the coil to the core can usually be indi¬ 
cated by burning of the insulation appearing on 
the outside of the coil where the spark has punc¬ 
tured it. 



K»NiTlON 
0014. 

Fig. 1. Testing the North East ignition coil sh used on the 
Dodge. 


2. Disconnect the wire at the contact breaker 
leading from the switch to the contact breaker, and 
insert a low-r^tdmg ammeter in the circuit, as 
shown in Fig. 1. (The ammeter shown is the 
model “280” Weston.) 


b) The simplest method of testing for a short 
circuit of the seconchu^ winding is to substitute 
another coil temporarily for the suspected one, and 
to compare their behavior under similar operating 
conditions. 

c) To test for an open circuit in the secondary 
winding: Remove the high-tension terminal bush¬ 
ing (B) (Fig. 1) on the side of the coil, and then run 
the distributor unit at a moderate speed with igni¬ 
tion switch on, while a screwdriver is held agamst 
the housing with its tip about from the liigh- 
tension contact button (B) on the i^tion coil. If 
no spark jumps, the winding is probably open-cir¬ 
cuited. Before accepting this as final, however, be 
sure the primary coil winding is in proper shape, 
because the induced current comes from the pri¬ 
mary coil. 

If the primary winding test shows abnormal 
ammeter readings, either more or less when the 
meter is inserted between switch, coil, and breaker 
box, as in Fig. 1, or if there is an open circuit, then 
other portions of the circuit should be tested as 
follows: 

1. Test the wiring from coil to switch by placing 
one lamp test point on 2, and one on 3, then from 
switch to ammeter (2 to 5), and ammeter to breaker 
(6 to 7), to see if these are open circuits, grounds, 
short circuits, or loose connections. Also examine 
the switch and coil connections. The 110 or 220- 
volt direct-current test lamp and leads (Fig. 3 can 
be used for this, but be sure no current is passed 
through the ammeter and that the ignition switch 
is open. 


Note. The uee of a Borewdriver is not resorted to in this 
test. tig. 1 is used to illustrate several different tests. 

3. Turn on the ignition switch and note the 
amount of current through the primary circuit. 
With a battery voltage of 12 volts, the normal 
amount of current consumed by the coil with the 
engine idle and breaker contacts (P) closed, is 
approximately 2.5 amperes. This will determine if 
tne primary circuit of the coil is in proper shape. 

Note. It is best to use first the aOnimp. shunt, if a Weston 
mocM 280 insUniuent is used, because, if there is a short droult 
it will read far more than 2.6 and burn out the meter. If a low 
r^ing is thus obtained, then oonneot the d-ampere shunt and 
Uis the lower reading scale, which is more accurate for low read- 


2. Test the battery: If the battery shows 2.6 
volts across each cell, it is fully charged. If it shows 
1.8 volts or less per cell, it is discharged. However, 
voltmeter readings are not accurate, for if a batten 
is Bulphated, unreliable high-voltage readings will 
result when tested while on ohar^. Therefore a 
battery should be tested on discl^ge also. See 
Index for “Testing a storage battery on dis¬ 
charge.” 

3. Examine switch, ammeter, and also the storage 
battery connections for loose or poor connections or 
ground. Quite often poor or loose connections on 


* Applies to Dodge 4-cylinder car. By oourteey Uoiieti 
Motor* Service, Inc. (Overaeae Motor Service Corp. in expfirt 
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the batteryr or switch will cause lack of proper cur¬ 
rent supply, as a loose connection not only causes 
missing, but offers resistance and cuts down the 
current supply. 

To Test the Condenser^ 

The condenser in the N.£. Model 

interrupter is in the contact breaker housing, and 
connects across the points of the contact breaker. 
One point of the contact breaker in this system, is 
pounded, and so also is one end of the condenser 
(see Fig. 2). The purpose of the condenser is 



Fig. 2. Testing condenser on N. E. (Dodge) motlol “O’* 
interrupter or contact-breaker. 

explained on page 191. On some ignition systems 
the condenser is placed on the coil. 

To test condenser for a ground: Disconnect 
condenser leads (D, Dl) from the contact breaker 
mechanism (Fig. 2). Hold one test lead (110 or 220- 
volt direct-current lamp and leads) against the 
condenser case, and touch the two condenser leads 
(D, Dl), one at a time with the other lead. The 
test lamp will light if there is a ground; if the con¬ 
denser is in proper shap>e, the lamp will not light. 

To test condenser for a short circuit: Separate 
breaker contact points. Place a test lead on each 
of the condenser terminals (D, Dl). If the conden¬ 
ser is short-circuited the lamp will light; if nothing 
is wrong, it will not light. 

To test condenser for an open circuit: This test 
should be made with a test lamp from alternating 
current. Separate the contact breaker points. 
Hold one test lead on one terminal (D) of the con¬ 
denser and touch the other condenser terminal (Dl) 
lightly with the other test point. If the condenser 
is in proper condition, a slight spark will occur every 
time the test lead is apphod. If the condenser is 
open-circuited, no spark at all will occur. In either 
case the test lamp will not light, because even with 
a normal condenser, the current permitted to flow 
through the test laSinp is so small that no visible 
effect will be produced. 

To Test Contact Breaker 

To tost contact breaker for a around: Disconnect 
the wire to the contact breaker binding post at (B), 
(Fig. 2). Separate the contact points. Touch one 
test lead to the shell of the contact-breaker box and 
tho other to breaker arm (A). The lamp should 
not light if everything is correct. If the breaker is 


1A msthod where many ooilt are tested is to have an inter¬ 
rupter oonneoied with a drive system of some sort See Fig. 


grounded it will light. The condenser should be 
tested first, as a imort-circuited condenser would 
cause the lamp to light, since it would be in the cir¬ 
cuit. 

Note. If the contact breaker has two binding poets and 
has an insulated return instead of a grounded return, the test 
should be made with breaker points closed in order to include 
the stationary contact point (8), as well as the rest of the 
breaker mechanism. 

To test contact breaker for short circuit: Discon¬ 
nect wire at (B^ (Fig. 2) to contact breaker. Sepa¬ 
rate points. Place one test lead on the terminal (B), 
and the other on the stationaiy contact (S). If 
the lamp lights there is a short circuit. Be sure the 
condenser is in good order, for the reasons given in 
the test immediately preceding. If the lamp does 
not light it is without defect. 

To test contact breaker for open circuit: Make 
the same test, except that the contact points should 
be closed instead of being separated. If the test 
lamp fails to light when the breaker contact points 
are closed, an open circuit is indicated. 

To Test Primary Winding 

To test primarv winding of ignition coil for ground: 

Remove the coil-housing cover and disconnect the 
coil leads from the terminal block on the cover (Fig. 
3). Hold one test lead against rod (6) in the center 



Fig. 3. Testing primary winding of ignition coil. 


of the coil and touch the lead to the primary winding 
terminal (3), then (4). The test lamp will light if 
there is a ground. 

To test primary winding for an open circuit: Place 
one test lead on (3) and the other on (4). If the 
lamp does not light there is an open circuit. 

To test primary winding for a short circuit: See 
paragraphs 2 and 3 under ^'Locating Ignition 
Trouble.” If the ammeter reads more than 2.5 
with switch closed, points together, and engine idle, 
it indicates a short circuit either in the primary 
winding or elsewhere in the circuit. 

Operating Test: Bench Running Test of N.E. 

Ignition S>'8tem (Model “O**) 

The N.E. ignition test is made on a special test 
bench (Fig. 4) with apparatus designed for the pur¬ 
pose. 




228 


DYKE’S INSTRUCTION No. 22 



Fig. 4. N. E. ignition teat^board for testing tiie ignition 
system, generator, and cut-out. 


The ignition unit is placed on the test-bench and 
connected to a motor which drives the ignition unit 
under conditions as nearly like those encountered 
in service as practical, and is carried out with a 
range of speeds e^ual to that of the engine. The 
test-board shown in Fig. 4 is the N.E. testing outfit 


tor testing the ignition system, generator, out-out, 
etc. 

The ignition unit, consisting of distributor, inter¬ 
rupter, and coil, all in one unit (see Index for ^TX>dge 
imition umt’O.i is connected with a motor which 
drives it at various spe^ as stated above. The dis¬ 
tributor 13 connected with an adjustable spark device 
(Fig. 4). with the points (P) adjusted to 34'' (ptp. 
The umt is first driven at 1,200 r.p.m., and switch 
(C) is closed. Hi^-tension sparks are at once pro¬ 
duced at points (P>. The spera is varied from 1,200 
to 2,000 r.p.m. A low-reading ammeter is inserted 
in the priinary circuit as shown. 

At 500 r.p.m. with a 12*volt fully charged battery, 
the consumption should be nearly 1 ampere: at 
1,200 r.p.m. approximately 0.8 ampere; and at 
2,000 r.p.m., 0.6 ampere. 

The black wires show the primary circuit of the * 
coil connected with battery, switch, and ammeter. 
For instance, the primary circuit is from battery to 
(-f) terminal, to switch, to ammeter, to fuse, to 
terminal of switchboard 1, to contact breaker, 
throu^ points, to primary coil, from other end 
of coilpnmapr to (—) termmal (3) on switchboard, 
to (—) terminal of battery. 

The secondary circuit of the coil is from the 
s^ondary terminal of the coil to the center of the 
distributor, thence from terminals on distributor to 
points (P) on spark tester (A), through points to 
ground, to ground of coil. 

A coil on a test should jump yH' in the open air 
without missing. If it will not jump this gap con¬ 
tinuously, then it is certain not to jump the spark¬ 
plug gap inside the engine which is under compres¬ 
sion and thus shows greater resistance. 

For timing the N.E. ignition system on the Dodge, 
see Index under ^*Dodge ignition timing.^' 


REMY NON-VIBRATING COIL AND CONDENSER CONNECTIONS 


The condenser is always connected or “shunted^* 
across the interrupter pomts (P) of all high-tensjon 
coil primary circuits and magnetos. It can be 
placed on the coiL as shown in Fig. 5, or on the 
interrupter, as in Fig. 6. 



Fig* 5. Remy grounded igiution system using a non-vibrat¬ 
ing oyUndriod t 3 rpe, two-terminal coil with condenser in coil. 
Note that the condenser is across the contact-breaker points (P). 

When the condenser is in the coil away from the points, a 
greater eondenser capacity is required to prevent sparking 
and the points are usually set farther apart. 

The primary circuit (Fi^. 5): From (+) of bat- 
teiy, to switch, to coil termmal 1, through resistance 
unit, through priinary winding to coil terminal 2, to 
interrupter stationary contact (PI), through mov¬ 
able contact (P2), to ground, to (-) ^und of 
battery. Note that the condenser in the coil is 
connected across interrupter points (P). 



Fig. 6. The same ignition principle as shown in Fig. 6, but 
with the condenser in the interrupter housing. The condenser 
is shunted across the oontact-bn^sr points (P), as in Fig. 6. 
It is best to have the condenser as near the pointa as nosinbls. 
as ab^e, as there is less sparking at the points. 

The primary circuit (Fig. 6): From (-f) of 
battery, to switch, to 1, through resistance unit, 
throuj^ priinary winding to 2, through points (P) 
on interrupter, to ground, to (—) ground of batt^. 

Note that the condenser in the interrupter hous¬ 
ing is connected across the interrupter points (P). 

In order to explain the inmortance of connecthii 
the proper wires to a coil where a condenser is in 
the coif, the diagram (Fig. 7) is used to show how 
the condenser can be cut out of action to a great 
extent, thus reducing the efficiency of the coiland 
causing sparking at the interrupter pqinta. 






TESTS OF IGNITION COILS OF NON-VIBRATOR TYPE 




Prisuunr dreoit (Fig. 7) (oonnected wrong): 
From (+) battery to 2, throu^^ prim^ winding, 
throuw resistance unit, through points (P), to 
ground, to (—) ground of battery. 
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Fic. 7. The same ignition eyetem ae in Fig. 5 with leads to 
and from the imition connected wrong, thus disconnecting 
the condenser from across the contact-breaker points where it 
is required. 

Note that the condenser is not directly across 
the interrupter points (P); the primary winding 
and resistance unit are between one end of con¬ 
denser (2) and (PI) of interrupter. The proper 
connection is shown in Fig. 5, Coils are usually 
marked (B) for batteiy, and (T) for timer. Thus 
the terminal from the battery leading to the switch 
and from the switch, should connect with (B) or (1) 
on the coil. See page 209, explaining Hemy 2 and 3 
terminal coils; see also page 213, for Delco coils. 

Remy Condenser Instructions and Tests 

Condenser trouble will usually be distinguished 
by severe arcing at breaker contacts. 

Test for shorted condenser: Disconnect the con¬ 
denser, or, if condenser is inside of coil, disconnect 
coil. Connect terminals leading to the condenser, 
across 110 volts A.C. or D.C. with a lamp in series. 
If lamp lights, the condenser is short-circuited or 
broken down between layers. Test points from 
lamps are indicated as (T) (Tl) (Figs. 8, 9). 

On systems using grounded ignition, that is, 
grounded primary windmg in ignition coils (Fig. 8). 
connect test point (T) to post (2), to which the lead 
from the brewer is attached, marked *^Timer,” and 
to base of coil with test point (Tl), for this test. 

Note. If primary winding has become grounded in this 
type of oml, ute lamp in this test will be lighted the same as if 
the condenser is shorted. However, if the breaker points are 
ba^ are burned, it can be assumed to be condenser trouble. 


On systems using insulated ignition (primi^ 
winding not grounded), (Fig. 9), connect test point 
(T) to center post (2). maxiitd ^'timer-switch’^ and 
connect (Tl) to outside post (3) which has not the 
resistance unit connected to it. 



Fig. 8 Fig. 0 


Fig. 8. Remy ignition coil (two-terminal type) with con¬ 
denser grounded. 

Fig. e. Remy condenser coil (three-terminal type) with 
both terminals of condenser insulated. 

Open condenser: An open condenser may be one 
which is disconnected inside of the box or coil tube, 
or one which has opened up between layers so that 
its capacity is very low. With an open condenser 
or one which has no capacity from any cause, very 
severe arcing will occur at contacts as stated above. 

Capacity test: In case 110 volts D. C. is available, 
a capacity test can be made by connecting across 
the condenser with the test lamp in series, then 
disconnect the test lamp and bring the condenser 
terminals together. If a good spark is obtained, 
the condenser is all right. A. C. current is not as 
dependable for this test as D.C. current, although 
with prc^r care fair results can be obtained. In 
using A.C. current a good spark will not be obtained 
every time the condenser leads are touched together, 
but only occasionally. 

Ignition coil test: In all battery ignition systems 
a good spark should be chained at maximum engine 
speed. For testing a coil in the open through ordi¬ 
nary spark-^p points, which are well cleaned, a 
good coil will jump a gap of not less than 5/16'' 
when the coil is connect up in the regular way at 
3,6(X) or less sparks per minute with breaker points 
opening at a point between .020" and .025". Test 
coil for at least one hour imtil well heated up, 
according to the instructions given above, before 
mounting on the car. A coil which cuts out or 
misses under these conditions should be taken out 
of service. 


DELCO INSTRUCTIONS RELATIVE TO TESTS OF RESISTANCE UNIT AND CONDENSER 


Delco ignition coils, interrupters, and distributors, 
as as adjusting Delco timing contacts are 
explained on pages 213'221. In the present dis¬ 
cussion we de^ with the Delco ignition resistance 
unit and condenser tests. 


Rcsistanoe Unit Testa 

ResisCanca units aometimea break down or bum 
IntOf with the result that there is no spark at all, or 
a very weak one. 

Connect the coil so that the resistance is cut out 
and note if the spark is improved. See pages 218, 
21^ showing resistanoe on ooUs. 

A resistance unit, if ehort-circuited, will pennit 
esoessive currant to ness throuidi the contact- 


points, and this will cause them to be burned or 
pitted excessively, although the ignition may appear 
to be very good and without a miss. 

If the resistance unit is connected properly, it will 
heat up; if it does not heat up it wUl indicate that 
the resistance unit is not in the circuit. See page 
198, explaining the purpo^ of a resistance unit. 
Also refer to page 231, relative to the resistance unit 
becoming thin, owing to heat, thus weakening the 
spark. 

Condenser 

If the condenser is not in good condition, the 
contacts will bum and pit rapidly, owing to the 
excessive arcing when they are separated, but the 
ignition will be rather bad if, indeed, it will operate 
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the engine at all, so that the burning of the contacts, 
due to a bad condenser, can, as a rule, be distin¬ 
guished from burned contacts due to a high voltage 
or to a short-circuited resistance unit. 

A good test for the condenser when separate from 
the coil, by which to show whether it is in good 
condition or not, is to connect it up in accordance 
with the circuit diagram shown in Fig. 10. For this 



cotu 


test a 110 or 220-volt direct or alternating current 
is necessary, a lamp of the same nominal voltage as 
the circuit! and the wiring shown. The lamp is 
connected m series with the line and the condenser 
across the line. 

If the terminals (A) and are connected 
together, a very faint spark, which has a snapping 
sound similar to the sound made when leads from a 
storage battery are attached, should occiur. If the 
condenser be disconnected from the circuit, a much 
different arcing will be observed, somewhat longer 
and yellower, and without the distinct snapping 
sound mentioned previously. 

If a condenser, known to be good, is tested in this 
manner once, it will enable the observer to dis¬ 
tinguish very readily Iwtween the sparks at the 
points (A) and (6) obtained with a good condenser 
and a bad condenser, as a bad condenser will give 
the same quality of sj^rk as if no condenser at all 
were in the circuit. Iliis test is a mere qualitative 
test, but this is about the only satisfactory test 
which can be found which does not require expen¬ 
sive apparatus. 

If a condenser is in coil, it can be tested in the 
same manner as shown in Fig. 10, by placing the test 
joints (Fig. 11) so that the same effect can be had. 
One end of the condenser is usually grounded. 

Condenser and Coil Test Suggestions 

Possibly the most common test is to disconnect 
the doubfful condenser and substitute one that is 
known to be correct The results obtained when 
using the good condenser will show up the action of 
the original condenser, as explained on page 231. 

For instance, if an excessive amount of sparking 
is at the contact points, it is probably due to a defec¬ 
tive condenser. Therefore if a good condenser is 
connected right across and over the condenser to be 
tested, and if the sparking stops, then you may know 
the trouble is with the old condenser. 

Where there are many coils and condeasers to 
lest, it is a good idea to rig up a contact breaker on 
the bench (Fig. 12), so tnat it can be driven at 
various speeds, and then to have a good condenser 
across its points which can be connected and dis¬ 
connected by a switch (SW). Then when a coil 
is tested it can be connected with the contact 
breaker. If it has a condenser in the coU, discon¬ 
nect the condenser on the contact breaker; then 
watch if it sparks at points (P). If it does, cut in 
the good condenser. 

Also watch the spark at secondary test points (S). 
it should sparic for at least to 5/16'' without 
missing for, say, 50 or 60 sparks. Be sure the coil 
is well warmea up when making the test. 

The miality of the spark should be closely 
obeerved when testing the condenser. If the spark 



fig. 12. Test of condenser with interrupter. 

at the tester gap (S) is fiery, showing glints of 
purple or purplish-red flame, the coil is normal.* 
If the spark is thin, thread-like and whitish or very 
light blue, and there is a snappy spark at the inter¬ 
rupter breaker points, the mdication is that the 
condenser is punctured. This can then be checked 
by placing an extra condenser, known to be in good 
condition, as described. If the coil will deliver a 
good spark when connected to a known normal 
condenser and will not give a spark when the 
condenser is disconnected^ the proof is conclusive 
that the coil condenser is defective. 

When making condenser tests, the object is to see 
if there is excessive sparking at the interrupter 
points, if not. and if the coil delivers a voluminous, 
mtense spark at gap (S), then the system is in 
proper condition. 

If contact points arc excessively, the trouble may 
be due to the interrupter points being too close, or 
pitted, or having uneven surfaces. If not, tnen 
the fault is likely due to the condenser, or possibly 
a shorted secondary winding. 

First, however, see if the terminals of the coil 
are well connected, and if the condenser screws and 
leads are ti^t. If so, and contact points are smooth 
and properly adjust^, and arcing continues, test 
the condenser as explained on this page and on 
page 227. If the spark is weak at (S) but no arcing 
shows at the points, then test the coil. 

It it not alwt3rs true that pitted contacts are due to improper 
function!^ of the condenser. An excess of oil vapor within 
the distributor housing, or an excess of oil due to careless or 
excessive lubrication of distributor shaft bearings getting or 
the contact point surfaces during their operation, causes arcing 
and pitting of points. Too hi^ a voltage will cause points 
to burn black. 

fa) A short-circuited condenser will cause complete failure 
of u^tion. The lamp will light when the condenser is tested 
with llO-volt test-points and lamp. 

fb) An open-cirettited condenser will esuse complete failure 
of Ignition. The trouble is usually due to a broken lead inside 
the condenser case. 

(c) A weak condenser will cause irregular ignition and tend 
to increase burning of tungsten contacts. 

If the condenser of the system beix^ tested is in 
the contact breaker, it can be tested without remov¬ 
ing, by connecting a good condenser so that it will 
be across the pomts of the contact breaker and 
noting results. 

Home-Made Tester for a Hiah-Tension, Non- 
Vibrating Coil and Condenser 

This device (Fig. 13) consists of a sheet copper 
plate about 6" wide, by 8" long, by thick to 
serve as a base. 

A magnetic vibrator (V), similar to a vibrator on a 
high-tension vibrator coil, is mounted on tlm plate 
with flber blocks (F), as shown. 

The purpose of the device is to produce a vibrating 
action on the end of a coil, thus producing the same 
effect as a vibrator coil. By this method the 
strength or intensity and the constant steady spark 
of the secondary can be tested. 

* 6m tSm, pege 28S. 
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When testing a coil (Fig. 13), it does not make 
much difference which end is used; furthermore, 
the magnetic effect is so great that the vibrator will 
vibrate directly on the metal shell. It is best, how¬ 
ever, to have the vibrator knob (V) vibrate against 
the end of coil if possible. Either end could be used. 


nection on the opposite dde (R) of it from 1 (Fig. 
13) thus cutting it out. 

This may be the cause of a weak spark, because 
the resistance wire (Fig. 13B) bums out at times, 
and, if not burned into, may be thin (owing to heat), 
and thus reduce the quantity of current going 
through it, consequentlv weakening the spark. By 
cutting it in and out of circuit, the intensity of the 
spark at gap (SG) can be observed. 


WlY.TIIMl, 
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Fig. 13 illustrates a Remy two-terminal coil with a 
condenser in the coil. With coils where the con¬ 
denser is in the contact breaker, they should be 
tested separately with a 110-volt test light, as 
previously explained (see also page 232). 

The primary circuit through the coll is from (4-) 
of battery to (1). through primary winding to (2), 
through vibrator blade (V), through points, to vibra¬ 
tor screw, through clamp (C), to pound of (G), 
to ground on plate, to (—) of battery. The con¬ 
denser on the test outfit is across the points of the 
vibrator. By adjusting the vibrator screw (S) 
the vibrator blade (V) will vibrate, causing a spark 
at secondary spark gap (SG). 

The secondary circuit is from the secondary wind¬ 
ing to a clamp (C3), thence to a spark gap tester 
(SG), which can be made of two finely pointed brass 
rods through a fiber support. The gap of the points 
should be adjusted to 

Ignition Coil Test (Fig. 13) 

Operate coil and see if it will produce a spark 
continuously at seconda^ gap (SG) for at least one 
hundred steady sparks without missing with gap Ji". 
If there is a safety gap on the coil being tested, the 
gap (SG) should be slightly less than the gap of the 
safety gap on the coil. (Sec page 232, testing the 
primary winding of a coil.) 

Condenser test (Fig. 13): Note that the condenser 
is in the coil. The object is to see if there is exces¬ 
sive sparking at the vibrator points (P). If so, it 
may be due to too high a voltage, or to pitted or 
improper adjustment of the vibrator. If arcing 
continues (after determining this), and is thread¬ 
like, whitish and snappy (see also under Fig. 12, 
page 230), it is then probably due to the condenser. 

A good plan is to have another condenser known 
to be in good condition. If there is excessive spark¬ 
ing, place the terminals of the good condenser 
across the vibrator points, by placing one terminal 
at (2) and one on screw (S). If the sparking then 
ceases^ it is clear that the condenser m the coil is 
defective. 

A Deloo No. 13067 (Packard) oondemw which haa two leads 
would be a sxiitable condenser for use in this manner. (See 
page 481 where to obtain parts.) 

In some instances the condenser ground comes loose in 
tbe coil where it is soldered. This can remedied by soldering. 


If current cannot be passed to coil through the regtilar 
terminals, it may be suspected that the resistance unit is burned 
out. This can be determined bv touching a test wire to the 
central nut (R, Fig. 13A), which holds the unit in position 
This has the effect of cutting the unit out completely and send¬ 
ing the current directly to the primary windinn. If current 
docs not flow, the indication is that there is a break between 
the resistance-unit screw (R) and the end of the coil winding 
inside the coil. 

Ignition resistance units can easily be fitted if burned out, or 
condensers can be replaced when m contact breakers, but if 
the coil is defective otherwise, do not attempt to repair it; 
obtain a new one. See page 481 where to obtain ignition parts ^ 

Spark-Plug and Lamp-Bulb Portable Testing 
Outfit and Test Board 

A portable testing outfit for carpring from one 
part of the shop to another for testing on different 
cars is shown in Fig. 14. 



Dry cells are placed in a box. The switch throws the two 
types of lamp sockets (single and double contact) into circuit 
The push button connects the batteries through the vibrator 
type coil to test spark plugs. 

A tert board (Fig. 15) can be constructed by using a storage 
battery instead of dry cells, for testing spark i^ugs, coils, lamp 
bulbs, fuses, etc. To determine if the cause oia lamp buli> 
not burnii^ is that it is burned out, or whether tbe trouble 
in tbe wiring, it can be cmickly tested. If it burns, then the 
trouble is in the wiring. This also applies to the fuse. 

To test lamp bulbs (Fig. 15), place the bulb in either or botii 
sockets, close switch (2). To test the fuse, open switch (D 
Place lamp bulbs in both sockets. Plaoe fuse in clips. If 
lampe light, the fuse is in proper condition. To test spark 

g ag, place spark plug in test clips, press push button. Test- 
g point terminals: to use, inseri t^ point phiga in terminal 
and doee switch (1), but open switch (2). This will cause 
lampe in each socket (S) to burn when the circuit is completed 
between test points. 


Ignition Resistance Unit Test 

In testing; a coil with a resistance unit in it, test 
with the resistance in circuit and with the resistance 
out of circuit. This can be done by making con¬ 


Testing electric horns: See pages 445, 453, 451, 485. Por 
test lamps and test points, see Index. 


> To find the make of ignition system used on different makes 
of oars, ase Index under *^Speoifloatione of piesinger GSia." 
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MODERN IGNITION COILS AND INTERRUPTERS 


IfBitioa coili In gtncnil uin are of the doeod<<ireaH, non- 
▼ihrntor typo; with two iMimary torminalR: Upition ranetaaoo 
unit in or on the eoil* x oonnoetod at theIntorruptor; the 
aeeondary it grounded to the primary winding* or to the bate 

the eoil; oondeneer ie usually in or on the interrupter. 

The Atwater Kent coil (see below) has a (+) and (—) primary 
terminal. Bee also Figs. IdD, IbB, page 207, explaining. 

The Connecticot egtl has a condenser with ooU: thus the 
primary twminals (1, 2) must oonneot prq;>erly with (*f) and 
(•*) of the battery. If (-) of the battery is nounded, use a 
*^positive coil” and connect (1) with (-f) of the battery and (2) 
with the interrupter. If (+) of the battery ia mnnded, use 
the **negative coil" and connect (2) with (—) of the battery 
and (1) with the interrupter (see pag^ 220 why necessary). 

Interrupters in general use are of the doaed-cirenit type. 
The gap opening <m points is given in illustrations. On some 
makes the advance lever moves the entire distribntor; on 
others, iatermpter plate only. 

Average timing: Place piston (No. 1 cyl.) on t^ d.c. of 
compression stroke, with spark lever retarded. There are 
two general methods of setting the cam to open contact-points 
at the correct time: (1) by loosening the cam; (2) by loosening 
the advance arm lever (page SOI). A good, clean, smooth 
surface contact is very necessary. Most points are tungsten 
(see page 22d). Too nigh a voltage burns points black. 

For timing instmctiofis see: Atwatw Kent, pages 205, 206; 
Bosch, 206, Connecticut, 200, 303; Delco, 220. 307; N.E., 
371; ReWi 208, 212, 302; Westinghouae, 207. Bee also 
pages 301,302,303. 

Ignitkm operates under three different vdltsaes: 4-volt when 
using starting motor (battery voltage being reduced by starting 
motor current drawn); 6-volt with a normally charged battery 
when engine is running at a speed below that at which the 
generator starts to charge: A*volt when generator is c h a rging 
a full battery. 

Ignition-Coil Teat 

Test primary winding of coil by connecting ammeter in series 
with fully charged battery and primary terminals of coiL 

Average initial reading on dead short-circuit will be appcoxi- 
mately 5 amperes. Tins is of short duration, as current falls 
off rapidly (due to coil wanning np and to heating of the resist¬ 
ance unit; hence an increase in resistance) and within 30 to 60 
■ectwda ue reading will drop to approzimatety 3.5 am^perM 
(average) and remain constant. (On a 12-volt coil the initial 
would average ai^roxiroateiy 8 amperes, and warm tsat. 2.6 
average, and running test, .5 amperes, because, as the voltage 
increases, the amperage dweases). 

If on thia test, reading ia considerably more, then there is 
likely a short circuit, or ground in primary winding (due to 
lees resistance, as part of winding may be cut out of the circuit). 
If there is no reading at all, there is an open circuit in wiring, 
winding, or resistance unit. ^ 

Too hifii an amperage will cause the contact-points to bom 
and may be due to too high a generator voltage, caused by a 
loose or corroded bettery temunal, or a coil with too coarse 
a winding drawing over 5 amperes. 


Running test: Many repair men have an interrupter (driven 
from motor or shaft, Fig. 17) connected in seriee with battery, 
ammeter, and primary winding of coil. This test will not 
indicate the true value of the current at rapid breaking of 
interrupter points becauae the moving parts of an ammeter 
are such that the needle cannot follow the fluctuations. An 
oscillograph (page 188) for accurate testa is used in laboratories. 

There is no particular value In making thia test; as long as 
the current values given in the foregoing tests compare favor¬ 
ably with the average, the teet above mentioned is sufficient. 
The object is to point out that the current vmlue drops consider¬ 
ably when the coil ia connected with an interrupter operating 
at nigh speed. 



For example, with the Remy 6-volt coil, with interrupter 
operating at 1100 r.pjn., the current value would be approxi¬ 
mately 2.6 amperes, and at 1600 r.p.m. approximate 1.6 
amperes. This test is an approximate average where an 
ammeter is used. If an oscillograph was used, the reading 
would probably be leas. 

The cnrrent taken by the coil through an interrupter will 
depend upon: (1) speed of interrupter; (2) battery voltage; 
(3) Dumber of oylindera for which interrupter is designed; (4) 
adjustment of contact points. 

Secondary coil test: This test is made at the time of making 
the running test or while on the car and after the coil is warmed 
up. It ahould throw a spark for about (with secondary 
wire held away from terminal) for at least a minute teat with¬ 
out missing and the spark should be voluminous and intense 
(see also page 286). 

If secondary sptfk is weak, look to interrupter contact- 
points (P) and see if there is arcing. If so, and the arc is of a 
whitish color, the condenser is likely at fault. If there is no 
condenser or contact-point trouble, then the secondary winding 
is faulty. 

If the secondary spark is too strong, it will burn the plug 
points and may be due to an excessive generator v<4tage 
caused by a loose or corroded battery terminaL 

For address of ignition manufacturers and where to obtain 
ignition parts, see page 481. For test lamps and test points, 
see Index for testing the electric bom, see pages 446, 453, 
451, 485. Bee also pages 462B to 462G. 














INSTRUCTION No. 23 

SPARKPLUGS: The Missing Spark; Spars; Intensifier 


Spark Plug8< 

The jnirposa of spark plugs is explained on page 
188. There is usually one spark plug for each 
cylinder. 

Location of spark plug in cylinder: The spark 
plug can be placed in the cylinder as follows: over 
the center of the pistoiv^ver the exhaust valve, or 
over the inlet valve. The first position is not the 
best, as it is found that it too easily becomes fouled. 
If screwed above the exhaust, it will likely miss fire; 
this is on account of the dead gases surrounding it. 
The correct position is over the inlet valves, as it 
will be kept cool by the inrush of fresh gas, and it is 
in an atmosphere perfectly suited for explosion 
directly the spark appears, as t^ is the more 
perfectly scavenged part of the cylinder, i.e., in the 
direct path of the fresh gas. t 

The plug is usually placed over the inlet valve on 
«T” or ^‘l7*-head cylinders. In the overhead valve 
type, the plug is placed in the top center or in the 
side of the c^inder. It is eimosed to the full heat 
of the explosion when overnead, directly in the 
center of the bore; consequently in a high-com¬ 
pression en^ne. a well-made plug, gas-tight and 
free of electrical leaks, must be us^. 


recess accumulates heat, and metal extension is 
liable to result in a plug becoming red hot and warp¬ 
ing electrodes, altermg the sise of the gap. 



Fig. 3. Correct position of plug in yalve cap, but too long a 
path to cooling water. 


Fig. 4. Correct nosition of plug when set in water jacket. 
If the plug seat was directly surrounded by the water the cooling 
of the idug would be more effective. 

A good location is where spark-plug points or 
electrodes just reach the combustion chamber, 
where cool fresh gas will come in contact with them 
and fiame will spread with maximum rapidity. 

When the plug extends too far in the combustion 
chamber, there is danger of the valve head striking 
it. 


Double ignition: On the Stuts series and 
Pierce-Arrow “48’* engines, there are two spark 
plugs in each cylinder, which is an advantage, in that 
a very hot spark is produced which ignites all of the 
gas more quickly, tnus saving in gasoline consump¬ 
tion. One spark plug is pla<^ on the exhaust side 
of the ^linder and the otner spark plug on the inlet 
side. ^ Index. 


Spark-Plug Construction 

Construction: There are two types in general use: 
the “separable** type plug, where the insulation or 
core can be removed, as shown in Fig. 6, and the 
“integral,** or one-piece plug, shown in Figs. 10 and 
11 . 


M previously stated, where one spark plug per 
cylinder is used, the usual location is in the neignl^r- 
hood of the inlet valve, as it should be surrounded 
by fresh gas that enters during the inlet stroke. If 
it is located on the exhaust side, dead gas will collect 
about the plug electrodes and cause missing, and 
also heat. 

It is also desirable to have the plug where the 
water jacket surrounds it, as in Pig. 4, to avoid 
overheating, else the plug electrodes are liable to 
be overheated and b^me incandescent and tO 
cause pre-ignition. 



Fig.1. yslvtoap too thick; out of the path the gM ond 
too kxis s path to oooiuis water. 


Fig. 3. RooMi around the piug 10611 rataini heat 

A poor location is shorn in Fig. 1. When set in 
a thick valve cap (V) with short threads, dead gas 
accumulates in the recess and causes missing at slow 
•peeds. Fig. 2 shows another poor methc^. The 
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CLANO NUT 



'OXskbtmo t 



Pig. 6. 

type. 


Parte of a porcelain iniulated apark plug^ eeparable 


The parts of die plug are: the iron shell or body 
which screws into the cylinder (see Fig. 6); the in¬ 
sulation which is held in the shell by the bushing 
or a gland nut; the center elecUode which passes 
through the insulation and conveys the electric cur¬ 
rent to the gap. Washers or gat^ets are used as a 
ga»>tight packmg (Fig. 6). 

The insulation is sometimes made of mica (Fig. 7), 
but owing to the construction, which is usuimy with 
washers, one placed on top of Uie other, it has b^ 


1 See footnote* page 386. 


* apark plai location. At the time thu pm waa prepared thia wae the accepted theory, jq several eng.nee. the spark plugs are 
now located close to the exhauat valves. Quoting from Chevrolet literature: In the Chevrolet head, the exhaust valve is located 
relatively close to the spark plug, in the area oT the first gas burned. The mlet valve is located at the opposite side ot the com- 
buttion ohamber, farthest from Uie spark plug, in the area of the last gas burned. This serves to oontroi the mixture temperature 
by allowing the excess heat to paM from the last unbumcd part of the oham to the cool mlet valve. Thus the entire imxture it 
eonctttloaea, because the heat absorption it oontioUed.*’ See lootnoie, p. 87 for additional information. See also p. i051 for sp^ 
msec. A very amaU 10 mm. spark plug ia now used on several enginea. Stop. 630 under‘*SparkPlugB'* for mstruetive literature, 
wgtew eege ehown In iihutrmtiona abofve are no longer used in automotive gaeoHne engiwee mth detachable cylinder heada. _ 
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more or less a source of trouble m that the washers 
absorb oil between the layers, permitting current to 
pass to the electrode, especially when oily. How¬ 
ever, mica plugs are now made which are giving very 
satisfactory results in aircraft en^es and have the 
^vantage of withstanding considerable heat. The 
insulation in general use is porcelain, or a similar mil- 
terial, and this, unless of the best grade (not porous) 
will also leak and crack under extreme heat condi¬ 
tions, thereby weakening the spark. 
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Fig. 7. Parts of a mica insulated spark plug—separable 
type. 


Spark plugs for aeronautic use: Mica and porce¬ 
lain insulators are used on plugs for aeronautic en¬ 
gines. The metric threarl is used exclusively. 



Fig. 8 Fig. 9 


The aeronautic t^ of spark plug is designed for 
g^t heat and high compression. The spark plug 
shown in Figs. 8 and 9 is made of mica and is very 
costly to construct. Note the heat radiation 
flanges on the shell; also the baffle plate (O) which 
tends to keep oil from the mica; stem (P) made of 
brass or copper for heat conductivity; electrode (J) 
is swedged at bottom of stem (K). The core is of 
mica washer sections (I), with a mica insulation 
tiibe ait (D). The usual gap opening is .016"' to 


.018". They are subjected to a pressure of 90 to 
110 lbs. The life of a plug of this type is 100 hours 
or less. 

The parts of the Splitdorf mica aeronautical 
spark plug (Fig. 8) are as follows: brass terminal, 
mica washers, lateral wound mica, steel center rod, 
98 per cent pure nickel electrode point, carbon steel 
from brass terminal to electrode, and carbon steel 
shell. 

The AC Titan, one-piece porcelain spark plug was 
used on the Liberty 12-cylmder engine. Inere are 
two spark plugs per cylinder to the Liberty 12 engine. 

Separable and Integral Spark Plugs 

Separable spark plugs are those in which a gland 
nut or bushing holds the porcelain or mica in place, 
as shown in Figs. 6 and 7. The integral plug is of 
the one-piooe construction. 



Fig. 10 Fig. 11 


Fig. 10. Integral type of spark plug with mica insulation. 
This plug is not separable. 

Fig. 11. Integral type of spark plug with porcelain (P) or 
oompoeition insulation. This plug is not separable. 

The electrode (C) is made of steel, or manganese 
nickel alloy, or a special alloy. If not properly made 
it will expand under intense heat and break the por¬ 
celain. Spark plug electrodes, or wires, are ap¬ 
proximately .050" or. 060" diameter. 

Cement is placed around the electrode. As it 
dries, it becomes porous, and porosity means elec¬ 
trical leaks. 

Thus, it will be clear that “leakage of gas" and 
“leakage of electricity" are the troubles to be over¬ 
come in spark-plug construction. Leakage of gas 
causes * leakage of compression." and leakage of 
electricity causes a “weak spark.’’ 

Poor throttling, poor pick-up, missing on hard 
pulls and high spe^, are frequently caus^ by using 
a poor grade of plug. Of course there are other con¬ 
ditions which will cause this, such as carbonized 
insulators, or too close or too wide a mp at the plug 
pointSj or improper carburetion aajustment, but 
assummg that these troubles are corrected, the 
leakage of and electricity are two of the funda¬ 
mental troxmles seldom noticed. 



Fig. 12. Doubld Bpsrk phig—aheU ia not grousdad. Pi and 
P2 are aaparate pore^n loaulatora. 
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Therefore, the highest priced plug is often the 
cheapest. Likewise^ a poor grade of ignition coil, 
when hot, will lose its efficiency. 

A spark-plug porcelain, if porous, will permit an 
electrical leak from electrode to shell during high 
compression, thus weakening the spark. To tell if 
porous: if burned a nut-brown color it is not porous; 
if burned black (do not confuse with carbon, which 
can be cleaned off), the porcelain is porous. To 
test, see Fig. 28A, page 239. 

Spark-Plug Sizes and Threads 

Different threads and different lengths of spark 
plugs are used, illustrated in Fig. 13. 


The S.A.E. plug requires a special tap cutting 
of 18 threads, whereas the standard thr^ tap is 
14 threads to the inch. 

--1 Fig. 16A. S.A.E. 

t j { standard metric 

5 ’ !_ spark plug shell for 

automobiles. 








^ *0.006^ 

•aoo3 

Fig. 15B. S.A.E. recommended 


LoeojJ 

-0000 


spark plug ter- 


Pig. 13. Regular length of H". metric, and 14" spark plugs minds Geft to right); post type, ball type and slip type. 


Spark plura are made with three standard threads 
(see Fig. 13): the pipe thread; metric; and 
Ji"-18 S.A.E. 

The half-inch size is a thread which is a standard 
iron pipe size, and has a slight taper. 

The seven-eighths inch 18-size is the size adopted 
as a standard by the Society of Automotive En¬ 
gineers for automobile use. It wius formerly known 
as the A.L.A.M. The thread is in diameter, 
with 18 threads to the inch. 

The metric size is smaller than either of the 
others. Its diameter is 18 millimeters, or approxi¬ 
mately 23/32": pitch: IK millimeters. This is the 
size of thread for spark plugs, adopted by the So¬ 
ciety of Automotive Enpneers for automobile and 
aeronautic’ engines. It is also used on motorcycles. 
It is used extensively abroad. See Fig. 15A. 

S.A»E. Spark-Plug Shell Sizes 

Figs. 14 and 15 show the two S.A.E. spark-plug 
shells. It will be noticed t}iat the diameter of the 
heicagon part of shells differs. The "small hex.” 
measures 15/16" across the flat, and the "large hex.” 
measures IK". 



Fii^ 14 and IS. 6.A.E. standard spark plug shells. 

The -18 means that the outiide mameter Is , and that 
then are 18 threads to the Inoh. 


Spark-Plug Lengths* 

The length of a spark plug depends upon the 
engine. If the valve cap is deeply recessed as in 
Fig. 16, a long body plug is required, otherwise the 
wrench could not reach the hex. If it is not recessed, 
a long thread is required. If, however, the valve- 
cap plug should not screw well down into the com¬ 
bustion chamber, an extension of the spark plug is 
required, for it is important that the points of the 
plug extend to the combustion chamber, but not too 
far. Spark plu^ are therefore made with K'' and 
1" extension. Figs. 17 to 19 will make this clear. 


Fig. Id. Note the long body 
for raising the hexagon part of 
the plug ^ove the recess in the 
valve cap so that a wrench can 
be applied. Different kinds of 
valve cape require different 
lengths of plugs. * 



rssp 


aeriUr kattli 

lO- 



CxieaMM 

r Threaded 


X* ExteaaiM 

yi" Exicn(i«n 


r EKitnaiM 

1" Exteneion 


IM'f EitcMios 


cepu 


I" Exuntioii ^ 3(6^0 IM-f EitcMios ^ H Q ^“¥TI 

Fig. 17 Fig. 18 

Fig. 17. -18 (threads per inch) thread spark plugs with 

different length of body or shell. 

Fig. 18. H" pipe-thread spark plugs showing the different 
lengths of body. 

1 Engine manufaoturera now design engines so that standard 
lengths are used, and this great variety of lengths is not noa 
neoessary. Veryfewengineenowemploy valve caps, as the major¬ 
ity have oyiinden castin-blook with detachable cylinderbead. 

* Specifications are slightly different on the metric aeronautic 
■park plug. 


Note. This eoblect^ not been revised for sozoe time: cJuiapes hate been made, Sizet are ffivep on p. 1051, except a smaller 
10 mm Jgyk Ubsm^igi^hi^fnatiy pluSttattW aWlDbolfiie enghme. See also footnote p. ZSo. 'For free instructive booklets 
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Fig. 19. The metric thread (18 m.m.) spark plug which is 
also made with difforont body lengths as shown. 

Spark-Plug Sizes and Lengths Used on Cars^ 

The spark plug with 18 threads per inch has 
been the popular size spark plug but the metric 
thread spark plug is now more extensively used. The 
3^^' thread spark plug is almost obsolete. Exten¬ 
sion spark plugs are al^ seldom used. 

Gaskets for Spark Plugs 

Copper, asbestos-lined gaskets are used between 
bushmg and shell on all ‘^separable** plugs, to make 
them leak-proof. They are also xxsed on and 
metric plu|» between the shell and where they screw 
into the C]^der—but not on the plug, because 
it has a taper thread and no shoulder on the shell. 



Fig. 20. 8p«rk plug copper guketo. ^ Mcasurementa of 

r ketc arc as follows: H'' (inside di. W*; outside 

IH**): Half-inch: (inside di. 27/32''; outside di. 1 3/32"); 
Metric: (inside di. 23/32"; outside di. 83/84"). 


Spark Plug Wrenches 

There is a variety of spark-plug wrenches on the 
market. See automobile supply catalogues. 

Spark-Plug Gap’ 

The gap is the distance between the points on the 
plug shdl and electrode. It is important that this 
distance be exact. 



Fig. 21. Different kinds of plug points or gape. 

A Bp$ik plug used with magneto ignition should 
not have too wide a gap, because, when the engine is 
running alow, the current is weaker. 

Relation of spark-plug gap to engine compression: 
Assume that we have a four-cylinder magneto, the 
''safety gap” of which is set at corresponding to 

8,000 volts, which also corresponds to tne voltage 
r^uired to hre a spark plug having a gap .025" 
under a pressure of 65 lbs. If this magneto was 
required to fire an engine where there was a higher 
oomfmession of 85 to 90 lbs., even if the mixture 
reprinted slightly lower resistance, it would prob¬ 
ably fail to fire an^ instead, would jump across at 
the safety gap. However, a sli^t reduction of 
the distance l^ween the spark-plug points would 
lower the ^ective pressure, so that it would oj^te 
in the proper manner. On the other hand, if the 
engine had low compression, the sp^-pli^ points 
should be opened up, but ii too wide, this would 
immediately place a gmter strain on the sp^k-plug 
insulation and if the plug carbonised badly it would 
be likely to flash over. 


Spi^-plug gap andcomjpresaioii:* Approximately 
for high-compression engmes (say from 75 to 90 
lbs.) set gap .020"; for medium-compression engines 
(about 65 lbs,) set ^p .025"; for low-compression 
engines (about 55 lbs.) set gap .030"; for raemg 
engines of extremely high compression and high 
sp^, about .015". (See pages i054A and 116 for 
compression-ratio.) 

It does not always hold true, however, that sp^k- 
plug gaps should be set according to compression, 
because on some engines of high compression the 
gap is not made less, but the coil is wound for a 
stronger current to take care of the extra high resist¬ 
ance. 


Greater resistance at spark-plug gaps in high- 
compression engines is due to the fact that air offers 
less resistance than does gas under pressure. A 
spark plug in the open air will jump a greater dis¬ 
tance than when under pressure. The higher the 
pressure, the greater the resistance at the gap. 

The space between the spark points must be con¬ 
sidered an insulator, and it must be remembered 
that the compressed charp in the cylinder through 
which the spark is required to jump is a better 
insulator than uncompressed air. 

A spark that will jump the point or gap of a spark 
plug when the plug is out of the cylinder may not 
nave strength enough to jump when the plug is 
screwed in the cylinder and imdcr compression. So 
the spark must be especially strong, and should bo 
able to punch a hole throug/i a visiting card held 
between the points. 



Fie. 22. Method of teat- 
ins the gap of a spark plug 
with a thickness gauge 
(right). Method of testing 
ignition breaker-contact 
gap with a thickness gai^ 
when breaker-oam is causing 
the points to separate (left). 
The breaker-contact points 
_ should be oheoked f or clean¬ 
liness and squareness and then set gap as recommended by 
manufacturer.* 


t The dcTeloment of the present day high-compression en¬ 
gine with a higher operating temperature and a great variety of 
heat conditions, has neceautated the use of scientiffcally con¬ 
structed phin having varying beat ranges in order to control 
the rata of heat-flow from the gap of the plug to the cooling 
medium, which is either water or air. 

High temperature enginee demand a plug with a short insula¬ 
tor and less exposed surface which will diaeipate the heat at 
a rate eufficlently rapid to keep it cool enough to avoid over¬ 
heating of the insulator and not pre-ignite. yet retain sufficient 
heat to bum carbon, or maintain a '*srif-cleaning temperature"; 
thia is termed a cold running plug. 

On the other hand, low speed, low-compression engines, where 
the temperature is not excessively high, demand a plug with a 
longer insulator, which will quickly heat up and retsJn auffident 
heat to keep it hot enough to maintain the self-cleaning tempera¬ 
ture, to prevent fouling; this is termed a hot running plug. 


The beat of the spark slug center wire point does not dis¬ 
sipate through the threaded portion of the shell, but travel# 
through the tip of the insulator and insulator bMy to gasket 
seat; thence through the gasket, spark plug shell and outsida 
plug gasket into the cylinder wall and 0 (^ng water (or air). 

The reader who le totereeted in letminff more abont (he da- 
velopment which haa been made la apan phigai and the Im¬ 
portance of using the correct apark plug, ie oireetMl to write to 
the foUowii^ spark plug manufacturers and Mk for their illue- 
trated and interesting pamphlets^n spark plugs, which thor¬ 
oughly explains the principle of tho *^hot running mugV' and tha 
running plug," etc. Address: 4G Bpanc^ug Co.. 
Flint. Mich... 


„ . . a and Champion Spark Plug Co., 

I'oledo, Ohio, and Windsor, (Ontario, Canada. 


*Vor exact gap follow m anufae tn r o f i* Inatmctlotte at Ugh- 
aomprsMioD engmee require oloee and careful adiuetment. Bm 
also spacifioatloiia. pagoa 1068-1082. 
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It is essential that the battery be kept charged 
so that it will deliver its iproper voltage with a 
^^single-spark” system—as it is quick and must have 
pressure enough behind the coil to cause a hot 
spark. 

If Mints are too close, it will be impossible to run 
slowfy, for the actual area of the flame will be too 
small. 

If the gap is too wide, misfiring (on a high-com- 
pression engine) is likely to take place, especially 
when one tries to accelerate suddenly, after going 
slow. The effect of opening the throttle and admit¬ 
ting a full charge is to increase compression, and it 
is a well-known law that resistance increases with 
pressure. 

The coll will operate up to 1/32", but bear in 
mind that the greater this distance, the more strain 
on the coil and the "leaner” the spark. 

Therefore the gap depends upon: (1) the kind of 
ignition system; (2) the amount of compression 
of the engme. 

Where a vibrator coil is used, the usual distance 
is about 1/32". With a "single-spark” system, 
however, such as the Atwater-Kent, where the spark 
is very quick, the gap must be very small, about 
.025". In fact, this is the average distance. 


The spark-plug gap varies on different engines. 
Some manufacturers recommend .027" to .0(30", 
others .020" to .022"; and on some magneto ignition 
systems, .015" or .016" is recommended. 


To e^rimentj try setting the plug point on, say. 
one cylinder until it misses on a hard pull up hill 


with throttle closed or as much closed as it will pull 
up the hill comfortably. Then slightly close the 
pp and try the hill agam, and continue e^^riment- 
mg in this way until the missing stops. When the 
correct distance is found, then set the other plugs 
accordingly. 

Where spark plugs are used on magneto ignition, 

the metal electrize of the plug is carefully figured out 
as to its resistance capacity, as a very heavy volu¬ 
minous spark requires an electrode of somewhat 
higher resistance metal, to prevent burning and 
pitting. Therefore always use a spark plug that is 
recommended by the manufacturer. 8^ specifica¬ 
tions, pages 105^-1062. 

To Clean Spark Plug 

When cleaning with kerosene or gasoline, this 
may get it white, but that is what put carbon there 
in the first place—thus it leaves a sticky film which 
adheres to porcelain. Alcohol is better; it evap¬ 
orates. 

If metal polish is used, which contains a large 
percentage of wood alcohol^ pour it into the plug 
inverted, let stand a few minutes, then use a knife 
blade and remove the carbon, but do not mar the 
porcelain by scraping. 

Clean all carbon off each plug. Don’t scrape 
porcelain, as it will roughen the dazed part and 
cause it to retain carbon, and will alM cause "poros¬ 
ity,” which causes electrical leaks. If the Oil is 
burned on the porcelain, muriatic acid will remove 
it. In placing the porcelain back into the shell, be 
sure that the copper washer is placed back and tbat 
the bushing screwed tight so as to prevent leaking. 


SPARK INTENSIFIER 


This device consists of an insulated base and 
screws for adjusting (Fig. 23). 



The purpose is to provide a gap (X) in series with 
the hign-tension circuit for the spark to jump before 
it reaches the plug. It is claimed that this will 
intensify or raise the voltage of the high-tension 
circuit to such an extent that it will jump across a 
carbonized plug in spite of its fouled condition. 

The extra gap throws an additional load on the 
coil. NaturaUy, if it is not well made, the high 
voltage wUl be likely to break down the insu^ 
tion. Furthermore, a fat voluminous spark is hotter 
and will ^te the gas quicker than a thin, lean 
spark. Although the intensified spark will jump 
across the foulM part of a plug, the spark is thin, 
and it is best to use Mod clean plugs, it is a ques¬ 
tion whether or not the intensifier will add anything 
to the Mekmof or performanoe of a c&x&n-running 

* This It not t«ehs{o«ny true; the ouirent divides itself 


engine; if so, the gap at the spark-plug points mi^t 
be widened. This, of course, would be impractical 
as the gap under compression offers more resistance 
to a jump than in the open air; but at that, if the 
gap in the cylinder was widened in proportion, this 
cylinder would likely miss fire. 

One theory is that the intensifier is beneficial where 
a plug has a tendency to collect drops of oil on the 
pomts, and that by increasing the in^nsity the spark 
will jump through the oil. There is one thing cer¬ 
tain, ana that is that any electric current is going 
to follow the path of least resistance.* 

The action is this: In order to cause the spark 
to jump the g&p (S) at the spark plug in the cylinder, 
6,000 or more volts are requir^. Suppose, how¬ 
ever, that the spark plu^ has an accumulation of 
carbon from the porcelain insulation to the plug 
shell, or a crack in the porcelain which fills up with 
carbon, oil, and dirt, as at (C) to the electrode (Fig. 
23). Although this path is longer than the spark¬ 
plug gap, it IS not imdcr compression and thus it 
offers less resistance than does the gap (S), or, in 
other words, it requires less voltage to go over the 
carbonized path. There is then a leak of voltage 
at the carbonized path which prevents 6,(X)0 volts 
reaching the plug-gap (S). This explains the reason 
for its missing. 

If the intensifier gap (X) is provided, this tempo¬ 
rarily acts as a dam to the flow of current, and, like 
flowing water, it will pile up against the dam and 
thus establish a mater force when released. After 
the breakdown ot the dam, the current comes with 
such a rush that it cannot aO pass through the carboa 
path, and as its voltage is now sufficient, it will also 
jump the spark-plug gap. 

iD proportion to tb« rctittanoe of two paralld paths. 
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THE MISSING SPARK 


If the engine misses explosion, the trouble may 
be due to carburetion being at fault (see ^^Digest of 
troubles” and ‘‘Carburetion”). If the trouble is 
not with carburetion^, then the chances are the 
spark plug is missing throu^ being fouled. The 
spark mug causes more trouble in this respect than 
any otW p&xt of the ignition system. 

The cause oi soark-^ug sooting and pre-ignition: 
A poor grade of oil or much oil will tim to carbon 
(soot), and will deposit on the end and inside of the 
spark plug, and ‘‘short-circuit” the plug, so that 
the spark mil not occur at the point, consequently 
causing missing of explosion. 

Poor oil or too much oil will also leave carbon or 
soot deposit on the end of the piston and inside of 
the combustion chamber. This deposit hardens, 
and sharp points of it will project. This projection 
will become white hot, causmg the gas to ignite 
before it is time. This is called premature or "pre- 
ignition.” 

Spark-plug troubles are therefore usually as 
follows: short circuit from carbon, cracked porce¬ 
lains, electrodes burned away, spark plugs not pres¬ 
sure tight, moisture condensing on insulator. 

There are several general causes for ignition 
missing, or for a failure to ignite the gas, as follows: 

1 . Lack of current from the battery. 

2 . Looae connections. 

3. Burned ont or thin resistance unit oecasioned by eieessive 
heating, thus permitting only a small amount of ourrent to 
pass through. 

4. Improperly set interrupter points. 

5. Defective condenser, causing sparking at the interrupter 
points and weakening the spark- 

0. Defective primary winding. 

7. Spark-phig crack on that part of the plug which is not in 

the cyfindOT under compression. This crack fills up with 
oil and dirt, and while the crack is lo^er than the spark¬ 
plug gap, it IS not under compressuon. The result is, usually, 
missing at low speeds and hard pulls, but hitting on high 
speeds. « 

The reason for this is because at low speeds and on hard pulls 
the throttle is wide open and the low piston speed greatly 
inereasee the degree of compreasion. Compression offers 
greater resiatance; therefore the spark takes the easiest 
path, through the carbon. 

At hi|^ speeds, the cylinders do not have time to fill up 
with gas and, the ; iston speed being grater, the demee of 
compression is not so great in comparison; thus there te 
sufficient voltage to jump the gap. 

8 . Carbonized spark plugs, of course, will cause missing at 
low or hi^ speeds. 

0. Burned points, due to ezoeesive current. For instance, 
the Ford spark {dug, unless of the proper quality of metal 
in the elechrod^ wiUbum the points badl 3 aaue to the ezoees 
of ourrent. Tnie coil alxoula be Rusted aooording to 
inetructioBS on page 222, and only high-grade Ford ^uga 
should be used. 

to Moistnsis on the outside of the porealsin st high voltages 
win cause the current to leak over the surface of the eSw 
•elnf1c.24(10). 



Fig. 24. Spark-plug troublea. 


^Oarburethm troubles are dealt with elsewhere. Missing 
m qulta eommon when first starting the engine with cola, 
OBvmoriecd inline. Therefore be soie that the trouble is 
not due to carburetion. 


11 . Points may have come together as in Fig. 24 (11), wbet 
they were screwed into the cylinder. 

12 . Wire may be loose on the terminal (Fig. 24) (12). 

To a^st the gap, use a thickness gauge o? 
paper (Fig. 24) (13), Adjust to iV" vibrator 
coil ignition; to .025” for non-vibrator coil ignition, 
and to about or .015 to .020” for magneto 
ignition. 

To Find Cause of Missing 

First, check the ignition circuit, and also find the 
cylinder which is missing by loosening the spark¬ 
plug wire from one plug at the time and holding it 
about 3/16” away from the spark-plug shell (fig. 
25). With the engine running slow, the 8par& 



should be counted for at least 50 ^thout missing. 
It is safe then to assume that the ignition is doing 
its part. 

If there is missing and the spark is not hitting 
regularly, then clean the interrupter points and see ii 
they are properly adjusted; look for loose connec¬ 
tions; see if the current from the battery is of 
proper strength; try another coil, if results are not 
obtained otherwise. 

Second, check the spark plugs. It is useless to 
check these until you first know that your ignition 
system is in perfect order. If good sparks have been 
ootained on the first test, then proceed to test each 
spark plug with the engine nmning and the ignition 
switch "on,” as follows: 

Place the point of a screwdriver (Fig. 26) on top 
of the plug terminal, and hold the meW part of the 



Fig. 26. Tectinf to locate the spark plug which Is misrang. 
alter determining that the missing must be attributable to the 
RMurk plug. (Be sure to use a wooden Imndle screwdriver, and 
do not stand on damp ground, thus avoiding a shock.) 

screwdriver on the metal part of the engine, thui 
killing the spark in this eyfinder. 

If there is now no noticeable difierenoe in the nuF 
ning of the engine when the spark plug is cut out 
in this manner, it is evident that thia ^ug has not 
firing even before it was killed or shorted by 
the sorewanver. Thus tbe mifsing phig is looaitsdu 
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It is possible that a sticking valve or other engine 
trouble may cause missing. I^move the spark plug 
from a cylinder which you know is not missing and 
exchange it with the plug in a cylinder which is 
missing. If the missing continues, then you know 
it is not in the plug. 

On eight-cylinder and twelve-cylinder engines it 
is difficult to locate missing. A good plan is to 
detach all the spark-plug wires from one side, or 
block, and lay the wires on the engine (in order not 
to overload the coil). Also open the relief valves, so 
that one side only will run on power. Thus it is 
easier for the test as outlined above. 




To test a spark plug to see if it is carbonized: 
Place the spark plug on the cylinder with wire con¬ 
nected and switch on (Fig. 27). Crank the engine 
slowly. If the spark occurs at the gap (X) the plug 
is in order. If it sparks up inside of the shell, 
between the porcelain and shell at (Z) (Fig. 28), it 
is fouled and misses. It must then be taken apart 
and the carbon must be removed. 

Remember the plugs majr spark in the open air, 
but when under compr^sion will fail to spark, 
because the resistance is greater. Therefc^re be 
sure the spark-plug gap is correct. 
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Fig. 31 


A method often used to see if a cylinder is firing 
is to open the relief cocks, one at a time (Fig. 31). 
Watch for the flame shooting out of each opening 
and listen for the sharp reports of the explosions. 
The cylinder without flame, out of which issues only 
hiss, but no sharp report, is the one at fault. 

This test, however, is not reliable, because, when 
the relief cock is open, air is drawn into the cylinder 
which mixes with the carburetion mixture and thus 
changes the proj)ortion8 of the mixture. 

Causes of spark plugs fouling: 

1. Poor ignition (weak npark furnished by the ignition system) 

2. Leaky cables. 

3. Mixture too rich at idling and medium speeds. 

4. Engine operated with choke partly open. 

5. Poor compression caused either by leak^' valves or bad pis¬ 
tons and rings. 

6. Engine runs at too low a temperature. 

Causes of pre-ignition and burning of electrodes: 

1. Intake air too hot. 

2. Spark too far advanced. 

3. Leaky inlet manifold. 

4. Cooling system out of order (engine runs too hot). 

5. Back pressure in muffler. 

6. Spark plugs not properly tightened (leakage at gaskets). 

7. Plugs project too far or not far enough into the cylinders. 

8. Plug channel improperly located. 

9. Unsuitable “doped” fuel used. 


To test spark plug for electrical leak, such as a 
porous jwrcelain, or crack: remove plug and place 
a piece of mica between the points (as in Fig. 28A). 
Connect ^ark plug with the ignition coil and 
battery. The spark will jump at the weakest point. 



Fig. 28A , Fig. 20 


Too much oil in the combustion chamber may 
have a tendency to cause missing due to the current 
passing through the oil. A good plan, if the plug 
points are of the type shown in Fig. 29, and plug sets 
vertically in cylinder, is to bend the outside point, 
as shown, which may cause the oil to collect at the 
bend instead of the gap; if set horizontally or at 
an angle, set as shown at (B) (Fig. 22, page 236). 

To test for a spark-plug leak around the porcelain 
at the top (A) of bushing or below (B) where the 
bushing is screwed into the shell of plug (Fig. 30): 
squirt gasoline at these TOints, while the engine is 
running and note if bubbles appear. If so, there 
is a leak, and if tightening of the bushing does not 
remedy the trouble, then put in a new s^et. 


The Airco Ignition Tester 

The tester consists of an insulating bard rubber shell into 
which is packed a sensitised glass tube of Neon. 



Fig. .32. The Airco tester 
as applied to the end of a 
spark plug. Flashes occur 
in the white gap if there is 
current. If placra on an in¬ 
sulated wire conducting a 
high tension, current flmes 
wUl occur. 


The active element in the Airco ignition tester is a gas which 
the Air Reduction Sales Co. extracts from the air through a 
process of mechanical and chemical operation. This particular 
gas which is known as ”Neon” has the peculiar property of 
becoming luminous when brought into contact with dectridty. 
(See Index under “Neon gas.”) 

Neon, as applied to the Airco ignition tester, is contained in a 
small glass tube, the ends of which have been plated similar to 
the manner in u^hich a mirror is silvered. The entire tube is 
then packed inmde of a hard-rubber shell, and a quantity of 
steel wool is used to make the contact between the metal cap of 
the hard-rubber tube and the silvered end of die glan tube 
containing the Neon. By placing this device to tne end of 
the spark-plu/E terminals, or even on the insulat^ wire itself, 
if there is a high-tension current passing in the wire, the gauge 
becomes luminous or emits flashes. 

The foQowing indications point to trouble: 

No flashes: Spaik plug completely fouled or shorted, or no 
current to the plug. 

Flashes continuing for tn tmusiial distance tc the gauge 
is withdrawn from the plug: Broken plug—>probably broken 
porcelain. 

Very intense flaahea: Spark gap too wide. 

OTerlappiag flashes (not clean-cut with each piston stroke): 
Leaks between feed wires or fouled distributor. 

Dim or irregular flashes: Plug partly fouled, or feed wire 
leaking ezoeesively. Examine plug. 





INSTRUCTION No. 24 
WIRE FOR IGNITION SYSTEMS 


There are three Vtnde of ignition wire for general 
086 with the ignition system of a car, as follows: 

Primary wire or cable, also called low-tension 
il^tion cable, is made of several strands of £ne 
wire in order to make it flexible and insulated, oil 
and moisture i)roof. This wire is usually used 
between the ignition switch, coil, and timer for all 
low-tension work, and must be of sufficient size 
to carry the current. Usually No. 14 or No. 16 size 
is used. 

Secondary cable, also called high-tension Igpi-- 
tion cable, is also made flexible and the insulauon 
on the wire is much heavier. This is used to conduct 
the high-tension current from the coil or magneto 
to the spark plugs. It should be kept free from all 
metals, as much as possible. Size is usually 7 m.m. 
(see page 425). 

Duplex cable is also flexible, but ^nerally two to 
four wires are run in one insulation, oeing separated, 
of course, from each other by insulations. This 
wire is generally used for lighting and low-tension 
work. 



FIf. 1. Ignition wires. 


Metal conduit: A good plan in wiring a car, where 
several wires are run together, is to enclose the wires 
in a metal conduit, or use armored cable, as 
explained on page 428. See also pages 425-427. 

The wires running from coil, or magneto distribu¬ 
tor to the sj^k plug, carry the high-tension current 
and are called *‘8econdaiy cables.’* This current 
escapes more readily than from the wires running 
from the battery to the timer or coil. The wires 
running to the plugs are called ^^hi^ tension” wires 
because the tension or voltage is hi^ and current 
will often jump through the insulation and short- 
circuit (cutting out spark plug) to any metal part 
it happ^ to be in contact with. For this reason 
these wires must be carefully protected and very 
heavily insulated. 


aAMPS nS«tTUB€-5Ptn 



Fis. 2 


Fig. 2 shows one method of dlstributuig the 
secondary or hi|^-tension cables on multi-cylinder 
engines. A dividedfiber tubesuj^rted on brackets 
encloses the cables and permits oi easy inspection or 
mewal if required. Any number of leads or cables 


can be distributed. The eight plug leads required 
for dual ignition on a four-cylinder engine can be 
accommodated in a two-inch fiber tube. 

The primary wires running from the battery to 
the timer or to the interrupter on the magneto are 
J‘low tension.** They do not need to have as heavy 
insulation, but the connections should be well made 
and clean because the pressure is so low that the 
current will not pass over dirty or loose connections, 
and a loss of current will result. All connections 
ought to be soldered and taped. 

Do not use lamp^ord wire under any circum¬ 
stances as it will give unsatisfactory results and 
cause missing if damp. Wire for the electric horn is 
usually No. 14 armored cable (see Fig. 8, page 426). 

Size of Wire Used for Winding a Coil and 
Magneto 

Primi^ winding is No. 19 to 24 B. & S. gauge 
copper insulated wire. Secondary winding is hu). 
34 to 38 B. & S. gauge silk-covered insulation. 

There is usually a ratio of about 60 to 1. For 
instance, if the primary consisted of 200 turns, the 
secondaiy would have 12,000 turns. 

The winding of a Bosch DU4 magneto armature 
usually consists of three layers of No. 20 or No. 22 
wire, to form the primary winding, and of 70 to 72 
layers of No. 36 silk-covered wire to form the 
seconds ry winding. The reader, however, never has 
occasion to bother with wire on a coil or magneto 
armature as this is the work of a specialist. 

Making Connections and Ignition Wiring 
Troubles 

A grounded connection should be filed or scraped 
bright before attaching the wire^ and the connection 
when made should be covered with vaseline or paraf¬ 
fine. A copper washer should be placed under the 
head of the screw, to hold the wire nrmly in position, 
and tightly drawn up. 

All connections must be bright and clean, for a 
dirty connection will add resistance. Binding posts, 
screws, and the ends of the wire must be scraped 
clean before the wire is attached. This is very 
important on low-voltage wiring. 

When Joining two wires or attaching tenninals 
(Figs. 3, 4 and 5), solder and then tape. 



Fig. 8 Fit. 4 
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Fig. 7 Fig. 8 


Fig. 0. Loose switch terminals will cause missing as will 
also loose binding posts (Fig. 7). 

Fig. 8. A good method of protecting primary (battery) 
wires when they run along the frame. 



Fig. 9. Four steps in making loop end: (A) insulation 
removed; (B) separating the strands; (C) twisting wires into 
two leads; and, (D) the looped end dip]>ed in solder. (Motor 
Age.) 

No possible cause for leakage of the current should 
exist; a single strand of fine wire projecting from a 
flexible cable will be enough to cause a short circuit 
if it should touch metal. 

Missing of ignition where diir cells are used (Fig. 
10) may be due to weak batteries. To test, use an 
amperemeter. Test each cell separately by placing 
the terminal of the meter on the terminal of the 
battery. Each battery ought to show 15 to 25 
amperes. If less than 8 amperes are shown, replace. 
If one should test, say, 10 amperes, and another 20. 
then the good battery will be brought to the level 
of the poor battery. Remove it and put in a fresh 
one. Sec Index for 'Testing a stora^ battery.” 

An emergency dry-cell connection is shown in 
Fig. 11. Usually two sets of dry cells are provided 


when ignition is on dry ceils alone. Only one set at 
a time is used, however. If both sets should run 
down, a multiple connection of the two sets can be 
made, as shown, which will 8u£5ce to enable the car 
to reach home. Dry cells are now seldom used. 



Quite often missing will occur from loose con¬ 
nections at the batte^ terminals (Fig. 3). See 
that they are always ti^it. On some connections, 
the wire may be broken or not soldered well to the 
terminaL A good connector for dry cells, called 
the “Bull Dog,” is shown in Fig. 12. For storage 
batteries, see Index. 

On many cars one wire is grounded (Fig. 13). It 
is therefore essential that the grounded connection 
be well cleaned and then tightened. A copper 
terminal should be soldered to the wire, the surface 
cleaned, and drawn tight with a bolt. 



Fig. 13 Fig. 14 Fig. 15 Fig. 1% 


When metal battery boxes are used (Fig. 14), and 
dry cells are placed m them, dampness will short- 
circuit the batteries through the paper insulation 
around them. Therefore keep the box dry inside, 
and watch the wire where it passes through the metal 
box. 

When removing the wires (Figs. 15, 16), mark 
them by painting the ends with cheap water colors, or 
tag them, thus saving a lot of time when replacing. 


IGNITION DISTRIBUTOR WIRING TROUBLES 


1 . Afrfng from one cable to another, called **etatio discharge**; 
due to rubber on cables being old, hardened and porous, 
or to dampness. Separate cables, or put in new onee. 



Hoietvre, when waihing car gets into dietributor. If 
itkin ie too much epaoe at plug tenninak, open and pour 
m melted wax. 

8. Loom oonaeetieos. 

4. Loom distribiitor cap spring. 

A, Loom distribnter tenninalB. 


6 . Loose iperk advance lever. 

7. Creek in distributor cap permits dust and grease of con* 
duetive material to ooliect, and high-tension current will 
follow it to ground. 

8 Rotor metal tip bnmed (if a brush, may not make good 
contact). 

9. Poor contact from rotor spring to center terminal. 

10 . WobMy distributor head or cam, due to shaft bearing worn 
ftom lack of oil. See page 4C2C: “Noisy distributor.** 

11 . Don’t forget to grease or oil distributor shaft. 

Miscellaneous: Dirty and gummed distributcur head, ooated 
inside and outside. 

Loose connections in the primary circuit, as at battery, switch, 
fuse block, junction block, coil or interrupter will cause miesing 
(not iUuatrated). 

Worn fiber or roller on interrupter points (not illustrated). 

Loose interrupter oontaet arme (not ilhistrmted). 

Broken or weak tenrion of interrupter oontam arm spring 
(not UluetnMd). 




INSTRUCTION No. 2S 

LOW-TENSION MAGNETO: Pijnciple of Magneto Ignition 


In the preceding instructions, we dealt with the 
k)w-tension coil, using only a primary winding, and 
the high-tension ignition coil using a primary and 
secondary winding. 

In this instruction we shall deal with the low- 
tension magneto, a mechanical generator of a low- 
tension alternating current. 

The difference between a low-tension magneto 
and a high-tension magneto is that, on the low-ten¬ 
sion magneto armature core there is out one winding^ 
called a primary winding, whereas on the high-ten¬ 
sion magneto armature there are two windings, a 
primary winding and a secondary winding. 



Fig. 1. Magneto. l^lg. 2. Dynamo. 


Mechanical devices, such^ a magneto and a 
dynamo (Figs. 1 and are termed mechanical gen¬ 
erators of electricity. The armature, which revolves 
between the pole pieces, is driven by the engine, and 
alternating current is generated. 

Alternating current is suitable only for ignition; 
and all magnetos generate alternating current. 

Where a generator (dynamo) is required to 
charge a stonu^ battery, it is neccssa^ that the cur¬ 
rent should be ^*dire^^” that is, flowing in one 
direction continuously, from positive (+)f to nega¬ 
tive (-). 

Therefore, while, as stated above, all generators 
or dynamos or magnetos ^nerate alternating cur¬ 
rent, on a generator usea for charging a storage 
battery, the alternating current is transformed, or 
commutated, into a ‘'direct" current by means of a 
commutator and brushes. Thus while alternating 
current is generated inside, direct current is delivered 
outside, or from the brushes. Generators of 
direct cm rent supply current for coil ignition and 

S ts, and also chtfge a storage tottery. This 
iect is explained under “Generator pnnciple," 
farther on. 

The magneto generates alternating current inside 
and delivers amMmatini; current outside, and, as 
previously stated is suitable only for ignition/ It 
will not chaige a storage battery because the electric 
funeat it generates flows first in one direction and 
iben in another diiectioDt and thus “alternates" its 
flow. 


Construction 

The principle of a low-tension magneto is similar 
in many respects to that of a low-tension coil. In a 
magneto, the armature on which the primary wire 
is wouna is called upon to produce its own electric 
supply, whereas in a primary or low-tension coil, 
the electric supply is from another source. 

Field magnets: Permanent magnets (la), called 
the “field magnets," are provided as shown in Fig. 
lA. The pole pieces (11a) provide a magnetic field 
for the shuttle-type armature (Fig. 4A) to revolve in. 
End plates with ball bearings are attached to screw 
holes in pole pieces (11a, Fig. lA). There is ver>’ 



fig. lA. Permanent magneto (la); pole pieces (11a); base 
of brass or aluminum (12a). 

little clearance between the armature and the poles, 
and therefore accurate fitting is necessary. 

There are usually two, four, or six magnets placed 
over the pole pieces; all north poles on one side and 
all south poles on the other side. The base (12a) 
is usually made of brass or aluminum, as neither will 
become magnetized. 



Fig. IB. View of a low-tension magneto with the end-plate 
off and the annature shown in seetion. (1) permanent magneto 
(magnetised at all times); (2) the armature, revolved by a gear 
eonneoted with the engine shaft. Note that a single winwng 
of insulated ooppsr wire is wound on the armatuie. 
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Fi^ IC. The low'tension mas^to complete View ehows 
the mrive end of the armature, which ia driven at a fixed speed 
from the crank shaft of the engine, by gear or chains. The 
direction of rotation of all generators is considered at the drive 
end. 


The armature of a direct-current generator (Fig. 
3) is called a **drum-wound armature.” It differs 
from a magneto armature in that the coils wound 
over the armature core are connected in such a 
manner with the commutator segments that the cur¬ 
rent delivered from brushes resting on the commuta¬ 
tor segments is direct. 



Pig. 3. Armature of a direct-current generator. 



Fi^. 4. Magneto armature core and end plates. The 
winding is placed on the core C and Cl. 


thus “laminating the core,” as it is called, is to 
retard the circulation of “eddy currents” in tne core 
due to induction. The same forces of induction 
which are at play in the windings operate also in 
the iron core itself, and if unchecked, would both 
consume power ana heat the armature unduly. As 
the voltage of these currents is very low, even the 
slight obstruction of the laminations is sufficient 
to retard them. 

The laminated section of the armature is shown 
at (D). “Laminated” means that instead of the 
castings (C) being solid, there are several layers of 
flat sheet iron placed together, between the cores 
(C), as shown at (D). 



Fig. 4A. Shuttle type of armature with one winding (low- 
tenaion). 


This drum-type armature could be made to 
revolve between permanent magnets, and current 
would be generated, but it is not practical, because 
the voltage must be a steady voltage. And since 
the voltage increases with sp^, the armature of a 
direct-current generator is made to revolve between 
poles which are wound with wire, called “electro¬ 
magnets.” This subject is dealt with under 
“Direct current generators,” farther on. 

Permanent magnets are of the horseshoe type and are 
permanently magnetised, lliey are called the **field’' magnets. 

Blectro-fleld-ma^ets are wound with copper wire and are 
electrically magnetized. They remain magnetized only when 
the armature revolves between the field-magnet poles. This 
type of dynamo or generatiw generates a steady direct" cur¬ 
rent, usually of 6 or 8 volts, and will light electric lamps and 
reoharM a storage battery and supply current for ignition. It 
Is usuidly run in connection with a startii^ and lighting system, 
and, in smaller models, is used for ignition on stationary and 
marine engines to a considerable extent. 

The armature of a magneto, which delivers alter¬ 
nating current, is called a “shuttle-type armature.” 
It revolves between the poles of “permanent field 
magnets.” 

The purts of an armature are as follows: Bronze 
heads (B, Bl) are screwed to the armature core (C. 
Cl) fFig. 4). Shafts (A. Al) are driven and riveted 
to the bronze heads. Wire is wrapped aroimd space 
(C, Cl), called the core. 

It will be seen that the core is not a solid casting; 
rather it ia a pair of castings between which is 
claniped a group of soft iron stamping? (D), having 
the form Shown in the detail sketch. The object m 


The completed magneto shuttle-type armature 
is shown in Fig. 4A. Note the ‘collector ring,” 
from which the current is taken by a brush resting 
on the flat surface of this ring. 
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Fig. 4B. Primary winding on armature core. Note that 
one end is grounded to the core and the other end is insulated. 

The single primary winding is shown in Figs. 4B 
and 4C. One end f A) conducts the current from the 
armature to the collector ring and the other end is 
fiTounded (G). 

A sectional view (Fig. 4C) shows one method of 
conducting the low-tension current from the arma¬ 
ture, where a collector ring is not used. The prin¬ 
ciple, however, is similar. 

One end of the primary winding, which is heavj^, 
coarse wire, is grounded to the armature core at (G). 
The other end (A), is insulated and passes through 
the hollow end the armature smut and makes 
contact with a point (D). 

As the armature revolves, the spring (S), which is 
mounted on an insulated block (IB), conducts the 
current through a wire connect^ with it, to the 
terminal. “Collector lingp,” are more often used 
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Fig. 4C 

From the terming the current is carried to the 
‘‘igniter,” as in Fig. 5. This is a “make-and- 
break” low-tension ignition system similar to the 
system described on page 185. 

It will be noted, howeverj that a separate low- 
tension coil is not necessary m this instance, as the 
winding on the armature takes its place. 

If the low-tension magneto is used in connection 
with a separate high-tension coil, then this wire (A) 
(Fig. 4C) from the armature would go to the pri¬ 
mary winding of the coil. 

Two methods of utilizing the low-tension magneto 
are therefore used, as follows: 

1. In ccmnection with a low-tensioa '^make-and- 
break” ignition system. 

2. In connection with a high-tension coil. 

Low-Tensioa Magneto Supplying Current for 
a *^Make-and-Break Ignition System 

On page 185, this system is explained. The 
magneto, However, was not explained. 



Fig. 5. Low-tension magneto supplying ourrent for a low- 
te n wo n **inake-and-break*’ ignition system. 

It is well to bear in mind that a low-tension 
magneto used in connection with the low-tension 
”make-and-break” system, shown in Fig. 12, page 
185, doM not require a low-tension b^ause 
the action of intensifying the current, is obtained 
by the snapping of the “igniteri' points, by action of 
a earn, and the winding on the aimature of the low- 
tension mameto takes the place of the low-t^irion 
ooiL See also explanation, page 186. 

Lofw-Tenalcm Magneto and High-Tension Coil 

The low4en8k>n magneto can be used in connec¬ 
tion with a high-tension coil and produce a “jump- 
spark” or hii^tension spark at points of a spark 
plug in the ^linder, by using the low-tension mag¬ 
neto to proouoe the eurrent, and a separate high* 


ten^ coSl (without vibrator) to intensify the low- 
tension current to a high pressure, so that it will 
Jump the gap of the Bpsixk plug. 

We should need for this system a high-tension 
eoily a distributor on the magneto to distribute the 
huk-tension ourrent to the spark plugs (if a multiple- 
qylinder engine, which, in this instance, we will say. 
Is a four-cycle, foiUMsylinder), and an interrupter 
to break the low-tension current at the proper 
time. 

The coil: The double-wound hi^-tension coH, 
but without a vibrator, can be used. The inter¬ 
rupter will take the place of the vibrator. Therefore 
we should have a single spark instead of a succession 
of sp^ks. When the contact points separate, as 
explained under “Intemmter," the low-tension 
magneto current is intensified, and “induced” cur¬ 
rent is set up in the secondary winding. This coil 
can be placM separate from the magneto. 

The distributor: Tto “induced” or high-tension 
current is then distributed to the spark plugs in 
correct firing order by the distributor rotor and 
brush, as shown in Fira. 6 and 8A. The distributor 
is driven at one-half the speed of the armature. 

The interrupted (see Fig. 6A) is mounted on the 
front end of the magneto armature shaft. The 
housing on which the interrupter parts are mounted 
can be shifted, by means of a rod (SL) (Fig. 6A). 
This rod connects with the spark lever on the steer¬ 
ing wheel. 

Therefore the time for the spark to occur can be 
made early (“advanced”), or late (“retarded”). 
The usual range of advance on a magneto is from 
22® to 35®. 

Attached to the housing, and moving with it, is 
the interrupter arm (A) and the ter minal (B). 

On the end of the interrupter arm (A) is a plati¬ 
num point (P). There is also another platinum 
point (P) on terminal (B). 

^ Platinum is used because there Is more or less sparldog occur- 
nna at the points and, platinum being hard, it stands the spark 
with less pitting than other metals. 

The condenser is in the coil and takes up excess ^parking to a 
great extent. This condenser can be plam in the coil box or 
on the magneto. 

The cam (C) is attached to the front end of the 
armature and revolves with it. 



rig. 6A. Front view of dbtributor and interrupisr. 


iThere am ma^different eonstroetioiiaof the intwruplir 
This one ia tdiown in order to simplify 











LOW-TENSION MAGNETO 


245 


When the nose of the cam raises the interrupter 
arm (A), the current is interrupted in the primary 
winding, causine the high-tension current to be set 
up in tne secondary winding of the coil. 

The cam has two lobes. It will therefore raise 
the interrupter arm twice during one revolution, or 
four times during two revolutions of the armature. 
The armature would then run at the sanie speed as 
the engine crank shaft. As the cam (C) is attached 
to the armature, it must revolve with it. 

The cam is set on the armature, so that the nose 
will raise the interrupter just as the armature is in a 
vertical position. 

If the cam raises the interrupter arm (A) when 
the armature is in a vertical position and the inter¬ 
rupter housing is at full retard position this will 
then allow for advancing of the spark full 35® or 
less, according to the range of the magneto. 

The primary circxiit on the armature of the low- 
tension magneto consists of a winding of coarse wire. 
One end is grounded to the armature core (see Fig. 

and the other end is carried to the insulate 
terminal (B, Fig. 6A}. 

The armature revolves, therefore the end of the 
armature primary winding, from which the low- 
tension current is taken^ is carried through the end 
of the armature shaft ^insulated). 

The current is then carried through the primary 
winding of the coil, to the insulated terminal (B), 
through the interrupter points (P) (which open 
when the armature is in maximum position), to 
arm (A) which is grounded, thence to the other end 
of the magneto primarv winding, which is grounded 
to the armature core (Fig. 6). This completes the 
primary circuit of the magneto and high-tension coil. 
See Figs. 38 and 39 for two different methods of 
connecting a low-tension magneto with a high- 
tension coil. 

The secondary circuit is clearly shown in Figs. 
38 and 39, page 252. 

The magneto armature must be driven at a fixed 
speed because the interrupter and the position of 
the armature govern the time of the spark. There¬ 
fore the magneto is either driven by a chain or ^ a 
gear from the cam shaft, but not by a belt. Inis 
subject is treated farther on. 


The distributor is usually made of hard rubber 
insulation material with metal segments (S). The 
rotor with a brush revolves by means of a i^ar wheel 
twice the sise of the gear wheel on the armature 
(Fig. 6). 

The armature for a fouiw^linder mameto would 
revolve at engine crank-shait sp^ and make four 
sparks during the two revolutions of the crank 
shaft. 

The distributor, however, would revolve once 
and the rotor brush would make four contacts during 
two revolutions of the crank shaft, or one revolution 
of the distributor rotor. Hence the reason for the 
larger gear on the distributor. 

On a six-cylinder en^e the armature revolves 
times to one revolution of the crank shaft, but 
the distributor is geared to turn at half the spera of 
the crank shaft, or one complete revolution to two 
revolutions of the engine crank shaft. 

There are two kinds of contact arrangements on a 
distributor: the '^'gap-type,” and the ‘^rush-type.” 
The gap type does not make a wiping contact, but a 
slight gap clearance is allowed between the dikribu- 
tor rotor and segment (S). The brush type makes 
a wiping contact. 

It must be remembered that while ^ e are referring 
to the magneto distributor of the ./rue *%gh-ten- 
sion type mamieto^'—^to show the parts of a “high- 
tension distributor”—^the distributor used writh the 
low-tension magneto and separate coil differs only 
in that on a true high-tension inagneto there are 
two windings on the armature which take the place 
of the separate coiL 

Dual System; Low-Tension Magneto^ Cotly 
and Battery 

A dual S 3 rstem of ignition is where a ^t of batteries 
are provided to start on. After starting the engine, 
the magneto is used as a source of electric supply 
instead of the batteries. 

Types of Magneto Armatures 

Magneto armatures may be classified as of two 
types. Although this instruction deals with low- 
tension magnetos, it will be necessary to allude to 
the armature of the lugh-tension magneto in order 
to make the explanation clear. 


Also bear in mind that the magneto is a closed- 
circuit system, and interruption of the closed cir¬ 
cuit by the interrupter points being separated by 
the cam occurs when the spark takes place. 

Note the arrangement of the interrupter on page 
258. It is a different construction from that shown 
in Fig. 6A. The interrupter on pag» 258 is more 
modem. The one in Fig. 6A is simplified. 


Remarks Relative to Distributor on a Low^ 
Tension Magneto Operating a High« 
Tension Coil 


The purpose of the **hi^-tensioii” distributor 
is to distribute the high-tension current to the sparic 
plugs. The distributor brush in the end of the 
rotor should make contact with one of the spark- 




connections to the distributor. 


The distributor is usually attached to the mag- 
aelo-*-when operated with a magneto, either of the 
bw or high-t^ion type. 
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Magneto armatures are known as of the ''shuttle” 
t 3 rpe because they are shaped like a shuttle. They 
are further classified as the '"armature” type and 
the "inductor” type. 

The "armature” type is where wire is wrapped 
around the armature core and the armature and 
wire revolve between the permanent magnet field 
poles. The armature type can be a single primary- 
wound armature used on a low-tension magneto, as 
in Fig, 7, termed a "primary-armature type,” If 
there are two windings on the armature, a primary 
and secondary, as in Fig. 8, which is used on a high- 
tension magneto, then it is termed a "compound- 
armature type.” 

The "inductor” type of armature'differs from the 
"armature type.” principally in that the wire does 
not revolve. Tne inductor type of armature can be 
a low-tension magneto or a high-tension magneto. 

K. W. Inductor-Typo Magneto 

The K. W. inductor type. Construction: mag¬ 
nets, permanent type; pole-pieces placed above 
armature 90® apart; rotors set 90® apart. There 
are two rotors with four ends as shown in Fig. 11, 
which illustrates the arrangement of the rotors on 
the armature shaft. This gives the same effect as if 
two shuttle armatures were placed cross wise-;-which 
would be four impulses per revolution (Fig. 10) 
instead of two in the shuttle type (Fig. 9). If we 
continued adding rotors we should soon have the 
alternations so close together that we could light 
an electric lamp—in fact; the K. W. low-tension 
magneto at high speeds will accomplish this. 


+ 
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Fif. 9. Note that the shuttle type of armature produces 
two impulses or waves, of maximum strength per revolution 
(360^). 



Fig. 10. Note that the K.W. inductor type of annature 
producM four impulses or waves, of maximum strength per 
revolution. (The line is zero, or no current.) Also note that 
the direction of the flow of current is changi^ twice in Fig. 9, 
and four times in Fig. 10, during a revolution. 


*The inductor type magneto is of tvro general types: the 

etationary magnet type and the rotating magnet type. The Dixie 
p. 272 and KW p. 279, and this page, arc early examples of a 
high teneion magneto of the inductor type with itaiionary 
magneUt, i.e., the rotor or inductor is not a permanent magnet 
but receive magnetism from the conventional u-shaped harso- 
Hhoe permanent magnets. The Bendix-Scintilla, Addenda 
[>p. 99-101 is one example of a modem high tension magneto of 
the rotating magnet type, i.o., the rotor is a permanent magnet. 
See also footnote page 256. 

Magneto booklet: **Magneto$ and Magneto Service** by Jack 
Beater. 54 p. b** x V\ 70 ills. Deals with induoten’ and shuttle 
type; flyvimeel type; super power magnet charger, how to 
make; equipping for magneto service; some fine points on 
magneto semee; servicing Tneo EK non-rotating type, and 
others. Price 50c. Write A. L. Dyke, 406 Mamet St., St. 
Louis 2, Mo. 


The coil winding between the rotors of the K.W. 
magneto 11} is stationary and the rotors 
revolve. With a single primary winding on this 
coil core it is a low-tension maf^neto. with two 
windings, it would be a high-tension magneto. 



Fig. 11 Fig. IIA Fig. IIB 


Fig. 11 shows the "inductor-type armature.” 
Note that the winding is stationary. 

Fig. 11 A, shows the lines-of-force passing down 
through the rotor wing from N pole, tnen centrally 
through the core over which the coil is placed, up 
the rotor to S pole. 

Fig. 11B shows rotors moved in position where 
the Dnes-of-force are now passing in the reverse 
direction, which causes a complete reversal of polar¬ 
ity through the coil winding. This is maximum 
position, where contact points (P) should separate. 

Interrupter points are used on the K. W. inductor- 
type magneto when of a high-tension double-wound 
tyjpe. ^ also page 279 and page 301. 

The K. W. Low-Tenslon Inductor Type 
Magneto and Master-Vibrator 

The K. W. inductor type of low-tension majgneto, 
used with a master-vibrator, is shown in Fig. 12. 
Dry cells are used as a source of supply for starting 
when the switch lever is on the left^ or (B) side. The 
magneto is used when the switch is on tne (M) side. 
Note that the vibrators on the dash coil are short- 
circuited, as seen in the top left illustration, and are 
not used on the multiple dash coil to the right, as 
the one vibrator on tne master-vibrator coil does 
the vibrating for the four coils. 



Fig. 12. K. W. low-tension inductoMype mi^neto con¬ 
nected with a high-tension coil-ignition system using a K.W. 
master vibrator coil. 


With this low-tension inductor-type magneto an 
interrupter is not used, because tne vibrators on 
the cou take the place of an interrupter on the 
magneto. This type is not timed. Note that 
the commutator or timer is timed instead, as on a 
vibrator-coil system. 

The Remy Low-Tension Inductor l^pe 
Magneto (Model R D) 

The principle is similar to the K. W. (Fig. 11( 
except that the Remy rotor is a half-rotor, whereas 
on the K. W., both ends of the rotor .axe utiliaed 
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The Remy produces two impulses per revolution 
and toe K. W. four impulses per revolution. 


/mrmfmTcie 
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Fig. 17. Dual ignition system using a low-tension magneto 
of the “iiMluctor" type in connection with a high-tension coil, 
with condenser in the coil. Note that the dry cells supply 
current for coil when on (B) side of switch, as when starting. 


Fig. 13 (upper) Fig. 14 

Fig. 15 Gower) 

Fig. 13. Remy rotors (L) which revolve and the stationary 
single primary winding. 

Fig. 14. Remy inductor or rotor in maximum position. 

Fig. 15. Remy contact-breaker or interrupter. The points 
CP) ^ould have a clean surface. Dirt and grease should not 
be allowed to accumulate. 

A distributor is mounted on the low-tension 
magneto which distributes the high-tension current 
from the high-tension ignition coil to the spark plugs. 

If the engine misses with spark retarded at slow 
speed, adjust the contact screw (B) (Fig. 15) out 
a few notches. 

If the engine misses with spark advanced at high 
speed, adjust the contact screw in a few notches. 

On this magneto ignition system adjust the spark¬ 
plug points .025". 

The contact-breaker is used on this magneto just 
the same as on a shuttle-type magneto armature, to 
interrupt the flow of current in the primary winding. 

To set the rotors: The rotors are placed in just 
the same position as on the shuttle-type armature 
when they are originally set, at wmch time the 
interrupter points open. 



(L) on battery side (B) of the switch, which closes 
the circuit between diy cells^rimary winding of 
coil, and interrupter pomts. Thus when the engine 
is being cranked, the dry cells supply the current 
instead of the magneto. 

The distributor and interrupter are mounted on 
the inductor-type low-tension ma^eto. The high- 
tension ignition coil is separate, as is also the switch. 

After the engine is started, the switch lever (L) is 
placed cn the magneto (M) side of the switch, the 
dry cells are cut out, and the magneto supplies cur¬ 
rent. The magneto interrupter is timed, so that 
the interruption of sparks occurs at the right time 



Fig. 18 is similar to Fig. 17, except that the con¬ 
denser is mounted on the magneto, being across the 
interrupter points as usual. The magneto model is 
R.L., and is an inductor type similar to the model 
ILD. in Fia. 17. 
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The 83 rst 6 m shown in Fig. 19 in many respects is 
similar to model R.D., except that the push button 
is not used and the interrupter is arranged dif¬ 
ferently. This type of low-tension inductor mag¬ 
neto is the S.T. &L. Dry cells are used for starting. 

mmm cm. 


attached to a plate or suppoH inside of the flywheel 
housing. These coils consist of a thin strip of 
copper wrapped around a small soft iron core (C). 
The consecutive coils are Wound in opposite direc¬ 
tions on each coil core and are connected in series. 




emauT mteAKOt 


Ffg. 20. Dual ignition system using a low-tension magneto 
of the “primary armature t3T>® ” 


MA$NfT CLAM 
Fig. 22 


In Fig. 20, this system (Remy P and 32 magneto) 
differs from that just described, in that the magneto 
armature is a *‘primary-armature type” low-tension 
magneto, instead of an “inductor” t 3 rpe. The 
push button is not used, and the switch is arranged 
differently. 

All of the foregoing are examples of dual high- 
tension ignition systems, using a low-tension mag¬ 
neto of the inductor type (except Fig. 20) as a 
source of electric supply. 

Note. The letters Y, R. B, O, refer to the colc^ of wire on 
these systema. To time the Remy HD and RL low-tenaion 
magnetos: Place No. 1 piston on top of compression stroke. 
Pr^ in on timing button (Fig. 17) which is at tbs top 
of the distributor and turn the sliaft of the magneto (with 
coupling loose) until the plunger back of the timing button 
drops into the recess on the distributor gear. Then couple the 
magneto to its drive member. It is not necessary to set the 
interrupter in this instance, as the interrupter is in correct 
position with this operation, and No. 1 distributor segment is 
ID contact with No. 1 distributor terminal, which is markcRl. 


Fif. 21. The sixteen stationary coils of the Ford low-teo* 
sion inductor type of magneto mounted on the coil plate. 

Fig. 22. The sixteen permanent magnets which are at>> 
tached to the flywheel and revolve in front of the core of tht 
coils. Like poles of the magnete are placed together. 

The terminal of the first coil connects with the 
magneto terminal, which conducts current to the 
four primary windings on the four-unit vibrator- 
type coil. The end of the sixteenth coil is grounded. 

There are 16 permanent magnets, but instead of 
being placed over the pole pieces and the armature 
being made to revolve between them, as in ohe 
“armature-type” magneto, the magnets are at¬ 
tached to the fly wheel by means of non-niagnetic 
studs and are made to revolve within 1/32” in front 
of the coil cores (C) (Fig. 23). 

Note. Fig. 23 shows magnets separated, as If separate horse¬ 
shoe magnets, as an explanation as to how they revolve in front 
of the coil cores. The magnets are placed close together, as 
shown in Fig. 22. 


Ford Inductor-Type Low-Tension Magneto 

Another form of low-tension alternating-current 
magneto of the inductor type is the Ford magneto. 

This magneto might be termed a hi|;h-frequency 
magneto, meaning that there are 16 impulses per 
revolution. For instance, on the “shuttle-arma¬ 
ture t 3 rpe” magneto there are 2 impulses per revolu¬ 
tion. On the K.W. inductor magneto (Fig. 11, 
page 246), there are 4 impulses per revolution. 

The term “impulse” refers to the points where 
the generated current is the stron^t and is where 
the interrupter, as on the shuttle-type armature 
magneto, interrupts or opens the primary circuit 
hut as the armature is leaving the pole pieces. 
Thus the spark or “impulse” occurs. 

The term “frequenqr” refers to one-half the num¬ 
ber of times the current changes its direction of flow 
in the winding per revolution (see “cycle” and 
“frequency” explanation, Fig. 7A, page 192). For 
instanoe, on an “armature or shuttle-type” magneto 
the direction of current in the primapr winding on 
the armature changes its direction twice durina one 
revolution (eee Fig. 9, page 246). On the K. W. 
(Figs. 11 and 10, page 2^), there are 4 changes 
during one revolution, because there are 4 ends to 
the rotors. 

On the Ford magneto there are 16 changes per 
revolution, because there are 16 stationary coils 


The N poles of the magnets are placed together; 
so are likewise the 8 poles. Thus we have N and S 
polarity alternately around the magnets, as shown 
in Fig. 22. 



fig. 23. IHustrattng how the permanent magnete revolve 
in front of the ooU eoree. The magnete are within 1/32" ot the 
ooil oore. 


When the N pole ends of the magnets are in front 
of one of the ooil cores (C), the magnetic Unen¬ 
force flow from N pole to the magnet, through the 
coil core (C), throtqsh the plate to which it k at¬ 
tached, through the oore (C) of the coil next to 
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to tbe pole end of the mupet. thus completing a 
magnetio circuit from N to S pole end of the magnet, 
andeetting up a generated electromotive force in 
the coil winding, causing current to flow out of the 
coil windings into the magneto terminal (Fig. 21). 

When the flywheel moves one-sixteenth of a revo¬ 
lution, the flow of current is reversed. Thus there 
are sixteen alternations or changes of flow of current 
during one revolution of the sixteen magnets, or six¬ 
teen “impulses” per revolution, because there are 
sixteen coils and sixteen inductors or magnets. 

In other words, each revolution of the flywheel, 
to which the magnets are attached, means one 
revolution of the crank shaft. There are 16 posi¬ 
tions of the magneto when the current output is at 
its maximum, and each of these positions is called 
the peak of the current wave. There are, also, 16 
positions during which no current is flowing at all. 
l^ch of these is called the neutral position, and 
each is half-way between two peaks. Therefore, at 
evepr sixteenth of a revolution of the magneto a 
position is reached when no current is being gener¬ 
ated. These are termed “dead points.” 

Each alternate peak is of an opposite polarity, 
that is, there are 8 positions in each revolution 
when the current flowing from the magneto winding 
to the spark coil is positive, and between these posi¬ 
tions are 8 other positions when the current is 
negative. In other words, the frequency is 8 cycles 
per revolution. 



Fig. 24. lUuatimting t&e circuit from the magneto t«ininal 
(T) to the ewiteh, to the primary winding of one of the four 
high-tension coils, to segment (No. 1 in this examine) of the 
commutator, to mund, to the grounded end of the sixteenth 
magneto coil. Note, piere is a mistake in the drawing. The 
ooirvibrator of No. 1 coil should be shown open instead m No. 3. 

The Ford coil circuit and connections are shown 
in Fig. 24. See also Index for “Ford wiring dia¬ 
gram” land “Relation of speed of magneto to 
voltage generated.” 

The Ford inductor-type nuigneto, owing to its 
hi^ frequency, will light iampe and supply current 
for a idmtor-type oou, but the voltage varies con- 
•ideiably. Thus tbe Iampe will vary in brilliancy 



Fig. 26. Illustrating the location of the Ford magneto on 
the engine. 

in relation to the speed of the engine. * Owing to 
these variations of voltage, the ignition coil should 
be adjusted carefully, as explained on page 222, or 
else the spark-plug points will bum as well as the 
points on the vibrator blade of the coil. 

Low-Tension Magneto, ‘‘Armature Type” 

The low-tension magneto like the low-tension 
coil, does not supply a very high voltage and would 
not jump a straight open gap like a spark-plug gap, 
but the voltage is raised sufficiently in tne single 
coarse wire primary winding to produce a flash or 
spark when its circuit is very quickly opened. 

The low-tension magneto can be used with a 
“make-and-break” igniter (Fig. 13, page 186), or 
with a “wipe-spark” igniter (Fig. 18, page 187). 

The low-tension magneto can also be used in con¬ 
nection with a high-tension coil, but it would not 
be termed a high-tension magneto, even though the 
high-tension coil and the distributor were mounted 
on it; which is often the case. It would, however, 
be termed a high-tension ignition system. 

The low-tension magneto is now seldom used, but 
is explained, because it is necessary to understand 
the principle of it before taking up the subject of 
the high-tension magneto. 

The parts of an “armature t^e” low-tension 
magneto are: (1) magnets to produce the magnetic 
lines-of-force; (2) pole pieces of soft iron (see Fig. 
1 A, page 242); (3) a primary winding on a soft iron 
armature core which revolves, being driven at a 
fixed speed by the engine; (4) a contact-breaker 
(also called an interrupter) and a cam. 



Fig. 26. Sectional view of low-ton«1on magneto. (O) i« 
the primary winding on the Shuttle-type armature, of which 
there are aeveral layers of coarse copper insulated wire (oidy 
one layer shown). This wire eonneota with a oontaet-breakw 
CP) end (O). 

This oontaothreaker would be in the form of an igniter 
(see page 186) and would ^ inside of the cylinder, the ‘*mal^ 
and-break" system of ignition ia seed 
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If the system consisted of a low-tension magneto 
and hi^-tension coil, then the contact-breaker (G 
and P) above would be mounted on the end of the 
armature diaft and the circuit would be opened at 
the correct time, producing a spark, by a cam on 
the end of the armature shaft. 

The circuit of a magneto s:^tem is a closed cir¬ 
cuit; that is, the primary winding is closed and 
the circuit is of^ed by the cam only at the correct 
time, which is just as the armature passes the ver¬ 
tical position. At this time the ^eatest enerfl^r 
exists in the circuit, the position bemg termed the 
•^maximum** position. 


In other words, the spj^k is produced by the 
change from closed circuit to o^n circuit wh^ 
the contact-breaker is opened by the cam. This 
break is made very quickly, and in order to get the 
hottest spark at the points of the spark plugs or 
igiuter. the opening should occur when the armature 
is in “maximum” position. If the opening occurs 
earlier or later than maximum, then the intensity 
of the spark is weaker. 

The primary winding on an “armature-tyxie” 
magneto, consists of about 200 turns of No. 19 to 24 
B. & S. gauge copper insulated wire. 


HOW THE ‘*ARMATURE.TYPE** MAGNETO GENERATES ELECTRIC CURRENT 


K permanent magnet is made of hard steel and 
1 % ains its magnetism. Its magnetic influence 
extends from one pole to the other, which is called 
the magnetic field, as shown in Fig. 27.^ 




Fig. 29 


the magnetic lines-of-force or ma^etic flux^ at 
right angles (Fig. 29), an e.m.f. will be generated in 
the wire, and if the wire is in the form of a closed 
loop, the electromotive force thus generated will 
force the electricity in the wire to move. Why 
the electricity is in the wire we do not know, but 
we do know that the generated e.m.f. will cause it to 
move, or flow. 


The magnetic lines of force always flow N into S 
outside of the magnets or between the poles, and 
from 8 to N through the magnetic field i^les. See 
Pig. 27. 

If a bar of iron be placed between the poles (N 
and S)j or in the magnetic field (Fig. 28), the mag¬ 
netic Imes of force will travel fredy throu^ the 
iron. It offers an easier path, because the air cap 
between poles offers 280 times the resistance tl^t 
iron does. The magnetic lines will also be greatly 
increased, as the iron will collect a lot of stray lines 
of force and concentrate them. 

Therefore a soft iron armature core (shuttle type) 
(Fig. 4A, page 243), with wire wrapped on it, is 
placed between pole pieces and made to revolve by 
being driven, usually by a gear from the cam shaft. 
The space between armature and pole pieces is 
very su^t. The pole pieces (see Fig. 1 A, page 242) 
are soft iron attached to the hard-steel permanent 
magnets. The armature is the “shuttle” type. 


How Electromotive Force Is Induced into Wires 
of Armature 


The e.mi. is induced in the wire by the lines being 
stretched by the movement of the wire, like rubber 
bands, then snapping at the weakest point—the 8 
pole—^then wrapping or whirling around the wire, 
thus generating e.m.f. in the wire. The intensity 
and number of lines-of-force around the wire will 
depend upon the strength of the magnetic field and 
the rate of speed with which the wires cut the lines- 
of-force. The direction in which the e.m.f. will 
force the electricity or current to move in the wire 
will depend upon the direction in which the wire 
itself is moved. 





Fig. 31 


Whenever a loop of wire forming a closed circuit 
is placed in a magnetic field, an e.m3. will be induced 
in the wire whenever the strength of the magnetic 
field changes. 

Or, if a wire b moved up or down quickly in the 
mi^gnetie field, so that the wire will cut across 


>A **p<muwnt magnet** wfll retain its magnetism a long 
time if a keeper is kept on the ends of the polee. The armature 
on a magneto, when in a horiaontal posifion, acts ae a keeper. 
An **eleetro-inagDet’* is a magnet ooneieting of an iron oore 
around whidi wire is wrapped. WThen direct current ie paaeed 
through the wire, the iron oore becomes a magnet^il ourreot ia 
flowing in one dimotion. Soft iron eorea are need, as it quickly 
loMi its magmitiam when euqrent oeaaes flowing. 


If the wire is moved up (as in Fig. 30), the mag¬ 
netic lines-of-force whirl around the wire in a clock¬ 
wise direction and current will flow into the wire. 

If the wire is moved down (as in Fig. 31). the 
lines-of-force will whirl coUnter-clockwise, ana cur¬ 
rent will ^w out of the wire. 

If we have two wires (as in ¥lg. 32), revolving in 
the direction of the arrow point, the wire on the left 
would then cut the lines up as it revolved, and cur¬ 
rent would flow into the wire. Tlie wire on the 


> “Magnetio flux'* la the total number of UBea>ol«fecoafl(Mdm 
through a magnetic dreuit. 
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Fig. 32 Pig. 33 


fi gVi t. would move down and cut the lines down, 
and consequently the current would flow out. Thus 
we should nave a complete circuit of current flowing, 
if the wires were in the form of a closed loop. 

'When the wires reached a vertical position (as in 
Fig. 33), there would be no e.m.f. generated in 
the wires and the e.m.f. would be zero value, 
because the wires would not be cutting across, or at 
right angles to the path of the lines-of-force. 

This position of wires in Fig. 33 would be repre¬ 
sented by the position of the armature of the mag¬ 
neto in Fig. 34. Note that all the lines-of-force 
would flow through the armature core, and the 
wires on the armature would not be cutting the 
lines-of-force at all; thus the e.m.f. is ^^zero^' value. 



Fig. 34 Fig. 35 


Fig. 32 represents the position of the wires when 
the armature is in the position shown in Fig. 35. 
In this position the wires on the armature would 1^ 
cutting the greatest number of lines-of-force, if, 
of course, the wires were moving rapidly with the 
armature. Thus the e.m.f. would be at its highest 
value at this position, which is called the ‘^maximum 
position.^' It is the ix)int at which interruption of 
the primary circuit should take place, if it were not 
for a factor called “armature reaction.” 

Owin^ to the fact, however, that the circuit is a 
closed circuit in which the current is flowing, there 
is an “armature reaction” which produces a ninder- 
ing effect (explained farther on), and consequently 
the maximum position of the armature is reached a 
few depees later, or just as the armature cheek 
breaks from the pole tip. 

Before we proceed any farther, however, there 
are laws governing the generated e.m.f. which must 
be considered as follows: 

The momentary induced e.mi. is greatest when the 
wire is moved so as to cut the ma^etio lines of 
force at right angles. Applying this principle to 
the ooU of wire on the ma^eto. the coil would be 
cuttin«£ the latest number of lines of force when 
in position shown in Fig. 35—or when it is moving 
at right toigleB so as to cut the lines of force. 

The ele«/trie current in the wire depends upon the 
e.m.f. (electromotive force) causing it to flow; 
tfac^ore e.m.f. is generated in wire when it is made 


to cut the lines-of-force, and a current flows when its 
circuit is complete, due to the generated e.m.i. 
The faster the coils cut the lines-of-force, the greater 
will be the e.m.f. generated. 

The generated emi.f. depends upon the speed of 
cutting the lines-of-force, that is, the number of 
lines cut per second. Therefore the m^ter the 
number of lines and the greater the number of wires 
there are, the greater will be the e.m.f. Therefore 
several layers and many turns of wire are wrapped on 
the armature core called the primary winding. 

Referring now to Figs. 33 and 34, it will be seen 
that the coil is not cutting any of the lines-of-force— 
the lines are passing freely through the armature 
core from N to S; therefore e.m.f. (voltage) strength 
is at zero. 

In the position shown in Figs. 32 and 35 the coils 
of the wires of the primary winding are cutting the 
greatest number of lines-of-force at right angles to 
the flow of lines-of-force. Some few Imes are flow¬ 
ing through the ends of the armature core, but most 
of the lines are being cut by the wires on the arma¬ 
ture. Therefore this position would appear to be 
the logical position at which the spark should occur, 
since it is the position where the generated e.m.f. 
in the wires is greatest. 



There is, however, another factor which has not 
yet been considered, and that is, that when this 
generated e.m.f. is produced in the wires on the 
armature, by the/wires cutting the main magnetic 
lines-of-force flowing from N to S poles of the mag¬ 
nets, this heaw current in the wires on a closed cir¬ 
cuit has the enect of making an electro-magnet out 
of the iron core (Fig. 36). This is the same condi¬ 
tion as was explained on pace 182, where current 
from a battery flowing through a coil of wire around 
an iron core caused magnetic lines-of-force to whirl 
around the entire coil and thus form an electro¬ 
magnet with an N and S polarity. 

Due to the generated e.m.f. in the primary wires 
on the armature, wliich is a closed circuit, the same 
effect is being produced, that is, independent, 
magnetic lines-of-force are set up around the 
armature core which has made a S pole and N 
pole of the armature core (Fig. 36), witn the result 
that these independent armature lines-of-force 
cause the main magnetic lines-of-force to follow 
their own path. This action is termed “armature 
reaction.” 

Note. The position of the armature In Fiji. 36 is represented 
in Fig. 35. In the latter, the main magnetic lines-of-force are 
passing in at the top of the armature core and coming out at 
the bottom. This is due to the fact that the ''main magnetic 
linss-of-foroe” are flowlni^ "with the armature lines-of-foroe " 
See arrow points of both, in Fig. 36. 
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We have now built up a very strong magnetio 
fidd which eoctenda all around the wire on the arma¬ 
ture, and ^ pnndple is now similar to the coil 
action, exfdained on pagM 182,184. Now, the point 
is, il we could demametize the core of the armature, 
so that the linee-of-force which have been built 
up around the annature (Fig. 36) could collapse 
rapidly (as with the coil on pages 182, 184), then, 
as the linee-of-force oollapsea, they would cut the 
wires at a very rapid rate of speed, if the core 
was fully demagnetize, or magnetized in an opposite 
direction. The result would be another independent 
induced (or se-induced) e.m.f. in the wires of a 
hi^icr voltage, causing the current to flow in tto 
wires in the same direction as it did before the cir¬ 
cuit was opened. 





Fig. 37 

The demagnetization of the core is accomplished 
by two different factors. If the circuit is opened 
at the interrupter points (P) (Fig. 36), just as the 
armature bret^ from the pole piece (e), (Fig. 37), 
the magnetic lines-of-force which were flowing 
through the annature core in the direction shown 
in Fi^. 35 and 36, will now flow in the opposite 
direction, coming in at the bottom instead of the 
top^ as in Fig. 37, thus assisting in the demagneti¬ 
sation of the armature core. 

These two actions combined cause the linesof- 
force to collapse more rapidly on open circuit. Thus 
a fairly hi^ mduced voltage is built up in the wires, 
which, bemg generated on open circuit, will have 
no other outlet^ except at the open points of the 
interrupter. Thus the voltage jum]^ the inter- 
rupter-roint gaps in a manner similar to the action 
of the low-tension coil (Fig. 11, page 184). There 
bdng only a limited number of turns of rather 
coarse wires in the primary winding, however, the 
voltage will not be very great, but great enou^ to 
jump the interrupter point gap. 

If the low-tension magneto is used with a *'make- 
and-break” igniter (Fig. 12, page 185), (or a *^^wipe- 
spark” i^ter), the sp^k is desirable at the br^k, 
because it would be in the cylinder where it is 
required.* 

Low-Tension Magneto and High-Tension 
Coil in Series 

If ihe low-tension m^eto is used in ^'series” 
nth a high-tension coil (Fig. 38), the spark is 
desired at the spark-plug pomt. It will then be 
neoefMuuy to have a condenser to absorb the current 
pacing through the primarv winding (PRY) of the 
coil from the magneto at the time of the break at 


>Et«i thou^ the dreoit it op«n at the interrui>ter. we 
term it a cireiijt if tliere k euffioient aelf-induoed voltage in 
the wirea to oauee the deetrio eurrent to jump the gap. 

•It would appear that the **iiiaka^-braak** aydem would 
te the dnipleat, wUeh it k, but tha movahk oontaot poiate 
m esrUadeni eipoae d to iateiMitr ol the heat iooa get out of 
ad hatm ea e 



Fig. 38. Low-tennon magneto oonneoted in seriee with tba 
primary winding of a high-tenaion coil. 

interrupter or contact-breaker points and also to 
assist in demagnetizing the core of the high-tension 
coil, so that the lines-of-force built up around the 
coil core will collapse quickly and induce a hifl^ 
voltage in the secondaiy winding (SECY) of the 
high-tension coil. Thus a very hi^ voltage wiU 
be produced at spark-plug points (Fig. 38). 

Low-Tension Magneto and High-Tenaion 
CoU Shunted 

If the low-tension magneto is connected with a 
hig^-tension coil, so that the interrupter or contact- 
bnkker is ^‘shunted” across the path from magneto 
to coil, instead of being in '^series^' with it (as in Fig. 
38), the action would be slightly different as shown 
in ^g. 39. 





Fig. 89. Low-tension magneto oonatoted with the primary 
winding of a high-tension oou. but the interrupter or oontaot- 
breaker k **ehunted** aeross the oirouit. 

The prfmsry cnmitt from the magneto would 
have two paths: one through the interrupter points 
(P), and the other throu^ the primary wmding 
(lotY) of the ooil. The current takes tne easieet 
path through the interrupter points, and oonse- 
(mently thm is no oumnt flow ia the primal of 
tM eoQ airi ftp eoie is free from mamietisis Tb^ 
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when pointf (P) are 
break of the current 


Led by the cam, this sudden 
; through the armature 
le shunt circuit, causes. 


opened b 
t flowing 

and interrupl^ points, or tl LC? WUUUV VUVUAV, vcnuova. 
with the assistimoe of the condenser, an induced 
current to be set up in the armature winding, as 
explained in connection with Fi^. 35 and 36. Tliis 
rush of self-induced current, having no other outlet, 
rushes through the coil primary winding (PRY). 
As the coil core is dema^etised, because of the 
fact that no current was flowing through it pre¬ 
viously, the magnetic lines-of-force build up rapidly 
around the turns of wires, causing a momentary 
high voltage in the secondary winding, and thus 
causing a spark to jump the gap at the spark plug 
which IS in the cylinder. 


Note in Fig. 38 that the lines-of-force In the coil 
core were made to collapse, to produce the high- 
tension spark, whereas in Fig. 39, the lines-of-force 
are built up in the coil core to produce the high-ten¬ 
sion spark. This was possible in this instance, 
b^ause there was no current flowing in the primary 
winding of the coil, and its core was completely 
demagnetized. Thus the lines built up rapidly, 
g^erating a ^h induced voltage in the secondary. 
This system is the one in general use where a low- 
tension magneto is used with a high-tension coil. 

It is well for the reader to grasp the difference 
^tween generated ejn.f. and self-induced e.m.f., 
in order that he may clearly understand the fore¬ 
going explanations. 


Generated ejn.f. refers to the e.m.f. generated in 
a wire when a wire is made to cut the lines-of-force, 
as when the armature is revolved between the pole 
pieces. In such a case the wires cut the main mag¬ 
netic lines-of-force, and lines-of-force are built up 
around the turns of the wires. 


Self-induced 6.m.f. is where the lines-of-force 
have been built up around the wires, as described 
above, and then the circuit is suddenly opened, or 
the direction of the lines-of-force is chang^. This 
causes a collapse of the lines-of-force, which cut 
the wires as it collapses into the core, thus causing 
what is termed a self-induced e.m.f. which causes 
current to flow. 


Two Sparks or Impulses^ per Revolution of 
Araiature 

With the shuttle typo of magneto armature there 
are two positions of the armature during one revolu¬ 
tion, called ‘^maximum position.” TheflK. are the 
points at which the e.m.f. is the highest and are 
the position in which the armature is when the con¬ 
tact points should open, or slightly later, owing to 
^'armature reaction,” as already oxplainea. 





Fig. 40. Voltage wave. 


^ ‘The word 
lisiftioii of aae 


* impulse** is also used in oemieotioii with the 
in the oyiiuder; for Instanoe, when the ezploeioii 
the oyUnder, the piston reoeivee an '*impu&e.** 


In esrolanation of this, let us refer to Fig. 40, 
which shows the open-circuit voltage wave. Start 
with the position of the armature at (A) on the left. 
Note that the armature is in a horizontal position 
and the e.m.f. (electromotive forced is at zero, 
because the lines-of-force are passing freely throu^ 
the iron armature core, as is also shown in Fig. 
Thus, at this point the wires on the armature are 
not cutting any lines-of-force. 

When the armature travels 90% or a quarter- 
rovolution in the direction of rotation (clockwise, 
in this instance), it is in a vertical position (B). 
Technically this is the position where the highest 
break of e.m.f. or voltage is reached, because the 
wires are cutting the greatest number of lines-of- 
force. Practically, however, the maximum position 
is just a few degi^ farther in the rotation, as 
shown in Fig. 37, for reasons already explainea. 

When the armature travels 00^ more, or half of a 
revolution, it has again reached the horizontal posi¬ 
tion (C). The voltage is again at zero value. 

When the armature travels 90^ more, or three- 

quarters of a revolution, it has again reached another 
maximum voltage position (D). 





Pig. 41 


Fig. 42 Fig. 43 


Fig. 41. Voltage is at zero. 

Fig. 42. The left (L) side of the coil is starting to out the linea- 
of'foroe up, and the right side of the coil (&) ia cutting 
down. The e.iiLf. is gradually increasing. 

Fig. 43. The e.m.f. is now at the highest peak because the 
greatest number of lines are cut in this position. The (L) 
side of the coil is still cutting lines up, and the (R) aidk 
down, therefore the voltage polarity is still the same. 



Fig. 44. The e.iii.f. begins to weaken because less lineo are 
being out. The voltage polarity is still in the same direo- 
tion, oeoause the (L) and (R) sides of the coil are atill cut¬ 
ting the lineo-of-foroe in the same direction. 

Fig. 46. The armature has now turned one half-revolution. 
No lines are now being out; the voltaM (e.ni.f.) strength is 
at zero, Thua we have had the positions as represent^ in 
Fig.40; fA) to (C), where the e.m.f. was in one direeUon. 
During the next half-revolutien, ^he same action of the 
wires cutting the linse-of-foroe it repeated, except that 
the (R) side of the coil will now out up and the (t) side 
will out down. In this case, therefore, the e.m.f. will be 
in the opposite direction during the next haif-revolutioii, 
as shown mFig. 40, (C) to (B). 


t Refers to voltage. 
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When the armature travels 00^ more» or a full 
revolution of 360"*, it has again reached aero voltage 
position 

Thus we have during one revolution^ of the arma¬ 
ture two positions (B and 0) when the voltage is at 
its highest voltage peak, and two positions (C and E) 
when it is at aero voltage. 

The voltage wave is in one direction (A) to (C), 
which we wiU call positive and in another direction 
(C) to (E), which we will call negative, or two cdrec- 
tions duri^ one revolution, termed ‘^alternating** 
current. Thus the voltage wave chan^ polarity 
at (A) and (C), as will become clear by the following 
sequence: 

The Current Wave 

The voltage wave (Pig, 40) differs slightly from 
the current wave (Pig. 46). The e.m.f. or voltage 
generated is necessary to force the current to flow. 
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Fig. 46. Current wave diagram 


The e.m.f. starts to build up at about 60® from 
fA) or at (Al), (Pig. 46), and consequently the cur¬ 
rent in the clcraed-circuit winding also starts to flow 
in a positive direction from (A) to (C) and reaches 
maximum when the contact points are opened at 
(B), or sli^tly afterwards. 

Position (B) would correspond to the extreme 
advance position of the contact-breaker, and posi¬ 
tion (Bl) to the extreme retard, or about a 35® or 
40® movement. 

Therefore if the contact-breaker housing was 
advanced so that a spark would occur before (B), or 
retarded after (Bl), the spark would be weak. 

There are two points in a revolution from (A) to 
(E), where a strong ^ark can be obtained, namely; 
between (B) and (Bl), which represents half a 
revolution of the armature with the current flowing 
m a positive direction; and between (D) and 
(Dl), which represents another half-revolution of 
the armature with the current flowing in a negative 
direction. 

It is clear that the contact-breaker must be 
opened at a certain position of the armature and the 
armature and cam must be driven at a flxed speed, 
which is termed “setting” or “timing the ignition.*^ 

The cam: As the change takes place twice during 
one revolution of the armature, it is necessary that 
a two-point cam be used on the contact-bresdmr in 
order to break contact twice during one revolution. 

To set the magneto: As stated, the point at which 
the armature cheek is just breaking from the pole 
(Fig. 37) is the correct position in which to set the 
magneto armature, and at the same time the inter¬ 
rupter points should just separate. Both operations 
•l^d occur at the same instant. 


*Ob tOflM msgnetoi for «iibt and iwelvs-oyliiidor aero 
jngfam the pole pieoea are arranged to that four maximum 
peiitkiae are reaehed m revolution. The K.W. magneto, page 
MS prodtMea masunum poeitiona or eparke per reveittlloik. 


Advancing and retarding: The cams are made of 
steel and are in a casing, and by having this casing 
made so that it can be moved througl^ say, the one- 
tenth part of a circle, the time of the interruption of 
current can be advanced or retarded with relation 
to the movement of the armature. This means 
the spark will occur early or late, relative to the 
movement of the pistons. 

The low-tension magneto described is one which 
uses a shuttle-type armature, called the “armature** 
t 3 rpe of magneto. The wires revolve with the arma¬ 
ture. 

The inductor-type magneto is a magneto where 
the coils or wires are stationary. 

SpUtdorf Model “D” Low-Tension Magneto 
and Coil Systems a *^Dual Ignition 
System” 

The illustration (Fig. 47) shows a Splitdorf dual 
system, using a low-tension “armature-type** mag¬ 
neto and hign-tension coil with battery to start on 
and magneto to run on. The contact breaker on the 
magneto is utilized for either the battery or magneto 
system. The primary circuit through the annatur<£, 
however, must be opened to prevent the battery 
from demagnetizing tne magnets when the battery is 
used. 



Fig. 47. Splitdorf model "D” low-tenaioa magneto and 
high-tension coil—a “dual” ignition system. 


Ma^eto circuit: from (A) to switch blade 
through connection (C) to primary wire of coil, 
through ground (Gl) and (G3) to armature. The 
breaker points (P), it will be noted, are connected 
or shunted across the magneto primary circuit, 
similar to what is shown in Fig. 39, page ^2. The 
circuit proper is through the armature and circuit 
breaker, and the coil primary winding receives only 
the kick of the armature (extra current) when the con¬ 
tact points open, as explained on page 252. It will 
be noted that the battery circuit is open at the switch. 

Batte^ circuit: the switch blade (W) should now 
be on (B) side, connecting the two terminals, and 
the magneto terminals on the (M) side are open. 
Current travels from top of battery (4-) to switch 
point, to primary winding of coil, to ground (Gl) to 
'(G2), thence through interrupter points (P) to a 
lower connection of oattery. Note that the arma¬ 
ture is cut out entirely, but not the interrupter. 

High-tension enrrent is distributed from the 
secondary winding on the coil to brush (R) on the 
distributor (the mstnbutor is on the low-tension 
magneto ana is driven from the armature shaft), 
tbenoe to the spark-plug center electrode, thenoe 
through the spark gap to plug-shell groflnd fO) ol 
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the engbe and frame, back to the coil where the 
primary and aecondary connect. 

. Condenaer: AlthouA this is located in the coil, 
if the circuit is traced it will be observed that it 
'^bridges” the points of the contact-breaker. 

Splitdorf Model “T** Low-Tension Magneto 
and Coil System; *^Dual Ignition Systems** 
Using a Dash Coil and a Tube Coil 

The diamms below show the Splitdorf low-ten¬ 
sion model magneto used in connection with a 
dash type of high-tension coil (Fig. 47A) and with a 
tube t\w of coil (Fig. 47B). The coils are also 
termed ‘‘transformers. Both systems are typical 
“dual*' ignition systems of the interrupted shunt- 
current type. 

Note that the distributor for distributing the 
high4ension current to the spark plugs from the 
coil is mounted on the low-tension magneto. 

Also note the connections on the coil for the 
batte^. By switching to one side, the magneto 
supplies current to the coil, and by switching to 
the other side, the battery supplies current to the coil. 



Fig. 47A. Splitdorf model “T’* low-tension magneto used 
in connection with a "dash" or “box type” of high-tension coil. 



Fig. 47B. Splitdorf model *'T*’ low-tension magneto used 
in connection with a “tube type” high-tension coil. 

The Oscillating Low-Tension Type Magneto 

This type is a regular shuttle or armature tyjje 
magneto (Figs. 48 and 49), and is the ori^al xnag- 
neto principle, designed for slow-speed endues. 
The armature does not revolve, but oscillates back- 
and-forth from position Fig. 48 to Fig. 49 (30°). 



Fig. 48 



Fig. 49 


It can be used with an igniter arran^raent (Fig. 
48), which is similar to that shown in Fig. 13, page 
185, except that the i^iter rod is actuate by lever 
(L) on the magnetOj wmch is tripped by trip (J). It 
can also be used with a magnetic plug, as shown in 
Fig. 49, which is screwed into the cylinder. 

The Magnetic Plug 

The principal parts of the magnetic plug (Fig. 50) 
are: magnetic coil (5), pole-piece (2), interrupter 



Fig. 50 

(20), and contact-piece on plug shell (21). The 
plug is screwed into the cylinder. 

Principle: owing to the sudden flow of current 
through coil (5), the upper portion of hammer bar 

(1) , called the armature, is attracted to pole-pieces 

(2) , which effects a quick separation of contacts 
(20) and (21), producing a spark at these points. 



Fig. 51 


The use of the magnetic plug is shown in Fig. 51r 
in connection with a low-tension magneto (type 
“K4" Bosch) with a revolving armature, with a 
main and auxiliary winding, one being a continua¬ 
tion of the other, and with a distributor for connec¬ 
tions to the magneto plugs. This system is termed 
the Honold system, and is for 2, 3, 4, 6 and 8- 
cylinder engines. 

The systems just described are not used for auto¬ 
mobile Ignition, but are designed for slow-speed 
heavy-duty stationary and marine engines. 
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THE HIGH-TENSION MAGNETO: Principle; Constmction; 


Pr^iminary Explanation 

The high-tension magneto is not onlv a mechan- 
^al generator, or a substitute for the battc^, but 
combines all the elements of a complete ignition 
^tem, except the plugs and switch. 

It performs three separate essential functions as 
follows: generating current; transforming the cur¬ 
rent to a high pressure: distributing the high-ten¬ 
sion current to the inoividual cylinders. Besides 
these main functions, a number of minor functions 
have to be performed. The high-tension magneto 
differs from the low-tension magneto in only a few 
particulars. 


The high-tension magneto can be of the ^^indao; 
tor^' typo or of the ‘Compound-armature** type. 

We shall deal here with the armature type and 
explain the inductor type farther on. 

Armature winding: The armatine (armatipe 
t 3 pe) on the high-tension mameto is woimd ^th 
an additional winding, called tne “secondary wind¬ 
ing/' whereas the low-tension magneto has but one 
winding, called the primary winding. 

Instead of using a “separate” high-tension coil, as 
with the low-tension magneto, exinained in the pre¬ 
ceding instruction, this second winding on the 
armature of the nigh-tension magneto takes its 



Jig. 1. Diagram of a high-tension *‘oompound-armature-type” magneto, ahowii^ internal connection* of armature Tha 
armature is doume wound. It revolves between permanent magnet pole pieces with its wire winding. 


place. This secondary winding is carefully The condenser is usually, though not necessarily, 

insulated from the primary winding, except at one located on the armature shaft in order to get it as 

end, where it connects at (N), (Fig. l), with the pri- close to the interrupter as possible, and it is there 

mary winding. As the primaiy winding is grounded shown in Fig. 1 (J). In some magnetos, for the 

at (GP), the secondary windmg is thus grounded sake of greater accessibility and other reasons, 

through the primary winding. (PW) is the primary the condenser is located outside the armature in a 

winding, and (S\^ is the secondary winding. stationary sealed box. 

One end of (SW) is led, carefully insulated, to a Owing to the fact that the secondary coil of the 
collector ring (O) mounted on the armature shaft, hi^-tension magneto is located on the armature 

and a carbon pencil or brush (P) rubbing on this iti^lf, it follows that it not only receives an induced 

collector ring takes off the secondary current and current, due to the breakage of the primary current, 

lea^ it to the distributor brush (Z). The primary but itself induces a current like that of the primary 

winding circuit is explained farther on. coil, but smaller in volume. 

The other respect in which this type differs from It has the same form of armature, field magnets, 
the low-tension magneto is that the condenser and principle of interrupter as the low-tension 

which is employed in coimection ’ with the inter- m^eto, but of varied construction. The armature 

rupter is usually built into the high-tension magneto coiL however, is different, having a primaiy winding 

(J, lig. 2), whereas with the low-tension magneto, with a secondary winding over it; as {deviously 

the condenser is in the separate high-tonsioo coU. explained. 

Note Although the *‘arTnaUtre** or **8hutUe** type high tension magneto as discussed in this instruction has been supplanted to 
a large extent by the "indiictor** type (see footnote p. 246), it is advised that the reader stud^ this instruction carefully in order to 
learn the barie principlea, which in many respects are similar. The Inductor type differs principally in that the coil primary and 
secondary winmng remain stationary insteeul of rotating with armature, and a rotor is employed to reverse the magnetic field 
through the core of the eoU. Otherwise the same elemental parts, such as the breaker or interrupter, condenser, and distributor 
are employed, except, with the inductor type, the breaker assembly does not revolve, only the cam. 8ee p. 0^ froctor mayneioe 
and footnote 8 JttM epark. The /iywhoel type magneto used On outboard p. 900, and other small engines is usumly a hiid^ tmioa 
induetor magneto of the rotating magnet t 3 i>e. See footnote p. 246 for a recommended mayneto booklet^ and p. dOlA lor literature 
as mentioneawder **Maanetoer 
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Pi*. 2. Lonsitudinal section of Boech type DU4 high-tension magneto. Note that distributor brush (Z) is revolved by • 
large gear (W> which is driven by a smaller gear (X) pn the armature shaft. The armature is driven by the engine. 


Principle of Operation 

The firimary winding usually consists of about 
200 turns of No. 19 to 24 B. & S. gauge insulated 
copper wire. 

The secondary winding usualW consists of about 
12,000 turns of very fine wire, No. 34 to 38 B. & S. 
^uge, and is of enameled silk-covered copper wire. 
The ratio is about 60 to 1. 

We have already learned that the electromotive 
force induced in a winding depends upon the rate 
of change in the number of lines-of-force and the 
number of turns of wires the lines-of-force cut. 
Therefore with this great additional number of 
turns of secondary wires on the armature, the e.m.f. 
will be greatly increased. 

The principle is very much the same as that ex¬ 
plained on paipes 251,253. The interrupter breaks 
the primary circuit when the armature is in maxi¬ 
mum position, or just when the armature cheek is 
leaving the pole up. Thus the armature core is 
demasoedsea, and the lines-of-force collapse and 
out the secondary and primary wires at a very 
rapid rate. And, since there Is such a large number 
of turns of wires in the secondary winding, the result 
iS| that a very hi^ voltage is induced in the second¬ 
ary windingi which at normal speeds will cause a 
ipitfktojwt^lborbssagapof thesparkph^ This 


spark is maintained to some extent by the voltage 
induced in the secondary by reason of the constant 
change of magnetic lines-of-force or flux in the iron 
core produced by the rotation of the armature during 
the period in which the contact points remain open. 
The cam then permits the contacts to close again, 
and the operation is repeated. 

Importance of Condenser and of Quick 
Opening of Contact Points 

The condenser is provided in order to absorb the 
spark at the interrupter points when the primary 
circuit is interrupted or separated. In other words, 
if the condenser were not across the points, the 
lines-of-force collapsing so rapidly would produce a 
very high voltage in the primary winding and thus 
cause a heavy spark at the breaker points, before 
they had time to separate properly, just as it does 
when used with a low-tension magneto and make- 
and-break imiter. As explained before, this results 
in burning the platinum points. 

If the contact points could be opened quickly 
enough, the condenser could be dispensecf with. 
In fact, if this were possible, the magneto would 
be better without it, b^ause the condenser absorbs 
the initial current rush from the primary, produced 
by the collapsing lines-of-force, imtil the points are 
fully opened, thus preventing sparking at the 
points. But this is acoompaniM by the oisadvas* 
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tage of mventing the voltage from building up to a 
high value before the contact points have had time 
to separate properly* At the same time that it 
retards the dBvmopment of the primsupr voltage, it 
retards the secondary voltage in buildmg up also. 
Therefore the condenser capacity should not be 
greater than just enough to suppress the spark at 
the points. Of greater import^ce is the (piick 
opening of the contact points, and proper adjust¬ 
ment. 

An advertisement of a magneto manufacturer 
reads as follows: “The most perfect interrupter 
that has ever been placed on a magneto. Its quick 
opening is largely responsible for the efficiency of 
the magneto.” This is mentioned so that the 
reader will appreciate the importance of the quick 
opening and the proper adjustment of the interrup¬ 
ter points. 


In the instruction book of the K. W. Ignition Co., 
the following wording appears relative to the inter* 
rupter points: 

**A word of warning at thit time, as to the proper distance to 
set the oontaot points to open, might be of value. 

**The volume of spark produced depends to a large extent on 
the proper break of the points. If they are opened quickly and 
make a clean break, the maximum spark is product. When 
the^ints are too close, they do not break clean, as the arcing 
at the point oausee the current to linger in the primary. When 
the points are too far apart, they may not close tight enough to 
allow current to flow, and in addition the opening of the points 
occurs too early and causes an unnecessary pounding on the 
roller. You will, therefore, note that the proper adjustment of the 
points will safeguard both electrical and mechanical difficulties. 

The points should be set to open 1/64" in order to get the best 
results. (This is on the K.W. high-tension magneto.! As a 
rule magneto manufacturers supply a gauge to which these 
points should be accurately set." 

There are many different constructions of inter¬ 
rupters, some of which are shown farther on. 


CONSTRUCTION OF A HIGH-TENSION MAGNETO 


The following description refers to the “com- 
pound-dumature type” magneto. As an exaxnple, 
the Bosch type “DU4” will be Ufced. See Figs. 
1, 2j 3, 4, ana 5, and also other exaggerated illus¬ 
trations in order that the purpose of the parts may 
be clearly understood. 



Hg. 3. Front view of Bosch 'DU4” magneto. 


Interrupter Parts 

A —Platinum point on Insulated contact-breaker block whtch 
eonneots with one end of primary winding. 

B—^Platinum point on grounded breaker arm (C). 

C—Contaot4>reaker arm; platinum point at one end and lug 
at other end, which comes in contact with cam (G) as (C) 
revolves. 

D—Brass disk, fastened to armature shaft and rotating with 
it. (A). OB), and (C) are fastened to this disk and revolve 
with it» but (A) is insulated from (D) while O) and (C) are 
grounded to it. 

E—Carbon brush grounds (D) to magneto frame (see Fig. 2, 
page 267). 

F—^Ilndrical breaker-box housing which can be shifted by 
Cu), to advance or retard. 

0—Cy^ocka which cause arm (C) to aeparate pointa at (A) 


H—keeps points (A) and (B) closed until separated by 

K—Connects with (A) or one end of primary, and connects 
with terminal (M) (insulated). 

M—Connecto with switch as shown in Fig. 1. Other side of 
switch is grounded. When switch is closed magneto it 
• off”. 

b—6pring for holding cover in place. 


Distributor Parts 

T—Terminal to spark plugs. 

Z—Distributor brush connecting with (R). 

R—Connects with pencil brush (P) on collector ring (O), 
through contact conductor (Q), as in Fig. 2. 

U—^Segments or contact pieces connected with terminals (T) 
on which brush (Z) slides. 


Magnets and Pole Pieces 

Magnets and ^le pieces: In any standard mag¬ 
neto made on this principle the general construc¬ 
tion would be as follows; The permanent field 
magnets consist of two—or three—pairs. One mag¬ 
net of each pair is superimposed above the others, 
as in Fig. 6; or 2 magnets are sometimes plaoed side 
by side. 
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Fig. 5. Rear sectional end view. Note safety spark gap 
(ZZ); see also, Figs. 1 and 2. Note pole-pieces screwed to end 
of neld magnets. The dark shad^ part on the armature 
represents seoondary winding; light shading, primary winding. 

In some few cases three magnets are placed one 
over the other. For instance, on the Bosch 
four-cylinder engine magneto, there are two magnets 
side by side. On the there are three magnets, 
and on ^^DR4,” two magnets, as will be clear by 
examining Fig. 6. The magnets are set to give 
correct north and south polarity. All north poles 
on one side and all south poles on the other siae. 



Fig. S. Showing how the magnets are placed, and also the 
end pole pieoea. 

The ends or poles embrace *'pole pieces” of soft 
iron bored out to allow the armature to rotate quite 
freely, but very closely to the pole faces; in some 
cases the clearance is only .002 inch. See also, 
Fig. 6. 

Arn&ature 

The armature: This consists of a core of soft iron 
9 l H-shaped (Fig, 7) cross-section; it is also referred 
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Fig. 7. Armature of the revolving compound ts^pe (double 
wound). 


to as a ^shuttle” armature. This core of soft iron 
serves to form a bridge for the magnetic flux between 
the pole shoes, and also to carry the winding in 
which the current is induced. 

The armature is found in practically every stand¬ 
ard type of the well-known “shuttle” type. The 
best class machines have the armature built up of 
thin stamping of soft iron, each insulated from the 
other by a tMn film of varnish. This form of con¬ 
struction is known as a 'laminated armature core.” 
A laminated armature core is shown in Fig. 4, pam 
243, and a complete armature wound with doume 
winding is shown in Fig. 7. Laminated cor^ have 
the advantage over a solid cast-iron core in that 
the electrical efficiency is higher through the 
absence of “eddy” currents in the iron core which 
represent considerable waste of energy and cause 
heating. 

By laminating or breaking up the core into thin 
sections, the currents are prevented from circulating 
through the iron (spoken of as “eddy currents”). 
In the case of a sohd core, the iron would be an¬ 
nealed to render it as “soft” as possible, to obtain 
the best magnetic effect. 

Armature winding: The armature core is first 
insulated with mica or similar material. Then it 
has several layers of heavy insulated wire wound 
upon it. The Bosch DU-4 ma^eto has approxi¬ 
mately three layers of No. 21 insulated primary 
wire and seventy to seventy-two layers of No. 36 
silk-covered secondary wire. 

To the end of this heavy primary wire is connected 
the beginning of a very fine secondary wire (see N, 
Fig. 1), ^ulated with silk, which is wound on the 
core until the slot is filled almost to the height of 
the cylindrical portion. After this a wrappmg of 
insulating cloth is applied, and bands are put around 
the circumference of the armature to prevent the 
wire and insulating material from flying out and 
coming in contact with the pole shoes when the 
armature is rotat-ed at high speed. To the ends of 
the armature the steel shaft or spindle is fixed by 
brass end plates (Fig. 7). 

It will thus be noted that there are really two 
windings on the armature, whereas the low-tension 
magneto has but one winding—an inner winding 
of relatively few turns of heavy wire, and an outer 
winding of a large number of turns ot fine wire. 

The armature shaft is mounted in annular ball 
oearings (Fig. 2, b and c), which are provided with 
oil guards so that any lubricant supplied to them 
will not be easily lost or reach the insulating parts. 
The armature tunnel is closed on top by an alumi¬ 
num cover i, (Fig. 2), and the front of the circuit- 
breaker housing is provided with a brass cover 
which is held in place by means of a hinged fiat 
spring (h), so that it can be removed and replaced 
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PHmary Winding and Circuit 

The windini: of heavy wire, or primary winding, 
serves primaimv for generating the current, and m 
connection with the fine wire or secondary winding, 
it also serves for multipl 3 ring the pressure or volta^ 
to such an extent that it will produce a spark at 
the gap of the spark plug in the cylinder. 

The pfinuury dreuit (Fig. 1) begins with the pri¬ 
mary winding (PW) on the armature. It flows 
through the contact-breaker screw (see I, Fig. 2), 
to the stationary contact (A), thence across to the 
movable contact (B), from which it is led through 
the contact brush (E), into the metallic framework 
of the mi^eto, whence it returns to the beginning 
of the primary winding, which is also connected or 
ground^ to the frame (GP). 

Interrupter or Contact-Breaker 

The interrupter, also called a “contact-breaker.” 
To accomplish this breaking of the primary circuit 
at the proper moment and then to close it again, a 
devi<» Known as a “circuit-breaker” or “interrup¬ 
ter” is used. This is carried on the armature shaft 
opposite the driving end. 

In order clearly to eirolain the construction of an 
interrupter, examratedf illustrations will be used as, 
for instance, in figs. 8 and 8A. 


lit. 8 Fig. 8A 

It consists essentially of a stationarv insulated 
contact point (A), (Fig. 8), and a movable contact 
point (B; on one arm of the bell crank (C). Both 
of these parts are moimted on a brass disk (D). 
which is securely fastened to the armature shaft and 
rotates with it. 

The stationary contact (A) is insulated from the 
supporting disk (D), while the movable contact (B) 
is m met^c connection with it, and the disk (D) 
is grounded to the frame of the magneto by a carbon 
brush (£}. (See also Fig. 2.) 

The circuit-breaker is surrounded by a cylindrical 
housing (F), to the interior surface of which, at dia- 
metrioflJly opposite points, are secured st^ cam 
blocks (G and Gl). 

Ordinarily the two contact-points (A and B) are 
kept in contact by a spring (H). As the disk (D) 
rotates, the outer arm of the bell crank (C) comes in 
contact with the cam blocks (G), whereby the con- 
tact-points (A and B) are separated momentarily, 
as in Fig. 8A. 

As soon as the end of the bell crank (C) passes the 
cam block (G^^the spring (H) brings the two contact- 
points (AandB) together again, as in Fig. 8. 

The stationary contact-block (A) is connected 
with one end of th^rimary winding of the armature, 
through a screw (( Fig. 2), which is screwed into 
the center of the armature shaft. 


The other end of the primary wmding has metallic 
connection with the armature core; in other words, 
it is groimded, as at (GP), (Figs. 1 and 2). 

Secondary Winding and Circuit 

The beginning of the secondary winding (SW, 
Figs. 1 and 2), is connected to the end of the primary 
winding at (N) (Fig. 1), and since one end of the 
primary winding is grounded at (GP), the second¬ 
ary is also grounded through the primi^. The end 
of the secondary winding leads to an insulated con¬ 
tact ring (O) (Fig. 2), at the driving end of the 
magneto. 

From this ringthe current is taken off by a carbon 
contact-brush (P). From the brush holder the 
current is carried through a spring contact-conductor 
(Q) to the central distributor contact (R). 

The collector ring is made of hard rubber with a 
brass ferrule (O) surrounding it, against which 
ferrule a heavily msulated stationary carbon pencil 
(P) bears. The hard rubber spool has wide flanges 
for the purpose of preventing the high-tension cur¬ 
rent from escaping. 

Secondary Distributor 

The distributor consists of a disk of insulating 
material (S), in which are imbedded on the inner 
side one central cylindrical contact-piece (R) and 
four annular sector-shaped contact-pieces (U, U, U, 
U, Fig. 1). 

The distributor also comprises a shaft (V, Fig. 2), 
which carries a gear wheel (W) meshing with a 
pinion (X) on the armature shaft. The gear wheel 
(W) has twice the number of teeth as the pinion, 
and the distributor shaft (V) therefore makes one 
turn while the armature makes two. 

Distributor speed: The reason for driving the dis¬ 
tributor at one-naif the armature speed is as follows; 
The armature, as already stated, turns at the speed 
of the engine crank shaft. The magneto here de¬ 
scribed is for a four-cylinder, four-cycle engine. In 
such an engine^ each cylinder requires a spark once 
in two revolutions of the crank shaft. 

The distributor is therefore geared so that it makes 
one revolution to two revolutions of the crank shaft 
and establishes connection between the high-tension 
or secondaiy winding of the armature and the spark 
plug to each cylinder once in every two revolutions 
of the crank shaft. 

Regardless of the number of cylinders an engine 
may nave, the distributor rotor always turns at 
engine cam-shaft speed. 

The gear wheel (W) carries a brush holder (Y) 
containmg a carbon brush (Z), which is adapted to 
make contact simultaneously with the central dis¬ 
tributor contact (R), and with one of the annular 
distributor contact (U). 

This type of distributor is-the **bru8h*’ type, as it makes a 
wiping contact. The '*gap type'* is shown in the Berling, 
explained farther on. 

The distributor sectors (XT, Fig. 1), are surrounded 
at the inside and outside by annular rins» of a highly 
insulated material, since they carry the high-tension 
current. 

Each of the four annular contact segments (U) 
has secured to it a binding post (T) on the (acb of 
the distributor disk, and each of these binding posts 
is connected by a high-tension (highly insulated) 
cable to one of the spark plugs. . ^ 
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The ocmnectioaB from distributor terminals (T) 
to the spark plugs are connected according to the 
firing oToer of the engine. 

If distributor rotor (Z. 1) revolved as shown 

by the arrow point and the firing order of the engine 
was, say, 1. 8, 4, 2, the terminals (T) would be con¬ 
nected with the spark plugs accoroingly. 

The secondary circuit to the spark plugs is from 
(P) (Pigs. 1 and 2), to (R), to (Z), to (U), to (T), to 
^ark-plug center electrode, through spark-plug gap 
(a), through engine to ground (GP) on the magnets 
to (N) (Fis;. 1), where the secondary is connected 
with the pnina^ Winding. 

There are numerous methods of taking the cur¬ 
rent from the secondary winding on the armature, 
but in the Bosch a carbon brush pressing on an 
insulated ring is adopted, thus allowing the armature 
to rotate freely, and also enabling the induced 
current to be dmwn off. 

The distributor is, in effect, a rotary switch, 
especially insulated and provided with a number of 
contacts equivalent to the number of cylinders on 
the engine. 

The distributor shaft is mounted in a plain bronze 
bushed besiring (V, Fig. 2), which is lubricated by 
means of a wick oiler (e). A felt washer (d) encloses 
the inner end of the bearing, while at the distributor 
end is provided a channel (j) for the escape of any 
oil worTking out of the bearing so that it will not 
reach the distributor. A largenaized oil well (o) is 
provided for the wick oiler and is closed by a hinged 
cover (f) on top. 

Ground Brush 

Some of the mechanical details of the magneto 
may be seen in Figs. 1 and 2, which are views of the 
Bosch model It will be observed that a 

spring-pressed contact brush (a. Fig. 2) is placed in 
the base of the magneto bearing against the circum¬ 
ference of one armature end-pTate. The object of 
this contact brush is to make absolutely sure that 
the revolving grounded metallic parts of the mameto 
are at all times in good metallic connection with the 
stationary part and the frame of the car; in this 
construction, therefore, the armature bearings carry 
no ground current. 

Magneto Condenser 

Condenser principle: When the two contact 
points (A) and (B) of the interrupter (Figs. 1, 2, and 
3) are suddenly separated, there is a tendency for 
the current to contmue to flow across the gap, since 
it possesses a property similar to the mertia of 
matter. This would result in a hot spark being 
formed between the contact points, which not only 
would bum the points away rapidly, but also would 
prevent a rapid cessation of the current, which, as 
already explained, is necessary in order to effect a 
rapid change in the lines of magnetic force through 
the armature and a high inductive effect in the 
secondarv winding. To obviate this effect a con¬ 
denser (J, Figs. 1 and 2) is employed, which, in the 
Bosch magneto, is placed in a hollow of the armature 
end-cover at the circuit-breaker end. 

Condenser construction: This condenser consists 
of two sets of tinfoil sheets, sheets of opposite sets 
alternating with one another, and beings separated 
by sheets of insulating material. All the sheets of 
each set are metallically connected, and one set is 
connected to the conductor leading from the pri- 

S windiim to the stationary contact point (A), 
the other set is grounds. In other words, 
the condenser is shunted across the interrupter. 


Such a condenser is capable of absorbing an elec¬ 
trical charge, and its capacity is so proportioned that 
it will talm up the entire charge of the extra, or 
self-induced current produced when the contact 
points (A) and (B) separate; that is, the extra cur¬ 
rent, instead of appearing m the form of a spark 
across the gap between (A) and (B) passes into the 
condenser (J). In this way the objectionable arcing 
or burning at the contact points is avoid^, and 
the current flow in the primary circuit is more 
quickly stopped. See Index under ''Condenser 
principle.'* 

Magneto Safely Spark Gap 

Puipose: This is practically a safety valve for 
the high-tension current. If, for example, a wire 
became detached from the sparking plug or from 
the distributor so that the ordinary path of high- 
tension current was barred, there would be consioer- 
able danger of the current forcing a circuit through 
the insulation of the armature, and thus doing very 
considerable damage, were it not given some easier 
escape. 

In order to protect the insulation of the armature 
and all other parts from injury due to excessive 
voltage, a safety-spark gap (Zl, Z2, Fig. 2) is pro¬ 
vided to permit the passage of the current to 
ground without injury. The current will pass 
across the safety-spark gap GX, Fig. 2) in case a high- 
tension cable is disconnect^, if the spark-plug mp 
is too great, or if for any other reason the spark-]Mug 
or distributor circuit is open. 

Discharge should not be permitted to pass through 
the safety spark gap for any great len^h of time, 
however. This should be particularly guarded 
against if the engine is (grated on a second or auxili¬ 
ary ignition system. When the engine is operated 
on such a system, the magneto should be grounded 
(by closing the primary circuit) in order to prevent 
the production of high-voltage current. ^ also 
Index under "Safety spark gap." 

A magneto must be so designed that it will give a 
sufficiently hot spark at a comparatively low en^e 
speed, and the ability to do this implies the ability 
of generating very large and hot sparks and enor¬ 
mously high tension at high engine speed. 

The actual electromotive force or tension pro¬ 
duced in the secondary winding is, however, limited 
by the size of the spark gap in the spark plug, for as 
soon as the tension reacnes a point sufficient to 
jump this gap the discharge occurs, and there is no 
further increase in the electromotive force. 

Suppose, however, that the terminals of the spark 
plug are by choice bent unduly far apart, or that 
one of the high-tension connections to tne spark 
plug accidentally comes loose, then there would be 
no chance for the spark to pass in the ordinary way 
and the electromotive force in the secondary wind¬ 
ing might build up to such an extent as to puncture 
the insulation of the winding, which would ruin the 
armature. To avoid this the safety spark gap is 
provided. 

Safety spark gap construction: It consists of a 
little chamber (Fig. 2) formed on top of the armature 
cover plate with a top of insulating material (ZC). 
Into the t^ and bottom of this chamber, spark 
terminals (Zl, Z2) are set. 

The spark terminal in the bottom is, of course, 
grounded^ and that in the insulated top is connected 
with a high-tension contact brush (P) by a strip 
connector. Or, in other words, the safety gap is 
shunted across the secondary circuit. 
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The gap (X) between the two tenninals (Zl» Z2) 
is longer thfm the between the spark plugs, ana 
ordinarily no spark will pass between these termi¬ 
nals. But if, owing to the conditions already 
mentioned, no spark can pass at the regular spark 
plug and the electromotive force in the secondary 
winding attains an abnormal value, a discharge will 
occur at the safety spark gap, thereby preventing 
the secondary electromotive force from rising still 
higher. 

The width of gap should be 5/16" to and, of 
course, is always more than the width of the spark¬ 
plug gap, otherwise the spark would occur at the 
safety gap. 

For high-compression engines it should be set at 
Under high compression, the sparks may fire 
across the safety ^p instead of firing in the engine. 
Missmg under such conditions can easily be remedied 
by opening the safety gap so that it will offer a 
greater resistance to the secondary current than 
the spark-plug gap, under compression. 

A number of othef illustrations are also shown of 
the Bosch DU4 magneto, in Figs. 3. 4, and 5, which 
may aid those not familiar with mecnanical drawings 
to grasp the arrangement of the parts. 

So far as the above description of the individual 
parts and their functions is concerned, it applies 
to any true high-tension magneto, that is, a magneto 
having both a low-tension and a high-tension wind¬ 
ing on the armature. 

Each of the elements here described is always 
present, and serves the purpose indicated, though 
the relative location of the parts varies somewhat. 

To Cut Off the Magneto Ignition; the Switch 

It is necessary to be able to stop the magneto from 
producing sparks when it is desired to stop the 
engine. (See Fig. 2.1 To this end a sheet-metal 
strip (K) is provided which makes contacts with 
the stationary contact point (A) of the circuit- 
breaker and leads to a binding post (M) on the cir¬ 
cuit-breaker housing. From this binding post a 
wire is carried to a switch on the dashboard. One 
side of this switch is grounded. 


When the switch is closed (Fig. 1), the current 
generated in the primary winding of the ar^ture 
nows to contact-point (A), thence through strip (K), 
binding post (M), and connecting wire to vhe switch, 
whence it passes through a wire into the framework 
of the car and returns to the grounded primary (GP^. 
The effect of this is that the primary winding is 
"short-circuited" all the time, and the opening and 
closing of the contact-points (A) and (B) has no 
effect. In other words, the circuit-breaker is "cut 
out." 

When the switch is open, the circuit is then from 
primary circuit to (A), through points to (B), 
through ground (GP) to the other end of the pri¬ 
mary. Thus when the circuit-breaker opens, it 
is in series with the primary circuit, and performs 
its regular duty. 

The flow of the primary current can easily be 
followed in the diagram of connections (Fig. 1), 
where its direction when the magneto is working 
regularly is indicated by full arrows, and its return 
path when the magneto is running but not producing 
sparks, is indicate by dotted arrows. 



Fig. 9. j^otber simplified illustration of a higli-tension 
magneto ignition system, showing circuit of primary wire wind¬ 
ing on armature and its connection with interrupter. Note 
the condenser is *'shunted” across the interrupter. Another 
view shows tho distributor and spark plugs and connections. 
Dotted lines represent the earth or ground connection to frame. 


HIGH-TENSION MAGNETO IGNITION SYSTEMS 


High-Tension Magneto Alone 

In Fig. 1, page 266, and in Fig. 1, below, note 
the high-tension magneto supplies current to the 
four spark splugs on a four-cylinder engine. 



Fig. 1. A "single** high-tension magneto; enmne is started 
direct from magneto current. Current is distnbuted to the 
one set ojf spark pluo. The switcdi eonneots to interrupter on 
magneto on one end, and to *‘ground** on the other. To stop 
magneto, the switch is closed, not opened. 

The armature is double woimd; therefore a 
separate coil is not necessary. The distributor on 
the magneto distributes the high-tension current to 
the spark plugs. 


The advantage of using a high-tension magneto is 

that a well-desjgned magneto gives a very hot, fat 
spark and this spark exists for a definite period, thus 
filing all of the gas in each cylinder of the engine. 
The volume of the spark and the heat of the spark 
are important factors. Both are necessary to 
ignite the gas quickly, so that it will all be ignit^ 
before any part of the imburned gases can pass out 
of the exhaust. Thus it is clear that a heavy 
magneto spark has a very high degree of heat, 
whereas a lean spark takes longer to ignite the gas. 
Consequently, in the latter case, part of the gases have 
a chance to pass out the exhaust m an unburned state. 

The disKidvantage of this system is in starting. 
The armature on the magneto must be revolved 
fast enough to generate current before the spark will 
occur at the plugs. Therefore it is necessary to 
"spin" the crank. This is not very satisfactory 
unless an "impulse starter" or electric starter is 
provided to crank the engine. Hence this is one 
reason why "dual ignition systems" are adopted 
where a magneto is used. The starting of the 
engine is accomplished with a coil and battery sys¬ 
tem, and after tne engine is started, t^ magneto is 
switched on. 
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Tke magneto, using an impulse starter (see Index) 
is used quite extensivelv on trucks and tractor 

3 98, but is not used on passenger car auto- 
e engines. 

Dual Ignition 

Dual system of ig^tion: Where a car has two 
ignition systems, for instance, a *^coil and battexy** 
and inde^ndent * ^magneto,out both systems using 
one set ox spark plugs, this intern is called a *^dual^ 
ignition system. 

Dual ignition is quite common where magnetos 
are used, that is, before the advent of the ^^impulse 
starter”; the idea being to have an auxiliary battery 
and coil system to start on, and the magneto to run 
on. 

There are two general principles of dual systems, 
which were formerly usm to a great extent: the 
‘‘low-tension magneto” and a separate “high-tension 
coil” and battery—as explained in pages 247, 264. 
The coil and battery were used for starting the 
engine; after starting, the magneto supplied the 
current to the coil. 

The other method is the use of a “high-tension 
mameto” and a separate and distinct “high-tension 
coil” and battery ignition system. The enpne is 
started on the battery and coil system, then switched 
over to the high-tension magneto which is inde¬ 
pendent of the coil and battery. 

An example of a dual system using a high-tension 
mameto and separate high-tension coil and battery 
is shown in Fig. 2. 



Double Ignition 

Double system of lotion: Where two sets of 
spark plugs are used with two independent ignition 
systems, this is called a “double” system. An 
example of a “double” ignition system using a bat¬ 
tery, high-tension coil, timer, and distributor for 
one system, and a high-tension magneto for the 
other with two spark plugs in each cylinder, is 
shown in Fig. 3. Either of the two independent 
ignition systems can be used separately, or lx>th can 
be made to operate at one time. 

The positiye (+) termixud of the battery is 
grounded and the negative (->) terminal led to 
terminal (6) of the stationary switch plate at the 
rear end ox the coil. Switch terminal (1) is then 
eonneoted with the bindii^; post locate on the 
^der side of the timer-distnbutor. The second 
binding post on the timer«distributor. which is 


IWOSmOPiMIlNPtiJfiC l<NI7lOHQOU.Af(P«Mliai 



Fig. .‘1. Bosch "double” system of ignition—two sets of 
spark plugs and two independent ignition systems. 

located on the under side of the timing control arm 
(7) is grounded. Switch terminal (2) is connected 
to the grounding terminal of the magneto. 

The distributor contacts on the mameto and 
timer-distributor are connected in accordance with 
the firing order of the engine. 

When the switch lever is in the off position, the 
battery circuit is broken and the magneto is 
grounded, in consequence of which no sparks will 
be produced when tne motor is cranked. 

With the switch lever thrown to the battery 
side (B), the ma^eto will continue grounded, but 
the battery circuit will be completed, and, in con¬ 
sequence, the breaking of the circuit by the timer- 
distributor will result in the production of a spark 
that will be transmitted to the proper cylinder by 
its distributor. 

The same condition will exist with the switch 
lever thrown to position (MB) (where both the 
magneto and the coil and battery are in operation), 
except that then the magneto ground circuit will be 
broken and magneto sparks will be produced in ad¬ 
dition to the battery sparks. 

With the switch lever thrown to position (M), 
or the mameto alone, the magneto will operate in 
the normal manner, and the battery circmt will be 
broken. 

Two-Spark Ignition System^ 

Here we have two distributors on the one mag¬ 
neto, and two spark plugs are provided for eacn 
cylinder. The principle is similar to the “double” 
system, except that the one high-tension magneto 
has two distributors. 

The purpose of the two-spark magneto (Figs. 4 
and 6) is to produce ignition at two plug points in 



Fig. 4. Remy twospark magneto ignition system; one 
magneto with two distributors connecting with two sets ol 
spark plugs. 


1 The "two<raitfk” system was formerly used on the Stuts 
and Mercer, it has also been used on some Fiat, Locomobile, 
and Marmon oars. Some of theee oars are now using a two- 
spark ooil and battery ignition system. 
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each cylinder, in order to reduce the time interval 
between ijgnition and complete combustion: and, 
where it is possible, to locate two spark plugs in 
each cylindeir (usually in T-head enmnes, one set 
of sparK plugs being placed on the inlet side of the 
engme and one set on the exhaust side). The result 
is to reduce the ignition advance necessary, and thus 
to secure an increase in the efficiency and output of 
the engine. 

The advantage of having two spark plugs fire at 
one time in each cylinder is the resulting increase of 
power and speed, explained as follows: By referring 
to the subject of “ignition timing,*^ we learn that 
there is a difference between the time when the 
spark occurs and the actual time of combustion. 
Therefore with a weak spark, the time of the spark 
is made to occur earlier, that is, “advanced,” before 
the piston reaches the top of the compression stroke, 
in order that it may have time to ignite the gas, 
combust, and expand before the piston gets too far 
down on the power stroke. With a “double” sys¬ 
tem or “two-spark” system, or a good hot spark, 
this advance of ignition is less, as the combustion 
is almost instantaneous. Consequently, with less 
advancement of spark, there is less Habuity of firing 
back on the piston before it reaches the top of the 
compression stroke. Furthermore there is a saving 
of gasoline, because with a good hot sparky all of the 
gasoline is ignited and used for power mstead of 
part of it passing out of the exhaust, not fully ignited. 
In other words, a weak spark produces slow com¬ 
bustion, and a hot spark quick combustion. 

The Remy two-spark magneto is shown in Fig. 4 
and the Bosch two-spark magneto is shown in Fig. 5. 


Bosch Two^Spark Magneto 


The types “ZR4” and “ZR6” Bosch magnetos' 
are produced with the two-spark, independent or 
dual form. The noticeable difference in the two- 
spark magneto from the single-spark mameto is in 
the double distributor (DD) (Fig. 6) and arrange¬ 
ment of the safety spark gap under the arch of the 
magnets. 


NeMCsr nStcoNoScr cwiw-tj 
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DO-A^RE TWO 
DISTRIBUTORS 



rMAGMEtO OROOMO^ 

c*ete> 



Fig. 6. Bosch two-spark magneto ignition system. 

Hg. SA (upper). Switch: 0, off; 1. one set of plugs operat¬ 
ing; 2, both sets operating. 


will be in contact with one of the brushee. One 
brush is connected to the inner distributor by means 
of a conducting bar similar to that used on single¬ 
spark magnetos. The second slipring brush is con¬ 
nected to the outer distributor by means of a short 
length of cable passinp; around the magnets. The 
rotating distributor piece is of double len^h and 
carries two brushes insulated from each other. 

The four and six-cylinder types are fitted with 
eight and twelve distributor outlets respectively, 
each pair of outlets being connected to the spark 
plugs of the proper cylinder by the usual cablk. 

Advance and retard: The use of two-spark igni¬ 
tion permits the ignition lead to be cut down any¬ 
where from 30 to & per cent. It will be understood 
that if the timing is correct for two-spark ignition, 
and one of the series of spark plugs is cut out of 
action, the remaining series wiu operate consider¬ 
ably in retard of what it would if the engine were 
timed for single-spark ignition. Therefore, if the 
two-spark ignition provides the full advance, the 
effect of retarding the spark is obtained by cutting 
out one series of plugs. 

The switch (Fig. 5A) provided for the two-spwk 
independent magnetos is so arranged that igmtion 
may be secured, either with both sets of spark plugs, 
or with but one set. The purpose of this is to give 
the effect of retarding the spark, without altering 
the relation between the interrupter opening and 
the armature, as is done under normal conditions. 
The connections should be so made that the system 
of plugs that is operative when the switch is tmown 
to the single position is located near the inlet valve. 

In starting, throw the switch lever to “single plug^' 
position. This gives the effect of a retarded spark. 

For ordinary running, operation should be on 
both series of plugs; for slow work through traffic, 
or when the engine is running idle, use the single 
plugs, or only one set. 

Timing: “Time” in this connection refers to tim¬ 
ing a single-spark magneto (interrupter retarded 
and piston on top of compression stroke). It will 
be found however that this timing will likely give 
two great a spark advance when the interrupter is 
fully advanced, as the two-spark magneto should 
have from one-third to one-half the advance of that 
of a single-spark magneto. Therefore retime, so 
that the mterrupter points will open slightly later. 
A good method to follow is as given below. 

To replace a single-spark magneto with a two- 
spark instrument, the maximum advance for the 
smgle-spark magneto is to be marked—preferably 
on the flywheel—and the two-spark magneto timed 
in the advanced position, so that the interrupter 
opens the circuit at a point midway between the 
mark on the flywheel mdicating the sin^e-spark 
advanc^ and that indicating top dead center 
retarded. A more exact timing may then be secured 
by experiment. 


In the sin^e-spark magneto^ the beginning of the 
armature secondary circuit is grounded on the 
armature core through the armature primary cir¬ 
cuit, whereas in the two-spark magneto, the two 
ends of the armature secondary circmt are connected 
to two sectional metal segments diametrically 
opposite on a single slipring. 

Two slipring brushes are provided, which are 
horizontally mounted in brush holders on opposite 
sides of the shaft and plate. During the portions 
of the armature rotation when high-tension current 
is being ddivered, each of the two slipring segmsnts 


Berling Type “D” Two-Spark Magneto 

This magneto is designed for four, six, and eight- 
cylinder engines where the charge in each cylinder 
is ignited simultaneously at two separate sparic plugs. 

The eight-cylinder type, shown in Figs. 6 and 6A, 
is designed to operate at twice the cr^-shaft 
speed, and the six-cylinder magneto at one and 
one-half crank-shaft speed. The four-cylinder is 
designed to opmte at crank-ehaft speed. This 
type of magneto is demgned for heavy duty, 
imd aeronautical engineiu 
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Fig. 6 


In the type two-spark Berling magneto, 
neither end of the secondary winding is grounded, 
but each is connected to one of the two separate 
segments on the collector ring. 



Fig. 6A 


When fhe ewitdi is in position 1 (Fig. 6k), the 
primary winding of the magneto is short-circuited 
and tbie magneto is Note that the circuit 

is from (P) to (1). to ground (Gl), to ground (G4). 
to the other end ot the primary winding at ^^ground.’’ 

When the switch is on 2, note that the primary 
circuit is open at 1. Therefore the interrupter 
points on (A) and (B) perform their regular duty of 
opening the closed circuit at the proper time. The 
path is from (P) through (A) arid (B) to (G2), to 
(G4), to “ground,” or the other end of the priniary. 

The secondaiT circuit is then from (S) to (B), to 
No. 1 spark plug, through ground of engine, to 
ground (Gl), to (2), to (SI), or to the other end of 
the secondary. Thus the magneto acts as a single¬ 
spark magneto and the entire voltage generated in 
the magneto is concentrated on the one spark plug 
for starting, instead of being divided in half. 

When the switch is in position 3, the primary 
circuit is the same as when on 2 (in action), but 
the secondary is not founded. Therefore, the 
secondary circuit would be from (S), to one of the 
two separate segments on the collector ring, to No. 
1 spark plug, through cylinder (C) to the shell ol 
the other spark plug (No. 2), across the spark-plug 
gap, to the distributor brush (Bl), to the other seg¬ 
ment on the collector ring, to (SI), thus completing 
the secondary circuit through both distributors 
with the result that the two spark plugs, which are 
thus in series with the secondary circuit, both fire 
at one time in the same cylinder. 

Bosch Two-Spark Dual Ignition System 


The distributing mechanism consists of two separ¬ 
ate distributor blocks (Fig. 6) and one distributor 
finger carryring two separate distributor brushes 
(B), each bnm connecting with the segments (S) 
of its respective distributor block. Thus, any two 
cable terminals directly opposite each other on the 
distributor blocks will practically possess an equal 
electrical potential relative to any part of the body 
of the en^e. 

When any two opposite cable terminals are con¬ 
nected each to one of two plugs in the same cylinder, 
the electrical circuit of the secondary or high-tension 
current will be closed the moment the spark gaps 
are bridged and that portion of the cylinder (C) 
between the two plugs forms part of the electrical 
circuit. The two sparks are the result of one break 
in the primary circuit by the interrupter, and are 
therefore absolutely simultaneous. 


When the switch (Fig. 7k) is thrown on the mag¬ 
neto side, without the two-point switch (Fig. 7B) 
in the circuit, the path of the current is as follows: 
The low-tension current generated in the primary 
winding of the magneto passes through the breaker- 
points to ground. At the break of the points a 
nigh-tension current is set up in the secondary 
winding, this current leaving the magneto at 3 and 
passes to the point 3 on the coil, as indicated by 
the arrows. Then from point 3 to pomt 4 and 
thence to the distributor wire, along this wire to 
point 4 on the magneto. The distributor arm next 
receives the current which in turn is sent to the dif¬ 
ferent plugs as indicated by the arrows. The 
current is sent to the ground after leaving the spark 
plugs, and the high-tension or secondary winding b^ 
mg grounded at one end, the secondary circmt is 
complete. 
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When the two-point switch (Fig. 7B) is thrown so 
that both sets of plugs are to come into ^yi both 
distributors of the magneto become operative. The 
path of the primary and secondaiy current to 
the magneto in this case is the same as before, but 
when delivered to the magneto, the current is passed 
to two distributors instead of one. In this way 
two distinct electrical currents are distributed to 
two different sets of spark plugs. 

The coil and battery ignition is used independently 
of the ma^eto by switching to the (B) side of the 
switch (Fig. 7A) and one or both sets of plugs are 
connected with the two-point switch (Fig. 7B) 
(Motor Age). 

Two-Point Ignition System 

The “two-|wint** S 3 rstem is where two sparks occur 
at the same time but in different cylinders. 

On a four-cylinder engine, the spark would occur 
at two spark plugs at once, out inasmuch as one of 
the pistons would be on exhaust stroke, this would 
make no difference. 

The Bosch t 3 pe “NU4’^ high-tension magneto is 
an example of a ^ wo-point” system where two sparks 
occur at the same time, but in different cylinders. 


Bosch Two-Point Magneto Ignition 

The type Bosch magneto differs from the 

usual tyw of magneto in that the distinct gear- 
driven distributor, common to other types, has 
been eliminated, and in its stead is a double slipring 
combining the functions of current collector and 
distributor. Otherwise it is about the same as any 
other form of magneto. 


DISTRIBUTOR DRIVE END 

(MAGNETS 



ADVANCE LEVER 

interrupter 
TOswncH 


Fia8*mTERRUPTB7 ENO 


JKTCRRUPTER 
COVER (BRUSH* 

TOSRMUC 
PLU99 




Fiaae-INTERRUPTER 

END 


stiArr 


RGBA-drive end show- 
INBOOLLECTDR ring 
ASSEMBLY 


The spark occurs in two flinders at one time 
with this system, but one of the cylinders in which 
the spark occurs has not oompfeted its exhaust 
stroke; thesefore the spark does no hann. 
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Fig. 8C 


The interrupter contacts in the full retard position 
should open not later than top dead center of the 
compression stroke; therefore the effective spark 
is produced in the cylinder always toward the end 
of the compression stroke and the surplus spark 
will always occur near the end of the exhaust stroke 
and never during the inlet stroke. In any four- 
cylinder, four-cycle engine, regardless of firing order, 
when cylinder No. 1 is nearing the end of the com¬ 
pression stroke, cylinder No. 4 is nearing the end 
of the exhaust stroke, and vice versa; similar con¬ 
ditions apply also to cylinders Nos. 2 and 3. 
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Fig. 8D 
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Fig. 8E 


NOTE _ 

PLOW of CxJARtNT 


The brushes, when making contact with the metal 
strip in the collector rings, collect the hi^-tension 
current and carry it to the spark plugs. Note the 
connections from ring to plum. Wtoi brushes 2 
and 3 are making contact, follow the circuit in Fig. 
8D. and note the arrow points. Now if the piston 
makes another stroke, or 180*^ travel, the armature 
will turn 180® or half a revolution also, as it runs at 
engine speed in the four-cylinder^ four-cycle engine. 
Therefore the contact on the nng will turn 180® 
or a half-revolution and (flinders 4 and 1 will fire as 
in Fig. 8B. This ty^ of magneto was used on the 
modd 80 Overland. 


Timing the *^5174’* magneto: With the average engine, this 
result ie obtained by oonneeting the magneto ao thatits inter- 
rupiter houaing ia in full retard poaition, and the platinum 
interrupts ssews Just about to separate, when the piston of 
No. 1 <^lmder is on top dead center of the compression stroke. 

At the same time the metal segments of the slipring should 
be in contact with the brush marked “1" in each brush holds, 
and this can be observed by removing one of the holdera. 


de installation is oon^ted by connecting the brush 
1 ’ with cyUnds No. 1, and toe oths imh wlinds No. 4 . 
and ^ t^ remaiaing brushes marl^ *‘2* god wHb 
oylindere Nos. 2 and S. 
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Fiff. 8F. Note ocmnections from collector ring terminals to 
spark plugs. 

It is important to note that the type driven, as 

it should be, at engine speed, produces a suridus spark in each 
cylinder exactly 360^ behind the effective or power spark and, 
in coupling the magneto to the engine, it must be tim^ so that 
the surplus spark occurs during the exhaust stroke and not after 
the inlet valve has commenced to open. 

Bosch Vibrating Duplex System 

The Bosch vibrating duplex sjrstem is desimed 
to permit easy starting on cars that are cranked by 
a starting motor at such a low speed that the igni¬ 
tion current from the ordinary magneto is insuffi¬ 
cient to give certain ignition. 

Do not confuse this system with an electric sys¬ 
tem of starting by movement of the crank shaft. 
The principle of this system is to supply a separate 
battery and vibrating coil to start the engine on, 
doing away with a dual system. 

How it operates: The arrangement is such that, 
while the magneto circuit is absolutely independent 
and complete in itself, the battery circuit mcludes 
both the con and the magneto. 



With the switch in the batterv position, the bat¬ 
tery and coil are in series with the primary winding 
of the magneto armature, and the current from the 
battery supplements that generated by the magneto. 
Thus there is induced in the secondary winding of the 
magneto armature a very powerful sparking current, 
which, on account of the vibrator action of the coil, 
appears not as a single spark, but as a series of intense 
sparks that will act with certainty on any explosive 
mixture. The sparking current so produced is dis¬ 
tributed in the usual way by the magneto distrib¬ 
utor. 

After the engine is started, the switch is turned to 
(M) side, and the coil and battery are disconnected. 


THE BOSCH DUAL-IGNITION SYSTEM 


Tli« parts of this system are shown in Fig. 10. This system 
provides a coil and battery system and a high-tension magneto 
system, both independent. ^ One set of spark plugs and one 
distributor on the magneto is used for both systems. 



Fig. 10. Wirix^ diagram of the Bosch **DU4’* dual-ignition 
ts^tem. The “DU4** type magneto is fitted with two inter¬ 
rupters as in Fig. 11, instead of one as generally used.i 



Fig. 11. The magneto is the remilar *'DU4** high-tension 
mMneto fitted with an independent timer or interrupter for the 
ooil and batte^ system. This contact-breaker has no electrical 
connection with the magneto. The second alteraUun from that 
of the regular single **DU4" high-tension magneto consists of the 
removal of the oonneotion (see Fig. 2, pi^to 257), which on the 
Mdlnary magneto oonneete the hi^-tension oolleotor-ring to the 
diatribator; when the distdbutordoee duty for two ignmoneys- 
tome, the current must be carried to it through the swHoh, via 
am 4 when the battery and ooil system are switched on (me 
Fig or via wire 3 adxen the magneto it twitched on. 



CONNECTION TO 
THE FRANIE 


Fig. 12. The coil and switch (mounted on dash) are shown: 
The ooil is a double-wound high-tension coil. The switch con¬ 
trols both ignition systems. Note that when switch (11) is 
turned, the ooil with its core (20) and winding, and end of coil 
(17) turn also. Switch plate (16) is stationary. 

Parts of the switch and coil are as follows: 11, switch handle 
(also called, kick-switch); 12, movable switch cover; 13, ooil 
case; 14, starting press button; 16. fixed or stationary switch 
plate (see also, F^. 17 and 18); 17, movable switch plate on rear 
end of coil (see Fig. 16); 20, iron core of ooil over which primary 
and secondary are wound; 21, plate carrying starting arrange¬ 
ment and condenser; (C) condenser. Primary winding connects 
to it at (S); 23, contact spring; 24, trembler blade also called 
vibrator blade; 26, auxiliary contact-breaker: 28. screw holding 
switch plate to ooil; 29, locking key; 30, dashboard or cowL 


1 In practice, connections from distributor to spark plugs are 
not as shown; if so, it would fire 1, 2, 3, 4, whereas it should 
connect to fire 1, 2, 4, 3, or 1, 4, 2. The main purpose of 

diagrams is to show the switch arouita 








968 


DYKE’S INSTRUCTION No. 26 



Fig. 13. Front view of swit<^ (Bf), magneto side; (B). 
battery side. 

Fig. 14. Side view of switch and coil case. 



Fig. 16 Fig, 16 Jig. 1? Fig. 18 


15. Front view of coil to which the switch is attached; 
(V) is the trembler or vibrator blade (26, Fig. 12); 14, the press- 
button contact. 

Fig. 16. Rear movable switch-plate with busbars and 
connections (Z) on end of coil. (It is the part as shown at 17, 
Jig. 12.) 

Jig. 17. Inner side of stationary switch-plate (as shown at 
16, Jig. 12) showing connections 1, 2. 3, 4, 5. and 6. which 
make contact with connections (Z, Fig. 16) when switch is 
turned to (B) or (M) side. 

Fig. 18. Rear-end view of switch-plate (16, Fig. 12) show¬ 
ing terminals to which wires are connected as shown in Fig. 10. 


Starting Engine 

The engine is usually started by the switch being placed on 
the (B) or batt^ side; the interrupter (1) on m^neto being 
used for the primary windii^ on coil and the distributor on 
magneto being used to distribute the h«gh-tension current to 
the spark plugs. Otherwise the magneto has no connection 
with the battery and coil-ignition system when the switch is 
on the (B) aide. 

In order to start the engine with the starting handle (or 
electric starter, if one is provided), the press-button (14, Figs. 
10 and 12) is pressed down and then turned at right an^es, a 
process whidi loda it in position for the trembler spark.« 

The engine can also be started on the switch or **ignition,*’ 
as it is (rften termed. The switch is turned to (B) side and then 
the brass press-button (14) is pressed down. Often this will 
start the engine, if the cylinder has a charge of gas in it. If 
not, then it will be necessary to crank the engine after looking 
the press-button as eaplained above. 

To understand this ignition starting feature^ see Fig. 19. The 
siz-volt storw batted (or 10 dry cells) is supposed to be 
switched on (B) side. 


WH OF CURREHT WHIN 
RUNNING ON 

AUXILIWW COlfTAa BREAKER 



F%. 10 


Starting from the left-hand storage battery terminal (to make 
it easier to understand), the current passes through the primary 
winding and arrives at the end of the trembler olade and the 
blade t^ve, called the auxiliary contact-breaker. The current 
cannot travel beyond the trembler blade because, as will be 
seen, the platinum points are separated. Neither can it com¬ 
plete the circuit along the auxiliary contact-breaker blade 
because the main contact-breaker (left-hand lower corner) 
also stands open, being the position !n which the contact- 
breaker always comes to rest when the engine stops, save for 
the few occasions when the engine stops with the piston about 
dead center. 

To start the engine, therefore, we have only to press the 
button so that the upper platinum point comes into contact 
with the lower one, and immediately the circuit will be com¬ 
pleted, the trembler will start buzzing, and a shower of sparks 
will be sent through the plug of the cylinder which is next to 
fire. Now the work of the trembler blade is done, the enmne 
has started, and the main contact-breaker is set in motion. The 
current troubles no longer about the trembler blade, but follows 
the upper path along the auxiliary contact-breaker and through 
the main contact-breaker, the making-and-breaking of which 
does the work of the trembler and creates the high-tension 
current. The engine may be kept running in this manner at 
the pleasure of the driver. 

The auxiliary contact-breaker (Fig. 19): Now let us take the 
exceptional ca.<ie of the engine stopping with the pistons about 
dead center and the main contact-breaker points (BP) closed. 
The current this time finds an easy circuit through the closed 
points, the iron core becomes magnetized, the trembler blade 
18 held down on the core, and pressing the button as before has 
no effect. No spark is miule because there is no break in the 
circuit. But if the reader will examine the diagram closely, he 
will observe that the act of pressing the button presses the 
auxiliary contact-breaker blade away from its upper platinum 
point and on to its lower one, the momentary break thus caused 
in the circuit being sufficient, under the circumstances we are 
supposing, to create the necessary high-tension emront for 
the spark in the cylinder and so to start the engine. 

When the engine stops in the more usual way with the stor¬ 
age battery contact-breaker open, the opening and closing a^n 
of the auxiliary contact blade has no effect. The diagram (Fig. 
12) shows the coil as it actually exists. 


Battery and Coil Position 

The illustration (Fig. 20) is supposed to represent the rear of 
coil and switch. Points 3 and 4 are not connected, conse¬ 
quently the magneto secondary circuit is open. Note that the 
magneto primary wire is grounded at 2; therefore it is out ef 
service. 



CoH primary circuit: When the switch Is on (B) side the 
current in the battery leaves it at the positive (+) side and 
travels through mound wire (G) to battery and coil timer or 
interrupter, which is operated by a cam on the magneto. The 
course Is then to post (1) through mechanism in dire^on of 
arrows, to point (S), 


It flows then through the primary winding (PW) of the coil, 
and as the arrows show, through point (5) back to the battery, 
thus completing the primary orouit. 

Ceil secondary circuit: In passing through the primary wind- 
ing, a hirii-tension current is set up in the secondivy winding 
(SW), when breaker-points separate. 


This high-tension current flows to the distributor wire at (4), 
thence to magneto distributor (D). Here it is past^ to ths 
different spark plugs in order. It goes through toe spark-Plua 



The ooll oondenaer ie shown 
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The outside wiring of the battery and coil system is shown in 
Hg. 21, when the switch is on (B) side. (Note that points 3 
and 4 are not connected, thus opening the msigneto circuit.) 
The primary current leaves the battery and travels to wound 
(O). As (6) is grounded, current goes to (6), thence to (2) and 
alo^ (2) to the magneto; then tc (1) on magneto along wire as 
indicated by arrows to the point (1) on switch plate (16). 
Here it travels through primary winding (PW) of coil then to 
and back to battery, thus completing the primary circuit. 
Toe secondary circuit is from (4) to distributor, thence to spark 
plugs. 

Note: When the switch is turned, the rear end of coil (Fig. 
16), with the bus-bars (Z) moves and connects with the inner 
side of switch plate (17). Therefore, when the switch is 
thrown on (B) side the point (1) on switch-plate (17) lines up 
with point (1) (one of the bus-bars Z) on rear end of coil (Fig. 
16j); likewise (2) and (5) line up with bus-bars on the end of 
coil. A study of Fig. 20 will help make this explanation clear. 

Magneto Position 

Note in Fig. 22 that the switch is now on (M) magneto side 
and there is but one closed circuit; it was made by connecting 
p) and (4) on switch plate (16) with bus-bar (Z) on rear of coil. 
Note all other i>oint8 of contact are open, including the mag¬ 
neto short-circuiting or grounding wire connected with (2). 



The magneto primary circuit is then from prima^ winding 
<PW) of magneto armature, to magneto interrupter (f^, thence 
to ground. The other end of the primary winding C^W) is 
grounded, thus completing the primary oir^t. 

The mameto secondary circuit: One end of the eecondary 
winding (SW) goes to (3) and (4) which are now connected with 
bus-bar (Z). From (4) it flows to distributor (D), thence to 
and through spark pluia. Here the current is grounded. The 
other end of the secondary winding (S^ is grounded, also by 
connection with primary wire, thus completing the high-tension 
circuit. Note the magneto condenser below the magneto 
interrupter. 



Fig. 23. Magneto position. 


The outside wiring of the magneto position is shown in Fig. 
23. Note points 1, 2, and 5 are not connected. 

The high-tension (secondary) current generated In the 
mi^neto armature leaves the magneto at (3), travels to (3) on 
switch-plate (^16), thence to distributor wire (4), then to the 
distributor, where it is then distributed to spark plugs. 



The off-position of the switch is shown in Fig. 24. Note in 
this position there is no complete circuit, as points 1, 5, and 4 

of switch-plate do not coincide with points 1, 5, and 4 of coil 

switch-plate. Note, too, that the primary circuit of the mag¬ 
neto is short-circuited, or j^ounded at (2) on switch-plate; 
thus it is out of service. The magneto secondary drouit it 
open from 3 to 4. 


EISEMANN HIGH-TENSION MAGNETO 
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Pig. 5. Winding of armature and connections. The primary winding leads from the upper part of the primary winding to 
(J), to points (P), to (17M), to (CB), to ground, to the lower end of the grounded primary winding. 

The secondary winding leads from the upper part of the secondary winding, to the dwtributor brush, to the spark plug, to 
ground, through the grounded primary winding, to the lower part of the secondary winding, where it is connected with the 
primary winding. 


The Eisemann *‘G4” type of high-tension arma- 
ture-t]^e magneto differs from other Eisemann 
types m that the make-and-break or interrupter 
mechanism is constructed on different lines. The 
platinum contact springs (17M) (Fig. 5) connect 
with a carbon brush (CB), which revolves in a brass 
ring (A). Ring (A) is stationary, whereas the 
spring (17M) revolves with the other contact plate 
n). Contact plate (J) is insulated from (17M). 
One end connects with primary winding on armature, 
and when contact is interrupted by (17M) and the 
point on the screw in plate (T), the spark is given as 
usual. Rings (A) and (17M) are grounded. 

The points of (17M) and the screw on plate (J) 
are separated by the timing device (Fig. 4) which 
goes over the ring (A). The contact spring rides 
over the fiber cams. 

The novel features of this system, besides the 
breaker, are: its accessible and efficient grouping 


of the working elements all at one end, and its 
waterproof qudities. 

To set the time of spark: Place piston of No. 1 
cylinder on top of compression stroke. Set inter¬ 
rupter points to break in full retarded position. 

With these systems it is merely necessary to 
bring No. 1 piston to top dead center, rotate the 
naagneto untu the setting mark on the distributor 
is opposite the pointed screw at the top and couple 
up the drive. Use marks (R) or (L) (Fig. 2) for 
right or left-hand rotation, respectively, as needed— 
rotation being judged from the driving end. 

Adjustments: The breaker gaps should be set 
.012'^ and spark-plug gaps 1/64" to 1/32". 

To stop or cut off ignition: On all magnetos the 
magneto is stopped generating by closing or short- 
circuiting the primary circuit—^not by opening the 
circuit, as in a coil system. 


EISEMANN AUTOMATIC SPARK-CONTROL MAGNETO 


Construction of the Eisemann high-tension arma¬ 
ture-type automatic spark-control magneto is the 
same as that of the standard hi^tension magneto 
with the addition of the automatic mechanism. 

As for the details of the method by which the 
automatic timmg is obtained, a cage is mounted on 
an extension of the armature shaft, and a rectan^ar 
block slides in this cage. This block is drillecT and 
threaded for the reception of a helically-cut shaft 
(T). This shaft is the driving shaft which is 
attached to the gearing. It has a thick, double 
thread which is square cut and the block slides 
back and forth on this threaded shaft. 

Centrifugal governor weights are attached to the 
blocks by means of links. The weights fly outward 
when the shaft is revolved, and the action of the 
links causes the block to slide in the cage. In so 
sli^ng it travels alon^ the threaded shaft, and as a 
result the block is slightly rotated. 

The drive of the magneto is applied through the 
shaft which therefore is unyielding, and os the block 
rotates it carries with it the cage in which it works and 
the armature shaft to which the cage is fixed. The 
mnttture is thus advanced, and the contact-breaker, 
attaefaed to the other end of the armature shaft. 


When the speed drops, the reverse motion takes 
place, assisted by action of a spring against which 
the governor works at all times. With this device 
automatic advance may be obtained from 18® to 67®. 



Fig. 6. Sectional view of Eisemann automatic apark-oontrol 
magneto. 

A—terminal to spark plug from distributor; B—distributor 
brush; C—contact-breaker; D—condenser; B—distributor 
gear on distributor to lower gear on armature; P—collector 
brush: G—govmnor weights; H—high-tension current oon- 
duetor; J—annature; K—oolleotor apool at end of armature; 
M—magnets; 8—safety imark gap; T--<piral thread for spsurk 
advanoing by centrifugal force action. ^ 
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MEA MAGNETO 


In the high-tension armature-type mag¬ 

neto the design is such that the magneto field can be 
moved round simultaneously^ with the contact- 
breaker, so that the armature is always in the same 
position relative to the field when the break occurs. 
This is effected bv having a bell-shaped magnet 
mounted horizontally, the axis of the armature and 
the magnet coinciding. As the contact-breaker is 
moved, so also is the magnet to a similar distance, 
and the result is that the spark is of ample stren^h 
at the retarded position, even allowing for the slow 
speed of rotation. This bell-shaped magnet (Fig. 
1C), it is claimed, has some other advantages over 
the ordinary U-shaped magnet, inasmuch as it can 
hold a greater amount of magnetism and retain it 
at full stren^h for a longer period. The range of 
advance and retardation on this mameto is 40®. 
The armature and distributor are made practically 
on the lines of the standard magneto with fixed 
magnets. 



Fia. lE. Retarded. 


Fi^. 1. Porta of Mea magneto: Cover: lA, armature and 
distributor units; IB, complete machine; 1C. movable bell- 
shaped field magnets. The relative poeitiona of the pole pieces 
andf.armature are shown in Figs. ID and l£. Note that ID 
shows the armature advanced, and 1£ in retarded p().aition, 
showing that the “maximum position” where the armature 
breaks from the pole piece is not altered. 

Timing the **Mea” magneto: Unless the timing of 
the magneto can easily be changed by advancing or 


retarding the gear driving the magneto, the coupling 
should not be keyed to the tapered shaft before 
the magneto is first placed on the engine, but it 
should be clamped on so that the timing may still 
be somewhat modified if found desirable. 

Place the mafmeto in the position of its maximum 
retard (Fig. IE), by turning the magneto housing 
or timing lever in the direction of the armature 
rotation. Remove the cover from the breaker box 
and turn the armature shaft in direction of rotation 
until No. 1 appears on the indicator (Fig. IB) in 
the front plate of the magneto, and until the contact- 
breaker begins to open. 

With the dual-type mameto, remove the cover 
over the battery breaker (driven end of magneto), 
and the number of the cylinder firing can be seen 
opposite the red line on the magneto housing. 
Turn the armature of the magneto until No. 1 on 
the distributor gear is opposite the red line on the 
housing and until the magneto-breaker (not battei^- 
breaker) just begins to open. Then turn the endne 
to dead center of cylinder No. 1, and if of the four- 
cvlinder type, about 13^" beyond, measuring on 
the circumference of the fly wheel, or from 1/16" to 
3/32" downward on the ermlosion stroke. With six- 
cylinder engines, it is preferable to time full retard 
only slightly beyond dead center. 

After the magneto and engine have thus been set. 
effect a positive connection between the two. Oi 
course contact hole No. 1 of the distributor is con¬ 
nected with cylinder No. 1 by means of cables, and 
so on until all the cylinders are properly connected. 

With the "Mea," the engine should be started 
with the spark fully retarded, and by increasing the 
speed gradually it can readily be determined if the 
engine will stand all the advance which the magneto 
can furnish with the original setting, or whether 
the whole timing can be further advanced. After 
it has become assured that the best timing is 
obtained, the coupling should be keyed to the mag¬ 
neto shaft. 


DIXIE MAGNETO' 


The large number of magnetos commercial!v in 
use prior to the advent of the "Dixie" were oi the 
"armature tjrpe." It is therefore necessary to 
make a comparison in order thoroughly to explain 
the "Dixie." 

Armature-Type Magneto 

An "armature"-tyi)e magneto is shown in Figs. 
1, 2, and 3. Referring to Fig. 1, note that the 
magnetic lines-of-force, hereinafter referred to as 
"flux lines," flow from the N to the S pole of the 
U-shaped magpet through the revolving armature 
in the direction indicated by the arrow. The 
shaded end (E) of the armature is shown in the 
figure as being under the influence of the N pole of 
the magnet. 

In Fig. 2, the armature has revolved to the right 
sufficiently for the end (E) to come under the influ¬ 
ence of the S pole of the magnet. Immediately the 
direction of tne flux lines is reversed through the 
armature as shown by the arrow, and at the instant 
that current is generated in the winding about the 
armature, the spark occurs. In practice, more than 


1 Mott of the text has been taken from the printed circular of 
Dixie mannato. 



one winding is employed, also an interrupter and a 
condenser are used. But the function of these parts 
need not be referred to here, it being the purpose 
now to show only the differences in the operation 
of the magnetic circuit of the two types. 

Now it is obvious that the mass of iron in tho 
armature must reverse its magnetic polarity. In 
Fig. it is saturated with magnetism flowing in one 
diiection. In Fig. 2, the direction is reversed. 
This reversal must take place in each rotation, so at 
high speeds the quicker the iron reverses the oetter 
the spark. As a lanainated armature, or one built 
up 01 a number of pieces of iron, reverses quicker 
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than a solid one, all good armatures are laminated. 
But it is also evident that to secure the desired 
amount of current the armature must be of a certain 
sise to contain the necessary wire, and therefore con¬ 
tains a certain amount of iron in some form. Now, 
the more iron beyond a certain limit, the slower 
the reversal; also the reversal is not as abrupt. 



Rg. 3 shows the “neutrar* position of the arma¬ 
ture wherein it is subject to flux-flowing across 
through its ends as shown. This position does not 
permit of an abrupt change of flux-flow as hereafter 
described, and such as occurs in the Dixie. The 
armature is never completely out of the flux, but 
simply turns around in the flux-stream, twisting 
the Imes about, but not actually abruptly breaking 
them. 

Dixie Principle 

The '^Mason'^ principle, on which the Dixie 
operates is shown m Fig. 4. The magnet has two 
rotating polar extremities (N) (S), which are always 
of the same polarity, never reversinjg. These poles 
are in practical contact with the inner cheeks of 
the permanent magnet (M), all air gaps being 
elimmated. Together with the U-shaped magnet, 
they form a magnet with rotating ends. 



The magnet is positioned at right angles to the 
rotating poles or ends of a field structure consisting 
of laminated pole-pieces (F) and (G) (Fig. 6), 
caJTying across their top the laminated core (Q car¬ 
rying the windings (W). When (N) is opposite (G) 
the flux flows from one pole (N) of the magnet to 
(G) and through the core (C) to (F). this action 
corresponding to what happens in the armature 
with the armature in the position shown in 


In Fig. 6, the pole has mov^ over to (F) 
and the direction of the flow of flux is reversed, it 
now flowing from (F) through (C) to (G). 

7 rmresents the rotating poles occupying a 
position midway between that shown in Figs. 5 and 
6. Here the field pieces (F) and (G) are magneti¬ 
cally short-circuited, as it were, ther^y completely 
scavenging stray lines of flux out of the core (C). 
Compare this with the uncertain corresponding 
aetioQ that ta kes place in the annaturetyp^ when 
tte annatuie is in the same positimi (Fig. 8)- 






Now the first great difference between the Dixie 
and the “armature"^ type is in the fact that the 
rotating poles in the Dixie do not reverse their 
polarity at any time, consequently the lag due to 
the magnetic reluctance in this part is elii^ated. 
This partly accounts for the high efficiency of the 
Dixie at low speeds, for motorcycles and for high¬ 
speed engines. In the Dixie, the windings are 
never actually in the field. The flux is shot through 
them, as described, producing a hotj ^^snappy^' 
spark of peculiar and highly efficient igmting power, 
owing to the quick break and absolute reversal of 
the flux at each revolution. 


a 


BMtOfMf*omro 


Fig. 8. Armature^type magneto armature. 




With the armature-type machine, it is the centra] 
core or part actually enclosed by the winding that 
is laminated, as the ends adjacent the windings must 
be solid. In the Dixie type, not only the core (C), 
around which the wire is wound, is laminated, but 
also the pole shoes (G) and (F), consequently all 
parts of tne magneto subject to reversal of flux are 
^‘laminated.” 

The armature-type magneto (Fig. 8) has a rotat¬ 
ing element carrymg windings, a laminated core, a 
condenser, a collector ring, etc. 



Fig. 9t> Betatixis element in Diile. 
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Fig. 10. £Riowliig how the rotetlDg poles (Fla. 0) ere pleeee 
Mwewa magnete of Dixie magneta 
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The Dixie rotating element, or armature construc¬ 
tion, consists of two pieces of oast iron (N and S) 
(Fig* 9), and a brass block (B) placed between them. 
There are no rotating wires. Fijgs. 10 and 4 show 
more clearly how they are positioned between the 
poles of the magnets. On the four and six-cylinder 
magneto, there are two N and S poles and on the 
eight and twelve-cylinder magneto there are four. 

The generating winding (W) (Fig. 4) in the Dude 
is oarri^ on a small coil placed across the upwardly 
projecting ends of the two pole-pieces (C) (Fig. 4). 

Comparison of Primary Circuits 

Fig. 8 shows the usual primary circuit in the 
armature-type machine, and Rg. 11 the same circuit 
in the Dixie. (A) (Fig. 8) denotes the revolving 
armature on which is wound the primary winding 
(P) and the secondary 'S). Grounding brushes (B) 
and (BB) are necessary to insure a good contact 
between the grounded end (G) of the primpy and 
the breaker point (X), the latter being positioned in 
the breaker mechanism which is movable for timing 
purposes. It will be seen that the free end (W) ot 
the primary connects to the condenser (R), and 
attention is called to the fact that this condenser is 
built into the armature and revolves with it, and 
the armature must be disassembled to get it out. 
The shaft (S) is made hollow, and a bolt (C) is 
carefully insulated where it passes through. This 
bolt connects the free end of the primary and the 
condenser to the insulated point (Y) of the breaker 
which revolves as a unit with the armature. 



Fig. 11. Simple primary circuit of Dixie. No brushes or 
contacts except breaker points. 



Fig. 12. High-tension circuit in an **armatur6-type** mag- 
neto. 


the ring and carries current to the terminal ^1, 
which in turn supports one end of connector (H), 
which has a sliding portion (I), so that it can be 
removed. The outer end of (H) connects at (J) to 
the traveling contact of the distributor, which in 
turn contacts on the segment (L), to which is con¬ 
nected the spark-plug cable. It will be understood 
that the high-tension circuit is completed from the 
frame of the armature (N) through brush (B) to 
the frame of the magneto and to the engine and 
spark plug. 



Kg. 13. High-tension circuit of Dixie magneto. Note 
direct path from spool to distributor; no revolving contacts 
except at distributor. 


In the Dixie, the core of the coil (A) (Fig. 11) is 
stationary, and the inner end (G) of the primary 
winding (P) is grounded on the core. (Q) indicates 
the metal frame of the machine, which is put to¬ 
gether with screwy so that there are no brushes or 
sliding contacts. Therefore brushes (B) (BB) (Fig. 
8) are eliminated. 

The brush (B) is necessary in the armature type 
to insure a go<xl circuit from the revolAong armature 
to the frame of the magneto and thence to the engine. 

The condenser (R) in the Dixie is positioned 
immediately above the coil and is readily removable, 
it being only necessary to take out two screws. 
This condensar does not revolve as in the armature 
type. The terminal (D) is a screw on the head of 
the ooil. and the wire (Z) connects to the contact 
(T) of the breaker. 

BBgh-Tenaion Circuit 

fig, 12 shows the high-tension circuit in the 
annature-type machine. In the metal armature 
head (A) is the insulatmg bushing (B), through 
which the free end (C) of the high-tension winding 
passes. This oonneots to a metal ring carried 
on the rubber spool (B). A brush (F) engages 


Fig. 13 shows the Dixie high-tension circuit. 
Here the end (C) of the high-tension winding goes to 
a metal plate (D) carried on the rubber side (A) of 
the coil. Against (D) bears a connection (F), 
which is practically one piece with the traveling 
contact (J), which connects to the spark-plue seg¬ 
ment (L), the circuit being completed throuf^ the 
spark plug, engine frame, and frame of msgneto ii» 
the usual mamier without brush (G). The hrst 
difference to be noted in the Dixie construction is 
that the secondary winding being stationary, the 
spool (E). the revolving ring (D) and the brush (F) 
bearing thereon are entirely eliminated, as are also 
all their troubles, such as punctured insulation in 
the spool (E), wear of the I^^h (F), collection of 
oil on (D), etc. And the sliding connection (D and 
member (H) are eliminated, their equivalent being 
a^l^l point (F) turning in contact with the plate 

Safety Gap 

An efficient safety-gap arrangement is provided 
by the point (S) arrstn^ in proximity to the frame¬ 
work indicated at (G), (Fig. 13). The width of 
gap should be 5/16" to 5^". For high-compression 
engines set Under high compression, the 

sparks may nre across the wety gap instead of 
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firing in the engine. Missing under such conditions 
can easily be remedied by oj^ning the safety gap so 
that it will offer a greater resistance to the secondary 
current than the spark-plug gap. under compression. 
Sparks should not be i^rmitted to discharge across 
the safety gap for any length of time. 

Dixie Co]itact<-Breaker or Interrupter 

Contacts are stationai^ and do not revolve as in 
the “armature^* type. See Fig. 14 and compare it 
with the armature type (Figs. 1 and 2, pages 256,257). 



Fig. 14. Breaker (or interrupter) of Dixie magneto. A cam 
(Fig. 16) opens the points by raising the end of the arm. The 
cam is the only part of the breaker mechanism which revolves. 
Cam is not shown. 

To adjust Dixie interrupter points (XY): This 
can be done while the magneto is running and the 
intensity of the spark can be seen while adjusting. 



.Fig. 15. Shows breaker and housing of the Dixie whioF, 
when retarded or advanced, moves the coil structure with 
which it is attached, giving the same intensity of spark at full 
advance or retard. 


*^Armature^'-Type of Magneto Timing 

The advance and retard of a magneto is necessary 
to make up for the **la^^ in engine operation as 
well as variation of speed, fuel, etc. 

Setting an **armature”-type magneto armature to 
the time of break of interrupter points is usually 
accomplished by measuring the distance (X) (Fig. 
2, paw 271) between one of the pole pieces and 
the adjacent edge of the armature. The breaker is 
then adjusted so that the points are just separating. 
This is taken as the advanced position of the ma|^- 
neto, and with this setting the maximum spark is 
obtained. 

Timing an **armature”-type armature with 
engine: The usual practice is to place the piston 
on top dead center of compression stroke with the 
breaker box fully retarded and with points just 
opening. This of course increases the width of 
opening of (X) (Fi^2) with a corresponding weaken¬ 
ing of the spark. To advance the spark, the breaker 
box is moved so that the points op^ sooner in 
relation to the piston, ther^ obtaining the best 
spark when running. 


It is clear that the spark will be weak at retard 
position, because wp (X) is wide. Consequently 
the sudden surw of the flux line through the arma¬ 
ture has already passed its maximum. 

It has therefore been customary with some arma¬ 
ture-type magneto manufacturers to use a com¬ 
promise setting for the breaker in which the maxi¬ 
mum efficiency of the machine is not utilized at full 
advance setting on the engine. This compromise 
setting permits a mechanical advance in such mag¬ 
netos of approximately 30°, but it is doubtful if in 
many of these machines the effective range exceeds 
12° or 15°^ as the maximum spark of the magneto is 
never utihzed. 

Dixie Timing 

The advance and retard of the Dixie magneto is 

obtained by shifting the breaker box. But note in 
Fig. 15 that it is attached to the “coil structure” 
(C-F-G, Figs. 4 to 7). Therefore the breaker hous¬ 
ing and coil structure arc all advanced or retarded 
at the same time. An absolute advance of 30° or 
more is obtained by simply rotating the coil-carrying 
structure to which the breaker box is attached, 
around the axis of the rotating poles N, S (Figs. 4 
to 7 and 15). 

Setting Dixie armature or “rotor” to breaker 
points: The distance (X) (Fig. 2, page 271) (arma¬ 
ture-type illustration used to explain Dixie) is 
usually .020”, just as points are breaking. The 
maximum rate of change of flux occurs in this posi¬ 
tion of rotor (X, Fig. 2), where the rotor wings nave 
just reversed the direction of the flux through the 
core. 



Fig. 16 

Fig. 16. A simple method of synchronizine; the position of 
the rotor with the time of opening of breaker points, is explained 
below, and as shown in Fig. 16. Contact points should separate 
.020" when opened by cam. 

If a buzzer is connected as shown, it will be in circuit with 
the contact-breaker points. While the contact points are 
ol<;«ed, the buzzer wul operate. Turn the armature slowly 
(direction of rotation) until the instant when the buzzer ceases. 
Just at this time the aistance between the “rotor" and the "pole 
piece" should be .020^'. The spark-plug gap is set at .026". 

Fi^. 17. The breaker housing is adjustable. Being screwed 
to ooil-carrying structure, it can oe moved in the same direction 
as the cam operates—if rotor ^p is^ too small. If too largo, 
rotate in the opposite direction (to adjust for wear of fiber bum¬ 
per also). 

Fig. 18. Correct position of distributor brush in contact 
with segment CA) wnen breaker is fully advanced. Correet 
position prevents back-firing and tail-burning of distributor 
segment. 

To facilitate this sotting of the relation between 
the rotor and separation oi contact points, a buzzer 
can be used, as shown in Fig. 16. ^e most effec¬ 
tive distance for (X) is never varied on the Dixie. 

To position breaker or interrupter box so that 
points open at desired point: Note that the breaker 
nousing (Fig. 17) can be moved by means of set 
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screws around the cam, so that the break can be 
made to occur without interfering with the adjust¬ 
ment of the points. 

To time the Dixie magneto to the engine: (1) 
place piston on top of compression stroke; (2) 
uncouple magneto; (3) place breaker in retarded 
position; (4) rotate driving shaft of ma^eto in 
direction it is driven untu platinum points are 
about to separate; (5) couple magneto; (6) con¬ 
nect distributor terminals as explained on page 294. 

This timing is for the four and eight-cylinder 
magnetos, and also one and two twin-cylinder 
motorcycle type (Ml and M2); also Dixie models 
11 and 21. 

On the eight-cylinder, the distributor brush (A2. 
Fig. 20) should be in contact with No. 1 terminal ot 
distributor block (see Figs. 22 and 23). 

To time six-cylinder, model ‘*60” magneto, place 
piston 1/16" ahead of the end of the compression 
stroke with timing lever in full retarded position 
and breaker points just separating. The distributor 
terminal is connected with No. 1 pluc terminal. 

To time twelve-cylinder, model “120” magneto, 
place the piston 3/16" ahead of the end of the com¬ 
pression stroke. With the breaker or timing lover 
retarded, turn the magneto drive shaft in the direc¬ 
tion of rotation until carbon brush is in contact with 
the segment connected with terminal No. 1 of dis¬ 
tributor block (Figs. 21, 24, and 25). When the 
points are about to separate, couple the magneto. 
See under Figs. 24 and 25 for distributor connections. 

Cams on four and six-cylinder interrupters have 
2 lobes; on eight and twelve-cylinder interrupters, 
4 lobes. 

. Dixie Eight-Cylinder Distributor 

Four sparks are produced during each revolution 

of the drive shaft, at the instant of the “break” from 
the edge of the field structure. There are four 
rotating poles to the eight and twelve-cylinder 
magneto. On the four and six-cylinder magneto 
there are two. 

The magneto is driven at crank-shaft speed, 
because an eight-cylinder magneto four-wcle 
enrine fires four cylinders per revolution. This 
ei^t-cylinder magneto generates four sparks per 
revolution. As the firing of the cylinders taKes 
place at cam-shaft speed, the distributor is geared 
down two to one of the armature shaft. 

oumiow 



Fig. 19. S-oylinder distribute. Note there are two rows 
of segments. 

Distributor: On the four and six-cylinder mag¬ 
neto the segments are placed in one row, the proper 
distance apart. On the eight-cylinder magneto 


there are two four-cylinder distributors (Fig. 19). 
placed side by side, but moulded together, and 
having a double “finger" or rotor (Fig. 20). Con¬ 
tacts are so arranged that one segment in each row 
is alternately in contact. The rotor is hard rubber. 



Fig. 20. The “rotor*' of the S-cylinder distributor (also for 
the 12-cylinder). 

The high-tension current is collected by brush 
(C) (Fig. 20), which is in contact w'ith the high- 
tension winding (see Fig. 13, pa^ 273), and con¬ 
ducted through the center of the “finger" or rotor, to 
brush (D), thence by means of a metal sector (S) 
(Fig. 19), moulded in the hard rubber block. The 
current is conducted to either of two sets of brushes 
(Al, A2, Bl, B2, Fig. 20) in the wings of the distribu¬ 
tor rotor. 

These brushes, arranged in sets, become alive 
alternately at the moment when they are actually 
in contact with a segment in either of the two rows 
of four segments in the block, making it impossible 
for the spark to jump to the wrong segment, as in 
this manner a spark received at any post in the 
inner row of the block will be followed by a spark 
from a post in the outer row, but 180® away. 

Dixie Twelve-Cylinder Distributor 

Four sparks are produced with each revolution 
of the drive shaft of the magneto. There are four 
rotating poles, the same as on the eight-cylinder. 

Six cylinders must be fired with each revolution of 
the craink shaft. Therefore the magneto will turn 
1)4 revolutions to 1 of the crank shaft. The dis¬ 
tributor is geared 3 to 1 of the armature shaft. 



Fig. 21. 12-cylinder distributor. See also Figs. 32. 33. 34, 
page 278. 

The distributor consists of two six-cylinder dis< 
tributors moulded together as in Fig. 21. NoU 
sector (S) in Fig. 21. how it differs from the eight- 
cylinder sector (S), (Fig. 19). 

The “rotor” of the twelve is similar in construe 
tbn, as in Fig. 20. 
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Fig. 22. Right-hand rotation. Fig. 23. Left-hand rotation. 

Figs. 22 and 23 show order of sparks delivered by eight- 
eylinder distributor. 

Figs. 24 and 26 show order of sparks of twelve-cylinder dis¬ 
tributor. 

Parts of the Dixie Magneto 

To replace parts on the Dixie: First remove the 
distributor plate carrying contacts. Then pull out 
the travelling contact and all its insulation. This 



Fig. 24. Right-hand rotation. Fig. 25. Left-hand rotation. 

Terminals on 24 and 25 are marked 1R--12R for right-hand 
rotation and 1L-12L for magnetos left-hand rotation. 

Therefore, the right-hand rotation connects the cable from 
terminal IH to spark plug No. 1 cylinder; cable from 2R ta 
spark plug next in sequence of firing, and so on. 

leaves the coil and metal plate—and, if the spark 
does not jump the safety gap, a new coil may be put 
in in a few minutes. 

For timing the Dixie magneto, see page 274. 



Fig. 25. Side view of parts of Dixie Magneto (4-oylinder). 


1 . Condenser. 

2. Magnet. 

3. Gap protector. 

4. Oil hole cover, front. 

5. Screw for distributor block. 

8 . Hexagonal nut for grounding stud. 

9. Thumb nut for grounding stud. 

10. Grounding stud. 

11 . £hrew and washer for fastening 
weaker. 


12. Screw and washer for fastening con¬ 
denser and primary lead to winding. 

13. Screw and washer for fastening pri¬ 
mary-lead tube clamp. 

14. Primary-lead tube. 

15. Primary-lead tube clamp. 

16. Screw and washer for fastening 
grounding clip to pole structure. 

17. Rotor or armature shaft. 

18. Woodruff key* 


19. Back plate. 

20. Oil-hole cover, back. 

21 . Grounding clip. 

22. Screw and waeher for faetenlag 
grounding clip to winding. 

23. Winding. 

24. Screw and waeher for faeteaiag 
winding to pole struoture (Flg.SU* 
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To Oil Dixie Magneto 

After 200 hours of operation put oil at the point 
marked ‘‘OIL." 


Fig. 29. 



Pisces to oil on Dixie magneto. 


After every 20 hours of operation put two drops 
at (A). 

After every 20 hours of operation put four drops 
at (B). 



Fig, 28. Internal wiring for an eight-cylinder engine. See 30. Pole structure in which rotating poles revolve and 

f^gs. 11 and 1^ which will assist in makin|( this diagram clear. to which the condenser and coil winding attach to its upper 
Note that (CW) in Fig. 28 is the coil winding and connections. part. Bee (24) and (16) in Fig. 26. showing how connections 
Above it Is the interniul wiring as an explanation. are made to it. 



Fig. 31. Front view of parts of Dixie Magneto (4 cylinder). 


3. Vinmi tpring for Ixeaker bar. 




with platinum point. 


6 . Contact ecrew bracket with insula¬ 
tion bushings. 

7. Platinum oontaot screw. 

8 . Breaker-box cover. 

0. Grounding stud or twmlial post. 


10. Cam. 

11 . Distributor block. 

12 . Thumb nut for ^stributor bdook. 

13. Breaker advance and retard lever 

14. Breaker bar spring. 
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Fig. 32. Rotating poles on the Dixie model “120" for 8 and 
12 -o^nder engines. Note that there are four rotating poles. 
On the 4 and 8-oylinder there are two. 



Pig. 34. Front view of Dixie model "120" l2-cy;linder mag¬ 
neto. Note the distributor to the left and the distributor rotor 
and gear which is placed behind it and which drives the distrib¬ 
utor rotor and which is driven from a gear on a rotating pole 
shaft. Note that the distributor rotor is arranged differently 
from (2) in Fig. 31, a 4-oylinder rotor. 



num pomt screw in rig. i ne usual oisumoe to set inese 
points is .020" or 1/50^'. This adjustment can be made with a 
screwdriver. The spark-plug gap is set .025". 

Note. The contact breaker box is permanently attached to 
the pole structure or pan (Fig. 30), which carries the coil and 
eonoenser. When moving the brother to retard or advance, 
all the parts (Fig. 25) iTs, 24, 22. 21,16. 16, 14. 13, 12 move 
with it shown in Fig. 15, page 274). 


Fig. 35. Rear view of magneto. Note that by taking out 
four screws, the winding coil (23) and condenser 0) (Fig. 26) 
can be removed. The magnets (2) (Fig. 26) are exposed and 
removed when taking off the cover. 


REMY HIGH-TENSION MAGNETO “SERIES 1500” 


This magneto is a double-wound h^-tension 
“annature-type’* of magneto. The design of this 
magneto has been towards accessibility. 

The circuit breaker^ cam, and distributor rotor 
are mounted on a vertical shaft driven by hardened 
spiral gears which run in grease. 

The circuit breaker and distributor parts form a 
complete and independent assembly which may be 
removed from the magneto by simply loosening one 
screw. 

The circuit diagr^(Fig. 2)8hows clearly how short 
and direct both primary and secondary circuits are, 
and how acoessiole are all parts of these circuits. 

The inner end of die primary winding is grounded 
to the core (G2) and from this point the current flows 
throo^ the primary wire to a collector ring which is 
ti copper and insulated from the armature head. 
Here it is pioked up by a brush (B) oarried by means 
el a copper jng-tail to the primary brushpholder 


distributor AND 
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Fig. 2. Wiring diagram of the Remy “scries 1500? high- 
tension magneto. 


terminal, from which it passes through an insulated 
cable to the circuit breaker, condenser, and ground 
(G) and (Gl) to ground (G2) on the magneto arma¬ 
ture core. 

Ground brush: Immediately under the primary 
brush holder is a brass plate grounded to the mag¬ 
neto frame, to which is connected a collector or 
^^ground brush^^ which makes contact with the 
bronze head of the armature and by means of which 


the ground circuit is more fully completed, as, for 
instance, oily or gummed bearings would prevent good 
contact, hence the reajson for using a ground brush. 

The seconds^ or high-iension circuit is from 
grounded end (If), through the secondary winding, 
which consists ot a great many turns of very fine 
copper wire, to the high-tension collector ring. This 
collector ring is bronze moulded between two flanges 
of hard rubber and the current is picked up from 
this ring by a carbon brush in the high-tension 
brush holder. 

From the brush holder the current goes direct 
through a heavily insulated cable to the center 
terminal on the distributor cap. From here it is 
distributed by the rotor under the cap by means of a 
wipe contact to the segments. The distributor cap 
is of molded material with a hard-rubber track over 
which the distributor brush travels. From the dis¬ 
tributor, the secondary current goes to the spark 
plug, to ground, to groimd (G2) on the armature, to 
(N) where the secondaiy connects with the primary, 
thus completing the circuit. 

The drive gear is fitted to a taper on the armature 
shaft. 

Intemipter-^ap clearance: Contact points on 
the interrupter should have a maximum opening of 
.020"' to .025". 

Spark-plug gap: The spark-plug gap clearance 
should be .030". 

Safety gap: The safety-gap clearance should be 
slightly more than the spark-plug gap clearance. 

The safety gap on this magneto is formed between the end 
of the points screw which projects from the mi^ncto housing 
and the high-tension colle^r ring. When this screw is in 
place and properly tightened, the siuety gap will automatiosUy 
be adjusted to the proper distance which is 7 m.m. or .275.^' 


THE K-W MAGNETOS^ 


The K. W. mi^eto is of an "inductor" type, the 
principle of which is explained on page 246, and 
mIow. Unlike other roagnetos, it generates four 
impulses per revolution instead of two, as explained 
on page 246. The K. W. magneto is used exten¬ 
sively on truck, tractor, marme, and stationary 
engines. The IC. W. magnetos are made with two 
windings for high-tension work (A), and with a 
single winding for low-tension work (J). They 
both generate and deliver alternating current. 

K.W. High-Tension Magneto 

The K. W. magneto differs from other magnetos 
in many ways^ and possibly the clearest information 
that can be given, is to assist in a careful study of 
the diagrams and accompanying explanation. 

Diagram "A” shows a longitudinal sectional 
elevation of the model "HK" higVtension magneto. 
By referring to the numbers in the following de¬ 
scription, a clear idea may be obtained of the function 
of the various parts. 

Diagram shows the rotor (which is the 
only revolving part in the K. W. magneto) and the 
complete assembled winding. The rotor is made 
up of soft Norway sheet-iron stampings, which 
are riveted together and vei^ accurately machined, 
as these rotor blocks, which run on high-grade 
annular ball bearings, have only .003^' space between 
their face and the face of the pole-pieces. The rotor 
blocks are made in two halves and are held on the 
shaft by a taper pini and are mounted at right 
angles to each other. 

in motmtiiic the winding between these rotor 
blocks, the pinls taken out of one half, and the rotor 


block is withdrawn from the shaft to allow the wind 
ing to be placed in the center. 



Diagram A, showii^ aeotional view of the K. W. high-tenaioa 
magneto, model “HIC** 


1 Bridi^ or spider. 

2 Distnbutor gear. 

10 Base. 

14 Low-tenaion bus bar. 

24 Dust cap or oover. 

29 Retainer spring. 

66 Switch binding post. 

S4 Driving pinion. 

67 Cam. 

69 Hooker-arm roUer shaft. 

78 Magnets. 

79 Plunger for primary eirouii, 
96 r^mbtttor bloek. 


98 Distributor brush holder. 
100 High-tension lead. 

118 Secondary winding. 

114 Primary winding. 

118 Safety spark gap. 

119 Secondary distributor 
brush. 

120 Secondary contact plun* 

126 ^ndenser. 

180 Kotor. 

186 BQgh-tension bus bar. 


i Sea page mo for wiring diagram of K.W. high-teoeion 
BUgneto oirouit. 
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Diagram B, showing the stationary secondary and primary 
winding (113 and 114) (aa in Diagram A) mountM between the 
rotors (180) which revolve. 


The winding;: Complete assembled winding (dia¬ 
gram C) consists of a primal^ winding of iieayy 
copper wire and a secondary winding (see also dia¬ 
gram A) ,which is made up of a gi^t number of 
turns of verv fine wire, tnese coils being wound 
circular in shape, assuring the largest number of 
turns with the least length of wire, which makes the 
most efficient type of coil. 



These winding are given an impregnation of 
high-grade insulating compound by the vacuum 
process, and the secondary winding is given 27 
separate coats of varnish, each one being baked 
twenty-four hours, which thoroughly insmates it 
from the primary winding and also assures it being 
as near water and oil proof as it is possible to make 
any high-tension coil. These windings are assem- 
h]ed with the seoondair outside of thejprimary. 
and then enclosed in a brass housing with a hara 

ary is earned tlu^^ parts J^f^and^lSo to the 
dMfflbdtor brush of the magneto* 


The condenser, No. 126, in diagram A; is made 
up of a number of alternating sheets of tmfoQ and 
mica, every other sheet of tinfoil being connected 
together, which makes two series of tinfoil layers 
separated from each other by sheet mica, flaoh 
sheet of mica is tested separately, before being used, 
with 5.000 volts for breakdown and after it is 
assembled, it is given a test of five to six times the 
normal working voltage to *vhich it is subjected, 
assuring reliability under adverse conditions. 

The safety gap, No. 118, diagram A, is a necess^ 
part of any mgn-tension magneto, its object being 
to form a path for the high-tension current to jump 
across in case a secondary cable, that leads to the 
^ark plugs, should be off when the engine is running. 
This safety gap, as its name implies, prevents the 
winding from burning out, for as long as there is a 
path for the high-tension current to pass through, 
it will never puncture the insulation of the secondary 
winding. 

The magnetic field of the magneto is comppsed of 
four horseshoe magnets. No. 73, shown in diagram 
A, which are mounted on two cast-iron pole-pieces, 
spaced 90** apart. The rotor, No. 180, revolves 
within this magnetic field, and as the rotor blocks 
are spaced 90* apart, they create four current 
waves for each revolution of the magneto shaft. 

When the rotor is revolved within this magnetic 
field, the magnetic lines-of-force are caused to 
alternate through the center of the rotor, producing 
an electric current in the primary winding which is 
carried up through part No. 14 to bridge No. 1, then 
through spring No. 29 to the circuiflireaker cap, 
and through the contact points in the circuit breaker 
back to the other side of the winding, completing 
the circuit. 

When the current has reached its highest point, 
the circuit-breaker points are open, and the change 
of the magnetic flux causes a high voltaro to be set 
up in the fine wire secondary winding. This induc¬ 
tion is assisted by the condenser, which is connected 
across the circuit-breaker points, absorbing the 
spark which would occur if the condenser were not 
in circuit, and also assisting by the discharge which 
takes place immediately after it is loaded. 

The high-tension current is carried up through 
the hard rubber plug to the bus bar. No. 186. then 
through lead No. 100 to the distributing brush, 
which distributes it to the different scginents on 
the distributor block, these segments being con¬ 
nected by high-tension cables to the different spark 
plugs on the engine. 

The distributor block is made of hard rubber into 
which are molded brass segments, one for each 
cylinder. The distributor brush holder which turns 
with the gear of the magneto is also molded of hard 
rubber and carries a carbon brush, which bears 
lightly on these segments as it passes, and the mag¬ 
neto IS timed so that the circuit-breaker points open 
and the high-tension current is generated just at 
the instant this brush goes to the segment. 


The K.W. Circuit Breaker 

The entire circuit breaker is removable. Edease 
spring; No. 29 by pushing it aside. Pull out corn- 
mete oreaker box and remove cover nut No. 79. 
This allows removal of the circuit-breaker cap and 
gives access to the breaker parts. The same type 
oi circuit breaker is used on all K. W. hi^ffi-tension 
magnetos, and is shown by diafpram !>• It if 
anu^sed to have 80* of advance or retard for legul^ 
worit. 
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Diacnun D, thowing the oinsuit-bfMker (aliotenDed oontaot- 
breaker). 

When the points fail to separate, or when the 
distance is too far apart, adjust part 194 with a 
small screwdriver inserted through the hole for that 
pui^se in the housing. The proper distance apart 
IS 1/64". A gauge is sent with every magneto. 
Spark plug 1/64". 

The firing point of the magneto is just when the 
points are beginning to open or break the circuit, 
not when they toucm 

To Open Distributor 

Remove the high-tension lead No. 100, by turn¬ 
ing it to the right, which releases it at the bottom. 
Unscrew nut at top of spider, and remove the bridge 
or spider No. 1, thus releasmp; the cap on the dis¬ 
tributor block and giving a view of the distributor 
and brush No. 119. 

Impulse Starter 

Diagram B shows the impulse starter as applied 
to the model *‘HK" ma^eto. and diagram F shows 
a sectional view of the impulse starter only. 

The impulse starter consists of two separate mem¬ 
bers, one of which is called the ratchet, and one the 
starter case. The ratchet is fastened directly to 
the rotor shaft of the magneto, and the case connects 



Diagram E, showing impulse starter mounted on the K. W. 
higb-tensioii magneto. 

to the coupling, which is fastened to the shaft that 
drives the magneto. Interpoi^ between these two 
members is a clock spring which performs the func¬ 
tion of driving the rotor when the starting mechan¬ 
ism is used. 

When the engine is to be startedi the ratchet 
catch lock (ST-14} is pressed down, which allows 
the ratchet catoh C8T*-13) to engam with a notch 
on ratchet (8T-6). Thus while the starter case 
(ST-2} is turned by the drive shaft, the ratchet 
(8T-fi) remains stationary and the spring inside of 
the ease ie wound up. After the case (ST-8) has 
turned 8D% trip cam (8T-11) comes up into such a 
ndi tt ton as to diswigage ratchet oatoh (ST-18). 



Diagram F, showing parta of tha impulse starter. 


As soon as the ratchet is released, it is thrown 
forward to its original position relative to the 
starter case (ST-2). In doing this, it carries the 
rotor of the magneto with it, and as the circuit- 
breaker points open during this period, an intensely 
hot spark is produced at the proper moment, regard¬ 
less of how slowly the engine is turned over. 

The starter continues to operate until a pre¬ 
determined speed has been reached, when the 
ratchet catch is thrown up and latched, and the mag¬ 
neto is driven direct. The speed at which the 
starter throws out of engagement is determined by 
the tension of the cushion spring on the hook dog. 

To Time Magneto to the Engine 

First, Turn over crank shaft of engine, placing 
No. 1 cylinder from 3® to 5® past top d^wl center on 
firing stroke. 

Second, Mount the magneto and turn the impulse 
starter case until it is just ready to disengage the 
ratchet catch. In this position couple it securely 
to the drive shaft of the engine. 



Diagram G shows K. W. high-tension magneto, 
known as model “TK." while diagram H shows a 
cross-sectional view of this magneto. It will be 
noted that the principle of the model "HK" and 
"TK" magnetos is exactly the same, the only dif¬ 
ference being in the size of the magnetos and their 
appearance. The same principles of design and 
construction, are employed in both. Model "TK," 
however, has flat ma^ets. 

Both magnetos are of the inductor-type con¬ 
struction, having a stationary winding and revolving 
rotor. This does away with all moving wires, 
collector rings, special contacts, etc., and is con¬ 
sidered by the manufacturers the simplest form oi 
oonstrucUon. 
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Diacnun H» showing sectional view of model high- 

tension magneto. 


K.W. Low-Tension Magneto 

These generators are made for ignition, using a 
vibrat^ spark coil and low-tension timer, and are 
made in several models, for either friction or belt 
drive. 

They are also made for tractor and motor-boat 
electric-lighting ^sterns, feeding the current direct 
to the lamps. These ^nerators will not charge 
a storage battery, as they produce alternating 
current. 

Internal Construction 

Diagram I shows the internal construction and 
extreme simplicity of the K.W. low-tension magneto, 
designed somewhat similar to the K. W. high-tension 
magneto, except that there is but one winding: the 
primaiy. This magneto is also termed an inductor 
type, designed on entirely different principles from 
otner makes of magnetos, and patented b^ the makers. 
Instead of having wires wound lon^tudmally arGund 
a revolving armature, it has a stationary spiral wind¬ 
ing of copper ribbon, as is shown in the centei of dia- 
Jandalsoin diagram I, which is a view of the 
inside of a low-tension niagneto. The rotor changes 
the direction of magnetic flux through the winding, 
four times per revolution, and thus produces the 
electric current. This rotor revolves in two sets of 
high-grade ball bearings, and does not rub against 
or touch any other part on the entire magneto, as 
all other parts stand still. 



Diagram I, showing boHom view of the K. W. low-teaaioi 
magneto and also showing rotor and primary winding. 



Diagram J. showing rotor and stationary winding with a 
single primary winding of the K. W. low-tension magneto. 


The terminals of the winding extend through the 
top of the pole pieces in which the rotor revolves, 
and are securely connected to the winding posts, 
which are locate at the end of the magneto. 

The electrical part is housed in a case, making 
the magneto practically waterproof. It \^1 stand 
any amount of spray or rain. 

All models of K. W. lighting magnetos or genera¬ 
tors, in addition to having a special winding suitable 
for lights, are so constructed and designed that 
the voltage can never exceed that actually required, 
regardless of speed. This takes care of various 
engine speeds, and entirely eliminates the use of 
automatic cutouts or other regulating devices. 

The manufacturers of K.W. magnetos are the 
K. W. Ignition Co., Cleveland, Ohio. 


REMARKS RELATIVE TO THE DIFFERENT MAGNETOS 


If the reader will master the purpose and principle 
of tibe foUow^^ it will then be easy to analyze any 
system of igmtion he may come across. For 
instance, learn the difference between: low-tension 
coils; hipb^tension coils; low-tension magnetos; 
high-tension magnetos. 

Other details to classify would be: the difference 
between the ignition commutator, timer and inter¬ 
rupter, and sources of electric supply as direct-cur- 
rent chemical generators (dry cells and storage 
batteries): direct-current, mechanical generators 
(dyna os); alternating-curr^t, mechanic genera¬ 
tors (magnetos); methods for distributing the 
eeconaary current to the spark plugs, by a distrib¬ 
utor as used on a niagneto, or bv an ignition com¬ 
mutator in connection with a vibrator coil. 

In other words, very nearly all of the systems 
comprise one or more of the parts of the four imn- 
ciples of ignition. 


Difference in Makes of Magnetos 

An inspection of the illustrations of the different 
leading makes of magnetos will give the reader an 
idea of the variance in construction. In these pages 
we illustrate magnetos of low-tension type and 
magnetos of high-tension t3rpe. 

As previously explained, the low-tension type of 
magneto employs an armature wound with only one 
winding of wire, which is called the primary winding. 
We learned in a previous instruction that when a 
magneto employs a single primary wound armature, 
then a transformer (high-tension coil), separate and 
distinct from the magneto, is necessary in order to 
step up or transform the low-tension voltage (pres¬ 
sure) up to a high pressure. 

Byreferring topam247,254,wefind that the Remy 
and Gbliidorf (in the models shown) have primary 
wound armatures and need sepanite coils or tranw* 
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fonners. But ^ing a little further into detail) we 
find that the S^tdorf) Eisemaiui) Bosch) Mea) and 
the pivoting magnetos all have armatures which 
revolve with the winding wound on the revolving 
part. 

In the Remy model page 247, and K.W., 

as well as the Dixie and Fora inductor-type mag¬ 
netos, we find that the winding does not revolve, 
but is stationary. 

“Armature^* and ‘‘Inductor” Typo; “Primary” 
and “Compound” Wound Magnetos 

The revolving type of armature, with the wire 
wound thereon, is called the “armature’^ tyj^, and 
the type where the wire is stationary is called the 
“inductor” type. 

If there is only one winding it is called a “pri¬ 
mary” wound armature. If there are two windings, 
then it is called the “compound” type. 

* The primary wound armatures are low-tension, 
and require separate coils. 

The compound wound armatures are high-tension, 
and do not require separate coils—except as a matter 
of convenience for easy starting or dual systems of 
ignition. 

By referring to the K. W. magneto, in Fig. 6, 
page 284^ we find that the winding on this type is 
also stationary, but instead of bemg a single pri¬ 
mary winding, as on the Remy, it is a double or 
compound wound armature like the Bosch, Eise- 
mann, and Mea—but differs from the last-mentioned 
in that the winding does not revolve. 

In the Bosch, Mea, and Eisemann the armature 
is compound wound, and of the “armature” or 
revolving type. The principles of the magnetos 
are about the same, with some few minor differences 
in construction. 

“Pivoting” or “Rocking” Type of Magneto 

The Mea magneto (Fig. 2, this page) differs in 
that the magnets can be turned from side to side 
(called pivoting type): they are bell-shaped, and 
placed norizon^ly; therefore, unlike the custom¬ 
ary horseshoe type, are mounted vertically. In 
this construction the magnets and breaker are 
moved simultaneously inst^d of the advance and 
retard of the contact-oreaker alone. 

This style of magneto, owing to the fact that it is 
rocked from side to side, gives an unlimited range of 
advance, and thus adds wonderfully to the flexibility 
of the car on which it is mounted. This great 
range of advance makes this instrument especially 
suitable for two-cycle engines, which require a much 
greater degree of advance and retard than the four¬ 
cycle type. 

Magneto; Automatic Advance 

The Bisemann automatic advance of swk (page 
270): With all magnetos treated up to the present 
time, the advance and retarding of the time of spark 
is accomplished by hand, called “manual” advance 
by means of a spark lever on the steering wheel 
With the Eisemann automatic advance, the same 
thing is accomplished by a governor arrangement 
automatically. This type of magneto is extensively 
used on commercial cars. 

lUustratlotis of Some of the Different High 
and Low-Tenaion Magnetos 

Note that while the magnetos may vary in con¬ 
struction, the principle is very much the same. 

Iht auigMtot shown Imn u % not intondod to roprt- 
Int^ modoli ol mnnuiMtortn montioned, but nro 
to show tho diffMit oooitniotioM. 




Fig. 1. The Bosob higb-tenBion magneto. Armature 
revolvee. The Simms, Eisemann, and other types are eimilar. 

(M). magnets; (D), distributor; (PW), primary winding; 
over this winding is (S) the secondary winding; (H), is the 
terminal which connects with the switch. 



Fig. 2, The Mea high-tension magneto. Pivoting tyw. 
Revolving armature. Note that the armature is of the double- 
wound, shuttle-revolving type. Instead of shifting the inter¬ 
rupter housing, in order to advance or retard, the fi^d magnets 
with the interrupter are shifted. 



Fig. 3. The Eisemann high-tension magneto, pivoting or 
rooking advance magneto. The advance and retard are ob¬ 
tained oy rocking the magneto bodily on its cradle. OUierwise 
the magneto is the same as other magnetos. The armature 
revolves. CNot now manufactured, ft is shown in order to 
exemplify the meaning of a “pivoting or rooking” method of 
advance and retard.) 



Fig* 4. The Spliidor! low-tendon magneto. Armature is 
primary wound. Armature revolvee and is of the “armature” 
type. A separate higb-tension ooil, oaUed a transformer, must 
be uaed .with thk megneto. The Splitdorf Co. also manufeo- 
tuTss a high tuwinn type magneto. 
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Fig. 5. The low’teneion magneto armature is prlmaiy 

woimdr-only one winding. The magneto is of the ‘‘inductor 
type. Armature does not revolve. The winding (W) is 
stationary, and rotating magnets (L) revolve. Separate high- 
tension ooQ (cidled a transformer) must be used with this 
magneto. The breaker gaps are set .025^' apart. 


MAGNETS — 
SAFErr OAP 
r>fT<. WINDING 
SEC WINDING 
BALL BEARING 
OIL CUP 
COUPLINC 


DISTRIBUTOR. 
SECONOARy TERMINALS 
OILCUP-^a 


OISTlR. 

BRUSH 

DISTr. 

BEAR 



ROTORS 
CONDENSER' 


PASE- 

CIRCUrr BREAKER CAM - 
CIRCUIT BREAKER ROLLER—* 

Fig. 6. The K.W. high-tension magneto with an inductor- 
type rotor. Thm are two windings on this type: a primary 
and a secondary. The windings are stationary, however, 
and the inductor rotors revolve. The principle of inductor- 
type magnetos was explained on page 246. The same opociple 
applies here, with the exception that the two windings obviate 
the necessity of a separate high-tension coil, as it is here pro¬ 
vided for in the secondary winding of the stationary coil wind¬ 
ing. By referring to the Index under “Impulse and waves of 
current,^* and also on page 246, you will note that the K.W. 
gives four waves or impulM per revolution. However, either 
one, two, or four sparks per revolution can be obtained by using 
a single or a double caoL 


On the K.W. there are four sparks per revolution, with a two- 
point cam, thoefore the magneto would be driven at crank¬ 
shaft speed for an eight-cylinder engine, and at 1H times crank¬ 
shaft speed for a twelve-cylinder. 


placed eroeswise. Is a bit confusing, but la the settina, only one 
is Udcen into consideration, and is thsrefore as simfue to set as 
the ordinary type. The breaker and plug gN> are set to 1/64^ 



^ Fig. 7. Berhng type D-81x-2, high-tension 8-oylindw 
single-spark, high-tension^ revolving type of armature xnag* 
neto, as used on the Curtiss training planes. 



Tig. 7A. Interrupter or contact-breaker as used on the 
Berling magneto ahown above. 

Adjusting interrupter: With the fiber lever in the center ci 
one of the embossed cams, the opening between the platinum 
contacts should be not less than .016^' and not more than .020^'. 
The gauge riveted to the adjusting wrench should barely be 
able to pass between the contacts when fully open. The 
platinum contacts must be smooth, and if pitting of the con¬ 
tacts is in evidence, they should be smoothed off with a very 
fine file. When in closed position, the platinum contacts should 
make contact with each other over their entire surfaces. 

Addresses of Magneto Manufacturers 

K. W. Ignition Co., Cleveland, Ohio. 


American Bosch Magneto Corporation, Springfield, Mass., 
“Bosch” Magneto. 

Ericsson Mfg. Co.. Buffalo, N.Y., “Berling** Magneto. 

The Eisemann Magneto Co., Brooklyn, N.Y., ^Eisemann** 
Magneto. 


The tetthig of the indoctor-tvpe armature is similar to the 
setting of any other type. The fact, of its having two inductors. 


Splitdorf Electrical Co., Newark, NJ., “Aero** and “Dixie** 
Magnetos. 


••COMBINING” THE HIGH-TENSION MAGNETO AND COIL AND BATTERY SYSTEM INTO 

“DUAL” AND “DOUBLE” SYSTEMS 


We have now explained the different leading 
low and high-tension ignition systems for firing 
the charge of gas in the gasoline engine. In order 
to ^tplain more clearlv the four systems of high- 
tension imtion, we will now place the four ignition 
systems ^gh-tension) on one four-cylinder engine. 

Some of these systems (see Fig. 8) are out of date, 
but are shown in order that the r^er will under¬ 
stand the different principles. The modem batter;y 
and coil-igmtioii system, using a closed-circuit 
interrupter, as explamed on page 187, is not shown. 

The system of using four ignition systems on one 
four-cyhnder engine is not m actual use, but is 
intenaed to make the combination of '^dual^' and 
^double'' systems clear to the reader, by showing 
how tbgv MB be combined. 
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The vibratii^ coil is seldom used. The low-tension magneto 
« seldom used A modern **dual” and *‘double" system is 
diown on page 26"- A modern "battery and coil" system is 
diown on pages 197, 211 

We shall first explain each system separately, 
showing how each would be connected. 

First, The ^‘sin^le” high-tension magneto system: 
By referring to Fig. 8, we will put our pencil on the 
switch on the da^ coil box (SI). If this lever is 
thrown to the left with all other switches **off,'* 
this high-tension magneto system will supply cur¬ 
rent for sparking the lower set of spark plugs (Ml, 
M2, M3, M4). Note that these wires run from the 
distributor on the magneto. 

Second, The hi^-tension coil, battery and com¬ 
mutator system: If switch (S) is thrown to the left, 
the four high-tension vibrating coils will spark the 
plugs (HI to H4). The battery of either storage or 
dry cells (usually storage) wifi supply the electric 
current in this instance. The commutator, operated 
from one of the cam shafts through a system of bevel 
gears, will control the time of spark in each cylinder. 

Third, A non-vibrating single high-tension coil 
with battery, using the circuit-breaker on the low- 
tension magneto as the timer, and the distributor 
on the magneto to distribute the current to the 
spark plugs: If the switch on the non-vibrating 
coil is on (B), the battery will supply the electric 
current, passing through the primary winding of 
the non-vibrating coil. The circuit-breaker (Bl) 
on the low-tension magneto will take the place of 
the timer and vibrator. The secondary current 
from the coil will be distributed to the spark plugs 
(W1 to W4), through the distributor (D) on the low- 
tension magneto. 

Fourth, Low-tension magneto and separate high- 
tension coil: If the switch is on (M) on the non¬ 
vibrating coil, the low-tension magneto will pass its 


current through this non-vibrating coil, increase it 
to high pressure, and then distribute high-ten* 
sion current through the distributor (D) to the 
spark plugs (W1 to W4), the circuit-breaker opening 
and closing the primaiy circuit of the magneto. 

Combining into Dual Systems 

If we were to combine the two last-mentioned 
systems, we should have two systems of ignition 
using one set of spark plugs—but only one system 
sparking the plugs at the time. 

The single non-vibrating coil and battery would 
be used to start on, by throwing the switch to (B), 
and after the engine was started; then, by throwing 
the switch to (M), the low-tension magneto would 
take the place of the battery. 

Another dual system: A vibrating coil with 
switch (SI), storage battery and commutator 
(timer), with secondary wires (HI to H4), con¬ 
nected to the spark plugs (Ml to M4), in connection 
with high-tension magneto, connected to same spark 
plugs, would give another form of dual system. 

Combining into Double Systems 

The vibrating coil, timer, and battery with spark 
plugs (HI to H4) would constitute one independent 
system. The high-tension magneto with its spark 
plugs (Ml to M4) would constitute the other. This 
would be called a double system. 

Another double system could be formed by using 
the low-tension magneto and separate non-vibrating 
coil and spark plugs (Ml to M4). The vibrating 
coil, timer, and battery with spark plugs (HI to H4) 
would constitute the other system. 

There are many methods employed to combine 
the different ignition systems into ‘‘dual^' and 
^‘double’’ systems. 


A BRIEF REVIEW OF THE VARIOUS IGNITION SYSTEMS: ADVANTAGES AND 

DISADVANTAGES 


We have now mastered the various methods of 
producing an electric spark for igniting the gas; 
with a *^primary^' or low-tension coil, and a ^^second- 
aiy” or high-tension coil, and a low-tension magneto; 
a low-tension magneto and a high-tension coil, and a 
high-tension magneto alone, or a high-tension mag¬ 
neto and a coil-and-battery ignition, as a ‘‘dual" 
sj'stem. also th« “double" ignition system. 

We shall now review the different systems as to 
their relative advantages and disadvantages. 

Low-tension coil systems: The disadvantage of 
the “make-and-break" is its lack of “flexibility" 
and slow spark. It would be considered fairly good 
for a slow-running constant-speed stationary or 
marine engine. 

Coil with vibrator: The disadvantage of a vibrator 
coil is its tendency to miss; if the battery is weak, 
the vibrator will not operate. If too strong, the 
points on the vibrator will weld together and stick, 
causing missing. The spark is not fast enough. 
The consumption of current is rather heavy. 

Master vibrator coil: Where a system is already 
equipped with a multiple of vibrator coils, this 
woula be an excellent method to improve it. Its 
disadvantage is a sticking vibrator, with all work 
on one vibrator and a succession of sparks. 

Dry battery as a source of electric supply: Its 
disadvanta^ is unreliability. A battery of 5 or 6 
dry cells will do fairly good work when fresh for 
wrt periods of tiino--providsd two sets ars used 


and the use alternates from one to the other. It 
gets weaker as used, however, and is unreliable. 
Intended for “intermittent" work—as ringing door 
bells, etc., where used only for a few seconifi at a 
time. 

Storage batteries are better, as they maintain 
their pressure until exhausted. They contain a 
CTeater quantity of current and are far more satis¬ 
factory. Their disadvantage lies in the fact that 
they must be recharged when exhausted, and the 
operator must watch it for fear of running down. 

Battery, coil, and magneto: The battery and coil 
ignition, using dry cells or a storage battery, could 
be used for starting the engine and the magneto 
can be used for ignition after starting. The dis- 
adv^ta^ ^ould be that dry cells would s^n get 

in time. If a generator or dynamo (direct current^ 
was connected to the engine to charge the batteiy. 
this would be an improvement, but would add 
another piece of machinery. The magneto gener¬ 
ates “alternating" current; therefore it is not suit¬ 
able for charging a battery and "an be used only 
independeni ly for ignition. 

High-tension magneto alone: Th 3 magneto gener¬ 
ates a very hot and voluminous spark which is 
desirable as the time between ignition and actual 
combustion is less, with the result that more power 
is obtamed (for the same reason that “double^' and 
‘two-spark" ignition is an advantage). The dis¬ 
advantage is that the magneto must oe turned hM 
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enough to generate current when starting, and this 
cannot always be relied upon when cruiking by 
hand. Theraore some form of starter must be 
employed. The popular t 3 rpe of magneto starter is 
the 'impulse starter/’ as explained on page 281. It 
is used extensively on tractor engines. 

This overcomes the starting disadvantage, but is not 
altogether desirable for pleasure oars. 

The low-tension magneto and separate high-ten¬ 
sion coil are now seldom used, b^ause the high- 
tension magneto is simpler, and thus the separate 
coil and wirmg are dispensed with. 

The hlc^-tension magneto is a very desirable 
system of ignition. The spark is hotter, fatter, and 
exists across the spark-plug gap for a longer pmod 
of time than in other systems. Thus it fires all of 
the gas in each cylinder. The high-tension magneto 
is several times hotter than any other spark, and thus 
the gas is ignited more quickly. For reasons stated 
below, however, the magneto is not used on pleasure 
cars to as great an extent as formerly, and now that 
great improvements have been made with coil-and- 
battery ignition, this latter system is in general use. 

The double system of ignition is an advantage. 
See page 2^, explaimng why. 

The Electric System in General Use 

Battery^ coil, generator and electric starting 
motor: A very satisfactory system and one which is 
now generally used for pleasure cars is an ignition 
system using a high-tension coil without a vibrator, 
and a "closed circuit,” "single spark” interrupter. 
The source of the electric supply for ignition and 
starting the motor is taken from the storage battery 
when starting the engine, and after the engine is up, 
speeding the "direct current” generator charges the 
lottery and supplies current for ignition and lights. 
The advantages of this system would be a constant 
source of electric supply, a hot spark regardless of 
the speed of the engme, ease of starting the enp^e, 
and a constant source of electric current for hghts 
when the car was idle or running. 


the pleasure ear is driven con¬ 
siderably at night, and quite often at a high rate of 
speed. Therefore strong lights are essential. The 
pleasure-oar driver also demands an easy method of 
starting. Inasmuch as a starting motor and 
lights consume a great deal of current, it is necessary 
that a generator be supplied that will continually 
charge the battery while running. Therefore, if a 
battery is required, and a generator to onarge 
the battery, tnen by adding a timer, distributor, 
and non-vibrating high-tension coil, we have added 
an ideal ignition system, combining all the desirable 
features and eliminating entirely the magneto. 

The disadvantage of the battery, coil, generator, 
and electric starting motor system woiJd app^r 
to be: (1) the probabilities of the dynamo at high 
speed burning out the ignition coil, as the voltage 
increases with the speed of the dynamo, or, (2) when 
running slow, the connection being between the 
storage battery and field coils, the current would 
flow from the battery into the generator. This, 
however, is all taken care of: (1) by "regulation” 
of the dynamo field windin^^ so that the output 
remains constant at low or mgh speeds; (2) by a 
"cut out” arrangement, which is explained farther 
on. 

The greatest source of trouble with this system k 
the storage battery, as it requires careful watching. 
But by having the battery tested about every two 
weeks and seeing that the generator is charging the 
battery while running, which is a simple operation, 
battery troubles can be eliminated. 

The Modern Battery and Coil Ignition System 

The ignition system in general use today is the 
closed-circuit coil and battery system, illustrated 
on page 197. 

The current is taken from a storage battery or 
the p^enerator, then passed through the primary 
winding of a high-tension non-vibrating cou. using 
an interrupter and a distributor to make ana break 
the primary current and distribute the secondary 
current to the spark plugs. 


WHAT IS A GOOD SPARK? 


A good ignition spark is a hot, intense spark which 
will quickly ignite the mixture and penetrate a 
compressed mixture. 

Whst is the colof of s good ignition spsrk? This question is 
often asked. The color of the ignition spark will not always 
verify its value because the color depentu more on what the 
electrodes are made of, than the actuid amperage and voltage 
it repreeenta. 

For example, sesame that the spark is to jump between two 
carbon electrodes. In this case it will make three timee as 
much light and appear to have a g^t deal more volume and 
heat than if the same spark were to jump the same gap made of 
steel electrodes. 

A spark existing between two steel ball electrodes would 
have an intense white appearance and a purplish corona which 
would repreeent intense heat. 

A fat, voltuninotts spark usually indicates high current value 
(amperage). 

A thin intense spsfk usually indicates high potential (voltage). 



Fig. 10 


intensity, and a corona (C) surrounding the nucleus which 
indicates volume or heat-radiating qualities. Ordinarily, if 
the nucleus is snappy and the corona is a voluminous blue or 
purplish-red, it is considered intense and hot. 

Therefore, the heat from an ignition spark is dspendent upon 
the current value (amperes). ana the intensity is dependent upon 
the potential value (voltage). This oombinaUon raeot depends 
upon the voltage of the battery, the winding of the coil, abMce 
of any form of resistance in the primary circuit which is not 
intended, such as loose connections, insufficient tension at 
interrupter points, oxidised interrupter points, uneven surfaces, 
pitted points, etc., and also the time the interruption takse 
place, and quick opening of the interrupter points, and the 
length of time the contact points are closed so that the coil 
magnetism can build up to its proper value. 


A spark of high current vshie is hottsr than a spark of high 
potential. A spark of high potential is more peaetratiim. 
A cembhiation of the two facton is the spsrk desired, that Is, 
a hot intense spark. 

An ignition ^lark, if examined dosely. will be found to have 
nwaiHiy center (If, Fig. 10). called the anclons. which indiosieg 


For eaunple. If the contact points of fho intermptsr are 
•epmted eo that they open too wide, the points woula be late 
in closing a^ thitt would not give sufficient time for the build¬ 
ing ofthe coil magnetism, thus causing miffing at higher 
!P^ ; is to ist the poifits at close a 

M^blo a^t M5*' to .OS'if the average 

ieo pages 200 and 804lor the subiect of ** Ame Propagation.' 




INSTRUCTION No. 27 

IAAGNETO INSTALLATION: Driving the Magneto; Magneto Speeds 


Fitting the Magneto 

One method of fittinp; a magneto to the engine 
flame is by means of pins, and is held down on its 
base a strap of metal passing over the magneto, 
as in £lg. 1. The band is usu^y in two sections, 
as illustrated in Fig. 1, thus brindng the nut (A), 
which tightens or loosens the band at a point which 
is easily gotten at. In other instances, however, 
the magneto is bolted direct to its base, and since 
the nuts are below, it is almost impossible to remove 
the magneto after the enmne has been placed in the 
chassis. It might also^ worth mentioning, at 
this point, that some magnetos are strapped down 
on iron or steel brackets and no precaution taken to 
see that brass or non-magnetic fittings are used at 
the point where the tightening bolts join the straps. 
A httle thought will show that, as illustrated, a 
portion of the lines-of-force will return by way of 
the bolts and base instead of through the armature. 
Although the effect of this may not be noticed at 
ordinary speeds, it will have much to do with deter¬ 
mining the lowest speed at which a good spark is 
produced. Magnetos therefore must have a brass 
or aluminum base. 

TIMINO 



SHAFT BEARIHO Fig. 1 (upper) 

Fig. 2 Fig. 3 (lower) 

Fin. 1 to 3 apply to the typee of high-tension magnetos with 
doubJe-wound armatures. 


Magneto Loc^ation 

The magneto is usually placed alongside of the 
engine (see Fig. 2), mounted on a separate base 
provided for it. The base of the magneto is usuallv 
made of brass, as brass will not become magnetisea; 
therefore the magnetism is confined to the mi^ets, 
otherwise th^ would soon lose their magnetism. 

Magneto Drive 

The magneto armature ahaft can be driven by 
Cws (Fig. 4). or a silent chain The 

tuntupraraoe » to drive with gears (m 5A 
andra). 



Fig. 4. Simplified illustration showing how the magneU-< 
is usually driven and how the interrupter, or contact-breaket. 
is connected with the spark lever. 

The magneto which is timed to give a spark at & 
fixed time cannot be driven by a belt or friction,, 
because the armature must be in a certain position 
in relation to the time of spark. A belt would slip 



Fig. 5. The silent-chain drive method on a six-cylinder 
engine. Note that the sprocket driving the magneto gear is 
slightly smaller; therefore the magneto gear vrill turn 
revolutions to the crank shaft gear's 1 revolution. (The 
magneto is usually driven by gears.) 

A coupling is usually provided between the drive 
shaft and armature shaft, as shown in I^g. 2. One 
type of coupling is the Oldham, shown m Fig. 3: 
another type is a flexible leather or fiber disk bolted 
between two flanges. Bv the use of a coupling, the 
manieto can be uncoupled from its drive member 
and properly timed without removing the gear-case 
cover. 

The coupling and shaft are usually driven by a 
^r. This permits undue strain on the armature, 
if it is not exactly in line, and also reduces vibration 
to the armature shaft. The chain drive is the least 
desirable for ma^eto dnve, but is a popular drive 
method for the interrupter of a coil and batt^ 
system of ignition. 

If a gear is used to drive the magneto direct to 
a gear on the armature shaft, sufficient clearance 
must be allowed between the gear on the ma^eta 
and the driving tpir, in order to reduce stram on 
the armature shaft. 

The magneto must be driven at a fixed speeds 
because the armature must be in apinroximately a 
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vertical position and with the interrupter point just 
breaking; when the piston is in the correct position 
to receive the spark. The correct position for 
the piston to receive the spark is just an instant 
before it is at the end of its compression stroke. 



fig. 5A. Magneto driven by gears on a ‘'T"-head engine. 
Fig. SB. Magneto driven by gears on an '~L*'>head engine. 


The armature is therefore set by meshing its 
drive ge^ in relation te the gear on the crank sl^ft, 
so that it will be in this position at this time. 

The magneto drive shaft is usually tapered, 
therefore the coupling should be tapered to corres¬ 
pond. If driven by a g^r, and teeth are meshed 
too tight, undue strain will result on the bearings. 


Magneto Connection with Spark Lever 

The method for advancing and retarding the 
time of spark is usually by means of a rod connected 
at one end with the spark lever on the steering 
wheel; the other end connects with the bell crank, 
thence by a rod to the interrupter or breaker-box 
bousing (Fig. 4). 

By shifting this housing in the opposite direction 
of the rotation of the cam, the cam would raise the 
interrupter arm and interrupt the flow of current 
earlier, or in ‘^advance.*' 

By shifting this housing with the direction of 
rotation of the cam, the interruption would occur 
later, or “retarded.^^ 

On some tjyes of magnetos, such as the Mea, page 
271. the field magnets are ^^advanced” and ‘^re¬ 
tarded’’ by rocking the magnets bodily around the 
armature (called “pivoting advance”). 

The advance which can be obtained on a magneto 
is usually 22^* to 35**. 


Oockwise and Counter-Clockwise Drive 

The drive-end of a magneto is the end where 
the drive gear or coupling connects with it. The 
direction of rotation of armature is always con¬ 
sidered from the drive-end. 

Clockwise rotation of the armature would there¬ 
fore be as in Figs. 6A and 7A. Note that the direc¬ 



tion of rotation of the armature is right hand, or as 
the hands of a clock move. 

Counter-clockwise rotation would be as in Figs. 
6 and 7. Note that the direction is a left-hand dirSo* 
tion, or opposite to that of the movement of clock 
handp. 



AmU€l0Jk»lM 


Figs. 7 and 7A. Drive end of magneto which is opposite te 
the interrupter and distributor end. 



Note in Figs. 7 and 7A that the distributor would 
revolve in the opposite direction to the armature. 

Note also in Fim. 7 and 7A the position where arma¬ 
ture (A) should be placed when the contact-points 
should open, with the contact-breaker fully retarded. 
The illustration on the right shows a clockwise rota¬ 
tion, and the left-hand illustration shows it as 
counter-clockwise, both armature positions being 
retarded. By tliis is meant that the contact- 
breaker points are retarded from separating until 
the armature has reached a position as shown at (e). 

Figs. 6 and 6A show the drive-end of a magneto 
with the contact-breaker lever (L) retarded when 
running clockwise and counter-clockwise, as in Figs. 
7 and 7A. 

Meaning of ^^Advance^^ and ^^Retard’^ of Spark 

Since in regular operation of the engine the charge 
is ignited just an instant before the top of the com¬ 
pression stroke, the magneto armature is so set, 
relative to the engine crank shaft^ that the maxi¬ 
mum induction effect occurs at this moment. 

It is, however, necessary to be able to vary the 
point in the cycle at wliich the ignition occurs, 
since, when the engine is cranked by hand, the 
spark must occur after the end of the compression 
stroke, or else the engine may kick back. 

If started by some form of self-starter, it is then 
possible to start with slightly more advance than 
when starting by hand, because the self-starter 
turns the engine crank somewhat faster; however, 
even with a starter, if advanced too far it will cause 
a back-kick and may result in damage to the starter. 

The meaning of “advance” of spark is to cause the 
spark to occur earlier, before the jnston is on top of 
compression stroke. 

The meaning of “retard” of spark is to cause the 
spark to occur later. On engines that are cranked 
by hand, the spark is usually set “retarded” after 
top, so that there will be no danger of a kick back. 

The exact position to “advance” or “retard” is 
determined by running as far “advanced” as possible 
at all times until a luiock is detected, and then 
“retard” imtil the knock disappears. The driver 
will then soon learn the exact position where the 
engine gives the greatest power. Remember alao» 
that a retarded ie 9 >ark heats up th^ engine. 




MAGNETO INSTALLATION 
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Control of Spark 

Principle: As the spark occurs only when the 
primary circuit is broken by the opening of the 
platinum contacts, the liming of the spark can be 
controlled by having these platinum contacts open 
Boonw or later, lliis latter is accomplished by 
the angular movement of the timing lever (L) (Figs. 
8 and m). This movement dves a timing range of 
about 34®. The spark is fully retarded when the 
timing lever is pushed as far as possible m the direc¬ 
tion of rotation of the armature, and is advanced 
when pushed in the opposite direction. 

Maraeto spark control: In order to make it 
possime to vary the time of the spark on a magneto, 
the circuit-breaker housing is so arranged that it 
can be rocked around its axis, being provided with 
a lever arm (L) (Fig. 8) for the purpose, from which 
connection can be made to a spark lever on the 
steering post, as in Fig. 4. 



Pig. 8 Fig. 8A 


Rg. 8. niuatration showing circuit-breaker in “advanced’" 
position when magneto armature is running “counter-clock¬ 
wise” (view from front of magneto). 

Filf. 8A. Illustration showing circuit-breaker in “advanced 
position" when magneto armature is running “clockwise” 
(view from front of magneto). 

It will rea^y be understood that if the armature 
shaft turns right-hand (Fig. 8A) (idew is from 
the distributor end, not the drive end), and if then 
the circuit-breaker housing is moved through a 
certain angle in a rij^ht-hand direction, the contact 
points (A) and (B) will sepaxate later, or ‘^retarded,” 
with relation to the position of the enmne crank 
shaft; while, on the other hand, if theliousing is 
moved in a left-hand direction, the circuit-breaker 
point will open earlier^ or ^‘advanced,^' the position 
m which it is now in Fig. 8A. In this way the point 
at which the spark occurs can be shifts through 
an angle of about 34®. 

Coil and battery system control: On the Delco 
and Atwater-Kent or similar systems, the advance 
and retard is obtained by shifting the housing sur¬ 
rounding the timer and distributor and also by 
governor action (see pages 202, 214). 

Spark-Control Methods 

There are three general principles used for con¬ 
trol of spark: (1) by hand, to vary the spark posi¬ 
tion, wmch would be termed ‘‘vanable spark”; (2) 
by a governor, which would also vary the spark 
according to speed; (3) by a fixed spark. 

(1) By hand means that the spark lever on the 
steering post shifts the interrupter 

(see Fig. 4, page 287). 

Where megneto Ignition is used, the housing 
M which the interrupter arm is placM is shifted in 


the opposite direction of rotation to the armatuTe to 
'^advance,” or cause the spark to occur earlier, or, 
in the direction of rotation to cause the spark to 
occur later. 

When the spark is advanced or retarded by hand, 
it is left to the good judgment of the driver to manip* 
ulate the spark lever, except where the ^tem is 
equipped with an ^automatic” advance. The auto¬ 
matic advance is seldom used with magneto ignition. 

(2) The automatic advance is probably the most 
satisfactory with a battery and coil system of igni¬ 
tion, because the spark occurs just at the right time 
automatically, and there is no guessing as to just 
how far to aavance or retard at various speeds. See 
Index. 

(3) The fixed spark used with a 

hi^-tension magneto, means that the time of 
spark is fixed at one position, and 

tne contact-breaker breaks at one position, regard¬ 
less of speed. This system 

would be satisfactory if the speed of the engine 
was constant and did not vary. 


The disadvantage in one instance: Suppose the 
car was running up hill, the charge of gas would be 
heavy and the tnrottle would be open, consequently 
there would be a high compression. If the spark 
was advanced, 

the spark would occur at such a time that the com¬ 
bustion would take place before the piston reached 
the top, because the piston would be moving slow 
at, say, ten miles an hour: the result would be that 
the force would be exertea on the head of the piston 
causing the momentum of the piston to buck against 
the force of the Cbmbustion, which would 
cause a knock and loss of power. 


Relation between Position of Armature to 
Contact-Breaker when Advanced or Retarded 

Advanced position: Referring to (M), the arma¬ 
ture cheek is just breaking from the pole tip (e), 
in the direction of rotation. This is the maximum 
position, or when current strength is strongest. At 
this time the contact-points (P) (Fig. 9) should 
separate. 



Fig. 9 Fig. 10 

Fig. 9. Contaot-br«aker sdvaaoed. 
Fig. 10. Cont»ot-bT«»k«r reUidad. 
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The magneto is set at the factory with armature 
in maxiihum position (M), and the contact-breaker 
housinjg (Fi^. 9) is placed in an advanced position. 
That is, it is mov^ oppoaiie to the direction of 
rotation of cam (c). The cam (c) is set so that it 
causes points (P) to separate when the contact- 
breaker housing is in the advanced position. 

Retarded position: Suppose the contact-breaker 
housing is retarded, or moved with the direction of 
the cam rotation as far as it will go (Fig. 10) (28*^ 
is average range),^ then points ^) of the contact- 
breaker would not separate until the armature had 
traveled farther* in the direction of rotation, approx¬ 
imately the position shown in (R). At this point 
the armature has passed the maximum ^ition and 
is where the current strength is weaker. By referring 
to pages 253, 254, we learn that the current strength 
ibegins to weaken the nearer the armature travels to 
.zero position after maximum position. 

From this we learn that the spark is strongest at 
maximum position of the armature (M)^ with the 
contact-br^er in advanced position (Fic. 9), and 
that the spark is weaker when the contacwireaker is 
in retarded position (Fig. 10), because the armature 
has passed the maximum position. 

Let us see what happens when we follow out the 
magneto-setting given on page 297, which says: 
Place piston on top of compression stroke, place 
contact-breaker in retarded position, then turn 
armature m direction of rotation until contact-points 
just start to separate. 

This would place the armature in position (R), 
and the contac^breaker in position shown in Fig. 10: 
both retarded. In this position the spark woula 


occur when the piston was on top of the stroke—but 
we must remember that the combustion is not 
instantaneous; therefore allowing for this lag, the 
spark would occur when the piston had movid 
sli^tlv down after top—^which at slow speed is 
desiraole, but which is a weaker position of the 
armature for starting the engine on. 

This is whv spark-plug points ought to set close 
together, and whv magnetos do not permit the 
engine to throttle down as slow as a constant source 
of electric supply, such as a battery. The contact- 
breaker is usually retarded when the engine is run¬ 
ning slow and the magneto armature is turning over 
slowly. Therefore both actions tend to we^en the 
spark. Always run as far advanced on magneto 
ignition as possible. 

As the speed of the engine increases^ if the con¬ 
tact-breaker was retarded and combustion was not 
instantaneous, as explained above, then the piston, 
traveling fast, would move farther down after top 
before the spark occurred. Therefore as we have 
a range of 28** in which we can move the contact- 
breaker housing so that the spark will occur earlier, 
we then advance the contact-breaker more and more 
as the speed of the engine increases, so that the spark 
will occur before top of compression, thereby g^ing 
the combustion time to take place, when the piston 
is on top. or just starting down. The more we 
advance the breaker, the nearer we reach maximum 
or the strongest position of the armature. There¬ 
fore the current strength is greatest at high speeds. 

When setting a magneto, the only point to con¬ 
sider is whether the breaker housing is to be retarded 
or advanced when interruption takes place, and 
the position of the piston. 


^ FLAME PROPAGATION 


In a gasoline engine the piston is caused to move 
by the expansion of the combusted gases. The 
greater the beat produced by the combusted gases, 
uie greater the expansion, and thus the greater the 
power delivered. 

The combusted gsses will produce greuter best if fUme 
propagatiou (travel) is rapid, which is produced by having a 
coinbustible mixture and a hot, intense spark (aee also pages 
286 and 304). 

To be combnatlhle, the gasoline mnst be heated jnst enonfh 
■o that it vapoyixes, and this vapor is mixed with air in toe 
prc^^tf proportion, that is from 14 to 17 parts of air to 1 of 
gasoline vapor (by weight). There should be just enough air 
to completely bum or oxidise the gasoline vapor. 

Take for example, gunpowder. If this is ignited when damp, 
flame propagation is ^ow. If ignited when dry, flame propaga¬ 
tion would be more rapid; in fact, an explosion results, if under 
compreeeion. 

Likewise, if the gas mixture is cold and mostly gasoline is 
taken into the cylinder, as in a cold engine, it gives off very 
little vapor, the oalance either passing out the exhaust to be 
wasted, or condensing on the cylinder walls, diluting the lubri¬ 
cating oil. Thus flame propagation would be much slower 
thanlf the gasoline were heated enough to give off vapesr and 
were properbr mixed with air. 


1 The average advance ran^ of the armature is 22^ to 34^— 
many magnetos actually having but 22° or 28° in which the 
brwer moves from full advance to full retard. The Bosch Co. 
states that the Bosch four-cylinder standard average speed (lew 
than 2,000 r.p.m.) has a timing range of 35° flgurra on the 
magneto axis. On a timer or commutator, it Is possible to get 
asH^h as 48°; for instance on the Atwater-Kent timer, me 
timer shaft will advance automatically about 16° at high speed, 
and the housing itself can be advanced about 33°. 

* About 1/16'' break from cheek of armature to pole-piece (e) 
when advanced, is the average break. The distance at full 
retard would be id>out 23/32". 

A four-cylinder engine, with a speed 2,000 or less, Is termed 
an engine, and the gap between pole-piece and 

annature cheek hi 1/16'*. An en/pne with speed of 2,000 to 
3,600 r.p.m. would be termed a hi|^-speed eimine. and in this 
ease the gap opuiing is increased to 5/32" or 3/16*'. 


A very hot s^k is necessary to ignite s cold, unvsporised 
mixture, and also for a dense mixture, when running slowly 
with hard pulling and the throttle well opened. 

When sTOeding, the throttle is opened wider, admitting more 
gas which increases compression. Thus sn intense, hot spark 
and combustible mixture are necessary for the following rea¬ 
sons: (1) because the greater the oompreesion the greater the 
resistance offered to the spark; (2) at nigh speeds ni^e prop¬ 
agation must be rapid, otherwise the exhaust valve would open 
before the gases were completely combusted, and thus power 
and gasoline would be lost by p^ of the unbumed gases pass¬ 
ing out the exhaust valve port. 

The average engine retires approximately l/%9th part of 
a second at a car speed of 80 m.p.h. to vaporise, compress, 
ignite, comhust, and expand one charge. Thus the necessity 
of quick vaporisation, hot spark, quick opening of interrupts 
points, and quick combustion (flame x>ropagation). 

The time at which the sf^k should occur would be far more 
advanced if flame propagation was slow, than if flame propaga¬ 
tion was rapid. The hotter the spark and more combustible 
mixture the lew the advance at a given spe^ (see also 
“Range of Spark advance and Retard,” page 30o, and “Spark 
Control and Overheating,” page 304). 

With double ignition, lets spsrk advance is necessssy, 

because flame propagation is more rapid (if the mixture is of the 
proper combustible nature). We might make a comparison 
of a double eoark with that of starting a fire. If a bundle of 
kindling wood is ignited with two matches, its flame propaga- 
tion would be more rapid than if ignited with one. 'H^ere 
double ignition is used, this permits more rapid combustion, 
or flame propagation, and thus a wider speed range on high ana 
lees detonation (sudden pressure), and consequently more silent 
operation. 


Advantage of double ianition: (1) gas bums much quicker, 
Ihue causing more rapid flame propsgiufcion: (2) leas advance of 
spark lever, permitting the gas to oombust at the hi^iest point 
of compreetion and not after it has started expanding; (3) burn- 
of ^ the mixture, thus more power and saving of gasoline; 
(4) tendency to prevent sooty sparkplugs, accumuhirion of 
embon on pistons, pitted valves, etc., because the gas is com¬ 
pletely burned and not aflame when valvee open, which is 
often the case with slow flame prc^iagation. 
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IGNITION TIMING: Timing the Magneto; Checking and Timing Battery 
and Coil Ignition Systems; Timing Miscellaneous Ignition Systems 


A study of Figs. A to D below will make clear the 
**four-cycle principle’’ which is necessary to have in 
mind clearly in order to understand the explanations 
following. This explanation is also applicable to 
coil and Dattery ignition. 



A B C D 


Suction or inlet stroke: In Fig. A, the piston 
moves downward, drawing a mixture of gas and 
air into the cylinder on top of the piston. 

Compression stroke: In Fig. B, the inlet valve 
closes and the piston moves back in the cylinder, 
compressing the mixture of gas and air. 

Power stroke: In Fig. C, the mixture of gas and 
air under compression is ignited by means of an 
electric spark; thus the expansion force of the heat 
pushes tno piston downward. This is the power 
stroke. Note there is only one power stroke per 
cylinder for every two complete revolutions of the 
crank shaft. ^ 

Exhaust stroke: In Fig. D, the exhaust valvp 
opens; the piston on the upward stroke forces out 
the burned gases, and the cylinder is again ready for 
a new charge, or the inlet stroke. 


RELATION BETWEEN THE TIME OF SPARK AND POWER OF ENGINE 


Immediately after the spark occurs in a cylinder, 
the gas mixture starts burning near the spark plug 
points, ''fhe flame produced by igniting tliis small 
part of the mixture takes time to travel (propagate) 
to all points in the combustion space. The entire 
charge does not bum instantaneously; but, on the 
contrary, the process is gradual. 

.\s the charge continues to burn, thereby generat¬ 
ing more heat, the pressure in the cylinder will 
continually increase until all of the gas mixture has 
been burned, at which time the maximum pressure 
will be produced. 

To obtain the greatest possible amount of power 
from the charge, two conditions should exist, name¬ 
ly: (1) the greatest possible pressure should be pro¬ 
duced, (2) this maximum pressure should occur when 
the piston is on top dead center or shortly afterward. 

The greater the compression pressure before com¬ 
bustion starts, the greater will oe the pressure pro¬ 
duced after combustion is complete; consequently, 

the greater will be the maximum pressure. 

Time for the Spark To Occur 

If the spark occurs after top dead center (as in 

Fig. 3), the compression pressure will be very low 
at time of ignition; and consequently the maximum 
pressure produced after combustion is complete will 
be quite low. Furthermore, by the time combustion 
is completed, the piston will be still farther down on 
the power stroke and the pressure will work on the 
piston for only a very short distance before the 
exhaust valve opens. Both of these conditions reduce 
the power of the engine. 

If the spark occurs at top dead center (as in Fig. 
2), the compression pressure will be high; but by the 
time that combustion is complete, the piston will 


' The momentem of tho flirwheel carries the piaton up and 
down on the other three of the four atrolcea. 


have descended part way down on p)ower stroke. 
The high pressure w ill therefore work on the piston 
during only part of the stroke. More power will be 
produced than in Fig. 3, but still wc nave not ob¬ 
tained as much power as we should. 


PISTON GOING UP ON PISTON ON TOP OF COMPRE- PISTON ^FTtR TOP- 
COMPRESSION STROKE- SSION STROKE- 6^S PMiKEO 6KS»«TPKC«0 50 TIGHT 
faCKING GAS IN CYL. TIGHE5T AT THIS POSmON UESSPPESSUW OHPI5TOH 



If the spark occurs too soon before top dead center 
(as in Fig. 1), the charge w ill have time to complete¬ 
ly burn and generate its maximum pressure before 
top dead center is reached. The maximum pressure 
wdll therefore tend to make the engine run backward. 
The effect will be a loss of power and a bad knock. 

To produce the best results, the spark should 
occur a sufficient time before top dead center, so 
that the charge w ill have time to completely bum 
and generate its maximum pressure just as the piston 
reaches top dead center or shortly thereafter. The 
problem is to determine how far in advarice of top dead 
center is the correct time of ignition^ so that combustion 
will be complete and maximum pressure will be 
generated at or shortly after top of compression stroke. 
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There are two main points to be considered; the 
system of ignition being one. If a coil and vibrator 
system is used, then it is natural to suppose that 
the time consumed in making contact on the com¬ 
mutator and the time of action of the vibrator will 
result in more time than a single contact, as in a 
oaagneto or single-s^rk system. Therefore if a 
vibrator coil system is used, we would have to set 
the spark to occur a longer time before the top of the 
compression stroke, than if a quicker single spark 
system of ignition was used. 

The second consideration is speed. If the piston 
was traveling slow, the spark would be set (retarded) 
to occur later or nearer the top of comi;ression stroke 
than if the engine was running fast. 

Speed Relation to Time of Spark 

Suppose the engine was iunning 500 revolutions 
per minute. Taking (X) (Fig. 6) as top of compres¬ 
sion stroke, the distance to set the spark would be, 
say, at (Y), in order to give max. pressure time to 
t^e place when the piston was on top of compres¬ 
sion stroke. 



compression stroke at (X), (Fig. 7), and pass over it 
and down to (Y), on the other side, or down in powei 
stroke, before the process of combustion was com¬ 




pleted. The result would be a loss of power durinj 
the piston’s down travel between the points QL) and 
(Y) (Fig. 7). ihe full force of the pressure not being 
exerted on the piston until the latter point (Y) was 
reached. 

To increase this, it will be necessary to recalculate 
the piston speed at 1,000 r.p.m. and set the spark at 
a point say, (Z), (Fig. 5), which will allow of com¬ 
plete combustion by the time the piston reaches 
the top of compression stroke (X). 

Setting the time of spark to occur before the top 
of compression stroke is called advancing the spark. 

In setting a magneto, the usual extreme range of 
advance is 22° to 35°; therefore if it was desirable 
to set the spark to occur at 35° at full advance posi¬ 
tion, BO that the spark would occur 35° before top, 
when rimning at full speed, simply place the piston 
on top of compression stroke, and set the contact- 
breaker in ^‘retard’^ position. 

If only 30° advance was desired at full speed, 
place the piston 5° past the top of compression stroke 
and set tne breaker-box housing at full retard. 


RELATION OF MAGNETO DISTRIBUTOR AND ARMATURE SPEED AND OF THE 
CRANK SHAFT OF THE ENGINE AND THE CAM SHAFT 


A high-tension magneto of standard construction 
produces a high-tension or jump^park current, this 
current being generated in the w indings of the mag¬ 
neto armature w'ithout the use of a separate induc¬ 
tion coil. 

Two ignition sparks are produced during each 
revolution of the armature in the “armature tyfje" 
magneto, and these are transmitted to the proper 
cylinders by means of the high-tension distrmutor, 
which is integral with the magneto. Once during 
each half-re volution of the armature the primary 
circuit is broken, and the abrupt interruption of the 
primary current results in the production of the 
oigh-tension current in the secondary winding. 

The variation in ignition timing is effected on 
the magneto itself, the arrangement permitting the 
interruption of the primary current to occur earlier 
or later in the revolution. 

Armature and Distributor Speed 

On a four-cylinder en^e, four sparks are 
required during two revolutions of the crank shaft. 
The magneto gives two sparks or impulses to one 
revolution of its armature; therefore it would be 
geared to drive at the same speed as the crank shaft. 


On a six-cylinder engine, six sparks are required 
during two revolutions of the crank shaft; there¬ 
fore the armature would revolve one turn, and half 
of another turn, making three sparks, while the 
crank shaft made one turn. Therefore on two 
revolutions of the crank shaft, the armature would 
make three revolutions, or six sparks. 

The distributor, however, on both the four and 
six-cylinder engine, would revolve at one-half thk 
speed of the crank shaft, as the distributor brush 
would make one revolution, to two revolutions of 
the crank shaft. 

The distributor rotor on all ignition systems re¬ 
volves at one-half the speed of the engine crank 
shaft. 

A two-lobe cam is generally used on the inter¬ 
rupter, with lobes or projections 180®, or one-half 
revolution apart. This causes an interruption of 
current every half-revolution of the armature. 

Speed Relation between Crank Shaft of Engine 
and Cam Shaft 

On a four-cylinder, four-cycle engine, the crank 
shaft turns two revolutions (or 720®) to conmleta its 
four-cycle operation. The cam 8haft,^um81 revolii* 
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tion; the magneto armature turns 2 revolutions; 
the magneto distributor brush, 1 revolution. 

Four s^ks are necessary during the two revolu¬ 
tions of the crank shaft; therefore as the magneto 
armature turns two revolutions, the same as the 
crank shaft, it produces four sparks, or a spark at 
every one-half revolution. 

The distributor brush is geared to turn one-half 
the speed of the magneto armature; therefore, it 
will turn one revolution (360°) to two revolutions 
of the crank shaft. As the four contact segments 
on the distributor are spaced 90° apart, then one 
revolution of the distributor brush will make four 
contacts, producing four sparks 90° apart during 
one revolution of the distributor brush, or 180° 
apart relative to the crank shaft, or four sparks to 
two revolutions of the crank shaft. 

A two-point cam is used on the ^‘armature type'^ 
magneto cqntac^breaker, which interrupts the pri¬ 
mary circuit twice during each revolution of 
the armature. 

Four-cylinder magneto speed: Refer to Fig. 8. 
Note that when the piston makes a full stroke, or 
when the crank shaft or fly wheel of the engine 
travels from (A) to (B), one-half revolution, or 180°, 
the armature also i ravels 180°. Both travel at the 
same speed. 



Figs. 8 and 8A* A magneto for a four-cylinder engine. 


The four-cylinder engine requires four sparks 
during two revolutions of the crank. The armature 
gives two sparks or impulses every revolution, there¬ 
fore, travelmg at the same speed as the engine crank, 
it will give four sparks during two revolutions. 

The distributor would be geared for one-half the 
speed. Every time the crank shaft moved 180°, or 
one-half revolution, the distributor brush would 
move 90°, or one-quarter of a revolution. 

The distributor always runs at one-half the speed 
of the crank shaft on all four-cycle engines. 

On a aiz-cylinder, four-cycle engine, the crank 
shaft turns two revolutions to complete the four¬ 
cycle operation, just the same tis the four-cylinder 
engine. The cam shaft also turns the same as the 
four-cylinder en^e, that is, one revolution to two 
of the crank shait. 

But six sparks are necessary during the two 
revolutions of the orank shaft, oecause the crank 
shaft is divided into three pairs of throws (see page 


45), each pair firing 120° apart, or one-third of a 
circle. It is then necessary to gear the magneto 
armature so that it will turn three times to the 
crank shaft^s two, or one and one-half times to each 
revolution of the crank shaft. The armature pro¬ 
duces three sparks during one and one-half revolu¬ 
tion, or six sparks during three revolutions (see Fig. 
9 ). 

The distributor brush must turn one revolution to 
the crank shaft s two; therefore, if the armature 
turns three times when the crank shaft turns two 
times, the distributor is geared from the armature 
shaft to turn one revolution when the armature 
turns three revolutions, or one-half revolution when 
the armature curns one and one-half revolutions. 

As the six contact segments on the distributor are 
set 60° apart, then one revolution of the distributor 
brush will make six contacts, producing six sparks 
60° apart during one revolution of the distributor 
brush, or 120° apart relative to the crank shaR, or 
six sparks to two revolutions of the crank shaft. 

Six-cylinder magneto speed: Refer to Fig. 9. 
Note that when the piston makes a full stroke, or 
when the crank shaft or fly wheel travels from (A) to 
(B), or 180° or one-half of a revolution, the armature 
would turn three-quarters of a revolution, or 270° 
(A to B). 



Figs. 9 aiid 9A, A magneto for a six-cylinder engine. 


Therefore if the crank ]>in made one complete 
revolution, the armature would make twice three- 
ouarters or one and one-half revolutions. During 
tliis one and one-half revolutions it would have 
made three impulses. 

When the jngine crank makes another revolution, 
then tlie magneto armature would have made one 
and one-half revolutions more, or throe revolutions 
to two of the crank; therefore, it would make six 
sparks during the three revolutions of the armature, 
rr two revolutions of the crank shaft. Therefore 
the armature is geared to run one and one-half 
times as fast as the crank shaft. 

The six-cylinder engine crank must make two 
revolutions to complete its four-cycle operation; 
therefore it would require six sparks during its two 
revolutions (720°). 

The distributor, however, having the six plug 
connections to make during one revolution of its 
rotating brush (B), would have to be gear^ so it 
would make a oonnection every 60°, or l/6th of a 
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revolution. For instance: If the crank shaft 
traveled one-half of a revolution, or 180^, the dis¬ 
tributor would travel 9(F, or one-quarter revolution. 

If the crank shaft traveled one revolution, or 360®, 
the distributor would travel 180®, or one-half revo¬ 
lution. 

If the crank shaft traveled two revolutions, or 
720®, the distributor would travel 360®, or one 
revolution. 

If one of the cjrlinders fired every 120®^ or one- 
third of a revolution (there being six cylinders to 
fire during two revolutions, or 7^0® travel of the 
crank) then we would need six sparks or impulses 
during 720® travel of the crank. 

The distributor being geared one-half the speed 
of the crank shaft, the segments would be placed 60® 
apart; therefore, when the crankshaft traveled 120® 
and r^uired a spark, distributor brush (B) would 
travel 60®. There being six segments 60® apart 
this would give six sparks or impulses during two 
revolutions, or 720® travel of the crank, or one revo¬ 
lution, or 360® travel of the distributor brush (B). 

Magneto Distributor Speed 

Fig. 10: Illustrates the ratio of gearing between 
the armature and distributor gear on the four and 
six-cylinder magneto (four-cycle). 



On a four-cylinder engine, the armature and cam 
(C) turn at the same speed as the crank shaft, but 
the distributor rotor (DA) turns once to the crank 
shaft’s twice. 

On a six-cylinder engine, the armature and cam 
(C) turn one and one-half times to the crank shaft’s 
once, or three revolutions to the crank shaft’s two, 
but the distributor rotor (DA) turns once to the 
crank shaft’s twice. 

On the distributor of four-cylinder magneto (see 
illustration, Fig. 8), the contact segments (S) are 
90® apart. 

On the distributor of six-cylinder magneto (Fig. 9) 
the segments (S) are 60** apart. 

Distributor Connections s Relation of Distrib¬ 
utor Connections to Cylinders 

The following discussion applies to distributors 
sn coil and battery ignition as well as magneto 
ignition. 

Before the mamieto distributor can be connected 
with the spark plu^ the firing order of the engine 
sho\ild be determined^ and in the ease of four- 
cylinder four-cycle engmes, the firina order must be 
either 1^ 3, 4, 2, or 1, 2, 4, 3, or if a six-cylinder 
togine, It would probsbly be 1,5, 3, 6, 2, 4, or 1, 4, 


2, 6, 3, 5. The firing order may be determined by 
cranking the en^e slowly and observing the order 
in which the inlet or exhaust valves operate, this 
order of operation being identical with the firing 
order. 


The method of connecting the sp^k plugs with 
distributor on four-cylinder en^es is shown below 
in Figs. 11 to 15, when the engine is fixing 1, 3, 4, 2. 
or 1, 2, 4, 3. Note also the different method ot 
connection when the magneto runs clockwise, and 
counter-clockwise. Clockwise means in the same 
direction as the hands of a clock move; counter¬ 
clockwise, in the reverse direction. 


Note that when the armature revolves in one 
direction, the distributor revolves in the opposite 
direction. This is due to the motion of the gears. 
In the case of a magneto, the direction of rotation 
clockwise or counter-clockwise, is always stated by 
viewing the magneto from its shaft or driving end. 



Fig. 11. Magneto armature is running counter-clock wise, 
if viewed from the drive end (opposite the distributor end). 
The distributor rotor is revolving as shown by the arrows, and 
is connected with the cylinders, so that the firing sequence al 
the cylinders is 1. 3, 4, 2. 



I'leta of 
Distributor End 


Fig. 12. Magneto arniature is running counter-clockwise. 
The distributor rotor is revolving as shown by the arrows, and 
is connected with the cylinders, so that the firing sequence oi 
the cylinders is 1, 2, 4, 3. 



Fig. 13. Magneto annature it now running clookwii^ If 
viewed from the drive end (opposite the distributor snd). The 
distributor rotor is revolving as shown by the arrows, and is 
eonnsoted with oyfindars, so that the flrbg asqusnot ol tbs 
oylindsn is 1, 3, 4, 3. 
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View o/ 
Distributor End 


14. Ma 4 pieto armature is now running clockwise. The 
distributor rotor is revolving as shown by tne arrows, and is 
oonneoted with the cylinders, so that the firing sequence in 
the cylinders is 1, 2, 4, 3. 


Never allow the ignition wires to lie on or near 
the exhaust pipe, as the insulation will burn off and 
lay the wire bare, causing a short circuit. 



15. K.W. high'tension magneto used as an example 
showing connections of spark plug wires to distributor on a 
four>;cyunder enmne, when firing 1, 2.4, 3, or 1, 3, 4, 2, and when 
distributor brusn rotates right^and or left-hand. RH means 
arm (B) turns to the right hand, when cam (C) turns to the left; 
LH means arm (B) turns to the left hand, when cam (C) turns 
to the right; P, platinum contact points on interrupter; R, 
roller raised by cam (C) which causes separation of (P); A> 
interrupter or contact-breaker housing. 


How to Connect Spark-Plug Cables with 
Distributor 

It will first ba necessary to determine the firing 
order of the cylinders of the engine. 

If the firing order on a four-cylinder engine, for 
example, is 1, 2, 4, 3, then the direction of rotation 
of the rotor of the distributor is the next point to 
determine. See Fig. 15. 

If cam (C) turns to the left when viewed from the 
front, set the distributor rotor (B) on segment (S> 
and connect cylinder No. 1 with (S). The next 
segment of the distributor in the direction of rotation 
(RH) would be connected with the second cylinder, 
the next with the fourth cylinder, and the next 
with the third cylinder. 

If the cam turns to the right, when viewed from 
the front, place (B) on segment (SI) and connect 
cylinder No. 1 with (SI), then connect the se^ent or 
cable coming next m tne direction of rotation with 
the second cylinder, the next with the fourth 
cylinder, the next with the third cylinder. 

If the engine fires 1, 3, 4, 2, connect in the same 
manner so that the rotation of brush (B) will cause 
the engine to fire 1, 3, 4, 2, in order as they come. 

If cam (C) is turned to the left, by shifting the 
interrupter housing down, by movement of lever (A), 
the spark would occur earlier, or “advanced.^^ If 
(A) was shifted up, with cam (C) rotating to the 
left, the spark would occur later, or retarded. 

Fig. 15 is that of the K. W. high-tension inductor- 
type magneto. It will be observed on page 246 
that this magneto differs from the armature type 
and other magnetos, in that it gives four sparks or 
impulses per revolution of armature instead of two. 
By using a two-point lobe cam (C) and revolving 
armature and cam (C) at crank-shaft speed, there 
are but two interruptions of the primary circuit per 
revolution of armature and crank shaft, or four 
interruptions or sparks for two revolutions. 

The distributor rotor, like all other ignition dis¬ 
tributors, revolves one revolution to the crank 
shaft’s two. 


MAGNETO INTERRUPTERS! 


The purpose of the interrupter, also termed a con¬ 
tact-breaker, and breaker-box, is to open the pri¬ 
mary circuit when the magneto armature is at 
maximum position, as explained on pages 253, 289. 

The interrupter housing can be shifted by move¬ 
ment of lever (L), so that the interruption will occur 
advanced or retarded; as shown in Fig. 1. 



D .!^^.j!^teiTupter or oontoot-breaker as used on the 
Boson DtJ4*’ hish-tension magneto. 


sJ! S* A.B. deaigtiates the interrupter aa **breaker box.” The 

wm internipiw * ia used in thia b^. owing to the fact that 
term ia one more oommoniy adopted. In aome 
iDstanosa the change wiU be made! 


On the **armature-type” magneto, the armature 
is in a maximum position twice during one revolu¬ 
tion; therefore, if the interruption occurs twice 
during a revolution of the armature, two sparks will 
occur during one revolution. See page 253. 

In order that the interrupter or contact-breaker 
j)oints (A) and (B) (Fig. 1) may be separated twice 
during one revolution, two fiber cams (G), placed 
180** apart, cause the points to separate twice during 
one revolution. 

Note the arrangement in Fig. 1. Here we have 
two cam blocks (G) stationary to the inside of the 
internmter housing (F) placed 180® apart. As the 
disk (D) revolves, the parts C, H, E, B, A, and X 
revolve with it. 

At the extreme end of (C) is a projection (X). 
When this fiber projection (X) strikes cam-block (G), 
the platinum point contacts (B and A) are opened. 
(H) is a spring provided for holding the points 
toother at other times. (K) is a fiat metal spring 
which connects with terminal (M) and is used to 
carry current to grounding switch (see Fig. 1, page 
266). 

Interrupter Cams 

Tke interrupter is constructed in various forma. 
The principle, nowever, is about the same. 
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The interrupter on the four-cylinder, as well as on 
the six-cylinder engine magneto, must interrupt the 
current twice during one revolution. Therefore a 
cam with two projections placed 180^ apart, as 
shown in Fig. 2. would serve the same purpose as 
the earn blow (G) in Fig. 1. 



Fig. 2. Interrupter or contact-breaker used on the Remy 
* *RL** magneto. 

In Fig. 2, the cam revolves on the end of the 
armature sh^t, thus at the same speed as the arma¬ 
ture. 

The production of the spark at a definite time is 
therefore controlled by the cam. 

On a single-cylinder engine, requiring but one 
spark during two revolutions of the crank shafts a 
single cam (^g. 3) is used which is attached to the 



Fig. 3. £fingla-«park cam. Fig. 3A. Two-spark cam. 

end of the armature, which revolves one-half the 
speed of the crank shaft. 

The usual practice, therefore, is to pass over one 
of the two ‘‘maximum’' positions of the armature, 
simply by omitting one of the two cams, thus leaving 
the primary winding short-circuited. Therefore as 
the magneto is driven at cam-shaft speed in this 
instance, a single spark is obtained. 

On a four-cylinder engine, the cam would open 
the interrupter twice during one revolution. There¬ 
fore it woiild run at the same speed as the engine, 
causing four openings during two revolutions, and 
would have two high points or lobes, as in Fig. 3A. 

Speed Relation of Interrupter Cam and Mag¬ 
neto Armature to En^ne Crank-shaft 
Speed 

The following refers to a four-cycle engine where 
a two-lobe cam is used on an armature-type mag- 
neto.i 

Two cylinder enginer. half the speed of the orstik 

ihsit. 

Three-eylinder eoginee: at three-quarter speed of the crank 
shaft. 

8lz-eylinder engines: at one and one-half speed of the crank 
shaft. 

Eigbt-eyUndsr engines: twioe the speed of the crank shaft. 

The interrupter gap clearance mentioned above 
refers to the opening of the interrupter points when 
the cam is in such a position as to open the points 
to their fullest extent. 


If the gap clearance of the interrupter points is not 
correct, the adjustment can be made by revolving 
the armature by hand until the arm (X) pig. 1. for 
example), is on the high point of cam (G), which 
causes the points (A and B) to separate fully. Thm 
loosen lock nut and adjust screw (S) untU the 
proper clearance is obtained. Be sure and tighten 
the lock nut. 

Widening the interrupter air-gap causes the inter¬ 
rupter point* to open earlier, beoaus^ when lower¬ 
ing the screw ^S, Fig. 1), the point (a) on arm (C) 
wul bedn to rise earlier, causing a spark to occur 
when the magneto armature is at a more favorable 
position—giving a more intense spark. Closing of 
the gap, by turning screw (S) up, is just the revere 
of the foregoing. Usually, a small flat wrench is 
provided with the magneto for adjusting. 

The proper opening as well as the quick opening of 
the interrupter points is a very important factor. 
See pages 257, 258, 252, 190, and read carefully. 

If the engine misses with the spark retarded (and 
misses more at low than at high speed), the contact 
screw should be screwed out a notch at a time until 
the missing is overcome. 

If the engine misses with the spark advanced 
(and more at high speed than at low), the contact 
screw should be screwed in a notch at a time until 
the missing is overcome. 

As previously stated, there are many different 
methods adopted by the various manufacturers for 
opening the mterrupter points. 



Fig. 4 Fig. 4A Fig. 4B 

The Bosch is shown in Fig. 1 and in Hg. 4. In 
this the moving contact (X) is carried on a bell 
crank which rotates with the armature shaft, the 
cams (G) being inside the breaker box. 

For the Dixie, see Fig. 4A and page 274. The 
cam revolves with the armature shaft operating a 
bell crank (C), which remains stationary so that 
adjustments can be made while running. 

For the Eisemann, see Fig. 4B and page 269. 
This consists of two spring members separated by a 
fiber (S) piece; one of the springs carries the movmg 
contact ^int. The cam is stationary. 



Fig. 4C 


>Two>oyole cnginet; two-oyUndcr enginef. isme 

•peed M orank ihaft; tkrea-cyliiider nginit, one and one-half 
tha speed of crank ahaft; four-cylinder engine, twice the speed 
of smnk shaft; aiz-oyliiKkr engine, three Umm the spm 4 of 
sraak ahaft. 


For the K. W., see Fig. 4 C. The cam (C) revolves 
against roller (R), thus opening contact jximts (P) 
when the highest point of the cam is agamst roOer 
(R). 
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Interrupter Cap Qearanoe 
There !a one adjustment on the magneto which 
needs watching: that of the platinum point breaker 
contact screw. The interrupter air-gap clearance 
adjustment should be made so that the maximum 
break of the platinum points is about .015'' to .020", 
which varies slightly on different magnetos as follows: 
Bosoh, approximately .016"^ 

Berlins, approximate .016" 

Dixie, approximately .020" 

Eieemann aa ahown on pase 270, 

Maa, .016" 

Othff Eiiemann masnetoa, .016^ 

Remy low-tension, .020" 
eimms, .015" 

SpUtdmf hish>tenslon, .020" 

Remy high-tension, .020 to .026" 

K.W. high-tension 1/64" 

The interrupter adjusting screw is very delicate 
and needs to be adjusted carefully. K the platinum 
points are “pitted," then they should be filed down 
flat with a very fine jeweler's file. (See pages 221, 
225)* Keep oil away from the points. 


Commem eontaet-bresker tnmhlae aret insuffi* 
(dent lubrication causing wear; looee breaker bar; 
fiber bumper worn. 

Spark Plugs for Magneto Ignition 

The spark plugs used should be those recom* 
mended by the manufacturer because, in some 
instances, the points of the plugs are of a higher 
resistance metal. The average gap for magneto 
ignition is .020", or about 1/64", and on battery 
aiid coil ignition, .025" to .030". 

The spark-plug gap recommended by aome of 
the magneto manufacturers is as foUows: 

Berling..OMT 

Boach.016" to .020^ 

C*NU4"ii.016'0 

Dixie,.025"* 

Eiaemann,..025^ 

K.W.1/04" 

Remy (low t.).026^' 

Remy (high t.).030" or 1/32* 


SETTING TIME OF SPARK OF MAGNETO 


There are three general positions of the piston 
for setting the time for the spark with the magneto: 

1. Top of compression stroke. 

2. After top of compression stroke. 

3. Before top of compression stroke. 

A variable spark is where the breaker can be 
shifted to advance or retard the time of spark. 

A fixed spark is where the breaker (or inter¬ 
rupter) is set or fixed at one position and cannot be 
varied (see page 289). 

In setting a magneto of the fixed-spark type, the 
instructions for moving the breaker housing to the 
extreme advance or retard position are to be dis¬ 
regarded. The magneto should be set so that the 
spark occurs at the most advantageous point in the 
cylinder. This should be decided upon by the engine 
manufacturer, but where such information is not 
available, the spark should occur at top-center. 

In setting a magneto of the variable-spark typci 
one of three methods can be used: 

^ (1) By setting the piston on top of the compres¬ 
sion stroke and setting the magneto breaker 
retted. In this instance the most advantageous 
position of the piston for the spark to occur, when 
the breaker is fully advanced, is determined by how 
much advance the magneto is capable of giving. A 
high-speed engine reauires more advance than a 
Blow-speed engine. Magnetos vary from 22® to 35® 
or mors. However, this is the ave^e and general 
setting. This is tenned “setting piston on top and 
ignition retarded." 

(2) Sometimes, on truck and tractor engines and 
others, the spark is made to occur when the piston is 
slightly down after the compression stroke, and 
the breaker is retarded. This would not permit 
advancing the spark so far ahead of the stroke— 
unless a magneto with a greater range was used, but 
this is done on slow-speed engines and where very 
slow running or idling is desire. 

(3) Setting the piston before the top of the com- 

g ression stroke and advancing the breaker would 
e tenned "setting ignition advanced." The point 




to determine here, as to where to set the piston, 
depends entirely upon where you wish the spaiic to 
occur when the breaker is fully retarded. For 
instance, suppose the magneto range of advance 
was 35® and you wished the spark to occur on top 
of compression stroke: simply set piston 35® before 
top, with the magneto breaker full advanced. This 
would mean the same thing as setting the piston 
on top with the magneto retarded. 

Setting the High-Tension Magneto ^‘Retarded 
on Top** 

The average plan for setting a mameto: Where 
the magneto has been removed from the enmne and 
its connections were not previously marked, it can 
be retimed as follows: 

1. Place No. 1 piston on top of compression stroke. 
To find compression stroke, see pages 307, 70. 

2. Uncouple magneto from its drive shaft. If the 
magneto cannot be uncoupled, then time from 
magneto gear and gear driving it, by taking them 
out of mesh. 

3. Retard the breaker box (also called interrupter) 
(F) (Fig. 6), by turning it in the direction of 
rotation of the armature shaft, as far as it will go. 

4. Turn the armature in the direction of rotation 
until the distributor arm (DA) is on segment (S) 
of No. 1 spark-plug cable connection; then turn 
the armature one way or the other slightly, until 
the interrupter arm (A) is just starting to separate 
the platinum point connection (P) with (K), 
which of course is caused by (sam action, as 
shown. In other words, just when the points 
start to separate is the tune to set the magneto. 

5. Couple the magneto shaft, or mesh the gears 
drivmg the mameto, at this point, being cmeful 
not to move either the armature or piston. 

6. Now see that the wire cables from the distributor 
are prop^ly connected, as explained on pa^ 295. 
In this instance, by looking at the distributor 
connections and noting direction in which rotor 
(DA) turns, the firing order would be 1, 3, 4, 2. 


* MBT oa four sad sia-^yttadir aagiiua, and .020" oa tls^i- 
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The foregoing setting is for retarded position of 
interrupter and piston on top. This setting would 
allow the spark to occur considerably before the 
piston reached top of stroke when the interrupter 
was advanced, which is usually the case with high¬ 
speed engines, and the average and usual setting. 



piaton is pUoed on top center of the compression stroke. 


No hard-and-fast role can be given in the absence 
of specific instructions of the manufacturer, as to 
the best piston positions corresponding to full 
advance and retardation; but, in general, a trial 
setting on the average pl^ (as in Fig, 5) might be 
tried, m which the gear wheels are mesh^ so that, 
with the contact-breaker fully retarded, the piston 
is on top of the compression stroke. 

If it is found that the contact-breaker cannot 
be properly retarded at slow speeds, without the 
engme tending to knock, another setting must be 
made, and the piston moved farther on the firing 
stroke. 

After a few trials and after carefullv noting the 
pull of the enspe, the b€»t setting for the particular 
conditions wul be attained. 

The ‘breaking*' distance between the platinum 
points should .015"' to .020''. The amount of 
range provided for advancing and retarding is 
greater on some mametos than on others; an 
average range is from to 85^. 

Setting Magneto ^^Retarded—^After Top** 


The breaker box (F) is stationary. The arms 
(A) and (K) revolve with the armature (Fig. 6). 

Usually when viewing the magneto from the front 
of the engine, the magneto would be facing In tlM 
opposite direction to that shown in Fig. 5, i.e., 
towards the flywheel, as the rear end of a magneto is 
usually driven from the front of the engine. 

When the breaker points are just breaking, the 
ammture cheek, breaking from the pole, is in correct 
position, as it was set at the factory; this is true, 
likewise, of the speed of the distributor to the arma¬ 
ture. 


How the Instructions for Setting a Magneto 
Vary 

(1) Set by marks on flywheel. Usually desic- 
nated on the flywheel by a mark (C) or (Pj. This 
mark is placed in line with a punch mark on the 
cylinder which indicates that piston No. 1 is on 
compression stroke and the magneto is to be set 
advanced or retarded as instructions may be given, 
at this point. 

(2) Set by inches. Should the time for the spark 
to occur be given in inches, for example, “time for 
spark to occur is full advanced position measured 

on flywheel, before upper dead center," as is 
the case in the instructions given to set the valves 
on the Simplex engine, which is 4H" bore, 6Ji" 
stroke, and 18flywheel: 

To do this, set the spark lever or breaker on the ma^eto at 
*'full advance ' position. Then turn the flywheel until the top 
center of compression stroke is reached. At this point a 
center mark on the flywheel is in line with a center mark on 
the inspection hole. To have the spark occur 3 m meas¬ 
ured on the flywheel, would moan to turn the flywheel back 
or before top of compression stroke until this center line was 
ZH'* away from the center line on the inspection hole. Tbit 
wowd be the position for the spark to occur in. 

The armature of the magneto would then be uncoupled, the 
breaker advanced, and the armature turned slishtly until 
pointa were just starting to separate. The coupling would 
then be tightened. This settii^ would cause the spark to 
occur 21^ before top of compression stroke, with breaker hous¬ 
ing advanced. (The value of de^ees relative to that of inohea 
was found by referring to the table on page 299.) 

(3) By measurement of armature from pole 
piece, as in Figs. 7 and 7A (page 288). Note (e), 
which is the distance the armature is to be set with 
piston on top and breaker points separating (see 
“Synchronizing distributor with armature"). 

(4) By sight hole, as in Fig. 6 (page 299). 

(5) ^ degrees: Should the firing position be 
given in decrees, the movement of the piston, 
measured in inches corresponding with any given 
number of degrees of the crank shaft (where the 
relation of the crank shaft throw to tho length of 
the connecting rod is as 1:4.5),^ may be determined 
by reference to diagram, page 299. 

Example: 8upx>ofle you were instruct to set the ^park 34^ 
before t^ of compreenon stroke—"advanced,** on an engine 
with stroke. 


If a manufacturer’s instruction said, “Place piston, 
say. yi*' down after center of compression stroke 
witn breaker box retarded," then this would not 
permit advancing the spark so far ahead of the 
stroke. In some instances, this is done on slow- 
q)eed engines and where very slow running or idling 
is desired, as on truck and tractor engines. 

Note. The armature turns in the opposite direction to the 
distributor. Therefore always note the direction in whieh 
Urn distributor turns before eonnecting eablsi to {duga To 
teu how an engine firse, see pagse 79,7S. 


(ia) Turn to table on page 299; find 5H*' at bottom. Next 
find 34® to right. Follow instructions for finding result given 
in chart. The distance in inches at which to place the inston 
would be midway between and H'* irom top. 

(b) With this information you would then proceed to 
place the piston, say, within 6/16*' of top of compression stroke. 

(c) The interrupter housing would then be full advanced 
ana the armature turned in direction of rotation until the oass 
just started to separate the interrupter points. 


I Bee footnote, page 399. 
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In some magnetos. Bosch, for instance, the 
magneto can be set by observing the sight hole. 

Hie piston is placed to firing position, for full 
advance position. This point is determined by 
the engine manufacturer. 


The armature is then rotated 
until the figure 1 can be seen in 
the window in the fa«e of the 
distributor platej which indi¬ 
cates that the distributor rotor 
is on No. 1 sement to fire No. 1 
spark plug. The cover of the 
.oil well is then raised, and the 
armature turned a few degrees 
in one direction or the other 
until the red mark on one of the 
distributor gear teeth is brought 
into register with red marks on 
the side of the window. The 
magneto is then turned for full advance position, and 
the gear or coupling is secured to the armature shaft. 



Fig. 6. 


Setting Magneto by Piston Travel 

A diagram for determining the advance in 
‘^inches,or a fraction thereof, to set the piston 
when the stroke is known and when the time to set 
spark is expressed in '^degrees,^* is shown in Fig. 7. 



Strok* In inche*. 

Fig. 7 


The relation of the piston travel to the rotation 
of the crank shaft depends on the stroke and the 
length of the connecting rod. 

The piston travel of an engine' is easily deter¬ 
mined, and the determining of the rotation of the 
crank diaft in degrees, corresponding to any desired 
piston travd, may be ascertained ubm the accom¬ 
panying diagram. In this diagn^ the relation 
between tiie crank and the connecting-rod length is 
as 1:4.5 (isee footnote). 

In the diagram the vertical lines numbered at 
the bottom the stroke of the engine in inches, 
the rotation of the crank shaft in degrees being 
indicated by the slanting lines and the figures at 
theri^t. 


' 1:4.6 it a ratio tquation and meant, tt 1 it to 4 6/10, or^in 
oUmr wctdt, the eonneotiiis rod it 4H timet longer thmi the 
e t ank thxtiw. 


The figures on the and the horizontal lines 
indicate the piston travel in inches. 

As an example in the use of the diagram; It may 
be desired to nnd the piston travel for an advance 
of 30® on a motor of 6" stroke. The vertical line 
for the desired stroke may be identified by the 
figures at the bottom of the diagram; and this 
vertical line may be followed upward until it cuts 
the diagonal line indicating the desired number of 
degrees, which is 30® in the present case. 

The horizontal line nearest this point should be 
followed to the left-hand side. In the present 
instance it will be seen to indicate about H"* 
This ^es the advance in inches, corresponding to 
30®. The piston should be ^ro®i upper dead 
center on compression stroke. 

Timing the Bosch Dual Magneto 

This system is explained on pages 267 to 269. Note that 
there is a battery interrupter and a magneto interrupter (see 
Fig. 11, page 267). Although both in the same housing on 
the front of the magneto, but one setting—that of setting the 
magneto interrupter—is necessary. 

The battery interra^er is so arranged that it will then inter* 
nipt or break its circmt approximately 10^ later than ttie mag* 
neto interrupter; this feature gives the full timing range of 
the magneto. For instance, if toe timing lever is fully retarded 
and the magneto interrupter is set to break when the piston is 
on top of compression stroke, the battery interrupter, with the 
switch in battery position^ would break slightly after top, or 
10*^ later. Therefore set the magneto interrupter just the same 
as you would set the Bosch independent type of magneto. 


Timing the Bosch Independent Type 

Place the piston on top of the compresson stroke with the 
interrupter retarded as explained on page 297. 

The magneto pointa on the dual sy^m should be adjusted 
to open about 0.35 millimeters, or uightly under 1/64 , and 
the interrupter points full l/64^^ The spaik-ping points should 
have a gap of about 1/64" to .026". 


Timing the Remy Magneto, Model 

Model **RL" is to be timed to the engine by the break of 
the contact points. When the piston is on exact dead firing 
center, the cam house must be in full retard position, and the 
platinum points must just be separating. 

The high-tension cable from this cylinder, which is in exact 
dead firing center, should then be connected to the distributor 
terminal, to which the distributor segment, which is o^Kwite, 
corresponos. 

The remaining distributor terminals should then be oon* 
nected up in the prqper firing order of the engine. 

The position of the 'Inducdbor*' or **rotor'* type of annature is 
just the same as on a “shuttle" type armature; the interrupter 
should j\i8t be breaking when the *‘rotor" la just leaving the 
vertical poeition. 

Seetional cuts explaining the Remy magneto, with its induc¬ 
tor tyi>e of armature, are utown on page 247. Set tiie breaker 
points at .026" gap. 


Timing the Eisemann Magneto, Dual System 

To set this tyjM, turn the engine by hand until the piston of 
No. 1 cylinder is on the detm oenter (ooB^resaioa stroke). 
Place the timing lever of the magneto to fully retarded peaitlon. 
then turn the armature of the magneto unul No. 1 appears at 
the glass dial of the distributor plate. Make sure tnat the 
piathium coataote of the magneto are just opening.' Fix the 
driving medium m tius position. 

In order to insure absolute safety when cranking on the bat¬ 
tery, the oontaot-breaker of the battery system is arranged so 
that it wiU open 10^ later than the magneto contact-breaker. 


Timing the Splitdorf Low-Tension Magneto 

Set the piston on top of compression stroke with the inter¬ 
rupter retarded. 

Now revolve the annature shaft in its direction of rotation 
until the oval breaker cam eomeo in contact with the breaker 
bsr and Just begina to separate the ptatinum oontacta. Set 
the coupling or gear at this point 
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Timing a Magneto Within Itself 

First: FuUy advance contaci4)reaker hoiising. 

Second: Slowly rotate the armature in the direc¬ 
tion in which it is driven^ until the breaker points 
just start to separate. 

Third: The gap between the trailing end of the 
armature and pole piece (see ei Fig. 9, page 289) 
should be from |V" to 

Fourth: With the armature and contact breaker 
in this position, mesh the distributor gear in such 
a manner that the rotor arm distributor brush has 
just completed making full face contact with the 
dis^butor segment. 


Berling High-Tension Magneto 

The model foutxsylinder engine magneto is shown 

in Fig. 8. 



Fig. 8. A phantom view of the Berling high-tShsion 

masmeto. A **gap-distributor” is used. Usual setting; re¬ 
tarded. piston on t^. Interrupter adjustment.,to .019"; 
spark-plug gap, .031". (Ericsson Mfg. Co., Buffalo, N.Y.) 


Simms Magneto 

A special feature of the Simms magneto (Fig. 9) is the 
design of the pole pieces which have extensions on the edges 
following the direction of rotation of 
the armature. These extended edgee 
keep the edges of the armature shuttle 
within influence of the pole in all 
poeitiona from full advance (left 
arrow), to full retard ^ht arrow). 
That is to say. that at the moment oi 
breaking the current, the edge ^ the 
shuttle is never widely separated from 
the edge of the pole piece (about 
1 m.m.). Therefore the current is 
generated at low or high speeds with* 
Fig. 9 out much lots of intensity. 



Checking Ignition Timing of Magneto 

When the gears which drive magneto or timw 
are diaei^^ed, be sure they are marked as indi¬ 
cated in 10 and 11. When connecting high- 
tension wires, first learn the firing order, and then 
connect as explained on page 296. Remember, the 
distributor on a magneto revolves in a direction 
opposite to that of the armature. For instance, 
see Fig. 10: crank gear (C) revolves to the left 
(view supposed to be from rear of en^pne): idle 

geartoni^t; magneto gear to left» and dismbutor 
toii^t* 



Fig. 10. Rear view of engine. Fig. 11. Front view of engine. 


In Fig. 10 the rotor of distributor (D) turns in a 
clockwise (right-hand) direction, so that it next will 
make contact with the stationary segment No. 2. 
As the engine fires 1, 3, 4, 2, the cable No. 2 should 
lead to No. 3 cylinder, No. 3 to No. 4 cylinder and 
cable No. 4 to No. 2 cylinder. (See also page 943.) 

Re-Meshing Timing Gears 

To assemble gears if removed (Fig. 11): Turn 
flywheel until Nos. 1 and 4 pistons are at top-dead- 
center. with No. 1 ready to fire (top of compression 
stroke). Key the crank-shaft gear (C) and cam-shaft 
gear (S) to shafts so that Fig. 1 on each will mesh. 
Then replace idler gear (I) so that Fig. 2 on it will 
mesh with Fig. 2 on the crank-shaft gear. Then 
mesh Fig. 3 on the magneto gear (M), with Fig. 3 
on the idler gear. 

Synchronizing Distributor with Armature 

Synchronizing the interrupter points, cam, and 
distributor: If the majpeto has been entirely dis¬ 
assembled, proceed as follows: 

Bosch as an example: (1) place the dis¬ 

tributor brush on the segment—^just starting; (2) 
place armature in direction of rotation 3/32'' from 
pole shoe—just breaking; (3) breaker to start open- 
mg must be advanced. 

Bosch **DU4,” model 6: (1) place the brush in 
the center of the segment; (2) armature 1/16" from 
pole shoe: (3) breaker points will start to open at 
full retard. 

Bosch dual system: (1) place the brush 1/16" 
on tne sepient; (2) armature breaks from pole 
1/64"; (3) breaker points will separate at full 
advanced position. 

K* W. High-Tension Magneto Circuit 

This is the inductor type of magneto explained on 
page 246. 

The rotor, with paddles (A) CS), revolves between the poles 
of the magnets (not shown here), and the magnetic linee-oMorce 
pass through the rotor in the direction shown by the 
arrows, then in the reverse direction, and so on. 



Fig. 19. Diagram of operation of the ■nf gw ff fN 
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This reversiQir And moving of the nu^netio lines onuses current 
to be generated In the primary coil or windixig (X), The current 
passes through the oirouit-breaker arms (F) and (O) and through 
the metal of the engine (ground) back to the coil. 

When this current in the coil (X) gets to the proper point, 
the cam on the end of the shaft (H) presses down the roller in 
the little arm (G) and pulls apart the breaker points (J), thus 
breaking the current in the primary circuit. 

The stoppage of current in the primary coil (X) instantly 
causes a high-tension current to be induced in the secondary 
or outside coil (T). This high-tension current is carried up 
and delivered to the distributing arm (B). 


This distributor arm (B) is for the purpose of distributing 
high tension to the different terminals 1, S. S, 4, which are in 
turn connected to the spark pings in the cylinders in the order 
in which they lire. This arm (B) is so timed that it reaches 
one of these terminals just as the breaker points open in a 
primary circuit, that is, just as the high-tension current is 
being generated. 


This distributor arm is shown delivering current through 
terminal No. 1 to spark plug No. 1, whence the current jumps 
across the gap to ground (that is through the metal of toe 
engine), back to the end of the secondary coil 


TIME AND CHECKING COIL AND BATTERY IGNITION; PURPOSE, METHOD 


Note: **Coil and battery ignition** refers to ignition systems 
using a non-vibrating type nigh-tension coil and interrupter 
(closed circuit type is now in general use). 

The timing of ignition is merely a procedure 
where the lever controlling the advance and retard 
of the spark is usually set retarded, advanced, or 
midway between full retard and full advance when 
the piston is either on top, before top, or after top 
of compression stroke. In order to understand 
clearly the meaning of “advance and retard,” 
see Figs. 1 and 2. 

The illustrations are exaggerated as to the actual 
distance at which the piston is placed before or 
after top of dead center. An ignition commutator 
is illustrated to explain the principle, but the 
principle applies to a majjneto breaker-box, or 
battery and coil system of interrupter, or to any 
type of contact-breaker for an ignition system. 



Fig. 1. The commutator arm (A) ia at full advanced poti- 
tion. Thus the time of the spark, or when contact is made 
in this instance (contact would be broken if an interrupter 
was used instead of a commutator), would occur a considerable 
time before the piston was at top of its compression stroke. 
Thus the spark would occur at full advanced position. 

Fig. 2. The commutator arm (A) is moved in the direction 
of rotation to a full retarded pMition. Therefore the contact 
would be made later than in Fig. 1, or retarded, or after the 
piston was over the top dead center of compreesion stroke 
and part of the way down on power stroke. 

On a magneto or coil-and-battery system of 
Ignition, the interrupter housing is advanced and 
retarded in the same manner, except that the points 
of the interrupter are made to open at a certain 
time instead of contact being made, as with a com¬ 
mutator. 

Thus the purpose of setting the ignition is to set 
the oontaot-breaker so that the spark occurs either 
in an advanced fiosition when (or before) the piston 
is on top of the compression stroke, or in a retarded 
position when piston is past the top of dead center 
of the compression stroke. 

For instance, if the contact-breaker was set at 
full retard position when the piston was on top of 
its compression stroke, this would allow for a wide 
range of advance before top. 

• On many engines and ignition systems this prac- 
tioe is followed out, but on others, the contact- 


breaker housing is set at a full advanced position 
at a certain point before the piston is at the top of 
its compression stroke, as indicated by a mark on 
the fl 3 nvheel. 

Checking Ignition Timing 

First: Place piston on top d.c. of conmression 
stroke, or slightly before, as marked on flywheel, 
according to manufacturer’s instructions (see pages 
70, 307, now to find compression stroke and page 
302 giving an example of nywheel marking). 

Second: Advance or retard spark lever according 
to manufacturer’s instructions (see also page 306). 

Third: Remove distributor cover, distributor 
rotor, and also the flywheel housing peep-hole cover, 
so that the marks on flywheel can he seen. 

Fourth: Open all priming cocks with the excep¬ 
tion of the one in No. 1 cylinder. (No. 1 cylinder 
is generally used to check and time with: see page 
700 

Fifth: Crank en^ne by hand until compression 
stroke begins in this cylinder, then open thw prim¬ 
ing cup and continue to crank slowly until inter¬ 
rupter points just begin to separate. This separa¬ 
tion should open when the imtion mark on flywheel 
is in line with the mark on housing (see below how 
to tell when interrupter points open). 

Sixth: Replace distributor arm (rotor) and 
distributor cap, being sure that all parts are tight 
and that wares are connected properly to spark plugs. 

Before checking or timing ignition, adjust inter¬ 
rupter points (see page 307 for reason, and see also 
pages 220, 232, 306). 

To tell when interrupter points separate: Visual 
determination of the separation of the contact points 
is not accurate enough; therefore it is advisable 
to use the following procedure: Turn the ignition 
switch on and watch tne dash ammeter as the engine 
is slowly hand-cranked with priming cocks open as 
in *hfth” procedure above. At the instant of 
interrupter point separation, the ammeter reading 
wdll fall to zero current flow. All other circuits in 
the electrical system should of course be open when 
this check is made. Another method is to use a 
small electric test lamp connected across the 
interrupter points (page 371); when points separate 
the lamp will light. 

The Packard-elAt lotion tlmlnc (models 626, 633, 640) is 
chedeed by a mark which is 21/32''^b6fore top d. o. meaaxued 
on circumference of fly-wheel, with spark lever advanced. 

Setting or Timing Ignition 

If, after checking the timing, the interrupter point 
separation does not coincide or check with tiie 
Awheel mark or measurement or podtion of piston 
as explained above in “checking ignition timing,” 
then it will be necessary to reset, time, or adjust 
the position of the interrupter cam so that it will 
separate the points at the correct time. 
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Setting Interrupter Cam (Methods) 

The different methods of adjusting the cam so 
that it will separate the interrupter points at a 
given time are as follows: 

1. By loosening the cam adjust^ screw at top 
of taper shaft and turning cam until it separates the 
points (Figs. 3, 3A, page 302; also pages 220, 208, 
and Figs. 6, 7, page 21$. 

2. By loosening cam adjusting screw at bottom 
of shaft as in Fig. 13, page 307. 

3. By loosening ^e advance arm-lever damp 
so'ew and turning distributor housing one way or 
the other until cam separates points (Fig. 4, page 
302; also Fig. 4, page 212, and pages 208, 307). 

4. The rod connecting to the advance-arm lever 
can also be removed and shortened or lengthened, 
usually by placing it back into one or more holes 
drilled in the advance-arm lever. 


Checking; Timing Ignition (Studehaker) 

This car model) uses an automatic and manna! 

advance of the spark, and either the Warner or Remy batt^ 
and coil ignition system is used 
To check ignition: Remove No. 1 spark nlug and crank the 
engine by hand untfl the piston in No. 1 cylinder has begun its 
compression stroke. The beginning of the compression stroke 
ma^ be detected by holding the thumb over the spark-plug hole 
until compression is felt. 

The upper-dead-center position is indicated when mark 
*‘UP-D-C-1*’ on the fly whed is opposite the pointed projection 
on the rear of the Bwdix starter housing. Before this mark 
''UP-DOl’* comes to the pointer you will notice a line marked 
“AD-SP** which indicates the manual advance spark p<Mition. 
Wlien this line reaches the pointer, stop turning the engine and 
proceed as follows: 

Placo the spark lever at full advance position. The timer 
control lever should then be in its extreme forward position. 
Remove the distributor cover without disconnecting wires and 
lift off the revolving segment (also termed distributor arm or 
rotor: see Fig. 5). The interrupter points should separate at 
this time. If not, then set or time as in paragraphs: **Timing 
Ignition** (see page 301 to tell when interrupter points separate). 
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Fig. 3. Top view of the Wagner interrupter on Studebaker 
‘Tight-Six,** models “£j” (1922)and “EM^(1923). 

Fig. 8A. Method of loosening cam to set the time the 
tnierrupter points open, 

Fig. fL Side view of the Remy distributor on model **£J** 
Studebaker (1922). Note: In this example the advance arm 
levsr is loosened instead of the cam; then the distributor hous¬ 
ing Is rotated one way or the other until the cam (Fig. 4A) 
opens the jwints; then the clamp screw is tightened. On the 
mew ^*£M'* (1928) Remy interrupter, the cam is loosen^ as 
3 and as in Figi. 6, 7, page See aim pageflOiT 

Fic. 4A. Top view of Remy interrupter (oontaet-brsaksr) 

mmSdoothe ffiudSgkar 


Timing ignition: (on cars with Wagner equipment) loosen 
cam screw which holds the ctm on the taper shaft. Pry cam 
Itom its seat on the shaft, by using a screwdriver (Fig. 8A). 
Turn the cam in a oountei^ookwise direction, or to toe left, 
imtil it reaches a position such that, when all parts are assem¬ 
bled, the edge of the revolving segment on distributor arm or 
rotor comes directly under the No. 1 distributor terminal and 
the breaker points are just in the act of breaking. Tighten the 
look screw to hold cam in this position and r^inaoe the distrib¬ 
utor arm and distributor cover. 

Timing ignition: (on cars with Remy equipment) loosen 
adymnce«arm clamp screw (Fig. 4) and make an accurate 
adjustment by rotating the distributor housing about the cam, 
with the advance arm at extreme forward position so that the 
interrupter points are just in the act of breaking and the dis¬ 
tributor arm is directly under No. 1 distributor terminal 
Tighten the clamp screw to hold the housing in this position. 
Replace the distributor arm and cover (see Fig. 6, showing 
distributor arm or rotor). 

To test accuracy of adjustment, make sure that electrical 
connections from battery to coil and distributor are complete. 
Disconnect from the cou the high-tension cable leading to the 
center terminal of the distributor. Place the point of a wooden- 
handled screwdriver on a convenient part of the engine and 
have it held so that the metal part of the screwdriver is about 
H * from the high-tension terminal of the coil. Fully advance 
the spark lever on the steering wheel and turn on the ignition 
switch. Crank the engine over slowly by hand until the spark 
iumpe from the coil terminal to the screwdriver. The mark 
’‘AD-SP** should now be directly opposite the pointer. 

The adjustment of the spark-control rod will govern the 
retarded adjustment. This should be adjusted so that it will 
move the distributor advance lever arm against the stop for 
advanced and retarded positions. 

Note: Before timing the ignition, always check interrupter 
point contacts to see if clean and properly adjusted. To check 
adjustment, use a thickness gauge between points when the 
position of cam fully opens points. The gap should be from 
.020*' to .025" when fuUy separated by the cam (see pages 
211, 212, 232). 


Checking; Timing Ignition (Mitchell “F’’) 

The ignition^stem used on this six-cylinder model of car 
is the Remy. The instructions are as follows: 



Fig. 6. Top view of Remy distributor-interrupter (contact- 
breaker) as usM on the Mitchell ‘'F.” 


To check ignition: Open all compression cocks and turn the 
engine by hand till the intake valve of cylinder No. 1 (next 
to the radiater) opens and closes, and till the mark "D.C. 1-6" 
on the fly wheel is in top center position. T^en this has been 
dons the piston of cylinder No. 1 is at top of its compression 
stroke and will be just starting down on its working or power 
stroke. 

Next place the spark lever in full retard portion. Remove 
distributor cover and the distributor arm by hfting it up off from 
the shaft. The interrupter points should just start to separate 
at this time* If not, then set or time the cam. 

Timing ignition: Unscrew and remove cam nut. Loosen 
the cam from its snug fit on the taper of the shaft by prying up, 
raroing it at the same time. Use care not to mar the smooth 
sunaoe of the cam. 

Reset the cam by moving it in the direction in which it rotates 
until the eirouit-breaker contact points just start to separate, 
and the cam is in such a position that when the distributor arm 
and cover are replaced, the metal blade (segment) of the 
distributor arm will be nearest the extension in the distributor 
cap eonneoted to the spark plug in No. 1 cylinder. Rap the 
cam down in this position, and tighten the nuti The next 
diitf1butior-oM> terminal in a oounter-dockwise dlreotioa from 
the tenniail oonneot^ to cylinder No. 1 ia to bi eonneoted to 
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Spark plugi: Failure of epark b eometimee due to the gap in 
the i^k plug beoominc elogged with carbon or oil. Tms gap 
should measure .022''. 

Too largo a gap may cause missing on a hard pull or when 
accelerating at very low speeds, mth too small a gap, the 
eni^e may operate unevenly at idling speeds and miss at 
higher spera. With spark plugs having more than one gap, 
the shortest gap should be as stated. 

Checking; Timing Ignition (Essex Model 

This is a Deloo s^tem; see wiring diagram, page 406* 
(The later Essex uses Bosch ignition, page 208.) 

1. Place the spark lever on the steering-wheel sector in the 
fully advanced position. 

2. Turn the engine with a hand crank until No. 1 piston starts 
to come up on the compression stroke. The marking of the 
fly wheel should then be observed through the hole in the 
fly-wheel housing on the right-hand side of the engine until 
tne marking “D.C. 1-4” appears at the pointer on the fly¬ 
wheel hounng. Interrupter points should start to open. 
If not, set or time cam as per (3) (4). 

3. Loosen the timing adjustment screw in the center of the 
distributor shaft and turn the breaker cam so that the rotor 
button will be in a position imder No. 1 high-tension terminal, 
or that which leads to No. 1 cylinder, v^en the distributor 
head is down in place. Locate the breaker cam carefully 
in this position so that when the slack in the distributor 
driving gears is rocked forward, the contacts will be opened 
by the breaker cam, and when the slack in the gears is 
rooked backwards, the contacts will just close. 

4. Tighten the adjustment screw, securing and replacing the 
rotor and distributor head. 

Adjusting spark idugt: The gauge on the distributor wrench 
marked ‘‘Spark Plug” should be used for adjusting the spark 
plugs. This gauge is approximately thirty thousandths of an 
inch thick (.030”). On spark plugs having more than one gap, 
all but one gap should be made very wide, and the closest gap 
should be adjusted to this gauge. An exceptionally wide 
adjustment may cause missing at the higher spo^. Too close 
an adjustment will cause the ignition to be very poor at very 
low speeds and when idling. 

On the Cole, *‘870 Series” car, using Delco ignition, the spark 
lever is fully advanced, and the piston is placed within 1 
of the top of the compression stroke. 

Timing Ignition (Maxwell “25*’) 

This oar uses type “CC” Atwater-Kent ignition system. 

Procedure: Turn the crank shaft with a hand crank until No. 
1 piston is 1/32^' pMt top dead center, or 1 past on the fly 
wheel, on compression or firing stroke. Then turn the vertical 
shaft until the distributor arm is under the terminal on the 
•cover leading to No. 1 cylinder. 

Loosen the screw which looks the advance and retard on the 
timer to the timer head. Turn the timer head in whichever 
direction is necessary so that the points just start to open when 
the cam is revolved, in olockwise direction. Holding the timer 
head in ^is position, push advance and retard lever in the 
retard position, and tighten the lock screw. Replace the dis¬ 
tributor cover and connect the terminals in proper firing order 
of the engine, vis., from left to right, or clockwise, No. 1,3, 4,2. 

The breaker points should be set to omn between .006” and 
.008”, or about twice the thickness of this paper. 

Timing Ignition (Chevrolet “490”) 

This oar uses the Remy ignition. 

Remove the distributor cover (Fig. 6) and the distributor 
arm (Fig. 6A) from top of cam shaft and with a special wrench 
supphea with the car, remove the lock nut holding the igniter 
cam to the shaft (Fig. 7 ); slip the hooked end of the wrench 
under the cam C^. 8) and pry it loose from the shaft (the 
igniter shaft is tapered and the cam is held to this taper by 
friction ao that is should not rsquire a great effort to loosen it). 

Insert the starting orank and turn until the intake valve on 
No. 1 cyliader begins to open; remove the spark plug on that 
cylinder ana insert a ecreiwver or rod; continue to turn the 
engine the piston has traveled downward and has again 
returned to its uppermost position. By holding the sorew- 
driver or rod flrm&, the position of the piston at which no fur¬ 
ther upward movement uflcee place ean readily be determined. 
The piston is Uien on ”top dead center” of the compression 
•troke, and gassa have been compressed ready for firing. 




Fig. 6. Remove distributor cover. 

Fig. 6A. Remove distributor arm or rotor. 

Fig. 7. Remove cam look nut. 

Fig. 8. Slip hooked end of wrench under cam and loosen 
from tapered shaft as shown (screwdriver can be used). 

Fig. 8A. Rotate the cam so that the driving pin assumes 
position shown. Retard the spark. Then turn the cam in 
the direction of the arrow until contact points begin to open 
when No. 1 cvlinder is on top dead center of compression stroke. 
Replace the lock nut and tighten securely. 

The sequence of firing is 1, 2, 4, 3, the No. 1 wire being the 
one immediately above the small slot on the edge of the distribu¬ 
tor case. This slot fits over the, locating pin on the rim of 
the igniter body. The rotation of the igniter is called “clock¬ 
wise,” that is, It turns in the same direction as the hands of a 
clock: therefore in the same direction will come the No. 2 wire, 
then No. 4, and lastly No. 3 (see also Fig. 22, page 208). 


Checking Ignition Timing (Lexington “S”) 

The Connecticut closed-circuit ignition system is used on 
this car. 



Fig. 9. Top view of the Conneotiout (Model 18-C) inter¬ 
rupter (oontaot-breaker) as used on the Leidngton ”8.” 

To check the ignition, open the vet oook on No. 1 oylinder 
(next to the radiator); turn the hand starting orank slowly 
imtil you get compression; determined by holding the finger on 
the pet oook. Stop when piston reaches upper dead center. 
This is determined by the mark on the flywheel, “D, C-1 and 
6,” (seen through the opening on the top flywheel housi^ 
being in line with the pointer or indicator. 

Retard the spark lever on the steering column fully (Fig. 9); 
remove the distributor cap; note the position of the interrupter 
points. They should be just ready to open or separate. By 
advancing the spark lever on the steering column sli^tly, a 
spark should jump if the ignition switch is turned on. 

Note that the spark is set to occur on top dead oenter of the 
compression stroke with the spark lever in full retarded position. 

The breaker-point adjustment should be .015” air-gap when 
the earn separatee the points fully. The spark-plug pbmt gap 
should be .020”. 


Other Ignition Timing Information 

By referring to the Index for Delco, Atwater- 
Kent, Connecticut, Remy, and other systems of 
ignition, detailed e^mlanations of each can be 
found, as as of other cars. 8^ page 220: 
“Timmg of Delco ignitkm.” 
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First, removo distributor cover and arm, as in Fifs. 0 and 
6A, page 303. Clean cootact-points me in Figs. OA, OB. Adjust¬ 
ment is made when cam is fully raising contact arm (Fig. OC). 
One contact-point is on this arm, the otaer is on the screw below 
it, which is screwed up or down to obtain the proper gap open¬ 
ing (see also page 211, Fig. 3, and page 232 for gap opemngs 
of various interrupters ana page 225 for clea nin g points). 

Timing the Ignition of a Vibrator-Coil and 
Commutator Ignition System^ 

Before passing from the snbject of ignition timing, it is well 
to mention theuming of the high-tension vibrator-coil system, 
as also the “make-and-break** low-tension ignition. 

The old-style coil ignition system, with ‘‘vibrators** and 
“commutators,** requires a greater advance than magneto igni¬ 
tion. 'ihie reason for this is the time required for contact of the 
commutator, contact of the vibrator, and a poesible loss of time 
for the vibrator to start operating. 

Owing to the lag and inertia of a coil trembler, considerable 
range m advsncels required to obtain the spark at the most 
effective position of the inston. 

*rhs usual method is to place the spark lever midway between 
advance and retard poeition, so that it will have half of the 
motion to advance on, and half to retard on (see Fig. 10). 


Fig. xO. (1) place piston on top of compression stroke; 
(2) ^aoe spark lever in center position of quadrant (8L); (3) 
set contact on commutator so that it will make contact with 
No. 1 cylinder. This will allow for a range of advance and 
retard in either direction from the center. 

Fig. 11. niustratee the principle of timing a lew-tension 
pnagneio using a “make-and^reak" ignition. The armature is 
in one of the maximum positions Just as the piston is complet¬ 
ing the compression stroke, and the “break** or “igmter** 
mechanism has just tripped or broken the circuit. 

Timing ^^Make-and-Break** Ignition 

Timing the low-tension magneto*, with make-and-bresk 
of igniter: The armature of the magneto must be positively 
driven off the engine by means of a chain or of gear wheels. 
On engines with cranks at ISO**, where the ignition has to take 
place at 90** relative to the cam shaft, the armature has to be 
driven at crank-shaft speed. 

In the low-tension *'make-and-break** system, the contact- 
breaker is not fitted on the magneto; a connection from the 
outMT end of the armature winding joins up to the terminal of 
the hammer-break device inside the cylinder.* 

The general practice, when timing (see Fig. 11), is to arrange 
for the mechanism of the break to “trip** when the piston is just 
completing the compression stroke, or a little earlier, say H** 
(or an amoimt determined by experiment to give the best 
results), the armature being, as in the case of the high-tension 
ssnrtem, in “maximum** position. (This system is seldom used.) 


SPARK CONTROL AND OVERHEATING 


Ab few motorists really understand just how the 
power eificiency of an engine is affected by the 
spark timing (which is wnerally under the control 
of the operator), the following may be of interest: 

When a combustible mixture has been compressed 
in a cylinder by the rising oiston, and the spark 
occurs, a sm^ portion of the mixture in the 
imme^te vicinity of the spark is i^ited; and if 
the mixture is of the proper proportions and suit¬ 
ably compressed, the name propagation throughout 
the entire combustion chamber will be rapid. 

This is as it should be. When combustion takes 
placet intensely heated gases are formed, which in 
their effect to occupy a larger volume of space exert 
great pressure on tiie walls of the combustion 
chamber and upon the piston head. 



Fla 1 

As a gas or gaseous mixture is compressed, H 
m o om m heated, and the greater the pressure, the 
greater the heat. 


If a mixture is of proper proportions, the greater 
the pressure, the more readily will it ignite, and 
greater the speed of flame propagation^or combustion. 

On the other hand, as the pressure of a combust¬ 
ible mixture is reduced, it loses its heat, and its 
speed of ignition and combustion is also reduced. 

Therefore, to get the utmost eflSciency out of a 
combustible charge it must be ignited at or near the 
point of maximum compression. 

Let it be assumed that a car is being driven at a 
speed of about 30 miles per hour, and that the engine 
is necessarily turning over at a speed of about 1,200 
revolutions per minute, with the spark lever 
advanced so that sparks occur when the piston is 
ascending as at (G) (Fig. 2). 

Ignition, we will assume, is complete at (H), and 
combustion at (I), at which point the maYimnm pres¬ 
sure of the e^anding ga^ is being exerted. L nder 
these conditions the engine runs smoothly and cool 

Now, by retarding the spark and advancing the 
throttle lever, it is foimd that the speed of 80 miles 
an hour can still be maintained. 

The engine is generating the same amount of 
power, but with the spark retarded and the throttle 
advanced; but after about 30 minutes’ running the 
radiator begins to steam, and we see that the engine 
is overheated. What is the cause? 


tFord imitioii uMt a vibrator ooQ and oommutator. 8m 
'**rizDinc,*'^PW Sm also pacM 322, 249. 

• Wbsn ssttinji ths tims of ths spark on a statloiiary aiiiiiM, 
tbs spark is sot to ooour, when rstanisd, slightly after ths eom- 
prssMon Stroks to prevent Idoldng back. This type of eni^ne 
m nsuaUy a qul ppea with a **nBak»«nd4>rsak** iiputar system. 

• A trip-type ooiitaet4»Mlur is somethnss fitted to a low- 
tsMkm j M y s tn fsr st^kmary eggtos use. J9m Rea 48, 4C, 
paesSML «eMalsopaesli0. 
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It is this: The spark is retarded, so that now it 
occurs when the piston is at (I); compression is 
already reduced, so that ignition is slower and is 
not complete until the piston is at (J), and com¬ 
bustion 18 still incomplete at (K). 

The explosive mixture is now richer in fuel, so 
that more heat is given off than tmder the first-men¬ 
tioned condition; therefore the expansive force is 
greater than before, so that the spe^ of the engine 
IS the same. But note the area of wall surface of 
the cyhnder at (K), which now is exposed to this 
more intense heat. 

The water in the jackets has not only to take care 
of the heat absorbed by the walls of the combustion 
chamber, but also of an excessive amount absorbed 
by the cylinder walls. 

Range of Spark Adyance and Retard 

Fig. 1 is a diagram showing the range of spark 
advance and retard, representing different positions 
of a crank shaft and the relation of the piston in the 
cylinder at these different positions. 

Referring to this diagram, we find that if an engine 
is running at an extremely high rate of speed the 
spark mi^t be advanced so as to occur in tne cylin¬ 
der when the throw of the crank shaft is ascending 
and at the point (A); thus combustion might be 
complete or so nearly complete, by the time the 
throw reached the point (D), that a very strong 
pressure would be exerted upon the piston, which is 
as it should be. 

If the engine were being subjected to an extremely 
hard pull, as in ascending a hill on high gear, so that 
its speed is considerably reduced, and imition were 
to take place at (A), combustion might oe complete 
at (B) or (C), and the pressure or power-impul^ on 
the piston head would tend to turn the crank shaft 
in a reverse direction. 

If the car were traveling at a very low speed, or 
if there were not sufficient momentum in the fly¬ 
wheel or the car itself, the engine would be stalled, 
or killed, as the expression is. 

Of course, if the car or engine were traveling at a 
sufficiently high rate of speed to carry the crank 
and piston over this dead center, a large percentage 
of the power would be applied in the right direction, 
but considerable would nevertheless be lost: there 
would be what is known as an ^‘imition knocK,” and 
the strain on the bearings would be quite severe. 

On the other hand, if the enmne has been slowed 
down considerably under a hard pull and the ignition 
is retarded so as to occur at about (C) or (D)jjCom- 
bustion might be complete at about (E) or (F), or 
perhaps even a little farther down where the lever¬ 


age on the crank shaft is greatest, and thus the 
g^test amount of the downward pressure on the 
piston is utilized. 

It must be remembered that the greatest power is 
dependent upon the momentum or torque of the 
flywheel. 

An en^e always should be run with the spark 
advanced as far as possible without causing it to 
knock or lose power, and it will overheat if caused 
to run for any great length of time with a retarded 
spark. 

Verifying the Ignition Timing 

It occasionally happens that cars turned out of 
the factory hurriedly, to meet pressure of orders, 
are not as well adjusted in the setting of the ignition 
timing as they might be. with the result that the car 
may fail to idle properly, due to the setting being 
sli^tly too far advanced when the contact-breaker 
is retarded. 

On magneto i^tion it was a common practice 
to set for either ‘^slow idling.” or ”for speed’’ or just 
between. In other words, u slow idling was desired, 
then extreme high sp^d was sacrificed. On the 
other hand, if ve^ nigh speed was desired, the 
engine would not idle properly. Thus an average 
setting was made by meshing the timing gears 
driving the magneto. 

Testing or Checking Ignition Advance 

If the ignition is suspected of being set too far 
advanced, and idling speed is desired, then test as 
follows: 

(1) Place No. 1 piston on top of compression, or 
its firing stroke. This can be found by following 
out the wires and noting when the cyhnder to be 
tested will fire. 

(2) Place breaker-box in ^‘retarded” position. 

(3) Note if the contact-points are just sepamting 
when the piston is on top. If so, the setting is 
about right for the magneto. 

If, however, the points have already separated, 
then it is likely there is too much “advance,” the 
amount being aetermined by the distance the spark 
occurred before top. 

If a vibrator coil system, then the contact on the 
sement ought to be made when the piston is, say, 
over the top of compression stroke with retard- 
spark lever. 

If a change is made in the setting, then a trial 
should be made with the engine running, and a note 
should be made as to how the speed responds to the 
advance-and-retard movement. Variation in the 
setting should be made if found necessary. See 
page 301. 


QUESTIONS AND ANSWERS RELATIVE TO THE ADVANCE AND RETARD OF SPARK, 
EXPLAINING WHY THE ADVANCE OF SPARK INCREASES 
THE SPEED OF ENGINE 


Qu«ttioa 1: How can the apark be made to vary as to the 
time at which it takes place? 

Answer: By movement of the handnipark lever on the steer¬ 
ing wheel, as in Fig. 4, page 287, which connects with the circuit- 
breaker housing on the magneto, or, if a coil and battery system, 
by connection with the advance arm of the interrupter housing 
and distributor (Figs. 8 and 4, page 802). 

Movement of the Interrupter housing in the direction of 
rotation of the cam causes the break to occur later, or retarded; 
movement in the oppoeite direction to that of rotation causes 
the spark to occur earlier, or advanced. See also Figs. 3 and 4 
on this page, showing a commutator as used on a vibrator-coil 
ignition system. 

Note in Ha. 8 that the contact arm (Instead of a cam) is 
in thettrection oif rotation of the rotating segment with 
which it makes oontaet; thus, the spark occurs late. In Fig. 4, 
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the ann ie shown moved back, or in the opposite direction 
to that of the rotation of the segment; ther^ore the spark will 
occur earlier. 

Where an automatic advance of the spark is provided, as 
explained on page 203. the same action takes place but by 
means of a governor instead of by the handnipark lever. 

Question 2: Suppose the throttle is open, and the enfdne is 
sp^ed up, and the spark lever is not advanced but left at 
full retard position, what happens? 

Answer: The ra would not be compressed as tight because 
the piston woula be part way down on its power stroke, as 
seen in Fig. 3, with the result that there would be very little 
force exerted on the head of the piston. The engine would 
waste part of its power stroke and would not be as powerful as 
if the spark was properly timed or advanced. Excessive heat 
would also result, because the gas would continue to burn, not 
only during the rest of the power stroke, but also during a part 
of the exhaust stroke. For instance, with a retarded spark 
and an opened throttle, if the exhaust manifold was removed, a 
long red flame would be emitted from the exhaust ports; 
whereas, if the spark was properly advanced, there should be 
no flame at all, as the gas is supposed to ignite and cool before 
it passes through the exhaust valves. When running with a 
retarded spark a greater throttle opening is needed to develop 
the same power or speed. Thus a retarded spark generates 
greater heat and greater gasoline consumption. 

Question S: Why does advancing the time for the spark to 
occur increase the speed of the en^e? For instance, suppose 
the engine is runnixig with a certain throttle opening and the 
sgjtf k is advanced, the speed of the engine increases. Why is 

Answer: The reason why the advance of the spark causes 
an increase of speed in the engine with the throttle open is 
principally the fact that when the spark is retarded, the power 
stroke is much shorter. In other words, suppose that the 
piston is half-way down on power stroke before the retarded 
spark occurs, as in Fig. 3. Note that when it sparks the gas at 
this position, the space between the head of the piston and the 
head of the combustion chamber is so great that there is not 
much force exerted on the head of the piston when the spark 
occurs; whereas, if the spark occurs advanced, or when the 
piston is near the top of the compression stroke, as in Fig. 4, 
the compression of gas is greater, and hence greater force is 
exerted on the head of the piston when the spark occurs 
advanced. Consequently more speed results. 

In other words, with a retarded spark the piston travels well 
down on its power stroke without doing any work, whereas, 
with an advanced spark the piston works all the way down. 

Question 4: What occurs if the spark is advanced when the 
engine runs slowly? 

Answer: There will then be a fierce struggle inside the engine: 
the piston fighting to complete the compression stroke, and 
the explosion, which has occurred too soon, trying to force it 
back again. And which wins? If the engine is working 
fairly briskly, the piston overcomes the explosion; otherwise 
^e explosion drives back the piston, and stops the ei^iQe- 
This is why, when an engine is cranked, it frequently 'Mocks 
back"; the spark has been advanced too far, and the piston 


oan not overcome the early explosion. In order words, the 
spark ooours and combustion takes place before the piston 
reaches the top of stroke. Fig. 'i shows the spark advanced 
so that it occurs on the top of the stroke. It is not full ad* 
vancedt if it wer^ the spark would occur before the piston 
reached the top. See pages 291 and 202. 

Question 9: How can I teU when the spark is too much 
advanced? 

Answer: There will be a sound in the engine as of a hammer 
striking the top of the piston. The engine will be said to 
“knock,** and toe more the spark is advanced, the louder will 
be the Imock. This is termed an **ignition,’* or “spark knock.** 

Question 6: And what should make it knock? Does the 
piston strike the top of cylinder? 

Answer: We have already pointed out that this is impossible, 
as the length of the stroke is invariable; neither does it appear 
that it is caused by a general looseness throughout the paKs of 
the engine, since new engines knock in this instance as much as 
old ones. 

The imition knock thus produced is caused by a **pi8ton 
slap.’* When the piston is going up on the compression stroke, 
it 18 riding hard against one side of the cylinder, and as it 
passes over dead center the piston jumps to the other side of 
the cylinder wall, owing to toe compression pressure, or com¬ 
pressed charge, which would be from 62 to 125 lbs. to the 
square inch. Such a charge would produce no noise in an 
engine with properly fitted pistons. However, if this com¬ 
pressed charge should be ignited considerably before top dead 
center, by the time top dead center was reached, which is the 
position where the piston “slaps,” or is transferred from one 
wall of the cylinder to the opposite wall, the pressure would 
probably be 300 lbs. or 400 lbs. to the square inch, which would 
cause a very decided noise in the piston. See page 292 explain¬ 
ing the relation of the speed of the engine to the spark. 

An engine should not be slowed by retarding the spark. If 
it has been noticed by the reader during the last few paragraphs 
that it is possible to slow an engine by retarding the spark, let 
him at once understand that this is tne last method by which 
it ought ever to be done. It is not only unscientific, but is also 
wasteful of fuel, causes unnecessary work for the engine, and 
results in rapid pitting of the exhaust valves, the gases passing 
through them in an incandescent form. Engines even of the 
same make may vary as to the exact position of the spark lever. 
Thus the best plan is to experiment as to what position of 
spark makes the engine run best. 

The correct method of slowing down or increasing the engine 
speed is to shut or open the throttle valve, which is situated 
between the carburetor and the inlet valve, by which the 
amount of fuel supi^ed to the engine may be regulated (see 
Fig. 11, page 33). Then as the engine varies its speed slower 
or faster, the spark should be retarded or advanced accordingly. 

The rule therefore is to let the engine speed follow the throttle 
and make the spark follow the engine speed: or, to put it in 
another way, in order to drive economically, keep the throttle 
valve closed as much as possible and the spark advanced as 
far as possible, short of knocking or of a tendency to knock. 

Retarding the spark too much produces heat. See page 304: 
**Spark control and overheating.” 


AVERAGE TIMING AND ADJUSTMENT OF IGNITION SYSTEMS 


AyanM ignitioii timing is to place piston of No. 1 cylinder on 
top dead center of compression stroke and retard advance 
lever, at whioh time the interrupter points should begin to 
open. See page 801,302, giving timing methods and method of 
Sitting cam to open points; see also page 232. 

The position in which to place the spark lever (advanced or 
retarded), and the exact gap clearance to give interrupter on 
battery and coil ignition varies on different engines and with 
different models or types of ignition systems or magnetos. 
But in the absence of dehnite instructions by the manufacturer, 
the retarded position could be tried for the advance lever and a 
ttp clearance oould be given as on page 232. Note, on page 
200, that the Connecticut gives .016” to .024” for 4-cyl. and 
6-eyL engines and .012” to .015” for 8-cyl. engines, and on 
page 220 the Delco gives .020” to .0275” on 4 and 6-cyl. enmnes, 
aM .01^' to .0225” on S-oyL engines. See also page 2^. 

The spark-plM gap is usuaUy set for .025” on 4, 6, and 12-cyl- 
snaines, and .020”^on 8-oyl. engines. This may al^ vary with 
different manufaeturers. 


The pages on which different coil and battery ignition inter¬ 
rupter clearances and timing are given are as follows: 

Atwater Kent, pages 203, 205, 206, 207, 232. 

Bosch, pages 208, 232. 

Connecticut, pages 200, 303, 232. 

Delco, pages 220, 221, 307, 232. 

N.S., pages 371, 372, 232. 

Remy, pages 208, 211, 212, 302, 303, 232. 

Westinghouse, pages 207, 232. 

The different magneto interrupter clearances and apark- 
plug gap clearances are given on page 297. 

Timing of the different magneto systems is given on pages 
as follows: Berling, pages 300, 284; Bosch, pim 299, M7; 
Dixie, page 274: Eisomann, pages 270, 299; K.W., page 281; 
Remy, pages 279, 299. 


FINDING POSITION OF PISTON 


In the preceding pages we have discussed placing 
the piston on top of the compression stroke. How 
to when the piston is on top of the compression 
stroke is enplaii]^ on page 70, but the following 
pointecs wiU no doubt be of interest. 

There are two possible firing orders on a fonr- 
cjrllnder engine^ that is 1, 2, 4,3, and 1, d, 4,2. In 
either ease, cylmders 14 fire one revolution or 
half a ojole apart, so that at the instant that No. 1 


cylinder needs the spark, the exhaust valve of No. 4 
cylinder is just clos&g. 

Refer to Fig. 1, and note that the cylinders are 
numbered, beginning at the radiator. The last 
valve away from the radiator is usually the No. 4 
exhaustvaive. In order to tell when it just closes, it is 
well to slide a piece of paper (P) between the ^ve 
stem and the tappet or push rod. and then to crank 
the engwe over by hand, until the tappet ia seen to 
rise and pinch the paper and lift thr wve. 


IGNITION TIMING 


307 



Fig. 1 Fig. lA 


Continue to crank the engine, with one hand held 
on the piece of paper. At the instant that the paper 
just gets loose, spark for No. 1 cyl. should occur. 

In magnetos and moat battery ayatema thia will be the instant 
at which the interrupter points just begin to open, and in a 
ayatern using vibrating coils it will be the instant at which 
the timer juat begins to make contact 

which can most easily 
be determined by the use of batteries, and by listening for the 
first buzz of the coil. 

In six-cylinder engines there are two common fir¬ 
ing orders, as follows: 1, 5, 3, 6, 2, 4, and 1, 4, 2, 6, 3, 
5; in each of these it w'ill be notic^ that cylinders 
No. 1 and No. 6 are half a cycle apart, just as No. 
1 and No. 4 were half a cycle apart m the four-cylin¬ 
der engine. V/e can then use the same rule for 
tl*» six-cylinder engine as for the four, except that 

DELCO IGNITION 


we look at the No. 6 exhaust valve, which is still 
the last valve, the one farthest from tiie radiator. 

It sometimea happens that the valves are inac¬ 
cessible, as, for instance, in a sleeve-valve engine, 
in which case it is necessary to check by the com¬ 
pression, in order to get the proper top dead-center 
position, and then to check the exact piston position 
with piece of wire inserted at the spark-plug opening. 

If the firing order is not known, it can be deter¬ 
mined by the order in which the valves lift, or by 
opening the pet cocks and putting wads of paper in 
them. If the engine is now cranked by hand, the 
wads will blow out in the order in which engine fires. 

To determine the end of the compression stroke, 
in any cylinder (Overland is taken as an example): 
turn the crank until the exhaust valve in that cylin¬ 
der, which is the one directly beneath the priming 
cup, has just reached its seat; and then turn the 
flywheel approximately one revolution, stopping 
when the mark **1-4 UP” (or *‘2-3 UP”) is at its 
highest position and in line with the guide mark on 
the back end of the crank case. Another method 
is to turn the engine while the hand is held over 
the open priming cup and identify the compression 
stroke by the escape of air. See also Index under 
“Finding position of piston.” 

TIMING METHODS 


There are two general methods of driving Delco 
distributors: by means of a tongue-and-groove 
coupling (Fig. 9} and by a spiral gear (Fig. 13). 

There are two methods of timing: (1) by loosen¬ 
ing a timing adjusting screw; (2) by loosening 
advance-lever clamp screw. 

1. Timinf with adjusting screw: This adjusting screw may be 
at the top, or at the bottom of distributor shaft. If at the top, 
as in Fig. 5, page 214, then follow timing instructions on page 
220. If at the bottom, as in Fig. 13 (Buick model), the same 
procedure is followed, except the hexagon head timing adjusting 
screw at bottom of shaft must be loosened (first remove knurled 
plug) before the cam position can be changed as the cam and 
shaft are integral. Turning this screw four or five turns loosens 
the taper pressure of screw in shaft against gear. It is impor¬ 
tant that'it be loosened four or five turns before attempting to 
turn cam, otherwise shaft may bo bent. 


2. Timing; with advance lever arm: Fig. 0 shows one type of 
Delco distributor (a tongue-and-groove coupling driven type) 
on which there is no cam-timing adjusting screw, and is timed 
as follows: (1) retard spark lever, or place according to manu¬ 
facturer’s instructions; (2) set No. 1 piston in proper firing 
position, according to manufacturer’s instructions, usually top 
d.c. of compression stroke; (3) remove distributor head and 
observe position of rotor segment (M) (Fig. 11); (4) the 
terminal (TM) (Fig. 10) nearest to (M) should be considered as 
No. 1 cylinder; the remaining five terminals (TM), counted 
clockwise from top, should be connected to spark plugs accord¬ 
ing to firing order; (5) loosen advance-lever clamp screw (Fig. 
12); hold it in full retarded position ^clockwise); shift dis¬ 
tributor housing counter-clockwise until lobe of interrupter 
cam is in a position so that when the backlash in the distributor 
gears is rocked forward the timing contacts will be opened, and 
when the backlash is rocked backward the timing contacts will 
just close. Distributor shaft usually rotates clockwise when 
viewed from top; (6) check adjustment and tighten advance- 
lever clamp screw and replace distributor head. 

Note: On gear-driven distributors where there is no adjust¬ 
ing screw and adjustment is obtained by means of advance- 
lever clamp screw, it is customary to raise distributor shaft W' 
to demesh gears, then mesh the teeth of the gears os near the 
proper position for the rotor as possible, because the adjustment 
to be obtained at distributor cap by means of advance lever is 
limited. After meehing in this manner, proceed as in (2) 
above. 


Lubrication of Delco dlstrlbuton The lubrication instraotions 
vven on page 219 will give an idea os to the care and lubrioa- 
tipn rMuired for Delco distributors. Note the application of 
oil grease called for in this t 3 rpe of distributor. The lubri¬ 
cation should be attended to penodioally, otherwise wear will 
pc^ and consequently noise and wobbly parts. Don’t over- 
Ittbrieate however. 




Always adjust interrupter timing 
contact points before timing the 
ignition. The reason for this is that 
a change of .004'' in contact point 
separation will change the ignition 
timing at flywheel on practically all 
makee of oars, from two to toree 
degrees. See page 220 for gap 
clearance to give interrupter con¬ 
tact points. 

Retard spark lever when crank¬ 
ing «n^e with Delco automatic 
spark advance, as the governor does 
not come into operation until 
approximately 600 r.p.m. of engine. 

Governor or automatic advance 
0^. 0) advances the cam only. 
The relation between distributor 
shaft and rotor is fixed. 


See ’’Note” bottom of cage 213. 
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DYKE'S INSTRUCTION No. 28 


BUICK SERIES a-60, a-80, a-90 IGNITION TIMING 


An example of a later Delco-Hemy ignition timmg 
is the Buick Series 8-50, 8-60, 8-80 and 8-90 eigjit- 
in-line, valve-in-head engines as given below. 


Fig. H 



CONI^NSBR- 


Timer-distributor: The timer-distributor (Fig. 14) 
is of the semi-automatic type, being provided with 
automatic spark advance and a manual control 
located on tne instrument board for retarding the 
spark. The distributor is mounted on the com¬ 
mutator end bearing of the generator and is driven 
by the generator armature, through spiral gears at 
one-half crankshaft speed. 

Note: These gears are not interchangeable with previous 
models, as the direction of spiral has been reversed, to drive the 
distributor in a counter-clockwise direction, viewed from the 
top. This change in rotation was made necessarv with the adop¬ 
tion of the intrument board spark control, in order that the con¬ 
trol button would be “pushed in“ when the distributor is in the 
full advance or normaf driving position. This change in rota¬ 
tion most be borne in mind when changing the timing, to avoid 
timing on the wrong side of the cam. 

Double breaker-arms are used in conjunction with 
a four-lobe cam to insure proper ignition at all engine 
speeds. 

Distributor lubrication: The distributor gear and distributor 
drive shaft are lubricated through a Zerk titling mounted on 
the distributor well. See generator lubrication on pajm 424A. 
In addition it is desirable to remove the rotor and aud a few 
drops of oil each 2,000 miles to the felt wick on top of the dis¬ 
tributor shaft. This lubricates the cam bearing. A small amount 
of vaseline should also be placed on the cam surface, to eliminate 
chattering and squeaking of the breaker arm rubbing blocks. 

Automatic and manual spark advance: The timer- 
distributors are timed in the full advance position. 
The fl 3 rwh^l timing marks are as follows for the dif¬ 
ferent enmne sizes: Series 8-50: degrees advance 12; 
Series 8^: degrees advance 11 j Series 8-80: de¬ 
grees advance 10; Series 8-90: degrees advance 10. 
The automatic advance cuts in at 8 to 10 m.p.h., 
increasing with the car speed. 

Manual spark control: The timer-distributor ad¬ 
vance plate IS provided with a slot which allows the 
^ark to be retarded manually, by the control on the 
i^rument panel, to approximately 12® past upper 
dead center. The object of providing manual con¬ 
trol is to enable the driver to retard the spark to the 
proper amount required to eliminate spark knock- 
mg, which occurs with certain grades of fuel and 
after the engine has accumulated carbon. The 
spark should never be retarded more than required 
to eliminate excessive knocking, as this tends to 
redu^ the power developed by the engine. This 
condition can also be overcome without retarding 
the spark, by the use of strai^t Ethyl gasoline, or a 
mixture consisting of five ^Uons Ethyl to five gal¬ 
lons of regular gasoline. This, in addition to ehm- 
inating the spvK knock, will develop the maximum 
power and efficiency of the engine and add materially 
to the smoothness of operation. The spade should 


be retarded approximately half way for cold weather 
starting and also when cranking the engine by hand. 

In order to insure satisfactory operation of the spark control 
wire it is lubricated at the factory with heavy oil, which is re¬ 
tained in the wire casing by a special oil resisting covering. 
This prevents rusting and freesing which would be caused by 
the amission of moisture. If it is necessary to disconnect the 
spark control wire assembly in servicing the engine, care should 
be used to avoid kinking tne tube, as this will result in difficult 
operation of the control. If the control does not operate easily 
and requires lubrication, this can be done by disconnecting the 
wire assembly from the trunnion on the advance plate, removing 
the operating wire and painting it with heavy machine oil or 
steam cylinder oil. It should then be reinstalled and the excess 
lubricant cleaned off the casing behind the instrument panel. 

When connecting the control wire to the trunnion on the ad¬ 
vance plate see that the distributor hold-down screw is tight 
against the rear end of the slot when the control knob is pushed 
cl^ in. 

Ignition Timing Procedure 

1. Check breaker point gaps: 

(a) Remove distributor cap and rotor (Figs. 
15, 20). 

(b) Loosen distributor head clamp screw (A). 

(c) Rotate distributor head until breaker points 
on No. 1 breaker arm (stationary) open 
widest. 

(d) Check the gap with .018" feeler gauge. 

(e) If the gap is incorrect, loosen clamp screw 
(B-1), see Fig. 20, and turn ec(?cntric screw 
(C-1) until gap is just .01S". Repeat this 
operation on No. 2 breaker arm (adjustable). 

(f) Make certain that both clamp screws (B-1) 
and (B-2) are tight after adjusting the gaps. 

2. Remove valve rocker arm cover (Fig. IS). 

3. Uncover timing hole at right of fl^^vheel housing 

(Figs. 10 or 17). 

4. Set spark control button (J) to advanced posi¬ 
tion (Fig. 19). Note that screw (E) is at ex¬ 
treme rear end of slot. 



With ignition off, crank cn^e hand until 


JNo. d cylinder exhaust valve (D) (Fig. 18). 
starts to open. Then crank over slowly and 
watch timing hole (I'igs. 16 and 17), until the 
11° mark on the 8-00 Series flywheel, the 12° 
mark on the 8-50 Series flywheel or the 10® 
mark on the 8-80. 8-90 Scries flywheel coincides 
with the index line. This is the position to 
fire No. 1 cylinder. 


6. With screw (A) loose (Fie. 22), turn distributor 
head so that terminal is toward the front 
the car. The eight hi^-tension terminals 
will then be in the position shown in Fig. 22, 
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7. Important: Rotor point (G) (Fig. 22) must be 
directly imder No. 1 high-tension terminal. If 

it is not, remove enp screw (E) at back of dis¬ 
tributor. loosen screw (H) (Figs. 19 and 20), 
and pull spark control wire back free from 
trunnion (K). Lift up the distributor assembly 
and turn the rotor so that point (G) is directly 
under No. 1 high-tension terminal. Let the 


FiK 10 left- Fi« 20ri«ht 1 BREAKER ARM 

* . 20 nght. STATIONARY 

H E 

^ __X 

J-ADVANCED 

\i 



,NO. 2 BREAKER ARM 
ADJUSTABLE 


11. Tighten screws (X-1) and (X-2) so as to lock 
breaker arm in this position. Both breaker 
arms should now be properly synchronized. 

12. To check timing of No. 1 breaker arm (station¬ 
ary)* proceed as follows: Replace rotor and cap, 
but disconnect all high-tension wires from spark 
plugs. Hold No. 1 spark-plug wire in such a 
way as to form a gap with metal part of engine. 
Turn flywheel over slowly until spark occurs. 
This should require one and ^ee-qu^ers 
revolutions. Next observe position of timing 
mark of flywheel relative to index line on fly¬ 
wheel housing. Marks should line up as in 
Figs. 16 and 17. 

13. To check timing of No. 2 breaker arm (adjust¬ 
able): Hold No. 6 spark-plug high-tension wire 

SYNCHRONIZING SYNCHRONIZING 



MARK 



assembly down and replace screw (E), set spark 
control i)iHton and distributor arm in advanced 
positions and reconnect wire to tmunion. The 
distributor head and rotor should now be in 
jKMition ns shown in Fig. 21. 

8. No. 1 breaker arm (stationary) should now be 

timed in the following manner: Turn the dis¬ 
tributor luad carefully in a clockwise direction 
until the breaker points just barely oi)en. This 
can be determined by turning on the igpition 
and holding tlie. center high-tension wire to 
form a gap with the distributor housing. (See 
Fig. 21.) \\ hen the points open, there will be 

a spark across the gap. Lock the distributor 
in this position by tightening screw (A). 

9. No. 2 breaker arm (adjustable) should now be 
timed as follows: Turn flywheel over one- 
quarter revolution until synchronizing mark on 
flywheel coincidfvs with index line (Figs. 23 and 
24), This is the position to fire No. 6 cylinder. 

10. Loosen the two breaker arm plate locking screws 
(X-1) and (X-2) (Fig. 20). Turn the eccentric 
screw (Y) so that breaker arm advances in clock¬ 
wise direction, until points just separate which 
can be determined by watching the spark as 
described under No. 8. 


in such a way as to form a gap with metal part 
of engine. Turn engine over with crank until 
spark occurs. This should require one-quarter 
revolution. If No. 2 breaker arm (adjustable) 
has been properly timed, the synchronizing 
mark on the flywh^l will line up with the index 
line on the housing. This timing operation 
must be accurate in order to syncluonize both 
breaker arms. 

14. Re-assemble all removed or disconnected parts. 

Firing order: 1-6-2—5-8—3—7-4. 

Ignition switch in combination with the steering gear lock is 
used on all models, but this is not a part of the Delco-Remy sys¬ 
tem. Double protection is secured by^multaneous locking of 
both ignition and the steering gear. The ignition switch must 
be turned off before the steering gear can be locked. The igni¬ 
tion coil is mounted on the timing gear housing. 

Spark plun; fecial metric spark plugs, manufactured by the 
AC Spark Plug Companv, are used. The type J-12 plugs used 
for regular equipment have W* hex. 18 mm. thi^as, 
terminal nuts, and special long electrodes with gap set at .025'^ 
to .030''. 

Type J-0 plum are avaflable for use if difficulty is encountered 
with excessive heating of the regular plugs. They are not weU 
adapted, however, to cars being driven at low speeds in cold 
weather, as they have a greater tendency to foul. 

In readjusting the spark plug gap, always make the adjust¬ 
ment on the grounded electi'ode and never on the center eleo- 
trode, as the porcelain may be broken or cracked. 

Wiring diagnme: See pages 424B and 424C. 
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CHRYSLER ‘*70” IGNITION SYSTEM 


The tiiaer*distribut(^ which is of the three-lobe 
cam and double breaker-arm type with condenser on 
the Outside of the base^ is acces^bly mounted on 
the cylinder head and driven through a vertical 
shaft from the camshaft. It has a semi-automatic 
advance. 



Fig. 25. Timer-distributor. Name of parts: 1, rotor; 2, 
governor spring; 3, condenser; 4, drive coupling; 5, distributor 
cap cover; 6, distributor cap; 7, cap insert; 8, governor weight; 
9, weight plate. 



Fig. 26. Top view with distributor cap removed. Name of 
pigrti: 10» 11, rotor; 12, breaker-point adjustment 

•crew; 13* breaker-point plate lock s^w; 14, stationary base 
pla^; 15, adiustable base plate^ustlng screw; 16, grease eup; 
17, aqjustable base plate looUnt screw; IS^juliustaUe base 
plate; 19, breaker-Doint plate lock screw; 20. breaker^int 
aojustment screw; 21, adjustable base plate looking screw. 

Adjustment: The two sets of breaker-points must 
be adjusted to open exactly equal amounts (.022'0 


with the breaker-arms on the highest point of the 
cam. 

The cam is of the three lobe type and causes one 
air of breaker-points to open at a time. One pair of 
reaker-points controls the spark to one set of three 
cylinders (1-3-2) and the other set of breaker-points 
controls the spark to the other three cylinders (5- 
6-4); therefore, the opening of both sets of breaker- 
points must be equal or the spark timing will be 
different in the two sets of three cylinders. The 
points open alternately. 

Spark advance: For all ordinary road driving the 
spark control button should be in the advanced posi¬ 
tion, which is pushed into the instrument panel. 
When cranking the engine by hand, the spark con¬ 
trol button should be pulled all the way out. The 
automatic advance will take care of all other condi¬ 
tions. 

To adjust point opening: The rotor should be re¬ 
moved and the engine turned by means of the hand 
crank until one breaker-arm rests on a high point of 
the cam. The gap between the pair of breaker 
points which have been opened should be .022". If 
necessary to correct the adjustment of the gap, the 
breaker-point plate lock screw should be loosened 
and the gap increased or decreased, as required, by 
means of the breaker-point adjustment screw. 

The engine should then be turned until the other 
breaker-arm is resting on a high point of the cam, 
then this pair of breaker-points should be adjusted in 
the same manner and should have exactly the same 
amount of opening (.022"). 

To set ignition timing: The breaker-points should 
be adjusted to .022" opening and the manual spark 
control button placed in the fully advanced position. 
The pipe plug should be removed from the cyl¬ 
inder head above No. 6 piston and a gauge rod 
placed through the hole and in contact with the pis¬ 
ton head. The crankshaft should be rotated until 
No. 6 piston is coming up on exhaust stroke and 
stoppea when the piston is .068" before top dead 
center. The screw which clamps the distributor 
timing lever to the distributor should be loosened 
and the distributor cap removed to see that the 
rotor brush is at No. 1 spark plug cable terminal. 
The distributor clamp screw should next be loosened 
and the distributor rotated in an anti-clockwise 
direction, as viewed from above, until No. 1 cam 
bepns to separate the breaker-points. Before doing 
this the distributor rotor should be pressed against 
the direction of rotation to be certain that all back¬ 
lash is removed. The clamp screw should then be 
tightened and the distributor cap reinstalled as well 
as the spark-plug cables connected to the proper 
^ark plu^ and the terminals on the distributor cap. 
The spark control button should be checked for full 
advance and retard. 

Firing order: The firing order of the cylinders is 
1-5-3-5-2-4. The wires from the spark plugs 
should be connected to the terminals on the dia- 
tributor corresponding with the number of the cyl¬ 
inder in which the spark plugs are placed. Number 
1 cylinder is that nearest the radiator. The wiring 
diagram (Fig. 27) indicates the location of the dis¬ 
tributor terminals for the different spark plugs. 

The breaker-arms are set at the factory so that the 
breaker-points will open at exactly the proper mo¬ 
ment with relation to the positions of the pistons. 
This means that both pairs of breakeivpomts are 
lynchronised. 








IGNITION TIMING 


307D 


Synchronization: The breaker-points will in time 
chan^ their synchronization slightly because of 
wearmg or burning off unequally. Ordinarily when 
the points are cleaned and readjusted to the proper 
opening the synchronization is automatically cor¬ 
rected, but if after the breaker-points have been 
cleaned and adjusted the engine seems rough in its 
operation, especially so when idling and accelerating, 
the difficulty may be cai^d by breaker-points not 
being synchronized. This should be checked, and 
corrected if necessary, by an authorized Chrysler 
service station or Delco-Remy service station 
(United Motors Service, Inc.). 

To synchronize the breaker-points: Synchronizar 
tion of the breaker-points is accomplished by first 
making certain that both pairs of breaker-points 
open equal distances and the required amount. The 
distributor cap should next be removed from the top 
of the distributor and the engine rotated until No. 
6 piston is exactly .068" before top dead center. 
Just as the piston reaches this position the pair of 
breaker-points mounted on the stationary base plate 
should start to open. 

The engine should then be cranked one revolution 
until No. 6 piston is again exactly .068" before top 
dead center. At this point the other pair of breaker- 
points should start to open. 


If each pair of breaker-points do not start to open 
at the same relative position of No. 6 piston, the 
moinent of opemng for one pair may be £tdjusted by 
turning the adjustable base plate adjusting screw 
(after loosening both adjustable base plate locking 
screws). Fig. 26, After adjustment has been com¬ 
pleted, the locking screws for the adjustable base 
plate should, of course, be securely tightened. It 
may be that the point of opening for the two pairs 
of breaker-points is not when the piston is exactly 
.068" before top dead center, but, when synchroniz¬ 
ing, the piston positions must be the same when each 
pair of points open. After this has been determined, 
the position for opening can be adjusted as indicatea 
under "To Set Ignition Timing." 

Spark plugs: The gap between the spark-plug 
points must be .027" to .030". Too wide a gap wifl 
cause misfire, especially at high speeds ana when 
laboring with open throttle, while a small gap causes 
poor idling. Dirty or fouled spark plugs should be 
washed in gasoline. Uniform gap setting insures 
evenness of engine firing. 

Chrysler "70" electrical system: The six-volt, one- 
wire system is used. The several units composing the 
system are: the starting motor, generator, relay, igni¬ 
tion timer, distributor and coil, storage battery, li^ts 
and horn. The wiring diagram is shown in Fig. 27. 



I- 6—Spark plugi 

10—Tail and signiU lamps 

II— Small rod braid 

12— Fuel gauge (Unk unit) 

13— Smallblack braid 

14— Small blue braid 

15— Dome lamp (oloeed cars) 

16— Small red braid 

17— Small black braid 

18— Dome lamp switch 
10—Small red braid 


20— Battery 

21— Timer terminal 

22— Ignition coil and look 

23— Battery terminal 


24— Horn push button 

25— Instrument lamp switch 

26— Small black braid 

27— Instrument lamp 

28— Ammeter 

29— Reading lamp (closed 
cars) 

30— Fuse 

31— Small black braid 

32— Instrument lamp 

33— Small light brown braid 

34— Fuel gauge (panel unit) 

35— Reading lamp switch 

36— Small black braid 

37— Small red braid 


38—iSignal lamp switch 
39 —Small black braid 

40— Medium red braid 

41— Gauge terminal 

42— Small black braid 

43— Lighting snitch 

44— Medium green braid 

45— Connector 

46— Small black braid 

47— Small blue braid 

48— Small black braid 

49— Parking lamp—right 

50— Parking lamp—left 

51— Starting motor 

52— Small yellow braid 


53— Medium black braid 

54— Distributor 

.W—Medium green braid 
.56—Horn 

57—Small black braid 
68—Small black braid 

59— Small red braid 

60— Small blue braid 

61— Generator 

62— Relay 

63— Headlamp—left 

64— Small red braid 

65— Small black braid 

66— Headlamp—rigb t 

67— Fumer 



INSTRUCTION No. 29 
CARE AND REPAIR OF THE MAGNETO 


Care of the Magneto 

Distributor parts: The distributor plate should 
be removed occasionally for inspection as to the 
presence of the carbon dust that wears off from 
the carbon brushes. This dust may form a connec¬ 
tion between the distributor segments, and as a 
consequence may cause a spark to occur in the 
wrong cylinder. Carbon dust that has collected on 
the distributor should be wiped out with a cloth, 
the cloth being moistened with ^soline in case the 
earbon has become caked. After cleaning with 
gasoline, the inside of the plate should be given a 
very light film of oil to prevent excessive wear of 
the brush and the distributor plate. 



Fig. 1. A, method by which the wires can be separated 
from one another to avoid static effects; B, another method 
of separating wires to avoid static effects; C, with this arrange¬ 
ment static effects are sometimes felt; D, running wires through 
brass tubing does not avoid static effects. 


Cables: Use only the best insulated wire for all 
electrical connections and especially those leading 
to the plugs. The wires running from the dis¬ 
tributor to the spark plug are called secondary 
cables, and should be protected from static^ elec¬ 
tricity. (See Fig. 1; A and B are best arrange¬ 
ments.) 

Terminals: Scrape off about 3/16'' of the insula¬ 
tion from both ends of the cable; clean the copper 
wire, and screw it into the tube of the terminal (it 
will not do to push it in only), in order to connect 
the two parts thoroughly. Spread out inside the 
tube the portion of the wire which has been stripped 
of its insulation, and screw in the little screw sup¬ 
plied for the purpose. 

Many a case of ignition trouble has been hard to 
locate due solely to one of the strands of wire short- 
circuiting. Therefore, if special connections are 
provided, use them; otherwise solder the ends. 


iStatio cleotriosl discharge means Jumping of high-tension 
eurrent from one wire to another whim the wires are together, 
even though fairly wel linsulated. 


Interrupter Adjustments 

Among the most important parts of the magneto 
is the interrupter and it is advisable to inspect it 
from time to time. An inspection of the inter¬ 
rupter requires the removal of the cover which is 
usually secured to the interrupter housing by means 
of a spring ring that permits it to be snapped on and 
off. The interrupter lever should be moved for 
assurance that it is free on its pivot, and a test should 
be made of the distance between the platinum 
points. 

Adjustment: When the lever is depressed by one 
of the steel segments or the cam, the distance be¬ 
tween the platinum points should be about .015" 
to .020" or about 1/64". This distance may usually 
be adjusted by the movement of a platinum-pointed 
screw. 

Should it be necessary to replace one of the plati¬ 
num points, or to attach a spare part, the interrup¬ 
ter may be more completely exposed by turning 
the lock ring a quarter of a turn to the right or to 
the left, and removing it and the interrupter housing. 
The interrupter itself may be removed by unscrew¬ 
ing the interrupter screw. 

When replacing the interrupter, care must be 
taken that the key on the interrupter disk fits 
exactly into the ke>^ay on the armature shaft, and 
care must also be exercised when replacing the 
interrupter housing, to make sure that it is ^aced 
back in exactly the same position as it was in when 
it was taken off. 

The platinum points on the interrupter "pit" in 
time, but not so badly as the points on a vibrator 
coil. The alternating current of a magneto does 
not cause pitting of the points as much as the direct 
current. However, in time the points are bound to 
become worn and new ones must be fitted, or the 
old ones dressed down. (See Index under "Dress¬ 
ing platinum points.") 

A defective condenser will cause excess spark¬ 
ing at the interrupter points. See Index under 
"Condenser." 

The Safety Spark Gap 

In order to protect the insulation of the armature 
and all other parts from injury due to excessive 
voltage, a safety spark gap is provided, to permit 
the passage of the current to wound without injury. 
The current will pass across the safety spark gap in 
case a high-tension cable is disconnected, if the 
spark gap is too great, or if for any other reason 
the spark-plug circuit is open. Discharge should 
not oe permitted to pass through the safety spark 
gap for any gi^t length of time, however. This 
should be particularly guarded against if the engine 
is operated on a secondor auxiliary ignition system. 
When the engine is operated on such a S 3 rstem, the 
magneto shomd be wounded in order to prevent 
the production of hi^-voltage current. See Index 
under "Safety spark gap." 


sot 
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Oiling the Magneto 

The over-oiling of the magneto should be guarded 
against in order to prevent the entrance of oil to 
the interrupter parts. Each of the oil holes is to 
be riven a few drops of fine machine oil every two 
weeks, or every 1,000 miles. The interrupter is 
designed to work without lubrication, and the 
presence of oil on the platinum points will give 
unsatisfactorv results, inasmuch as it will cause 
sparking at the points and possible misfiring. 

Vaseline is suitable for lubricating the ball bear¬ 
ings, but never use oil on the interrupter in such 
a manner as to permit it to reach the platinum points. 


Cutting Off the Magneto Ignition 

To cut off the lotion, the primary current must 
be ‘‘grounded,” which will prevent the breaking of 
the circuit by the opening of the interrupter, and 
consequently prevent the production of the second¬ 
ary current. The primary current may be grounded 
by making a connection between the grounding nut 
and the engine ground, this circuit usuajly including 
a switch. One terminal of the switch is connected 
to the engine or frame, the other terminal leading 
to the grounding terminal. When the switch is 
open the magneto will produce a spark, but the 
Closing of the switch will ground the primary circuit 
and will prevent the production of the ignition spark. 


MAGNETO IGNITION TROUBLES 


In case of defective ignition it must be deter¬ 
mined whether the fault is in the magneto or in 
the plugs. Generally, when only one cylinder 
misses, the fault is in the plug. 

Defects of Spark Plugs 

(1) Short-circuit at the spark gap, due to small 
metallic beads which are melted by the heat of the 
intense spark and form a conducting connection 
between the electrodes. This defect is easily ascer¬ 
tained, and may be remedied by removing the 
metallic beads. 

(2) If the gap between the spark-plug electrodes 
(point) is too great, the spark will jump across the 
safety gap on the magneto. In such a case, when 
the plug is unscrewed from the cylinder the spark 
will jump across the electrodes of the plug, ana not 
across the safety spark gap. This does not signify 
that the distance betw^een the electrodes is correct, 
for it must be borne in mind that open air has a 
lower resistance than the compress^ air or gas 
existing in an engine cylinder. The distance be¬ 
tween the electrodes when under compression in the 
cylinders must, therefore, be less than is required 
in the open air. The correct gap should be approxi¬ 
mately 1/64" or .020". 

(3) Fouling of the plug: If fouling should occur, 
the parts exposed to the burning gases may very 
readily be cleaned by removing the plugs from the 
cylinder. This exposes the plug core, and it may 
be cleaned with gasoline. 

The spark plug used with a magneto should have 
the point set closer than with a battery and coil 
ignition, because, when the magneto runs slow, the 
current is not as strong as when running fast. With 
a battery as a source of supply, the current is con¬ 
stant at all times. 

The spark-plug cables must be tested, and special 
attention should be paid to ascertaining that the 
insulation is not injured in any way. The metal 
terminals of the cables must not come in contact 
with any metal parts of the engine or with any 
metal parts of the magneto, except the proper bind¬ 
ing posts. 

Diagnosing Magneto Troubles 

(1) Engine balks—no spark. 

(2) Misses at low speeds. 

(3) Misses at high speeds. 

(1) Engine balking may be due to broken con¬ 
nections, short-circuit in primapr circuit, or between 
coil and distributor brush. Timing may be wrong 
or breaker points too far apart. 


(2) Missing at low speeds may be due to spark¬ 
plug gaps too far apart, or too close; breaker points 
too far apart; loose connections or short-circuits; 
weak magnets. 

(3) Missing at high speeds may be due to breaker 
points set too close; breaker arm not working freely, 
loose connections, or short circuit. 

If ignition fails suddenly: A sudden failure of 
ignition indicates a short-circuit in the low-tension 
cable, either through a defect in the cable, through 
a faulty connection of the switch^ or through the 
resence of dirt or moisture. This may be tested 
y removing the grounding cable from the binding 
post on the magneto and endeavoring to start the 
engine on the magneto. If the engine runs with 
this wire disconnected, but stops when the wire is 
connected, it may be taken for granted that there 
is a fault in the insulation or some other defect 
through which the low-tension current escapes to 
"ground.” It is also advisable to examine the car¬ 
bon distributor brush to ascertain if it is in good 
condition. This brush may be exposed by removing 
the distributor plate. 

Irregular firing: Irre^lar firing is usually caused 
by the improper worlmig cf the interrupter, and 
this part should be examined. It should be seen to 
that the interrupter lever moves freely on its pivot, 
and that the center screw is properly tightenea; see 
also that the steel segments or cams, as well as the 
two platinum screws, are properly secured in posi¬ 
tion. Furthermore, the platinum points should be 
inspected for the correctness of their adjustment, 
ana they should be so set that they are about 1/64" 
apart when the interrupter lever is depressed by 
one of the segments. The platinum points should 
be clean, flat, and true to one another, and any oil, 
grease, or dirt that is deposited on them should be 
removed. If they are uneven or in bad condition— 
but only then— they should be trued by means of a 
fine flat file. If the interrupter lever does not move 
freely on its pivot (as is occasionally the case, par¬ 
ticularly witn new magnetos), the hole through the 
fiber bushing that forms the bearing should be 
reamed out. This work should be very carefully 
performed, however, and excessive reaming must 
be guarded against. 

Starting the engine: To start the engine it is 
sufficient to give a sudden pull to the starting 
handle at the moment when a spark is to take place 
in one of the cylinders. If the engine does not start 
off at once, this may be caused by either or all of 
the following: (1) by the setting not being done in a 
proper way; (2) by the points of the plugs being 
too far apart; (3) by the cables being faulty, or 
the connections being badly made. Very often the 
oarburetion is faulty. 
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In any case, care should be taken, when stopping 
the engine, to short-circuit the magneto, and to 
cut off the supply of gasoline (by closing throttle) 
when the engme nas ceased running. In this way 
the cylinders are prevented from being filled with 
air. If the cylinders contain gasoline, the starting 
of the engine is always easy. If on the contrary, 
the supply of ^oline (throttle) is cut off while the 
cnmne is running, the cylinders get filled with air, 
and on restarting it has to be onven out and re¬ 
placed by gasoline. 

Coil: If on turning the magneto no high-tension 
current is produced, it may be that the coil is 
damaged (this applies to a low-tension magneto with 
a separate coil, or with the secondary winding on the 
high-tension armature), and should be returned to 
manufacturers in order to have it repaired or replaced. 

Magnets: Remagnetizing will not be necessary 
unless the magnets have lost their magnetism 
throu^ having been taken off and left, for a long 
eriod, without their bases having first been bridged 
y a piece of iron; or unless, before taking out the 
armature, no piece of iron or steel has been placed 
on the pole pieces. This piece of iron or steel 
should remain there until the armature is replaced. 
It often happens that on remounting the magnets, 
a mistake is made in placing them in the wrong 
order, whereby their magnetic power is completely 
neutralized. 

When it becomes necessary to take the magneto 
apart, you will do well to draw a chalk line across 
one side of all the magnets. Be careful that the 
same marks stamped on the magnets appear all on 
the same side. All north poles are to be replaced 
on one side, and all south poles on the other. 

Difficult starting is in many cases caused by the 
fact that upon stopping the engine, the supply of 
gasoline is cut off, wmile the ignition only should be 
stopped. In this way the cylinders are filled wdth 
air only, without any gasoline, and no explosions arc 
possible. After opening the throttle about one- 
quarter of the way, draw in a “mixture” of air and 
then the engme will start. 

By cutting out the ignition only, there will be 
gasoline vapor in the cylinders instead of air, and 
the engine can be set in motion by a half-turn of 
the starting handle, i.e., by a sudden pull at the 
moment of highest compression. 

Springs: Examine from time to time whether the 
safety contact spring sliding in front of the cam 
presses sufficiently against the cam; as soon as the 
steel bosses are rather worn, the spring should be 
replaced by a new one. By putting some oil now 
and then upon the steel parts, too rapid wear will 
be prevent^. 

Carbon brushes: The low-tension carbon brush, 
^ well as the high-tension distributor, will wear off 
in the course of time and have to be replaced by 
new ones, i.e., in the first case, as soon as the spring 
presses down on the metal holder of the carbon, and 
in the second^ as soon as the spring of the carbon 
comes out of its case. 

When the magneto armature rubs against the 
pole-piece, it is probably due to worn bearings or 
to a broken ball, to loose screws on the armature 
head, or to gears meshed tight causing undue wear 
on one end of the shaft. 

Magneto Trouble Indications—Condensed 

Failure of magneto to give the proper spark may 
be due to: 

Armature: weak current; open primaiy; open 
secondary; shorted primary or secondary. 


Condenser: short-circuited; open circuit (see Index). 
High-tension circuit: brush on collector spool 
cracked or punctured; loose connection to 
collector spool; defective distributor brush. 
Spark plugs: improper gap; fouled. 

Magnets: weak; reversed. 

Contact breaker: points worn; points too close or 
too far apart; weak spring. 

Assembly: gear bearing worn or dry; annature rub¬ 
bing on pole pieces and end play in armature, 
due to loose screws in armature head or worn 
bearings. 

Procedure of Diagnosis 

If missing continues to occur and the cause can¬ 
not be located, then begin the diagnosis as follows; 
being sure that the— 

(1) Spark-plug gaps are correct—^about .020" gap. 

(2) Magnets are not weak. 

(3) Interrupter points are clean and the correct dis¬ 
tance apart—about 1/64". 

(4) Connections from magneto and switch are tight. 

(5) Magneto is properly set. 

(6) Carburetor adjustment is correct. 

(7) Armature is in perfect alignment. 

Determine whether missing occurs when running 

slow or fast. 

First Determine if Trouble Is Due to Magneto 

This should be done by first running the engine 
on the battery and coil system of ignition; then 
switch on to the magneto side. If the engine begins 
to miss, yet runs on the battery side, this will indi¬ 
cate that the trouble is in the magneto. 

Quite often, however, this test is made when the 
engine is running slow. If the engine misses only 
on slow speed, try setting the plug points closer 
together and adjust the interrupter or clean the 
inteiTupter points. Look for a loose wire or strand 
of wire short-circuiting. Jf everything else, includ¬ 
ing carburetion, is apparently in proper order, and 
the engine runs on the coil and battery, but misses 
on the magneto, then the trouble is likely to be due 
to weak magnets or to punctured or short-circuited 
insulation. 

Before deciding that it is the magneto winding 
giving the trouble, be sure magnets are strong, 
test below, and test the magneto, as directed in 
pages 311 to 315. 

To Test Magneto on Engine 

First test to find out which cylinders are missing, 
as directed on page 238. If all miss, then the trouble 
is probably in the magneto or the carburetion. If 
missing is found in one regularly, the trouble is 
then probably due to the spark plug or wiring. 

Run the engine slowly; advance and retard the 
spark; note if there is any missing; then speed the 
engine up and advance and retard, and notice if 
there is still any missing. This will enable you to 
determine if missing is on low or high speed. 

If the engine is running and the spark jumps^", 
and is blue and has volume, and spreads when blow¬ 
ing on it;, then it is not likely that the mafpieto 
winding is defective. If it will not jump thw far 
regularly, and is thin and yellow, and the cause is 
not elsewhere, then test the armature winding, as 
directed on pages 313, 314. 

Note. The magneto could continue to give a weak spark, 
even though the windixig was defective, as only part ca ths 
winding may be cut out. 



CARE AND REPAIR OF THE MAGNETO 


311 


MAGNETO MAGNETS AND REMAGNETIZING 


Magnets Made of Steel 

The magnets used on both low and high-tension 
machines are of special tungsten steel made as hard 
as it is possible to obtain them, so hard that a sharp 
file cannot make any impression on the metal. 
Much depends on the class of steel used—a special 
gmde known as magnet steel is now being adopted. 
The retention o magnetism by steel is a very curi¬ 
ous and interesting property. It resides only on 
the surface of the steel and it is found that a much 
stronger magnet is obtained, weight for weight, by 
making it in sections, one placed over the other, 
than in using a massive single magnet. Magnetos 
have two magnets placed side by side; some have a 
single large magnet—they were formerly two— 
made of superimposed parts. 

Soft steel is easier to magnetize than hard steel, 
but the former loses its magnetization quickly if 
subjected to vibration. The hard steel magnet 
loses its magnetism very slowly, although the mag¬ 
neto has, as a matter of course, to withstand much 
vibration from the engine, etc. 

Weak Magnets 

After the magneto has been in use for approxi¬ 
mately two years, the magnets may have become 
weakened. The length of time a magneto retains 
its magnetism is governed by the quality of steel 
used in the magnets. 

Misfiring will be the result of weak magnets. 

Inhere are other conditions, however, to determine 
before blaming the magnets. For instance, the 
missing may occur from spark-plug points not being 
set equal distances apart. 

The best remedy for trouble from this source is 
obtained by having the magnets of the magneto 
recharged; but temporary relief often may be 
obtained by adjusting the points of the spark plugs 
so that all are brouglit a little closer together, and 
all equally distant apart; that is, the gap between 
the points should be the same on all plugs. If the 
gaps are not all the same, then the plug with the 
widest gap generally will be the first to misfire, as a 
result of weak magnets. 

When running a car slowly on the high-speed 
gear, the engine may be turning over so slowly that 
the magneto will not generate the required current 
and misfiring accompanied by a jerky action of the 
car will take place. When this occurs, one should 
either shift to a lower gear, or switch over to the 
battery. The better plan is to shift to the lower 
gear, if in congested traffic when the car speed can¬ 
not be increased; for by so doing one speeds up the 
engine and magneto; more current is generated; a 
hotter spark results, and missing is eliminated. 

Remagnetizing Magnets 

In charging by the use of an electro-magnet, 
one of which is shown in Fig. 1, unlike poles must be 
placed together. That is, the north or N pole of 
the magnet should be in contact with the S or south 
pole of the electro-magnet, and the south pole of the 
magnet with the north of the charging device. The 
electro-magnet has polarity because the fields are 
wound in opposite directions. It is easily deter¬ 
mined whether the magnet is in its proper position, 
even if the poles are not marked. Since bite poles 
repel and unlike attract each other, when the mag¬ 


net is placed in contact with the electro-ma^et 
cores they should hold fast. If there is a repulsion, 
then the magnet should be reversed. 

After charging has been completed and the mag¬ 
nets are assembled on the magneto, it is necessary 
that like poles be in contact. That is, if the mag¬ 
neto has three mamets the north poles of these must 
be in contact, as shown in Fig. 2. Often some figure 
is painted upon the magnets, such as is shown, and 
when this figure is made by the assembly of the 
magnets, the poles are properly facing. It is 
best then to determine the proper polarity by the 
attraction and repulsion methods; like poles repel 
each other, and unlike poles attract each other. 

Another method to find N and S poles: The S pole 
of the magnet will attract the N pole end (N) of the 
compass needle (see Fig. 3). 

Keeper: When magnets are disassembled, place 
an iron bar (called the “keeper”) across the ends to 
retain magnetism. This should be done instantly 
on removing magnets, and after remagnetizing. 



To test if magnets need recharging: A good way 
to test, is to place a steel bar or a pair of pliers across 
the bottoms or the sides of the magnets on the 
magneto. If they pull fairly strong, you may know 
that they are in fairly good condition. You can 
ascertain whether or not they are pulling fairly 
strong by testing some other magneto w'hich you 
know is all right. In doing this, however, turn the 
armature so that the points are just separating. 

Another method is to turn over the armature of 
the magneto by hand, as shown in Fig. 3A, and when 
the armature gets to a certain position resistance 
will be felt. This resistance is due to the breaking 
of the lines-of-force by the armature. Since weak 
magnets produce a weak field, little resistance will 
be felt in cases of weak magnets. The magnitude of 



Fig. 3A Fig. 3B 


the resistance will not be known to the repairman 
unless he has tried previously to turn the armature 
when the magnets were in good condition, or unless 
he tries another magneto and compares tne results. 

Another test is to test the magnet’s capacity for 
lifting 15 lbs. as shown in Fig. 3B. On small mag¬ 
nets To lbs. would suffice. 
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A good plan is to test the ability of a new magnet 
of the same size, etc., to lift^ and to compare the 
results with those of the one just charged, or which 
you know is charged. 

How Poor Compression Weakens Magneto 
Magnets 

If the engine has good compression, the piston 
will stop on quarter and not dead center. Result, 
a free path for magnetic lines-of-force forming vir- 
tuidly a complete magnetic circuit, as in Fig. 4. 


riiteo at uppar 
dtad eaatar 
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Fig. 4 Fig. 5 

Fig. 4. L«ft, position of magneto armature with piston of 
engine at midstroke showing free path for magnetic lines-of* 
force between poles of magnet. 

Fig. 5. Right, position of magnetic armature with piston 
at upper dead center showing restricted path of lines-of-force 
through armature. 

If the engine has poor compression, even in one 
cyhnder, the piston will stop on dead center. 
fB^g. 6). Result, the path for the magnetic lines 
from one pole-piece to the other is very poor and 
the result is the same as when a horseshoe magnet 
is allowed to lie around without its keeper—the 
magnets will gradually lose their magnetism 




One Reason Why a Magneto Fails to Spark 
at Times « 



Fig. 6. Electromagnet^ for remagnetising magneto magnete 
of all kinds. 


In order properly to remagnetize magneto magnets it is neces¬ 
sary to remove the magnets from the magneto. Before doing 
so, one side of the magneto, that is, the pole-piece and the legs 
of the magnets on one side, should be chalk-marked. The 
magnets should be magnetized so that the ohalk-markod poles 
have the same polarity. This is done by chalk-marking one 
pole of the Magnetizer and placing the chalk-marked pole of 
the magnet to be charged, on the marked pole of the Magnetiser. 
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Fig. 8 (upper) 
Fig. 9 (lower) 


A high-tension mameto secondary winding 
insulation may in time become hardened and leaky 
from heat, caused by the strain of running with too 
wide a spark plug and safety gap. 

A wide-open throttle increases compression, and 
the plug gap offers resistance which increases the 
voltage in the winding, with the result that the 
spark jumps the insulation internally instead of at 
the plug gap. 

When running on a level with an almost closed 
throttle, compression is less, with the result that the 
spark, although weak, may jump the plug gap. 
This accounts for a magneto armature requiring 
rewinding, yet producing a spark at times. 

Remagnetizing Magneto Magnets 

The device* ehown in Fig. 6 is an electromagnet designed to 
remagnetiae the permanent magnets which are used on mag¬ 
netos. 

A fully charged 6>volt storage battery of the lighting or start- 
ing type should be connected to the terminals of the Magnetizer, 
using short heavy wires. 

On closing the switch on the base of the device, a current of 
25 or 80 amperes will flow, and the Magnetizer becomes a 
powerful electromagnet of such strength that a magnet placed 
across its poles will be magnetised to its maximum strength. 


tXhe metaeto booklet mentioned in footnote p. 246 explains 
Kou> to make a euper power maanet eharger. Alien Eleevie dc 
Equipment Co., Kalamasoo, Mich, suppb^ magnetisers. 


The magnets are placed, one unit or section at a time, so os 
to span the pole.s of tlio Magnetizer, as shown in Fig. 7. Switch 
the current on and off several t4 ines. The current need only flow 
a few seconds at a time. While the current is flowing, the 
permanent magnet to be charged should be rapped a few times 
with a piece of wood. This will assist the magnet to absorb 
the magnetism easier. It is well to place a piece of soft iron as 
a keeper across the polos of the niagnet before removing it from 
the Magnetizer so as to preserve the full strength of the magnet 
until it is put on the magneto. When sliding the magnet on 
the magneto, the soft iron "keeper” will slide up and may then 
be removed. See that the magneto is put together exactly as 
before. 

Do not allow the current to flow longer than a short time, as 
it will cause the coils to heat and will also drain the battery. 
The Magnetizer may be used op a la-volt battery or two 6-volt 
batteries in series. This will cause it to be twice as strong as 
if used on a 6-volt battery. It is then suitable for very large 
magnets. 

It is possible to use dry cells in case a storage battery is not 
available. Six or eight fresh cells should be used and connected 
in two groups in parallel, the groups to be connected in series. 
See Fig. 9. 

If it is desired to magnetize the manieti with a certain 
polarity, it is necessary to observe the following: 

The polarity of the Magnetiser will be as shown in Fig. 7, 
provided it is connected eo that the plus ^+) terminal of the 
battery is connected to the right-hand terminal of the Magneti¬ 
zer when facing the side with the switch. Place the marked or 
north pole (N) of the ^rmanent magnet on the south pole (9^ 
of the Magnetizer. When magnetizing this way the marked 
leg of the permanent magnet will then oe the north pole. 

The polarity of a magnet it easily determined with a mag¬ 
netic compass. The north (N) pole of the magnet attracts 
the (8) pole end of the compass needle. The north pole of a 
magnet is sometimes called the plus or positive pole. Like poles 
repel each other; unlike poles attract. 
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Hemagnctizing Ford Magnets 

The magnets in a Ford magneto may bo oharRcd as described 
above, but by attaching the special pole pieces, as shown in Fig. 

8, it is not necessary to remove the fiywlieel from the engine. 
Remove the transmission-case cover so that the ends of the 
magnets are available. 

With the aid of a small magnetic compass, the north poles of 
each one of the magnets should be chalk-marked. Also chalk- 
mark the south pole of the Magnetizer. 

DISASSEMBLY, ASSEMBLY, AND TESTING OF 

The parts of the armature ou the type ‘‘E” and 
‘F’’ Iha’linK ma^^iieto are disassembled as shown in 
Figs. 1 to 4. Tlio interrupter, wliich was first re¬ 
moved, and the magnets, distributor, etc., arc not 


Now place the polo tips of the Magnetizer so as to touch the 
ends of one of the magnets, taking care that the chalked end 
of the Magnetizer touches the chalked end of the magnet. By 
turning the flywheel over, each magnet should be magnetized, 
one at a time. 

It is advisable to check up the polarity of all the magnets 
with the compass, when they are charged. 

A MAGNETO (BERLING AS AN EXAMPLE) 
To Test Armature Primary Winding 

Use a 6-volt battery^ and test points, as shown in 
Fig. 5. Connect one test point with the primary 
lead, and touch the other test point (T) to the arma- 



Fig 1 1 
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shown. On most magnetos there is lint one jiri- 
iiiary coimeetion to the condenser, the other prirnary 
bu’ininal being grounded, also one terminal of the 
condenser. Here the primary leads are connected 
to the condenser and one terminal of the condenser 
is grounded, which gives the same results, d'he 
primary leads are sokiered to the condenser. 

Fig. 2 shows the arniaturc pjirts being as¬ 
sembled. 

Figs. 3 and 4 show a sectional and tup view of 
the completed armature. 

It is not advisable to take the magneto apart, 

unless you know it is defective. Before taking 
apart read pages 309 tind 310 carefully. 

To Disassemble ibe Magneto 

Remove interrupter, distributor block, gear hous- 
.ng, magneto and bearings. This will leave the 
irmature as shown in Fig. 5. Be sure and place a 
‘keeper” on the magnets the instant they are 
removed, as directed on page 311. 



Fig. 5. Testing a magneto armature. 


ture core at (C) for an instant. The current then 
travels through the jiriiuary winding and condenser, 
and is induced into the secondary winding. 

If a spark occurs at the test point, and at the 
same time it jumps the secondary gap of then 
we know the armature has tested out properly. 

If there is no sp^k at all, then we know that there 
is an open (urcuit in the i)rimary winding. 

If there is a heavy spark at the test point when 
touching the core, then there is a short-circuit in 
the condenser or primary winding, and it is neces¬ 
sary to disassemble the armature. This, of course, 
would moan a dead short-circuit on the battery. 

To Disassemble Armature 

Remove the screws, armature heads, collector 
spool, etc., as shown in Fig. 2. 

To Test Secondary Winding 

A single wound primary coil with a vibrator and 
condenser fitted internally can be used for this test. 
A PfanstiehF coil, is excellent for this purj>ose; or 
a Heinze coil unit as used on a model “N” Ford, 
with the secondary winding short-circuited, could 
also be used. 

Only the primary winding in connection with the 
vibrator is necessary, as the secondary winding on 
the armature is used instead; hence the reason for 
shorting the secondary terminals. 

»Secondary is grounded. On some magnetos it connects to 
two collector rings. 

*This coil can bo supplied by A. L. Dyke (Elect. Dept.), 
Granite Bldg., St. Louis; price $7.50. 
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If the second^ winding is in order, then on 
touching test point (T) to the armature core (Fig. 
6), the spark will jump the gap. 



Fig. 6. Testing secondary winding cl armature with a 
battery and a coil. 

If the secondary winding is short-circuited, the 
secondary spark on tliis test will arc from secondary 
winding to armature core, but will not jump the 
gap. 

If the secondary winding is open, a spark could 
occur, as it could jump the open gap internally, 
but it would be weak. 



Fig. 7. Testing the secondary winding of an arrnatiu-e with 
a battery and voltmeter. 


To tell positively if a secondary winding is open, 

about the only plan is to put a very low-reading 
sensitive voltmeter, connected with a 6-volt storage 
battery^ across the winding, as shown in Fig. 7. 
If the circuit is open, the meter needle will not move 
at all. If it moves at all, this circuit is in good order. 

Note. Never run current through armature when magnets 
are on the magneto; it may be run through in the wrong direc¬ 
tion and tend to demagnetize them. 

Magneto Spark-Plug Gap 

The correct gap is .020" to .031". If too wide, 
starting will be liard, and there is a danger of break¬ 
ing down the high-tension insulation of the winding. 
If too close, the points are more likely to become 
shorted, due to carbon collecting on the gap points. 

Compression of an engine determines the type of 
magneto to be used. For instance, if the magneto is 
used on a high-compression engine, then the points 
must be closer than on a low-compression engine. 
If, however, the magneto is made of suflicient 
capacity for the high-compression engine, then the 
gap could be normal, or .020" to .025". 

Contact Breaker Tests 

Usual troubles are: dirty points; platinum worn 
off; arcing at points; gap too far apart or not far 
enough; points not genuine platinum. 

To test platintun points, use nitric acid. If it 
eats the points, they are not genuine platinum. The 
best test is to use a jeweler’s stone test (ask any 
jeweler). Platinum pr platinum-iridium is genera- 
ally used for points on niagnetos, and tungsten 
(which is very hard) for points on battery and coil- 
system interrupters. See also Index under “Plati¬ 
num points." 


MAGNETO TESTING APPARATUS 


When considerable testi^ is done, a counter¬ 
shaft with pulleys, and used in connection with a 1/G 
h.p. electric motor, can be used to run the magneto 
at various speeds to test the length of gap and 
volume of spark at various speeds (see Fig. S). 



Fig. 8. Counter-shaft, pulleys, vise and motor for driving 
Diagneto for testing. 

An adjustable gap arrangement can easily be 
made as shown in Fig. 9. Note that the length 
of the gap can be adjusted. 



Fig. 9. An ^usiable secondary spark gap for testing the 
secondary winding of magneto. 

To test the magneto, place it in the vise (Fig. 8). 
Connect the secondary terminals to the stationary 
points (P) (Fig. 9). Place a grooved pulley on the 
taper shaft of the magneto and connect it with 
grooved pulley (G) (Fig. 8) on the second counter¬ 
shaft by means of a round belt. Then run the 
magneto and test as directed on page 315. 


If the spark does not test out satisfactorily, then 
disassemble magneto and test armature and con¬ 
denser as directed on pages 313, 314, and 315. 

To Test Condenser 

All high-tension magnetos and high-tension coils 
are provided with condensers. 

A condenser usually consists of 161 layers of 
mica insulation material, between which sheets of 
tinfoil are laid so that each layer of tinfoil is elec¬ 
trically insulated from its rieiglibor (see page 191). 
In some coil condensers paraffined paper is used 
instead of mica, but this is not as efficient. 

Condensers can be removed, but it is usually 
necessary to unsolder the primary armature winding 
connections to one of its terminals, the other con¬ 
denser terminal being grounded to armature frame. 

Usual troubles are duo to the sheets of tinfoil 
becoming grounded, or to the fact that one of the 
connections is open. Indication of a defective 
condenser is excessive sparking at the contact- 
breaker points, which become pitted white. 

How to test: Use 110-volt direct current with one 
or two lamps connected, as shown in Fig. 10. If 
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the condenser is properly insulated and not 
grounded, the lamp will not light when the switch 
is closed. If it does light, then the condenser is 
grounded. If the ground cannot be removed, a 
new condenser is necessary. 

Another test is shown in Fig. 11 . Use a 30-volt 
range volt-meter and connect as shown. If the 
condenser is good, no indication will be obtained. 
If it is grounded, an indication will be obtained. See 
also Index under “Testing condenser.” 

A Home-Made Maguelo Armature Tester 

This device is similar to the one explained on 
page 230, for testing a high-tension coil. 

To test a magneto armature, a hole, the diameter 
of the armature, is made in the sheet of copjxir, 
as shown in Fig. 12 . The vibrator iron knob (V) 
on the spring (B) is placed close to the side of the 
iron core of the armature. This vibrator blade will 
vibrate when current is i)assed through the primary 
winding of the armature if the iron knob (V) is close 
to the iron armature core. 

The primary winding of magneto is connected as 
shown. One end is grounded to the armature core; 
the other end connects with the vibrator blade at (F). 

Note. The arinature core should fit tight in the 
hole so that it will act as a ground. 



DKY ecus 

Fig. 12. Magneto armature tester. 


The primary circuit would then be from (-}-) of 
the dry cells to the ground plate (use six dry cells), 
through ground of primary winding on armature core, 
through primary winding to vibrato^blade at-(F), 
through points, to clamp (Cl), to ( —) terminal of 
battery, completing the primary circuit. 

By adjusting the vibrator screw, the blade (B) 
will vibrate, thus causing a spark at the secondary 
spark gap (SG), which consists of fiber blocks with 
very fine Brass wires sharply pointed and adjusted to 
a gap of about J 4 '' or 5/16”. 



Fig. 1 . 3 . Showing the winding and parts of a magneto 
armature. 

The secondary winding is wrapped over the 
primary winding, as shown. One end is grounded 
to the iron core (usually grounded to the primary 
wire which is grounded to the iron core); the other 
end is connected with the insulated slip ring (S) 
(Fig. 13). Thus the secondary circuit would be 
fmm clamp (C3, Fig. 12 ) which would connect with 
the slip ring (S, Fig. 13) to the spark gap (SG), to 


ground (G) on the plate, to ground of the secondary 
on the armature. 

A condenser is shown connected on the outfit 
to be used for testing purpose. This condenser can 
be taken from a magneto which is known to be in 
good condition, and should be so connected that it 
can be used by means of a plug switch. 

The idea is to test the secondary spark, to see if 
it will produce a spark continuously—at least one 
hundred steady sparks without missing. The 
width of this gap at (SG) should be about 5/16”, or 
slightly less than the length the safety spark gap 
is set for on the magneto. 

First test with the condenser which is used with 
the magneto armature, and note if there is sparking 
at the points of the vjbrator interrupter; if so, try 
the good condenser on the outfit and see if the 
sparking disappears. If it does, the condenser in 
magneto is defective and can be tested separately 
with test points (pages 227, 230) to see if shorted. 
There should be no circuit between terminals of a 
good condenser. The condenser, of course, should be 
across the interrupter points, or the vibrator points. 

If the condenser in the magneto is in such a posi¬ 
tion that it is not across the points, then test with 
condenser on the test outfit, and then unsolder the 
leads from the condenser on the magneto and test 
separately with a 110 -volt test lamp similar to test 
on pages 314, 230. By reading the directions for 
testing a high-tension coil wdth a similar outfit, on 
page 230, the explanations will probably be clearer. 

Other Methods of Testing a Magneto 

Testing high-tension magneto: Oil the magneto; 
connect the distributor wires to the spark plugs 
and set the points at about a 3/16” gap; then run 
the magneto 40 minutes at 1,500 r.p.m. with inter¬ 
rupter full advanced and for 10 minutes at 3,500 
r.p.m. full advance, and 10 minutes at 1.50 r.p.m., 
noting that it runs equally well during last run in 
either advanced or retarded position. 

During the runs the contact points should not 
spark or flame excessively. There should be no 
excessive noi.se or stray sparks about the magneto. 
The safety gap in the magneto should be 5/16”, and 
should not spark at any of the speeds mentioned, 
if the spark-plug gaps are not over 3/16” during 
the test. The spark should jump the safety gap 
when the armature revolves at 60 r.p.m. with the 
spark plug or distributor wires removed. 

One method of driving a magneto on a test is by 
an electric motor. Another method is from a line 



Fig. 14. A method for determining the condition of th« 
spark produced by driving the magneto at high speed. 

Fig. 15. A battery, switch and test wires to test a coil. 

Fig. 16. A variable-speed arrangement for driving a mag¬ 
neto from a line shaft. 
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ehaft and a pulley (Figs. 14 and 16). Fig. 16 shows 
a variable-speed pulley arr^gement. When testing 
a magneto or coil, run until heated up. 

Be careful that the armature is in perfect align¬ 
ment. If a ball is broken, the armature shaft will 
be out of line and permit the armature to rub against 
the pole-piece; or the armature heads may become 
loose, or the drive shaft may be worn unduly on one 
end of the armature by the gear driving it meshing 
too tight. 

Usually, the cause of the armature being out of 
alignment is worn bearings, or a broken oall, or 
loose screws on the armature head. 

Testing a High-Tension Coil Used with a I^w- 
Tension Magneto 

Connect the low-tension circuit of the coil with a 
good battery of the same voltage as is used on the 
car. and provide a spark gap of suitable size on the 
hign-tension side. 

For 60 lb. compression the gap should be in 
the atmosphere and for 90 lb., Fig. 15 shows 

the conventional arrangement which may be used 
when the coil is not on the magneto armature. 

The coil primary circuit is closed and then quicklv 
opened, and if the coil is in good condition a spark 
should occur at the high-tension gap (Fig. 15). 

There is no necessity for removing the coil box 
from the car to do this work if the test wires are long 
enough to be attached with the coil in place. 

Unless the internal wiring of the coil is known, 
some experimenting will be required in order to 
connect up with the right terminal. Probably the 
simplest method of procedure is to note the terminals 
to which the low ana high-tension wires are attached, 
and to attach the test wires accordingly. 

Testing a Dixie Magneto 

The windings of a Dixie magneto armature can 

I'e tested by disconnecting the primary winding from 
the stationary insulated contact point (S) And con¬ 
necting this primary lead (W) to one terminal of a 
6 -volt battery. (This primary lead is clearly shown 
in Fig. 26, page 276). The other terminal of the 
battery should then be connected to the stationary 
contact pKjint (S), the circuit then being as shown in 
Fig. 17. Then turn the armature so that the con¬ 
tact points will open and close, and watch to see if 
the spark jumps the safety-gap. The safety-gap 
points should be set about 5/16" apart. In such 
a case, the winding is probably in good order. 



A good plan is to test a winding that you know is 
in proper condition, and to compare the suspected 
defective one with the spark of a good one. 

The test described above may also be used on 
the armature type of magneto, the principle being 
the same, that is, to connect the battery between 
the primary winding and the insulated contact 
point. 

If the points rotate, do not give the armature 
many revolutions, as the battery leads will wrap 
around it. 

Changing Direction of Rotation 

If the direction of rotation of a standard revolv¬ 
ing armature-type of magneto armature is changed, 

a contact-breaker, housing and a cam must be 
obtained for the opposite rotation. 

It will also be necessary to change the meshing of 
the armature gear and distributor gear teeth, so 
that the spark will occur at the proper plugs accord¬ 
ing to the firing order. 

Magneto Gear Tool 

A specially made tool for removing magneto 
gears is shown in Fig. 18 at (W). The prongs of 
the fork are tapered. By using two su(;h tools, 
the gears can easily be removed without damage. 
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ENGINE STARTERS: Ignition; Priming; Compressed Air; 
Gasoline and Air; Electric 


Ignition Starting 

The first form of self-starter was the ignition 
starter used in 

connection with the priming systems and gas sys¬ 
tems of starting, as explained on page 268. A 
special form of switch sometimes provided which 
causes a spark in all cylinders simultaneously. 

It is possible to start any engine occasionally on 
the switch, if the cylinder in which the spark is made 
at the time happens to have a charge of gas and the 
ignition is a battery and viVirator-coil system, cither 
as an auxiliary or regular system. If, however, the 
magneto system and breaker are used in connection 
with a non-vibrating coil, then the chance of obtain¬ 
ing the spark is not so good. The breaker points 
Vill not permit the opening and closing of the cir¬ 
cuit when the engine is idle. 

Therefore a special connection is usually pro¬ 
vided on the non-vibrator type of coil in the form 
of a button switch. This applies to engines of four 
or more cylinders. The principle: there is always 
a certain amount of uncxplodcd gas remaining in 
one of the cylinders when the engine stops, especially 
if the driver has taken the precaution to open his 
throttle before the engine stops. Therefore, if a spark 
occurs in the cylinder, this uncxplodcd gas will com¬ 
bust and give enough momentum to start the engine. 

As stated, if a coil system is used, the switch can 
be thrown on and a quick movement of the spark 
lever for its full length will cause contact to be 
made on the timer or commutator, thereby causing 
a spark in one of the cylinders. 

Nat urally the cylinders must be in good condition. 
The piston rings must be tight so that the comprc.s- 
sion will not be lost by leakage. 


The engine must 

be speeded up, but by holding the clutch out. 

Priming Startc^r 

The priming method of starting was the next 
method. Instead of depending on the pistons to 



Fig. 1. A primer starter. Cylinder primers are all operated 
very much along the same lines, the fuel being injected into 
either the cylincTers themselves through special priming cocks 
or into the intake manifold. A hand-operated pump is asually 
nsed to draw the gasoline from the supply tank to the feed pipe. 
The gasoline is brought into the primer cylinder from the car¬ 
buretor supply jpipe. It is then forced into the intake manifold 
through a special form of spray nozzle. An upward stroke of 
the handle fills the primer cylinder, and a downward stroke 
forces it into the valve chambers of the engine. With all 

g riming systems it is necessary to have a spark at the correct 
me. See Index under “Starting on the switch.” 


draw in a charge of gas, a special pump was devised 
as in Fi^. 1. This pump forced a charge of carbui^ 
ted gas mto the cylinder, as explained below. 

Gas Starter 

The acetylene gas idea of starting developed 
from both of these systems. The Prest-O-Lite Co, 
worked out a very satisfactory system for starting 
as explained in Fig. 2. This system also employ^ 
a special electric connection for igniting the gas. 



reducing VALVE 


Fig. 2. Gas starter. The Prest-O-Lite gas-starter system per¬ 
mits the starting of the engine by the injection into each 
cylinder of a measured amount of prestolito gas, which is 
exploded by pressing the button on the ignition switch, (See 
Index under “Ignition starting.”) The driver charges the 
cylinder with by making one or two movements of the 
handle, which is located on the dashboard. There is placed 
at tlie tank an automatic reducing valve, which reduces the 
pressure beyond the tank to two ounces. Whether the tank 
pressure be 150 or 250 pounds, the pressure in the lines can only 
be two ounces. On accovint of low pressure, it is necessary that 
the gna be forced into the cylinders, as the cylinder compression 
is many times stronger than tw’o ounces. This is accomplished 
by a pump which is placed on the dash in easy reach of the 
driver. In cold weather the dr’ver can press a by-pass valve 
button and cause the gas to pass from the tank directly to 
the intake manifold. 


Compressed-Air Starter 

The compressed-air system was first used by tak¬ 
ing pressure from the exhaust, storing it in a tank, 
and then distributing it to the cylinders. The com 
pressed-air starter is divided in two classes: (1) the 
type which uses a pump, operated mechanically bom 
the engine to store fresh air in the air tank (Fig. 3); (2) 
in the other type, the exhaust gases are stored in a 
tank. 

This last-mentioned method was a type of starter 
formerly used on tlie Winton several years ago. 
Part of the exhaust gases from the engine was stored 
up in a tank, during the exhaust stroke. This gas 
was then used to force the niston (which was ready to 
commence its power stroke) dovm. Fig. 3 shows 
the method, using a mechanically driven air pump 
to store fresh air in a tank under pressure. 
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Fig. 3. Compressed-air starter. The Stewart starter 

cranks the engine from the front end of the crank 
shaft in exactly the same manner it would bo cranked by liand. 
To start the engine, it is only necessary to press the pedal which 
is installed on the footboard. 

The starter motor, or cranking unit, is an air-tight chamber, 
circular in form and replaces the crank handle. Pa.ssing 
through this is a shaft which engages the engine shaft, the 
same as the crank handle formerly did. Within the cylinder 
is a stationary head; also a revolving valve. 

This valve is attached to a collar through which the starte 
shaft passes. In operation, the charge of air in admitted into 
the starter motor at a point between the stationary head and 
the revolving valve. This air pressure forces the revolving 
valve to make almost one complete revolution. 

Inside of the collar, attached to the revolving valve is a 
pawl which engages the grooves or teeth in the starter shaft. 
A “driving" clutch is attached to the end of this starter shaft. 

A “driven” clutch is installed on the end of the engine crank 
shaft. The "driving” clutch engages with the "driven" clutch 
In the same manner as formerly, when the car was started by 
the old crank handle. 


Gasoline and Air Starter 

The Christensen gasoline and air starter (Fig. 4) 
used on aeronautical engines, 


CYXlNDttt. CHTCK VALVES 



Into each engine cylinder a starter check valve is screwed 
(usually in the priming cup opening), and a pipe runs from the 
check valves to the distributor. 

Method of attaching: The starter unit is usually driven by 
Oldham coupling from the crank shaft or cam shaft, and is 
mounted in the most convenient place. 


Mechanical Starter 

The mechanical starter is made in many and 
varied forms, one being shown in Fig. 5. 



r-—-7 \ IX. II 

SPRING STARTER 


Fig. 5. A mechanical starter. This device (S) is attached 
to the front of the car in place of the ordinary starting crank. 
It is about the size of an ordinary automobile headlight, and 
looks like one reversed. There are two powerful springs in 
the device which are released by a very slight pressure on a 
pedal (H) which is located near the driver’s seat. 


also on motor boats, 
trucks, tractors, and automobiles. 

Principle: This starter does not crank the engine, 
but starts it as follows: The engine, whenTimning, 
uses gasoline and air, properly mixed, as its fuel. 
When not running it cannot be started ordinarily 
only by cranking by hand or some other starter. 
The Christensen starter supplies this mixture to 
the engine in ready-made fown, under compression, 
to each of the cylinders in firing order so that the 
engine is started on the first touch of the button. 

The parts are shown in Fig. 4 and consist of the compressor; 
a clutch for engaging and disengaging the starter; a carburetor 
chamber (independent of the engine carburetor) and a distribu¬ 
tor, tirned with the firing order of the engine; a control valv^ 
which is used for starting the engine and for engaging the air 
compressor; a tank for nokling the air, and a gauge telling 
how much air the tank contains. 


Electric Starter 

The electric starting motor has many advantages 
over other systems, in that the motor is easily 
applied and manipulated. The source of electric 
supply is derived from a storage battery which is 
kept recharged by an electric generator (dynamo). 

Summary 

Thus, we have the several types of self-starters 
classified as follows: Ignition or switch starter: 
primer and ignition; acetylene gas; compressed 
air; gasoline and air; mechanical, and electric. 

Electric Starter Most Used 

The electric starter is the system in general use 
and will be treated in the next instruction. 



INSTRUCTION No. 31 

THE ELECTRIC STARTING MOTOR: Application to Engine; Eclipse 
Bendiz Drive; Principle of an Electric Motor; Windings 


The electric starting motor is an electric device 
or motor for turning over the crankshaft of a gasoline 
engine. The electric motor is a device for trans¬ 
forming electric power into mechanical power. The 
electric motor receives its electric current for its 
motion from an electric storage battery. 


The storage battery receives its charging current 
from an outside source, or an electric generator, 
usually run from the gasoline engine, ^metimes 
this generator (also called a dynamo) is made a part 
of the starting motor, as will be explained under 
“Generators."' 


APPLICATION OF THE ELECTRIC STARTING MOTOR TO THE ENGINE 


By referring to Fig. 1, different methods emidoyed 
for cranking or startinj^ Che engine by means of the 
electric starting motor will be noted. We might 
classify the metbods ’>ndor two headings as follows: 

1. Flywheel application (A and B, Fig. 1). 

2 . Crankshaft appli(;ation (C, D, E, and F, Fig. 1). 

The flywheel drive methods, can be classified as 
“mechanical” or “manual” and “automatic.” In 
(A) (Fig. 1) the teeth of the pinion gear on the end 
of the motor armature shaft automatically engages 
with the t(;cth of the flywheel and automatically 
disengages after the engine is started. This is 
usually accomplished by the use of the Eclipse 
Bendix drive. 
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ECLIPSE-BENDIX “AUTOMATIC” INERTIA GEAR-DRIVE APPLICATION TO FLYWHEEL 


The Eclipse Bendix Drive is a transmission device 
applied to the armature shaft of an electric starting 
motor so as to automatically engage and disengage 
with a gear on the flywheel of the engine. 

The simplicity of operation has led to its practical¬ 
ly universal use on automotive vehicles throughout 
the world. 

Briefly it consists of a triple threaded screw shaft 



Fig. 2. Parts of the Eclipse Bendix Drive 


(1) (Fig. 2), a pinion gear (3) mounted thereon so 
as to move both longitudinally and rotarily, a torsion 
driving spring (6) drivingly connecting the armature 


7 9 



Fig. 2A. Side sectional view of the Eclipse Bendix drive 
showing the relation ot the parts. See Fig. 2 for the name of 
the parts. The drive starts with the armature or mounting 
shaft, thence to driving head (6), to head spring bolt (9), to 
drivinjj spring (6), to shaft spring screw (7), to screw shaft (1), 
to pinion gear (3), thence to flywheel gear. 


shaft and the triple threaded screw shaft (1), and a 
driving head (5), which serves to connect the 
spring to the starting motor armature or mounting 
shaft. 

Principle of operation: The threaded shaft (1) 
(Fig. 2) and pinion gear (3) can be compared to a 
bolt and nut, if the nut is held and the bolt turned 
the nut will move along the bolt. The Eclipse 



Fig. 3. Illustration showing how the starting motor using 
the Eclipse Bendix inertia gear drive i.s connected to the engine 
(Chevrolet as an example). 


Bendix pinion is held by its inertia, that is, because 
of its weight; the pinion is too heavy to turn on the 
threaded shaft, and because the pinion does not 
turn, it must move along the screw shaft. 

When the electric motor is started (see Fig. 4), it 
turns the screw shaft through the driving spring, 
the pinion gear then automatically moves forwara 
until its outer edge reaches the driving stop nut, at 
which time it is fully meshed with the flywheel gear; 
the meshing and the torque transmitted bein^ teken 
entirely through the coil driving spring (see Fig. 4A). 
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Fig. 4. Starting motor and engine at rest. 



Fig. 4A. Starting motor operating; pinion gear coming into 
mesh with flywheel gear. The electric motor now cranks the 
engine. 

When the engine starts, due to its large flywheel 
gear, the pinion is forced to run faster than the screw 
shaft, thereby causing it to over-run the screw shaft 
and thus be automatically demeshed from the fly¬ 
wheel gear (see Fig. 4B). 



Fig. 4B. Pinion gear de-meshing from flywheel gear. 

Should the operator through error start the electric 
wotor while engine is running, the pinion gear will of 
course screw over against the turning flj^vheel gear, 
but instead of the clashing of gears that might be 
exfiected, there is no damage whatever, as the gears 
simply touch once. This is because the flyw^heel gear 
will speed up the pinion and automatically screw it 
away. The turning pinion wdll then automatically 
clutch on the screw shaft, in exactly the same man¬ 
ner as when it was demeshed. 

Outboard and inboard type: When pinion gear 
moves away from the starting motor to mesh with 
the flywheel gear, it is known as the ^'outboard 
type.’^ When pinion gear travels toward the start>- 
ing motor it is known as the “inboard type.’^ 

The attaching of the Eclipse Bendix drive to the 
armature shaft is always done at the head end of the 
drive and is usually accomplished by what is known 
as a key drive; that is a Woodruff key is mounted 
in the armature shaft and the driving head (see 5, 
Fig. 2) is accordingly keyseated. 

The head bolt (9) (Fig. 2) of the drive is then made 
with a short pilot (Fig. 5) which sets into a 3/16" 
deep hole in the armature shaft, this serving to 
locate the Eclipse Bendix drive longitudinally on the 
armature shaft. 

^3P ^ -^ 

ilg. 5 Oeft). Head spring screw. 

Fig. 6A (right). Head spring bolt. 

Some Eclipse Bendix drives are mounted to the 
armature shaft by the use of a through bolt or screw 
(Fig. 5A) the armature shaft then being drilled all 
the way throu^. The bolt or screw then screws 
into the head on the opposite side or has a nut to 
bold it 


The component parts of a standard “X" type 
Eclipse Bendix drive are ^hown disassembled in 
Fig. 5B. 

Anti-drift pin and spring (17,18) (Fig. 2) is shown 
mounted in the counterw eight of the pinion. 

This is for the purpose of keeping the pinion in the 
demeshed position when vibration of the car or 
angularity of the drive might tend to cause the pinion 
to drift forward and contact the flywheel teeth whii« 
the engine is running. 



Fig. .')B. Eclipse Bendix drive (X type) disassembled 
Name of parts: 1, head spring screw; 2, lock washer; 3, shaft 
spring screw; 4, lock washer; 5, repair sleeve; 6, driving head; 
7. spring support clip; 8, driving spring; 9, spring support 
clip; 10, S.A. assembly. 

By examining a standard type of Ellipse Bendix 
Drive you will note that this pin and spring moves 
forward wdth the gear about }/s" before the pin con¬ 
tacts the hill or increased diameter of the screw shaft, 
which acts as the anti-drift shoulder. 

Normally the demeshed clearance between pinion 
gear and flywheel gear is y^', so that this necessi¬ 
tates J/y" further movement before the pinion gear 
could contact the flywheel gear, after this pin has 
come in contact with anti-drift shoulder on the screw 
shaft. 

This means that the anti-drift device functions 
for a longitudinal distance of Fs" before meshing 
occurs and this is sufficient to prevent the drifting 
forward of the pinion gear, while the engine is run¬ 
ning. 

If the drift spring (18) (Fig. 2) tension is too weak 
the anti-drift effect w ill not be sufficient; if tension 
is excessive, the pinion gear (3) will not mesh when 
starting. 

Lubrication of the screw shaft is not essential, 
however, if oiling is done, a very light grade must 
be used. Gummy oil and grit caiise failure to mesh. 
To remedy, clean screw threads with kerosene. 

See repair section of this book (pages 834-837) for 
maintenance information for the Eclipse Bendix 
drive. 

Ratio of Gearing 

Examples of ratio of gearing using the Bendix drive* On the 

Ford, as an example, using this system, there are 10 teeth on 
the starting motor pinion and 120 teeth on the flywheel gear; 
thus the starting motor turns twelve times os fast. The ratio 
is therefore 12 to 1. 

On the Chevrolet car (Fig. 3), there are 11 teeth on the pinion 
and 110 on the flywheel gear. The ratio is therefore 10 to 1. 
The starting motor cranks the engine at a speed of about I .W 
r.p.m. 

Care of Starting Motor 

Lubrication of the Bendix drive: See paragrajih 
on this subject above. It is not necessary to apply 
lubricant to the Bendix screw shaft. Keep this part 
free from grease and dirt. 

Lubrication of the starting motor: A bearing is 
usually provided on the commutator end (usually 
the rear end) of the starting motor and should be 
filled with a few drops of the best quality machine 
oil (or light engine oil) at least every 1,000 miles. 
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The bearing on the other (front) end of the start¬ 
ing motor is usually inaccessible, and for that reason 
an oilless bushing impregnated with graphite is uscd.^ 
On some others a connection is provided through 
which heavy oil can be forced with an oil gun, and 
should be lubricated every 1,000 miles. Therefore 
it is important to see if there are two places to lubri¬ 
cate on a starting motor and follow the manufactur¬ 
ers instructions. 

Commutator and brushes: The commutator and 

brushes can be exposed by removing the band cover. 
Do not touch the commutator so long as the motor 
starts properly. Should the commutator become 
dirty, rough or burned, it can be cleaned with a jiiece 
of canvas moistened with gasoline; if rough polish 


with No. 00 sand paper while revolving. See also 
index ^‘starting motor troubles"' and also pages 449, 
491-494. 

The brushes are designed to carry heavy current and require 
no lubrication. They are usually mounted on a steel plate 
which is clamped in place by screws. 

Defective armatures: Armature repairs, other than soldering 
of a lead to a commutator bar or the repairing of a short circuit 
which is readily visible or some such light repair are not recom¬ 
mended, because in many instances, armatures on certain makes 
of starting motors can be presented to the service station, such 
as for example the United Motors Service Inc , with headquart¬ 
ers in Detroit, Mich., and branches over the United States and 
Canada who will allow a liberal allowance on the damaged 
armature on the purchase of a new one, and often times it is 
cheaper than repairing. The above mentioned concern furnish 
official, service for Delco and Remy starting, lighting apd igni¬ 
tion equipment and Bendix drive parts (see page 683 under head 
of “Electrical Service”; see also page 481). 


BOSCH AUTOMATIC ELECTRO-MAGNETIC PINION SHIFT 


Another ‘‘automatic” method of a flywheel drive 
application of the starting motor is where the gear 
or pinion on the end of the motor armature shaft 
is shifted electrically. This system, now known as 
the “Bosch,” was formerly known as the “Rush- 
more,” and is termed a displacement type of 
armature because the arinature. is so arranged that it 
can be shifted endwise in its bearings, parallel to its 
axis. 



Fig. 11 . C, commutator; B, brushe.s; L, laminated iron 
core; AWT armature winding terniinnlH; BB, bras.s bands 
around armature to hold coils in place; F, C, aiul PP, field core, 
or polo pieces; F, W, field winding; A, S, armature shaft; S, 
segment of commutator, wlieie armature coils connect; MI, 
iiiiea insulation between the copper commutator segments; 
P, drive gear or shaft pinion; FG, flywheel driven gear. 



Fig. 12. In the normal or non-operating position, the arma¬ 
ture is held out of electrical center, or out of line with the pole 
pieces, by moans of a spiral spring in the conmiutator end of the 
armature shaft; therefore, when in the normal position, the 
pinion (P) on the driving shaft of the starting motor i.s kept out 
of mesh writh the gear ring (FG) on the flywheel of the engine. 



13 shows the motor armature in operating position. 
Note that the armature has been pulled to the left under the 
center of the pole pieces and the gear (P) on the end of the 
armature shaft is now in mesh with flywneel gear (FG). Also 
aote that the sprii^ at the left end is now full up into the hollow 
armature shaft. In this position the gear (P) revolves the fly¬ 
wheel gear (FO), thus oranking the engine. 


Principle of Operation 
The principle of the Bosch starting motor is as fol¬ 
lows: Switch arm (R) is pressed down slowly by 
foot pedal (D), until connection is made across (A) 
to (B). Note that the current from the battery 
must then pass through resistance (E). The 
amount of current is thus limited. A small portion 
of the current will then flow through armature (A), 
while the greater portion flows through the motor 
field coils around pole pieces (PP), forming a strong 
electro-magnet of the field pole pieces (PP). 



Fig. 14. Principle of operation of the Bosch electro-mag¬ 
netic pillion shift. 

The result is that the armature is magnetically drawn endwise 
against the tension of the spring (Fig. 13) into the magnetic 
center of the motor, or, in other words, into its working position 
between the pole pieces. 

The passing of the small amount of current through the 
armature causes the armature to rotate slowly, and as the rotary 
motion occurs simultaneously with the shifting of the armature 
endwise, the meshing of the motor pinion (P) with the gear ring 
on the engine flywlieel (FG) is accomplished quickly and 
positively. 

Immediately after connection is made at (A) and (B) (Fig. 
14), the switch pedal (D) is pressed down until (R) is in contact 
with (C); therefore the resistance (E) and the connection (A) 
and (B) and shunt wire or cable (Wl) are cut out of the circuit 
and a straight “series-parallel” motor connection through the 
motor field windings is thus establi«ned. This allows the entire 
current to pass through the motor field W’indings and the 
armature windings. 

Other starting motor armatures, unless of a “dis¬ 
placement type,” do not shift; instead, a Bendix 
arive, or other means for connecting the motor 
drive gear (P) with the flywheel gear ^G) is usett. 
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,The circuit would then be from (-f) terminal of 
battery to terminal (W) on the motor, which con¬ 
nects with the field windings. The current divides, 
part going through two field coils in series on one 
side and through the two field coils on the other side, 
then from (Cl) to (H-) brushes on the armature, 
through the armature coils, out (—) brushes, to 
switch arm (R), to (C), to (—) terminal of battery, 
thus completing the circuit. 

As soon as the engine starts, the starting motor 
is relieved of its load, and the current passing 
through it drops rapidly in volume, this being a 
characteristic of all series-starting motors. In con¬ 
sequence, the strength of the field magnets is 
lessened to a point where the spiral spring in the end 
of the armature shaft overcomes the magnetic 


attraction holding the armature, and returns it to 
the original or non-operating position. It is this 
action that automatically and positively throws the 
armature shaft pinion (P) out of mesh with the fly¬ 
wheel gear (FG). 

Thereafter, until the starting switch is released, 
any current which continues to pass through the 
armature will merely cause the latter to revolve 
freely but without meshing with the flywheel, due 
to the fact that the amount of current utilized when 
the motor is running free and the shunt w'ire (Wl) 
is out of the circuit, is not sufficient to overcome 
the tension of the spiral spring. The switch should 
be released quickly. 

The system described was furineiiy used on the 
Marmon car. 


WESTINGIIOUSE STARTING MOTOR WITH AUTOMATIC ELECTRO MAGNETIC 

PINION SHIFT 


The Westinghouse starting motor with an electro¬ 
magnetic pinion shift was formerly used on the 
Pierce-Arrow, Locomobile. Mercer, Cunningham, 
and McFarlan. and is still used on some cars in 
connection with a magnetic starting switch. 

The internal construction varies slightly on the 
systems used on the oars just mentioned, but the 
principle is similar on all. 

As an example we will use the system (Fig. IG) 
as used on the 1919-20 Locomobile. 


CLECTRO MAGNETIC STARTING 



The starting motor is a series-wound, round-frame 
type, with four poles and with four brushes. It 
develops 0.7 h.p. at 6.25 volts. It turns the Loco 
^^38^^ engine crank over at about 125 r.p.m., and 
the ^^48^^model engine at 116 r.p.m. 

On each field pole there is a short-circuited coil 
(SeW) for the purpose of preventing the starting 
motor from turning too rapidly as the first rush of 
current passes through the motor. It acts some¬ 
what like an electric brake for a short period of 
time. These coils reduce the inductive effect 
temporarily around the field cores, so that the 
starting motor does not revolve fast, but permits a 
current of high value to build up in the magnetic 
solenoid. This short-circuit coil only affects the 
magnetism of the field cores temporarily, and the 
current soon builds up around the field windings 
(FW); thus the motor picks up speed. 


The magnetic solenoid is mounted on the com¬ 
mutator end of the motor (Fig. 17). The armature 
is on a hollow shaft. On one end of the hollow shaft 
is the shifting pinion (P) wdiich is sphned to it, and 
thus can slide on this hollow shaft. A sliding rod 
runs through the armature hollow shaft which is 
attached to the pinion (P), and it is this sliding 
shaft which is drawm endwuse into the magnetic; 
solenoid, thus shifting the pinion (P) in mesh wuth 
the flywheel gear (FG). 

It will thus be oKserved that the difference be¬ 
tween this system and the Bosch (Rushmore) 
system (page 321) lies in the fact that instead of 
the entire armature being shifted, as in the Bosch 
“displacement type armature,” to cause the pinion 
(P) to mesh with the flyw^heel gear (FG), the sliding 
or shifting rod (S, Fig. 17) is moved in the hollow 
shaft of the arnaiture in the Westinghouse (Figs. 
16 and 17). 

When the engine starts on its own power, the 
starting motor is relieved of its load, or, in other 
words, the series-wound motor draws more and 
more current, the heavier the load; the lighter the 
load, the less current it draws. Therefore as the 
load has been relieved, when the engine starts 
to run itself, the current passing through the sole¬ 
noid and field windings is reduced to such a point 
that the solenoid loses its magnetic j)ull ana the 
spring (not shown) forces the sliding shaft (S) and 
gear (P) out of mesli with the flywheel gear (GP). 

A return spring, not showm, forces the shifting 
rod back so that the gear (P) is out of mesh with 
the flywheel gear (GP) w^hen the motor is not run¬ 
ning. 

When the starting switch is closed (which could 
be a foot pedal, but in this example is an electro¬ 
magnetic switch, explained farther on), the circuit 
is from {+) CTound (GB) of the battery, to ground 
(G) of the field coils (FW), to (-f-) brushes, through 
the armature, to (~) brushes, through the mag¬ 
netic solenoid, through the switch, to (—) terminal 
of the battery. 

The electromagnetic starting switch: This type 
of starting switch takes the place of a foot pedal 
and is operated by a push button placed on the 
gang switch on the dash. 

Circuit: When starting^ the push button (Fig. 16) 
is depressed. The circuit is from (-f-) of battery 
ground (GB), through the frame of the car to 
ground (GS) on the push button, through the lock- 
mg switch, through a solenoid winding or coil of 
the magnetic switch^ to generator temnnal (T), to 
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cut-out point (C), through cut-out series winding 
(S), to (-f) generator brush, through the armature 
of the generator, through (—) brush, to terminal 
Tl), to contact on the electromagnetic switch, to 
—) terminal of the battery. 

When the engine commences to fire and to speed 
up, the voltage of the generator builds up. 

Cut-out voltage coil circuit: The voltage is built 
up in the voltage coil (V) of the cut-out. The cir¬ 
cuit is from (-f) brush, through the series cut-out 
coil (S), through the voltage coil (V), to (—) brush. 
This causes the cut-out points (C) to close. There¬ 
fore the closing of the cut-out points (C) causes the 
circuit from the generator (-f) brush to become 
grounded. Thus the electromagnetic starting 
switch has its solenoid coil grounded at (GC) and 
also at the push button (GS), with the result that 
its circuit is opened because its coil is demagnetized 
and the switch (SW) opens (by a spring not shown), 
thus opening the circuit between the starting motor 
and battery. This swatch cannot be closed as long 


as the generator is running fast enough to maintain 
a voltage sufficient to close the cut-out points. 

The generator: In this example a third-brush 
reflated generator is shown. The field poles are 
built up, or magnetized, by the (+) current from 
the armature passing through the third brush, to 
the four shunt field windings, to terminal (Tl), 
thence to (—) main brush. 

Charging circuit: When the generator runs at a 
speed corresponding to eight miles per hour car 
speed on high gear, the generator is generating suffi¬ 
cient voltage to close the cut-out points (C); there¬ 
fore the generator will charge the battery. 

The circuit is from (-[-) main brush, through the 
series cut-out coil (S), through the closed points 
(C—now shown open), through the frame of the 
cut-out, to ground (GC), to (+) ground of battery 
(GB). to the connection on the magnetic starting 
switch, to the generator terminal (Tl), to ( —) main 
brush. 


MECHANICAL GEAR-SHIFl' APPLICATION TO THE FLYWHEEL 


A mechanical gear-shift arrangement for engaging 
the shifting gear or pinion (J) wdth flywheel gear (FG) 
is shown in Fig. 18, an early Westinghouse system. 



The switch is operated by a foot pedal, which 
closes the electric circuit to the starting motor and 
shifts sliding gear (J) in mesh w ith flywheel gear (FG). 

When the switch is at position 1 (Fig. 18), the 
starting motor switch is otf and starting motor idle. 

The starting pedal is depressed slowly, forming 
position 2. This causes contact to be made at (P) 
with (PI), at which time resistance (R) is in the 
circuit causing the armature to rotate slow ly. This 
slow rotation allows pinion (J) to mesh easily w ith 
the flywheel. 


In position 3, the starting pedal is depressed fully. 

This causes (P) to make contact w ith (O), at which 
point the resistance (R) is cut out and the full volt¬ 
age is applied to the starting motor terminals in 
order to crank the engine. 

After the engine is started, the starting pedal is 
released and the spring de-meshes the pinion (J) 
from flywheel gear (FG), and the switch cuts-out 
and assumes position (1). 

Gear Reduction 

The connection of gears between the starting 
motor and flywheel can be eit her a single reduction, 
as showm in Fig. 19, or a double reduction, Fig. 19A. 
The single and Beiidix drive are used most. 



THE BIJUR DOUBI^-GEARED TYPE OF DRIVE—FLYWHEEL APPI.ICATION 


This type of geared drive shift is the standard, as 
used on the Packard “Twin-six.” It w as also used 
on the Nash cars for 1916, 1917, and 1918 

The Bijiu* double-geared pinion shift (Fig. 2(p 
for starting motors driving through the flyw heel is 
similar in some respects to the Bendix (page 319), 
and can be attached to the armature shaft (A) of 
any starting motor with the shaft machined to fit it. 

Names of parts: A, armature shaft; B,drive shaft; 
D, driving gear; E, clutch; H, sleeve; L, ciutch 
spring; M, pinion which meshes with flywheel gear 
or pinion; O, light spring; *X, pinion on end of 
armature shaft. 

To start the engine: The driving gear (D) rotates 
the drive shaft (B) through the clutch mechanism 
(E and F). This causes pinion (M) to screw itself 
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to the left along the shaft (P), and after mesliing 
with the teeth of flywheel (M), it continues to 
travel in mesh until (M) comes in contact with 
sleeve (H). It then pushes (H), the whole clutch 
assembly, and driving gear (D) in the same direction 
and compresses the clutch spring (L). 

When the members are in this position there is 
sufficient pressure between the face of the driving 
gear (D) and the clutch member (E) to cause the 


clutch to transmit to the drive shaft the power 
required for cranking. This it continues to do until 
the engine begins firing. 

When the engine starts the pinion (M) is rotated 
faster by the flywheel than by the electric motor. 
It therefore screws itself to the right and out of 
mesh with the flywheel teeth. On coming out 
of mesh the pinion is cushioned by the spring 
(O). 


CRANK-SHAFT APPLICATION OF STARTING MOTOR 


The starting motor can be connected with the 
crank shaft by means of gears or chains. 

GPARS 



ARMATURE COMMUTATOR 

Fig. 21 


Note that the clutch is in sprocket. Both chain 
and sprocket run with the engine, but the clutch in 
sprocket cuts out the motor after the engine is 
started. (This system was formerly placed by the 
Gray & Davis Co. on the 1914 Overland.) 

The starting motor is started by current from a 
storage battery, thus starting the engine by means of 
a silent chain connected with a sprocket on the 
crank shaft of the engine. After the engine is 
started, the sprocket to which the starting motor 
chain is connected is then operated by the crank 
shaft of the engine. The action of the roller clutch 
permits the two sprockets to run free of the starting 
motor; thus the generator is operated from the 
crank shaft without operating the starting motor. 


When connected with the crank shaft by gears, 
there is usually a reduction of gears encased in the 
motor housing, as shown in Fig. 21, which permits 
a reduction of speed, as the starting motor speed is 
too great for connecting direct to the crank shaft. 
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Fig. 22. Showing application of starting motor to crank 
shaft by gears. Note that the clutch is in gear (B). The gears 
are all out of mesh after the motor serves its purpose. (West- 
inghouse method formerly used on the Davis car.) 


Just how this clutch permits this action is ex¬ 
plained as follows. 

, Action of the Roller Clutch 

The roller type of clutch is a popular type of 
clutch and its action should be studied carefully. 
In fact, this type of clutch is now used on a popular 
make of motor-generator^ the Delco, as explained 
farther on; but it is used in a different manner from 
that shown with this Gray & Davis system. 


ROLLER" R* 



An application of a starting motor and generator, 
where the starting motor drives through a chain and 
sprocket and the generator is driven through a 
chain by means of a sprocket and an over-running 
clutch, IS shown in Fig. 23. 


Fig. 23A. Double sprocket on starting motor shown dis' 
assembled. 

Fig. 23B. Roller clutch and gear A attached to clutch. 

Fig. 23C, Gear B attached to starting motor armature shaft. 
Part shown by Fig. 23B fits over gear B and attaches to motor 
housing. 



Fig. 23. Starting motor driving the crank shaft by means 
sf a chain through a dutch in the sprocket. 


CLUTCH 



Fig. 23D 



FiM. 23D (left) and 23B (right). Shewing parts of the rollsf 
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A reference to Figs. 23A to 23E shows that the 
starting motor is geared, by means of reduction 
gears (A) and (B), to clutch member (D). 

When starting the motor, the armature shaft is 
made to revolve by current from the battery; then 
(D) becomes the driving member and turns in 
direction shown by arrow point (D, Fig. 23D), 
causing rollers (R) to roll outward and clutch 
against the inner surface of sprocket (X), thus trans¬ 
mitting the power through (D) to (R), to gear (X), 
then by the silent chain to the crank shaft of the 
engine. 

After the engine is thus started and the motor 
switch is off, then the engine drives sprocket (X), 
which becomes the driving member instead of (D). 
This reversed action causes rollers (R) to roll in an 


opposite direction and against spring stops (S), 
tnereby releasing the clutching action to the inside 
of (X). The result is, the douWe sprocket over-rides 
clutch (D). Therefore when the engine is running, 
clutch (D) and gears (A) and (B) and the starting 
motor are idle. 

Starting Motor Direct on Crank Shaft 

On some cars, the starting motor is mounted 
directly on the crank shaft by having the armature 
built into the flywheel. This eliminates the neces¬ 
sity of gears or chains. The motor is a slow-speed 
machine. 

An example of this construction is the U.S.L., 
as used on the Jeffrey (see Index under “U.S.L. 
motor-generator”). 


TYPES OF STARTING MOTOR SWITCHES 


A foot-operated starting switch for the automatic 
'Opinion shift” drive such as the *‘Bendix,” is 
shown in Fig. 24. Contact is closed at (a) and (d) 
when (B) is depressed. 

The foot-operated starting-motor switch is the one 
in general use^ and while the construction may vary, 
the principle is much the same as in Fig. 24. 

An electromagneticaUy-operated switch (Fig. 25) 
is used in connection with the “electrically operated 
automatic pinion shift” as shown on page 322. The 
operation of this switch is controlled by the push¬ 
button switch (Fig. 25A), mounted on the dash. 

On many of the Delco systems the starting 
switch is eliminated by raising the starting motor 
brushes at the same time the gears are meshed with 
thefl3rwhcGl (explained farther on, under the instruc¬ 
tion on the Delco system). 



Fig. 25. Electro-magnetically operated starting switch 
automatic pinion shift. 

Fig. 25A. Push-button switch for magnetically operated 
starting switch. 


RELATION OF THE STORAGE BATTERY TO THE STARTING MOTOR 


The electric current is supplied to the starting 
motor from a storage battery. The voltage is 
usually 6 volt s, but some systems use 12 or 18 volts, 
others 24 volts. 

Direct electric current only, is used for starting 
motors. 

The voltage of the storage battery can be ascer¬ 
tained, by counting the number of cells. For 
instance, if there are throe cells, then the battery 
is a six-volt battery. If there are six cells, it is a 
twelve-volt battery. Each cell gives two volts—no 
matter how large or how small. 

The amperage, or quantity of current consiuned 
by a starting motor varies according to the condition 
of the engine. If it is cold and the oil is congealed, 
it will require more power to turn the crank shaft 
of the engine over, than if it is warm and flexible. 
The average length of time the starting switch is 
down is about 10 seconds. Therefore, with this 
great quantity of current being drawn from the 
battery, large heavy plates as well as large connec¬ 
tions from one cell to tne other are necessary. Large 
wire or cable for conducting the current to the 
motor is also necessary. 

The average cranking current is 250 to 300 
amperes when starting a cold stiff engine, and about 
150 to 200 amperes when starting a warm flexible 
engine, for, say, one-half of a second, then 120 to 
150 amperes after the engine flywheel is in motion. 
The voltage of a charged battery, when being used 
for starting, drops to approximately 6.4 volts. 
(This subject is further treated under the heading, 

^^Storage Datteries.^O 


The overload on the battery, it will be noted, is 
considerable. In fact, it is a temporary dead short- 
circuit for an instant, but, being only momentary, 
a good battery will stand it. 

Charging the Battery 

A starting and lighting storage battery, could be 
charged by removing it from the car and taking it to 
a charging station. But if this were done, owing 
to the great amount of current used, the size of the 
battery required, in order to last for a satisfactory 
period of time, would necessitate entirely too large 
a battery. Therefore a dynamo, also termed a 
“generator,” is operated from the engine. When 
the engine is running the car at a speed of eight 
miles or more per hour, this generator generates 
electric current and charges the storage battery. 
The generator is treated in the next instruction. 

Grounding the Battery 

Sometimes the positive (-f) terminal of the 
battery is grounded, and sometimes the negative 
(—) terminal is grounded. On many of the West- 
inghouse electric systems the (-f) is grounded. On 
many of the Delco electric systems the ( —) is 
grounded; that is, if the wiring system is a “single¬ 
wire grounded” system instead of a ’“two-wire 
insulated” system. 

If the negative (~) terminal of the battery is 
groimded, then the negative (—) brushes of the 
motor and generator must also be grounded. 

If the positive (-f) terminal of the battery is 
grounded, then the positive (-|-) brushes of the 
motor and generator must be grounded. 
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STARTING MOTOR WINDINGS 


The construction of a starting motor is similar to 
that of a generator, with the following exceptions: 

The windings on the field poles are **series,** or 

“series-parallel,^’ wound instead of "shunt” wound, 
as on a generator. This gives greater starting torque. 



The armature on a startmg motor consists of 
many coils of very heavy wire, and is of a drum- 
wound type (Fig. 1). The core of the armature is 
made of laminated iron with slots for the coils (Fig. 
lA). The armature winding on a two-pole starting 
motor is usually a "lap winding” with one coil per 
slot. The winding on a four-pole starting motor 
is usually a "wave winding.” 

The commutator has as many segments as there 
are coils. There is usually one coil for each slot on 
starting motors, and two coils per slot for generators. 

The brushes rest on the commutator and conduct 
the current from the battery to the armature coils. 
The brushes are in series with the battery, field, 
and armature circuit. 

Field poles: Starting motors usually have four 
poles and four brushes. A two-pole motor or 
generator is said to be of the "bi-polar” type, and 
a four-pole, of the "multi-polar” type. 

When the multi-polar field is used the conductors 
on the armature, revolving between them, cut the 
magnetic lines-of-force many more times in one 
revolution, so that as the size of the machine 
increases the speed decreases—which is an ad¬ 
vantage. 

A Remy four-pole round-frame type of starting 
motor, with "series” field w inding is show n in Fig. 2. 

The circuit is from (-f) of battery, through 
starting switch, through four field coils, to (-f) 



Fig. 2 


brushes, through the armature, out ( —) brushes, 
to (—) terminal of battery. This would be termed 
an "insulated,” or "two-wire” circuit. 



Practically the same circuit is shown in Fig. 3 
as in Fig. 2, except that the return circuit from (—) 
brushes to (—) founded terminal of the battery is 
through a grounded return through the frame of 
the car. 



A Remy four-pole starting motor is shown in Fig. 
4, with a "series-parallel” field w inding. The circuit 
is from (-h) of the battery, through the starting 
switch, to (+) field terminal (T) on the generator. 
The current divides here; part going through the 
two-field coils on the left and right respectively, 
to (-}-) brushes, through tlie armature, out ( —) 
brushes, to ground through the frame of the motor 
and car, to ( —) terminal of the battery. 



The same "series-parallel” field w inding is used 
in Fig. 5, but in this example, the (-f) of battery is 
grounded instead of the (—). The circuit is then 
from (4-) ground of battery, to grounded (+) 
brushes, through the armature, out ( —) brushes, 
through the t\vo-fi('ld coils on left and right, to the 
starting switch, to ( —) terminal of the battery. 




A Delco four-pole rotmd-frame type of "series- 
pwaller field winding is shown in P"ig. 6. The 
circuit is from (4-) of battery^ through the starting 
switch, to the two-field* coils, to (4“) brushes, 
through armature, out (~) brushes, through the 
two-field coils, to ground to motor, through ground 
of the frame, to (~) grounded battery terminal. 

A Simms six-pole round-frame tjme of "series- 
parallel” field winding is shown in Fig. 7. There 
are six field poles and six field windings and four 
^ne end of each field coil is grounded to 
the frame of the motor; the other ends connect to a 
(-) brush ring which connects to two (-) brushes. 

The circuit: From (4-) of battery, through the 
starting switch, through (4-) brushes, through the 
armature, out (—) brushes to ( —) brush ring, 
through the six-field windings in parallel, to ground 
(G), to the frame of the motor, to (-) grounded 
terminal of the battery. This is the type used on 
the 1920 Maxwell. 
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Fig. 8 

A Remy rectangular frame “series” field-wound 
motor with two “active poles” with field windings 
on them and two “dead poles” without windings is 
shown in Fig. 8. Note the polarity of the poles. 

The circuit: From (+) of battery, to the switch, 
to the top field coil, to the lower field coil, to (-h) 
brushes, through the armature, out ( —) brushes to 
( —) of battery. 



smQvttanann 


Fig. 9 

A Remy rectangular frame motor “series-paral¬ 
lel” field wound is shown in Fig. 9. 

PRINCIPLE OF A S 

We will assume that there are two field poles 
wound as showid in Fig. 14, so that t he (-b) current 
from the battery flows to series field winding (F), 
which would make a N pole of it, because the cur¬ 
rent from the battery flowing through the wure causes 
inagnetic whirls in a direction which would make 
it a N pole (see Inde.x under “Electro-magnets”). 
'I'hc battery (-f) current is then to field winding 
(FI), which would make a 8 pole of it. Thus we 
have the main magnetic field flowing from N to S 
pole. 



Fig. 14 


‘ la this example we will omit the brushes and use only one 
coil of wire which is su^osed to be wrapped around the arma¬ 
ture, with end of coil (R) connecting with (+) brush, and the 
end of the same coil with (—) brush. Also note that on 
Fig. 14 the (N) designating the North-pole end of the loft field 
pole should bo on the inner end instead of next to the frame, 
as the magnetic lines-of-force flow out of the N end, across the 
i^irgap, to the S pole end, through the frame, to the N pole 
n end gain. The magnetic circuit is treated farther on; see 
index 


The circuit: From (+) of battery, to ground, to 
(+) pounded brushes, through the armature, out 
(—} onishes, through the Add coils, to (—) of 
battery; series-parallel circuit. 
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Fig. 10 

A Remy “double-decker” motor and generator 

is shown in Fig. 10. The top circuit is that of a 
“shunt”-wound generator. The lower circuit is 
that of a starting motor “series” wound. 

A motor-generator differs from Fig. 10, in that 
both the generator and motor field windings are on 
the same field poles, and only one armature is used. 
Sec Index under “Motor-generators.” 

Polarity of Field Poles 

The polarity of the field poles of a motor is the 
same as that of the field poles of a generator. See 
Index. 

FAR ITNG MO rOR 

The battery (-f) current is then to field winding 
(Fj, to (FI), to armature coil (R), and the current 
is going in. Note that the magnetic, whirl around 
this armature wire coil is the same direction at the 
top as the main magnetic field which is passing from 
the N to S pole, but at the bottom of (R), it is in 
the opposite direction. 

After (-f) battery current passes through this 
(R) side of the armature coil, it comes out at the 
wire (L) side, and the magnetic w^hirl at the top of 
(L) is in the opposite direction to the main magnetic 
field (from N to S pole), and at the bottom of wire 
(L), it is in the same direction. 

Therefore we have two magnetic fields to deal 
with, one, the “armature magnetic field,” which 
is set up around the armature wires (L) and (R), and 
the “main magnetic field,” from the N to S pole. 

Ma^etic Unes-of-force cannot flow in opposite 
directions in the same space at the same time. 
Thus the main magnetic field or lines-of-force from 
the N to S pole, pass under wire (L), and being in 
the same direction as the armature coil magnetic 
field lines under (L), they add to and strengthen 
the field below (L), and thus give a lifting effect to 
wire (L). 

The main magnetic field then passes over wire (R), 
because the lines at the top of (R) are in the same 
direction, and thus the strength of the main mag¬ 
netic field is added to that of the armature coil (R) 
field, giving a push-downward effect. 

The lines-of-force can be considered as clastic 
bands that are always trying to shorten. Thus we 
see why the left side of the coil will be pushed up¬ 
ward and the right side will be push^ downward, 
which of course acts to produce rotation of the coil 
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if it is pivoted and free to rotate. Thus in Fig. 14. 
we should have a clockwise rotation as indicated 
by the arrow. 






£1 

FOUR seoME^^r 

COMNNUTATOR 


Pig. 17A 


are in a vertical position and are disconnected from 
the circuit; but as rotation starts, then (L) and (R) 
would be disconnected from the brushes and (LI) 
and (Rl) would be connected, thus establishing a 
continuous rotation. 


Note that the wires are reversed from battery to 
armature coil in Fig. 15. Therefore the direction 
of the current flow from the battery in armature 
coil (L and R) is reversed, but not the main magnetic 
field. Thus the direction of rotation of the armature 
is reversed. 



If there was but one coil on the armature, as in 
Fig. 16, when (L) and (R) reached a vertical position, 
the main magnetic field or lines-of-force would pass 
directly across from the N to S poles, and if the coil 
should stop in this position there would be no effect 
of rotation, no matter how much current was in the 
coil, or how strong the magnetic field. 

If two coils of wire (Fig. 17, L and R and LI and 
£1) are used, with their four terminals connected to 
a four-segment commutator C17A), then by placing 
the brushes (B— and B-f-) as shown, it is possible 
to obtain a continuous rotation. This is true 
because the sides of the coil (L) and (R) are in a 
horizontal position and are in the path of the main 
magnetic field and connected in the circuit by the 
brushes, whereas the sides of the coil (LI) and (Rl) 


By using a number of coils and equally as many 
commutator segments the magnetic force acting on 
the coils will be more continuous. 

This armature would be termed an “open-circuit’^ 
armature and would not be satisfactory for direct 
current, as only the coil connected by the brushes 
is in use. 

A closed-circuit type of armature is more efficient, 
because all of the coils are used, one side being 
negative and the other side positive, or, in other 
words, the (+) brush would connect with the coils 
on one side of the armature and the (—) brush with 
the coils on the other side. 

If a four-pole type, there would be four sections 
of coils connected to four brushes, two sections and 
two brushes being (-{-), and the other two sections 
and brushes being ( —). 

A generator can be operated as a motor, but is 

not as powerful because its field winding is of small 
wire and the same quantity of current would not 
pass through it as in a starting motor. It is wound 
for about 20 to 25 amperes. 

A starting motor could be used as a generator, but 

would be of very low voltage, in fact impractical, 
because the wire is very large and intended for a 
very high quantity or rate of flow of current. It is 
wound for about iOO amperes or more. 

To Reverse the Direction of Rotation of a Motor 

From the explanations in connection with Figs. 
14 and 15, it is seen that if the direction of either 
the magnetic flux or the current through the 
armature or field is reversed, the motor will revolve 
in the opposite direction. In order, then, to reverse 
the direction of rotation of a motor, we can inter¬ 
change either the field leads or the armature leads.^ 


STARTING MOTOR BRUSHES 


Thus two brushes are used on a two-pole motor or 
generator, and either four or two, on a four-pole. 

If two brushes are used on a four-pole motor or 
generator, then they are placed 90° apart.^ It is 
the usual practice however to use four brushes on a 
four-pole motor, owing to the heavy current they 
carry. 


I See also. Index under ^'Generator brushes.** 


Brushes used on motors are made of a composi¬ 
tion material something like carbon and grapliite. 
Copper gauze brushes are also used on some of the 
starting motors, for reasons stated farther on. 
Generator brushes are made of carbon and have 
more resistance than motor brushes (see Index, 
under “Generator brushes”). 


» A. L. Dyke, St. Louis, Mo., is in a position to furnish books 
giving data for testing starting motors, generators, etc., of aP. 
makes. Write for oirogl<u'. 
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Remy Instructions on Starting-Motor Brushes 

Copper gauze brushes are used on starting motors 
because they give the lowest contact resistance on 
the commutator and allow the maximum current 
to flow through the motor at a given voltage. This 
permits the motor to develop its maximum torque. 
Two brushes on each motor are impregnated with 
petrolatum to provide lubrication. Under normal 
conditions this should be sufficient for the life of the 
car. Copper gauze brushes should be fitted to the 
commutator by tapping them lightly. 

It sometimes happens that a motor is operated 
under adverse conditions; perhaps the brushes are 
not properly seated or the rocker ring is not set in 
the position which gives the best commutation. In 
any of these cases there will be excessive sparking at 
the brushes and the commutator will become hot. 
This will cause the lubricant to melt and run out of 
the brushes. When this occurs there will be a cutting 
and burning action that will materially shorten the 
life of both commutator and brushes. 

In order to take care of these conditions it is advis¬ 
able to use brushes made of a mixture of copper and 
graphite. These may reduce the maximum torque 
of the motor, but the difference is so slight that it 
can scarcely be noticed. They will give better 
commutation and are self-lubricating. 

When new brushes are required at short intervals 
by a starting motor, examine it carefully to make 
sure that the trouble is not due to a shorted field or 
a damaged^ armature. Remember that any kind 
of trouble in a starting motor will usually cause 
damage to the commutator. 


Copper-graphite brushes should be ground in 
with sandpaper in the same way that generator 
brushes are seated. The brushes should be located 
approximately on electrical neutral, which will be 
found at the center line of the poles. Moving the 
brushes in a direction opposite to the rotation of 
the armature will improve commutation, but will 
decrease the torque of the motor. 

Never undercut the mica in starting motor com¬ 
mutators. (The subjects of undercutting mica and 
seating brushes, etc., are explained under a separate 
instruction farther on.) 

Setting brushes on motors. Motor brushes 
should be set at the position of least sparking when 
the machine is carrying full load. This position 
will be located a short distance back (in the direc¬ 
tion opposite to rotation and the reverse of the 
direction for generator brushes) from the neutral 
plane. 

To set motor brushes in the correct position, 

place the machine on block test and apply a load 
approximately equal to that which it is normally 
required to carrv. (This load will be about 40 lbs. 
on a pulley of 6'' diameter, or 10 ft. lbs. for starting 
motors; see Index under ^‘Torque test of a starting 
motor.”) The speed of a motor is greatest when 
the brushes are at the neutral plane and decreases 
as they are moved away from that position. 

The voltage of a generator and speed of a motor 

can be changed considerably by moving the brushes, 
providing the machine is not so heavily loaded as 
to cause it to spark badly. 


PARTS OF A STARTING MOTOR (N.E. USED ON THE REO AS EXAMPLE) 


As an example of the internal construction of a 
starting motor, the North-East ‘‘model R” starting 
motor, as used on the Reo “models T6 and UG” 
car is shown. 

The starting-motor internal construction, so far 
as the armature, the commutator,the brushes, etc., 
are concerned, is very much the same on all starting 
motors. Thus Fig. 18 will give a good general idea 
as to the location and name of parts. Note the 
heavy coarse winding on the aniiature and field 
coils, w hich is necessary in order to carry the heavy 
current. 

COMMUTATOR FHO KXJSINO 



Fig. 18. Four-pole, straight series-wound starting motor 


The drive method in general use is the “Bendix 
drive system,” through the flywheel, as explained 
on page 319. 

On the Reo starting motor (Figs. 18 and 18A), 
the drive method is through the transmission shaft, 
through the clutch to the flywheel. The gear-shift 
lever, of course, must be in neutral position. 

The construction and action of the drive system 
used on the Reo is as follows: 


The starting motor (Fig. 18) is mounted on the 
right-hand side of the transmission where it can be 
reached by raising the floor board. It cranks the 
engine through a chain drive operated in conjunc¬ 
tion with a ratchet engagement (Fig. 18A) on the 
universal joint sliaft. 



Fig. 18A 


The ratchet is controlled by the starting switch 
pedal, so the motor is in action only during the actual 
period in which the starting switch is closed. 

Under average conditions it will crank the engine 
at a crank-shaft speed of approximately 100 r.p.m., 
depending upon the condition of the battery. The 
cranking speed wall of course be materially reduced 
in extremely cold weather, or in the case of a dis¬ 
charged battery. 


Starting Action 

To crank the engine by means of the starter, first 
make sure that the clutch pedal is in the driving 
position and the gear-shifting lever is in neutrid 
(the starter cannot be operated with the gears in 
mesh), and be sure to retard the spark lever fully. 
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Next turn on the ignition and press down the starter 
push-rod. Hold the starting switch closed until 
the engine begins to run on its own power, and then 
release it at once. Finally, advance the spark to 
the running position and adjust the supply of gas 
as required. 

Depressing the foot plunger (Fig. 18A) puts the 
starting rat^et into engagement and at the same 
time the switch is closed to complete the starting 
circuit. 

The starting lever is forked, one arm operating 
the switch contactor and the other acting upon the 
friction cable. 

When the starter push-rod is depressed by the 
driver’s foot, the friction cable is thus tightened so 
as to retard the starter sheave. This allows the 
trip-pin to enter its slot in the sheave and cause 
the pawl to engage wuth the ratchet, whereupon 
the universal shaft and the starting sprocket are 
made to rotate as a unit. When the engine “pick.s 
up” and begins to run under its own power, the 
ratchet will be revolved faster than the sheave and 
sprocket, and the pawl w’ill be thrown out of 
engagement. As soon as this occurs the starter 


push-rod sliould be released at once to remove the 
tension from the friction cable and also to open the 
switch contacts. This entirely disconnects the 
starting motor mechanically as well as electrically; 
and permits it to remain inoperative until the next 
time it is called upon to crank the engine. 

The starter mechanism should be kept adjusted so that the 
friction cable has just enough tension to retard the sheave 
properly at starting and at the same tinje avoid holding the 
ratchet in partial engagement after the starter push-rod has 
been releas^. This adjustment is accomplished by modifying 
the tension on the friction cable by means of the nut and stud 
provided for the purpose. The need of adjustment will be 
evidenced by the starting motor tending to run without turn¬ 
ing the universal shaft or by its starting the shaft with a severe 
pound, indicating that the pawl does not engage as quickly as 
it should. 

The generator, a two-pole, third-brush regulated machine, 
and ignition are separate units. The generator is driven 
through a flexible coupling, similar to a magneto drive, on the 
left-hand side of the engine. 

The ignition unit is mounted on the rear of the engine and 
is driven at cam-shaft speed froiti the cam shaft. 

Dclco Starting Motors 

The Delco starting motor is treated under the 
Delco instruction. 


STARTING-MOTOR TROUBLES 


Starting-motor troubles, both ^‘electrical” and 
“mechanical,” are treated under “Digest of 
Troubles” (see Index). A few of the common 
starting motor troubles are given below. 

If the starting motor fails to start, the trouble is 
usually due to one of the following causes: 

1. Battery almost or entirely exhausted, the indica¬ 
tions of which are that the lights burn dimly, 
especially when attempting to start the engine. 
Test battery for specific gravity and recharge 
from an outside source. 

W'here a car is used a great deal in cases where 
frequent cranking is necessary, or where it is 
run at nights and very' little in the day time, the 
probabilities are that the generator will^iot keep 
the battery fully charged. The generator should 
be adjusted for its highest charging rate under 
these conditions, and it may be ncces.sary to 
have it recharged at an outside source occasion- ^ 
ally^ especially during cold weather when the • 
engine is cold and stiff, since under these condi¬ 
tions it requires more current for the motor to 
start the engine. See pages 563 and 506. 

2. Loose connections or open circuit; Loose con- 
nections would cause the motor not to operate 
at its full capacity, as the loose connection w^ould 
cause resi.stancc to the flow of current. 

Loose connections would include examination 
of such parts as the terminals of the battery, 
groimdea battery terminal to the irame of the 
car, motor terminal, grounded connection inside 
of the motor where it terminates with a screw, 
and the switch connections. 


Loose connections at the brush terminals and 
brushes not seating properly, or worn short, are 
common troubles with starting motors which 
have been run for a long time. 

An open circuit would of course prevent the 
starting motor from operating at all. 

- 3. Starting switch not making proper contact: The 

switch connections should he examined. When 
the switch connections are suspected, connect a 
jumper across the switch terminals. Jf the 
motor spins, the .starting .switch is defective 
inside. Should the motor fail to start, then you 
wull know the trouble is elsewhere. 

4. Dirty or greasy commutator: Thi.s would pre¬ 
vent the starting motor from working up to its 
capacity. 

See Index under “Commutator troubles.” Oil 
or grease should never be put on the commutator. 

5. Inoperative motor: Some of the causes would be, 
run-down battery, brushes not seating, open 
circuit at terminals or ground connections, or 
switch. 

6. If the starting motor fails to turn the engine 
flywheel when Bendix gear is in mesh with 
flywheel gear, and lights are dim when the start¬ 
ing switch is depressed, it may be due to troublee 
mentioned on page 320. 

7. The Bendix drive may be out of order. See page 
320. 

Testing Starting Motors 

Toraue-test explanations and other tests can be 

found oy referring to the Index. 
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THE ELECTRIC GENERATOR: Construction and Principle; 
Armature Windings 


PURPOSE OF THE GENERATOR 


The purpose of the electric generator on an auto¬ 
mobile is to supply direct electric current for charg¬ 
ing the storage oattery, for lights, for ignition, and 
also for the electric horn, when it is being run fast 
enough to generate sufficient voltage to close the 
cut-out points between the generator circuit and 
the battery circuit. 

If the battery is a three-cell, six-volt battery, the 
generator voltage should be slightly more than the 
battery^r about 6.5 before the cut-out points would 
close. The generator generates 6.5 to 8 volts, on an 
average, when the car is driven at about 8 miles or 
more per hour on high par, and current passes 
througn the ammeter on the ^‘charge” side. 

When the generator is driven at speeds less than 
this, then the cut-out points remain open and the 
ignition, lights, and horn are dependent upon the 
battery for its electric supply. In this case the 
current passes through the ammeter on the ^‘dis¬ 
charge’' side. 

The battery always supplies the electric current 
for the starting motor to crank the engine. The 
current is never taken from the generator for this 
purpose, for two reasons. One reason is that the 
engine is idle and not running when it is desirable 
to use the starting motor, and thus generator is 
not generating any current at all. The second 
reason is that the generator seldom delivers over 22 
amperes at the most, whereas the starting motor 
requires from 120 to 250 or more amperes to start 
the engine. 

The charging current from the generator to the 
battery is taken through the ammeter, but the 
current from the battery to the starting motor is 
never passed through the ammeter, because the 
ammeter on the cowl board seldom reads above 
30 amperes, and thus would be burned out. 

Water Analogy of the Electric System 

In order to simplify the electric system on an 
automobile, a water analogy is given below. 



The water pump (Fig. 1) is driven by some 
mechanical force and draws water from a source at 
the inlet. The water is forced through a check 
valve into and through the pipe, througn the water 
meter to a tank. The check valve prevents the 
water flowing back to the water pump when it is 
not in operation, or when it is not running at suffi¬ 
cient spm to foroe water to the tank. 


A water motor can be driven from the pressure of 
water from the tank. 



Fiff. 2 


The electric system (Fi^. 2) is similar. The 
generator generates electricity from the mametic 
lines-of-force at the field poles, around which are 
the shunt field windings; it then forces the elec¬ 
tricity through the wires, through the cut-out (act¬ 
ing as a check valve), through the ammeter which 
shows the rate-of-flow of electricity in amperes, in 
the same manner that the water meter snows the 
rate-of-flow of water through the pipe, thence to the 
storage battery, which is similar to the tank. 

The purpose of the cut-out is to prevent the 
battery from discharging back through generator. 

The starting motor (like the water motor) can be 
operated by current from the battery (it cannot 
however be operated from the generator). 

A point which must be considered, is the speed of 
the pump. If its speed was too great, it would pro¬ 
duce a greater pressure, and consequently a greater 
rate-of-flow of water. This could be regulat^ with 
an automatic governor. 

Just so with the generator. If the speed of the 
generator were increased, the e.m.f., or pressure, 
increases^ and consequently the rate-of-flow of 
current m amperes is greater. The probabilities 
are that at verv high speeds the voltage (e.m.f.) 
generated woiJd be so great that the lights would 
be burned out. For this reason an action similar 
to a governor action is made use of on generators, 
in order to regulate the output of the generator, or 
to keep the voltage constant, or the amperage con¬ 
stant, or both, at various speeds of the generator, as 
it increases or decreases in speed, when the engine 
is speeded up or slowed down. 

A mechanical governor was used on some of the 
early modeb of generators, but is now practicallv 
an obsolete method, and instead, a ttird-brush 
method is now more generally used, as wiU be ex¬ 
plained farther on. 

The regulation method as used in the generator 
(Fig. 2) is a third-brush method of regulating the 
output of the generator (see lower brush connect¬ 
ing with the field winding. This principle is ex¬ 
plained farther on). 

The subject of the regulation of a generator, or 
methods of governing the output at high speeds, is 
therefore one of considerable importance and wiU 
be treated farther on. 


881 
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ELECTRICAL CIRCUITS; THEIR RELATION 


Before proceeding farther, it is advisable that the 
reader clearly understand the circuits of the elec¬ 
trical system. 

The circuit of a typical electric system is shown 
in Fig. 3. When starting to tmce an electric sys¬ 
tem, always divide the system into the parts men¬ 
tioned below. 

When starting to trace one of the **eight” circuits, 
begin with the source of electric supply. For 
instance: the * ^genera cor field circuit,” the ^‘cut-out 
voltaw circuit,;^ the ^'battery charging circuit,” 
would each begin with the (-f) brush of the genera¬ 
tor. 

The **starting-motor circuit” would begin with 
the (+) terminal of the battery, and likewise the 


of the battery, because direct electric current always 
flows from (+) or positive. 

Therefore, if the (-f) terminal of the battery is 
grounded, then the (+) brush of the generator must 
be grounded. In this example (Fig. 3), the (—) 
terminal of the battery is grounded at (G2); there¬ 
fore the (—) brush of the generator is groimded at 
(G). 

When tracing the field circuit, the regulation 

f merator system is always included in this circuit. 

or instance, the generator in Fig. 3 uses a *'third- 
brush regulation” system (explained farther on), 
and the third brush (lower brush on the right) 
always connects with one end of the field windings. 
The third brush may be connected with the (+) or 
(—) end. In this instance it is with the (—) end. 



Fig. 3. Note that all switches and cut-out points (P) are open. The ammeter is at (O). Current is not flowing from 
the battery or generator. When current is being taken from the battery for ignition and lights, the ammeter needle goes to 
the “discharge” side. The ammeter is not connected wdth the starting motor circuit at all. When the generator is charging 
the battery, the current to the battery passes through the meter, and the needle goes to the “charge” side. 


"ignition” and 'Tiom” circuits, unless the engine 
was running at such a speed that the current for 
"ignition,” "lights,” and "horn” would be taken 
from the generator, in which instance, begin with 
the (-f) brush of the generator. 

The several circuits are: 

1. Generator "field circuit.” 

2. Cut-out "shunt or voltage circuit.” 

3. Battery "charging circuit.” 

4. Battery "discharge circuit” back through cut-out. 

6. Starting "motor circuit.” 

6. "Ignition circuit”: primary and secondary. 

7. "lighting circuit.” 

8. "Horn circuit” (not shown in Fig. 3). 

Generator Circuits 

Taking the generator field circuit first, always 
gtart with the (-I-) main brush of the generator, if 
the brushes are not marked (4-) or (—), then look 
at the battery, as it usually indicates which terminal 
is grounded. And we know that the current from 
the generator to char^ the battery must come 
from the (+) brush and pass into the (+) terminal 


The field circuit therefore starts with the (+) 
main brush of the generator, through both shunt 
field windings (this is a two-pole generator), to the 
(—) third brush, through the armature to the (-f) 
main brush (B). This completes the field circuit. 
The generator field winding is shunt-wound. 

Purpose and Principle of the Cut-Out 

The purpose of the cut-out is to prevent battery 
from discharging back through jgenerator when 
en^ne slows down or stops, at which time cutrout 
pomts (P) are open. 

The cut-out shunt or voltage winding circuit is 
from the (-f) main brush to the fine wire volt^e 
winding (V), to ground (Gl). to the frame of the 
generator or car, to grounded (~) main brush (G). 

This cut-out voltage winding (V) consists of very 
fine wire wrapped around a soft iron core (C). Its 
purpose is to magnetize the core (C) so that the core 
will draw the iron cut-out armature blade (A) to it, 
thus closing the points (P), so that the charging cur¬ 
rent can flow from the (+) brush of ^e generator 
to the (4-) terminal of tne battery* 
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The cut-out voltage winding (V) is wound with 
such a size and number of layers and turns of wire, 
that it does not create enough magnetic force to 
draw the blade (A) against the tension of the spring 
(Sp.) until the generator speed is such that its 
voltage is higher than that of the battery, which is. 
in this example, about 6.5 volts. 

Note that the current passes through this winding 
(V) whenever the generator is generating any cur¬ 
rent at all. Since the winding consists of very fine 
wire, however, the amperage is very slight. 


CUT-Oirr ROiKTS^p- 
CLOSED 



Fig. 4. Note that cut-out points (P) are now closed; there¬ 
fore current from the generator is passing through ammeter to 
battery, and the needle is on the “charge” side of (O). About 
10 to 15 amperes is usually the highest rttt(5 when the generator 
is running at 1,000 r.p.m. or more. 22 amperes is the extreme 
limit for which a generator can be adjusted, and with some 
generators 15 or 16 amperes is the limit. 

Battery charging circuit: When points (P) on the 
cut-out are closed (Fig. 4), tlie path is from the (-f) 
main brush (B) of the generator, through the closed 
points (P), through the series or current coil (S) of 
the cut-out, through the ammeter, which now shows 
the needle on the ‘‘charge” side of (O), to the (-f) 
terminal of the battery, out to ( —) terminal of the 
battery which is grounded (G2), to the ( —) main 
grounded brush (G) of the generator. 

Battery discharge circuit: If the generator speed 
drops to a point where the voltage of the generator 
is less than the voltage of the battery, the circuit 
would then be C'^ee Fij^. 5) from (+) of the battery, 
through the ammeter m a reverse direction to what 
it was in Fig. 4, thus causing the needle to go to the 
‘^discharge” side (showing about 2 amperes dis¬ 
charge), thence through series winding (S) of the 
cut-out in a reverse direction, through points (P), to 
the (-[-) main brush of the generator, through the 
armature to the (~) main brush, to ground (G), 
to the (~) grounded terminal of the battery (G2). 
The points CP) will instantly open when this circuit 
is completea. 

The reason why the discharge through the series 
coil (S) of the cut-out is necessary, is to insure a 
quick demagnetization of the core (C). 

Note,in Fig. 4, that when current is flowing 
tiuxiugh the fine wire voltage winding (V) and the 


ClffOUT POINTS P*JUST OPENIHO AS BMTERT 15 
DISCHARGING AT 2 AMR THRU COIL'S*’IH REVERSE 
DIRECTION-0EMAGNETIZ.IN6 CORE •C" 



Fig. 5. Generator speed is low, consequently the voltage 
of the generator has dropped to a lower voltage than the bat¬ 
tery. The battery discharges for an instant through the 
amnjeter and cut-out series coil (S) in opposite, or reverse direc¬ 
tion, at about 2 amperes, tlnis demagnetizing core (C), and 
opening pointa (P). Note that the needle of the ammeter is on 
the “discharge” side of (O) during this operation. It will 
immediately go to (O) if the engine is stopped. If the engine is 
kept running (slowly) with ignition switch on, then the amount 
of current from tlio battery for ignition will be indicated on 
the “discliarge” side. Or if the liglit switch is “on,” the amount 
of current from the battery for the lights will be indicated on 
the “discharge” side. The generator, however, is cut out of 
the circuits at points (P). 

coarse series winding (S), the direction of the flow 
of current is in the same direction around the core. 
Thus a very strong magnetic pull is exerted by the 
core (C) with (A), and the polarity of one end of 
the core is N and the other end S. 

When the current from the (+) terminal of the 
battciy passes back through series coil (S) in a reverse 
direction, as shown in Fig. 5, this causes the series 
coil (S) to “buck,” or oppose, the current flowing 
in tlie voltage coil winding from the generator, 
which is still flowing in its original direction. But, 
as the generator si)eed is low, the influence of the 
coil (V) is weak, with the result that coil (S) tends 
to change the polarity of the core (C), thus demag¬ 
netizing it, ana causing a quick release of blade (A). 
For this reason the cut-out is often termed a 
“reverse current cut-out.” 

Slarting-IMotor Circuit 

The starting motor circuit is never from the 
generator. The generator never delivers, at its 
highest output, over 22 amperes, and at times the 
starting motor requires from 150 amperes at normal 
conditions, up to 450 amperes or more if cold and 
stiff. This great overload on the battery is only 
momentary when first turning the engine over. 
After the engine turns over, the current is less, 
dropping to about 120 to 200 amperes. 

Thus the starting motor never takes its current 
from the generator. The generator charts the 
battery and the battery supplies current tor the 
starting motor. 

Likewise the ammeter on the dash is never con¬ 
nected in the starting motor circuit, as it seldom 
reads higher than 30 amperes. 




334 


DYKE'S INSTRUCTION No. 32 


The starting motor circuit (Fig. 3) is from the 
(+) terminal of the battery, through the starting 
switch, through the '^series-paraller Afield windings, 
througn the (-f-) brushes, through the armature, 
to the (—) brushes, to ground (G3), to (—) grounded 
terminal of the battery (G2). 


Note that the field circuit of thil3 starting motor 
is what is termed a ^‘series-paralleP' field circuit. 
There are four poles and four field windings. The 
current divides at the top and passes through two 
field coils, to the (+) brushes, through the armature 
to the (—) brushes, thence through the two lower 
field coils to ground (G3), to grounded (—) terminal 
of the battery (G2). 


Ignition Circuit 


Ammeter Indications 


The ammeter is always placed in series with the 
circuit, and in Fig. 3 it would indicate on the ‘‘dis¬ 
charge” side of (O) when current is taken from the 
battery for ignition, lights, horn, or discharge back 
through the cut-out. When current is flowing from 
generator to battery, it would indicate on the 
"charge” side the amount of current flowing to the 
battery. 

For instance, examples of the action of the am¬ 
meter will be given as follows: 


If starting motor switch is closed: The ammeter 
would not he in this circuit at all, and is never 
placed in this circuit unless a "shunt” is used with 
It (explained farther on). 


Ignition: The ignition switch (6), which is shown 
open in Fig. 3, would first be closed. The circuit 
would then be from the (+) terminal of the battery 
(if the generator is running slow). In such cases, 
the ammeter would indicate a current "discharge^* 
taken from the battery. 

If the generator is running at a speed at which it 
is charging the'battery, then the current for the 
primary ignition circmt would be taken from the 
generator, and the ammeter would be on the 
"charge” side. 

The igiution primary circuit is, then, from the 
(-f) terminal of the battery, or the (-f) brush of 
the generator, to the closed ignition switch^ to (6), 
to terminal on the coil, through the ignition 
resistance unit, through the primary winding (PR), 
to the coil terminal, to the insulated contact on 
contact-breaker, to the movable arm, to ground 
(G5), to the (-) ground of the battery (G2), or the 
generator (G). 

The condenser is in the coil, and is connected 
across the grounded terminal (G5) and the insulated 
terminal of the contact-breaker. 

The igmtion secondary circuit is from the second¬ 
ary winding of the coil (SEC), to the distributor, 
to the spark plugs, through the spark-plug gaps (X), 
to ground of the engine (G6), to ground of the coil 
(G4), to the secondary winding (SEC). 


If the engine is idling, or not nmning at all, and 
lights and ignition switches are closed, and cut-out 
points (P) are open (Fig. 3): In this case the battery 
would be supplying the current and would be dis¬ 
charging. Thus current from the (+) terminal of 
the battery would flow through the ammeter to 
the ignition and light switches, through the circuits, 
to the (~) ground of the battery (G2), and in doing 
so. it would cause the ammeter needle to go to the 
lett of (O), or the "discharge” side, and would 
indicate the amount of current being discharged 
or taken from the battery for ignition and lights 
For instance, if the ignition consumed 2 amperes 
and the lights 5 amperes, the needle would indicate 
7 amperes on the "discharge” side of (O). 

Engine driving generator at a speed where gener¬ 
ator is charging battery and cut-out points (P) are 
closed, and light switch open: We will assume that 
the maximum amount of current flowing to the 
battery from the generator is, at the rate of, say, 
16 amperes. The battery would then be receiving 
a "charge” instead of "discharging”; thus the direc¬ 
tion of the flow of current would be from the (+) 
brush of the generator, through the ammeter, to 
(+) of the battery in an opposite direction to what 
it did flow through the ammeter when discharging 
from the battery. Therefore, the ammeter needle 
would indicate on the "charge” side of (O) the 
amount of current flowing to the battery, or 15 
amperes. 


The lighting circuit is similar to the ignition cir¬ 
cuit. The lighting circuit and ignition circuit 
almost always start at the (-f) side of the ignition 
and lighting switch and circuits are traced from that 
point. The circuit would be (in Fig, 3) from the 
(*+•) terminal of the generator or battery, through 
the closed lighting switch, to (7), to the two lamps 
connected in "parallel,” to ground, to ( — ) ground 
of the battery (G2), or ( —) ground of the generator 
(G). See Index for "Wiring diagrams.” 

Floating a Storage Battery on the Line 

This term refers to the storage battery used in 
connection with a generator, where the storage bat¬ 
tery supplies current for lights, when the generator 
is running slow or not running at all, as explained 
heretofore. 

The generator charges the battery and supplies 
current for lights when running at sufficient speed. 
If the speed of the engine is varied, the battery would 
be in use part of the time and part of the time the 
generator; the battery would then be "floating.” 

The *‘cut-out” would be changing from one to 
the other, owing to the variable speed of the 
engine 


The ignition switch connection being at the left 
of the ammeter, the current required for ignition 
is, say, 2 amperes; therefore the actual amount of 
current taken from the generator would then be 
17 amperes, but only 15 would show on the 
ammeter. 

Note. All animeters are constructed so that the (+) ter¬ 
minal of the ammeter is connected with the (+) terminal of the 
source being tested, and the needle will then move in one direc¬ 
tion on the scale. If connections are reversed, the needle will 
read in the opposite direction. On ammeters used for testing 
purposes, the (O) (zero), is usually placed at the extreme left 
of the scale, and when connected properly the needle will pass 
to the nght; if connected wrong it will pass to the left, thus 
indicating that the connections to the ammeter are not correct. 

On dash ammeters, however, as shown in Figs. 3, 4, and 5, 
the (O) is placed in tne center of the scale, so tnat it will indi¬ 
cate if a "charge” of current is going to the battery, or if the 
battery is being "discharged.” 

The ^'discharge” side on the dash-ammeter (Figa. 3, 4, and 5) 
is on the left, and the "charge” side is on the right of (O). 
This, however, varies, as some manufacturers reverse the order 

Engine driving generator at a speed where gener¬ 
ator is chargmg battery, and cut-out points (P) are 
closed, and light switch is closed: In the previous 
example we assumed that the ignition switch was 
"on” and the switch "open” and that 15 
amperes was piussmg to the battenr from the gener¬ 
ator, after'giving 2 amperes to the ignition, which 
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would be indicated on the ^^charge^* side of the 
ammeter. Therefore, if we throw *^on^* the light 
switch, and if the lights consumed, say, 5 amperes, 
then instead of the battery receiving 15 amperes, 
it would be cut down to 10 amperes. Thus 10 
amperes would be indicated on the “charge” side 
as the amount of current flowing to the battery 
from the generator. 

Take the case where the generator is running at 
sufficient speed to charge the battery, and cut-out 
points (P) are closed, and the ignition switch is 
dosed but the light switch is open. Let us assume 
that the generator is running at sufficient speed to 
deliver 17 amperes. Then, the ignition switch being 
“on” and ignition consuming 2 amperes, 15 amperes 
would pass to the battery, and this would be indi¬ 
cated on the “charge” side of the ammeter. 

If the light switch is now dosed, and the lights 
take 5 amperes, then the rate of flow would be cut 
down to 10 amperes. Therefore 10 amperes would 
be indicated on the ammeter. 

The point to grasp in connection with the fore¬ 
going explanations, is that when current is supplied 
from the battery, the more current tliat is taken 
from the battery for ignition, lights, etc., the greater 
the indications on the ammeter on the ^^discharge” 
side, because the battery is capable of giving a 
discharge supply, up to its capacity. 


On the other hand, when current is taken from 
the generator, its output is limited by the speed of 
the generator, and if its maximum output is, say, 
17 amperes, then as the different circuits are thrown 
“on,” they reduce this maximum amount of current 
which would pass to the battery accordingly. Thus 
when lights are thrown ^^on,’^ the ^ ^charge” side of 
the ammeter will indicate less current flowing to 
the battery. 

The ammeter is placed, sometimes at one position 
and sometimes at another position, but is usually 
arranged so that as current is consumed from the 
battery for all purposes except the starting motor, 
it indicates the total amount on the “discharge” 
side of the ammeter and also shows the net amount 
of current flowing to the battery from the generator 
on the “charge” side. See Index for “Wiring dia¬ 
grams”; see also the instruction on the Delco 
system for the location of the ammeter on various 
systems. 

Suppose, however, tliat the ammeter was placed 
at (X) on the left side of the ignition and the light 
switch. What would the indications be? 

Take the case where the en^e is idling and the 
cut-out points (P) are open, with ignition and light 
switches closed. The “discharge” from the battery 
for both ignition and lights would not be indicated 
on the ammeter at all. The needle would stand at 
(Oy because the circuit through the ammeter would 
be open at the cut-out points (P). 


PRELIMINARY EXPLANATION OF THE CONSTRUCTION OF A GENERATOR 


A round-frame, ‘*bi-polar” (two field poles) direct 
current (dynamo) generator is shown in Fig. 0. 
The cut-out shown mounted on the generator is 
sometimes placed in the generator or on the inside 
of the dash. 



Fig. 6. A rouHcI frame bi-polar type of generator. Coin- 
mutator and brush cover removed. 


There are two “field poles” (PP) on the generator, 
shown in Fig. 7, and it is thus termed a ^‘bi-polar” 
type. Around the field poles are windings. W hen 
the annature revolves, current flows through the 
field windings from the armature, and thus causes 
the field poles to become magnetized just like electro- 
niagnets. Therefore the field poles (PP) are 
”electromagnetized.” 

When the field poles become magnetized, the 
lines-of-force pass from one pole to the other, and 
as the annature revolves between the poles, the 
lines-of-force are cut and current is generated. 

The brush holders and brushes are mounted on 
the end of the generator, as shown in Fig. 8. The 
brushes rest on the commutator, aa in Fig. 6. 



Fig. 7. End plate at drive end removed, showing field-coiU 
or windings and one of the pole pieces (PP). 

There are two carbon brushes on a bi-polar 
generator (placed 180° apart) and four brushes (or 
two brushes placed 90° apart) on a four-pole or 
“multi-polar” generator. 

There are usually four field poles on a starting 
motor, due to the fact that considerable power is 
required and the pulling power of the “electro-mag¬ 
netized” fields must be very strong. 



Vis. A Th« brush holder and bruahee 
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Armatures for generators are of **drum'' type 
of construction. The ‘‘shuttle'' type armature, as 
used on the magneto, cannot be used with a genera¬ 
tor, as it generates and delivers “alternating" cur¬ 
rent, whereas only “direct" current can be used to 
charge a storage battery. 


COLLECTor^ Ring 



Fig. 9. A "shuttle** type of armature used on magnetos, 
which generates ‘‘alternating’’ current. Note that instead of a 
commutator, there is a ‘‘collector ring." Not suitable for a 
generator for charging a storage battery, used only on magnetos. 



Fig. 10. A "drum" type of armature used on "direct" cur¬ 
rent generators which is suitable for charging batteries. All 
generators produce alternating current, but the "commutator" 
with two or more brushes direct the flow in one direction, thus 
establishing a positive (-f) and negative (—) terminal at the 
brushes, whereas the current taken from a "collector ring" on a 
shuttle type armature alternates from positive to negative and 
vice versa. 


All generators, generate alternating current, which 
is converted into direct current at the commutator. 

The commutator has as many copper segments 
as there are coils on the armature. On many gener¬ 
ators there are two coils wound in each armature 
core slot. There are thus twice as many commu¬ 
tator segments as slots. 


Parts of an Electric Generator 

A sectional view of a typical direct current 
generator is shown in Fig. 11. 


BRUSH HOtDtR STUD —, njSt 
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Fig. 11. Parts of the N. E. generator. 


The parts are given in the illustration. A “drum" 
type oi armature with a commutator is used. 


Single-Unit, Two-Unit, and Three-Unit 
Electric Systems 

A single-unit system (one type of the Delco sys¬ 
tem, as an example) combines a starting motor, 
generator (direct current), and ignition all in one 
machine. See Fig. 12. 

The one armature and one set of field magnets 
serve for both the motor and generator. Thus it 
is termed a “motor-generator." There are two 
separate windings and two commutators, however. 



Fig. 12, Parts of the Deloo motor-generator; a "single¬ 
unit" system. 


Ignition timer find distributor are mounted with 
this unit, but the distributor-drive spiral gear is not 
attached to the armature shaft, as would naturally 
be inferred, but is connected to the pump shaft, or 
shaft driving the generator. In other words, if 
connected to the armature shaft the action of the 
clutch used in connection with the generator drive 
(not shown above) would affect the timing operation. 

A two-unit system is where there are two units 
composing the electric system of starting motor, 
generator, and ignition, arranged as described below. 

Where the starting motor and generator are com¬ 
bined in one unit and the magneto (or coil and dis¬ 
tributor) for ignition in another, it is called a “two- 
unit" system; so also, when the starting motor is 
in one unit, and the generator and ignition in 
another, this is also a “two-unit" system. 

The three-unit system is whore the starting motor, 
generator, and ignition unit are separate from each 
other. 

Methods of Driving the Starting Motor, 
Generator, and Ignition Unit 

The generator must run when the engine runs, 

because it is iiecessarv to recharge the battery and 
supply current for lights and ignition. Current for 
starting the motor, and also for the ignition to start 
the engine is provided by the battery. 

The amount of current the generator supplies 
to the battery depends upon the number of lamps 
burning, and the speed of the engine. 

Drive methods: '^Flie electric generator can be 
operated by belt, chain, shaft, or gear drive from 
the engine, and supplies electric current to charge 
the storage battery, as well as for lights, ignition, etc. 





FWWHEEL 


Fig. 13. Generator and motor combined. One armature 
serves for both. Generator driven from pump shaft, also dis¬ 
tributor and timer. Starting motor drives through the fly¬ 
wheel. Deloo system used on Hudson and others. This sys¬ 
tem would be termed a "two-unit" system, because the ignitiOD 
unit is separated from the motor and generator. 
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Fiflf. 14. Generator driven by belt which drives the fan. 
Starting motor is the "automatic Bendix drive," which drives 
through pinion (P) to flywheel gear (R). This system would 
be termed a “three-unit” system. The ignition is driven from 
cam shaft separately. 


engine 



ttvut TU 


, TRANS. 

arAif 

ON TKAN3 SHAFt 


Filf. 18. Generator driven by gear from crank shaft. The 
starting motor drives through the transmission shaft. Ignition 
is the "interrupter” type mounted on the generator system 
formerly used on the Reo. A'‘two-unit” system. 

Fig. 23, page 32-1, shows an early model Gray & Davis 
separate motor and generator as used on the early model Over¬ 
land cars. Note that the starting motor is mounted above 
the generator. 



Fig. 15. Generator, driven by gears and silent chain from 
crank shaft. Ignition and starting motor (not shown) are 
separate units. This would be termed a “three-unit” system. 



.(Of 

A/V ove/^ ^ 

C.LVTCM (rOES HfffE. _ 

CONNECTS SFROCfiET 

ON ^rARTiNO MOTOR, 


AM 9HAH 
yNQRM 6TAR 

a 

CAANA SHArr 
\NORM OfAA A 

-JiMtNO MARA C* 


Fig. 16. Driving the generator from cam shaft, also di.s- 
tributor and "intcmipter,” but independent of each other. 
The starting motor drives “through the crank shaft" by a 
silent chain and an over-running clutch. This system is a 
“three-unit” system formerly employed by "Studebakcr Six.” 


RYWHECL 

V, 



SILENT CHAIH 


P»g. 17. The generator and starting motor are combined In 
one. Drive is through transmission shaft by means of a silent 
Cham. The ignition is independent. This is a “two-unit” 
iTstem, formerly used on the Chalmers. 


The generator is driven by a silent chain from the double 
sprocket on the starting motor shaft. This double sprocket 
with a "roller” type of clutch was a feature of this early system 
and is explained on page 324. 



Fig. 19. A popular method of mounting the ignition unit 

on the generator. The generator drive end (end next to igni¬ 
tion unit in this illustration) faces ♦he front of the car and is 
connected by means of a silent chain and sprocket to the crank 
shaft (Fig. 19A). 



Fig. 19A. Front end drive of Studebaker engine. In this 
example the generator armature shaft is driven by a silent 
chain at times the engine speed and a vertical shaft (not 
shown) is driven by a worm gear from the armature shaft is sc 
geared that the distributor and timer shaft turn at one-half t^ 
speed of the engine crank shaft. This would be termed a "two 
unit" system, as the starting motor is a separate unit 
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RELATION OF A GENERATOR TO AN ELECTRIC MOTOR 


The electric generator is similar in many respects 
to an electric motor, the principal difference being 
in the winding. The motor field is usually ^^series^^- 
wound, and the copper wire is heavy or coarse; in 
/act, it is in the form of copper strips on some motors. 
The generator field winding is usually a “shunt^^ 
winding and of smaller wire. 

With a few minor changes the electric generator 
can be run as a motor, using the same winding. A 
motor-generator is an example of how one armature 
can serve both a motor or a generator, but there are 
usually two field windings, as explained farther on. 

The series motor possesses great starting power, 
but under a light load may attain a dangerously 
high speed. A series dynamo or generator,^ to be 
used as a motor, and run in the same direction as it 
does as a dynamo, must have the leads from the 
brushes interchanged. 

A “series”-wound generator will rotate in an 
opposite direction to that in which it rotates when 
run as a motor. 

A “shunt”-wound generator, when used as a 
motor, ^^ill turn in the same direction as when used 
as a generator. 

The shunt-wound motor (seldom used for auto¬ 
mobile work) has not such great starling power as a 
serie.s-wound machine, but runs much more uniformly 


in speed under a varying load. Brush leads remain as 
in the dynamo for the same direction of rotation. 

A “compoimd-wound*^ generator, when used as a 
motor, will turn in an opposite direction—providing 
that the ^‘series’^ winding is more powerful than 
the '^shunt^* winding, and in the same direction. 
If the ^‘shunt” is more powerful than the “series," 
this is called a differential winding, and will be 
explained later on, under “Motor-generators,"' 
where the same machine used for a motor or genera¬ 
tor is described. 

The compound-wound motor (used only in motor- 
generators) is about equal to the shunt motor in 
starting power, and runs at an almost constant 
speed under all loads. Bnish leads for the motor 
remain as in the dynamo. To reverse the direction 
of rotation of the motor, the brush leads must be 
changed. 

The generator is usually separate and distinct 
from the starting motor. The Delco, however (in 
some of their systems), employ two field windings 
(compound) and one armature with two windings 
and two commutMtors on the armature, one operat¬ 
ing when used as a generator and the other when 
used as a motor. 

The North East system, as used on the Dodge, 
is another example, but one armature with one wind¬ 
ing and two ti(‘ld windings is used for both a generator 
and a starting motor (explained farther on). 


GENERATOR PRINCIPLE 


On page 181 we learned that if current is ()assed 
through a wire, magnetic lines-of-forcc in the form 
of magnetic whirls will be set up around the wire in 
a clockwise direction, if the current is going injo the 
wire, and in a counter-clockwise direction if the 
current is coming out (see Figs. CB, 6C, page 181). 

We also learned that if magnetic lines-of-force cut 
a wire, generated electromotive force, abbreviated 
e.m.f. (volts or pressure), would be set up in the wire 
which would tend to move the electricity in the wire. 
How the electricity comes to be there we don’t 
know. Electricity is in almost everything, but not 
in motion (see page 175). Therefore, in order to 
get work out of it, a force called “electromotive 
force" is generated in the wire by “electromagnetic 
induction." This fore.? causes a current of elec¬ 
tricity to be put in motion, or to flow, and when 
electricity is flowing or in motion, it is spoken of as a 
“current of electricity," or merely “current." 

With a generator, the wires on the armature cut 
the “lines-of-force" as they revolve and thus e.m.f. 
is generated in the wires, which tend to move or 
conduct the current therein. 

Therefore, in order to produce an e.m.f. in the 
armature wires which will cause the electric current 
in the wires to flow (if there is a closed circuit), the 
following is necessary: 

1. Moving wires, forming a closed loop or circuit. 

2. Magnetic field for the wires to move in and cut. 

The strength of the current thus produced in the 
wires is dependent upon: 

1. Strength of the magnetic field. 

2. Speed or rate at which the wires cut the lines- 

of-force. 


> The word* dynamo and aenerat<»’ are referred to ee meaning 
tbe errifT t***"ff r 


Frame 



of Force 

Fig, 8. Magnetic circuit in generator frame. 

In Fig. 8 we have a generator frame, round pat¬ 
tern, with two pole pieces. Note that the lines-of- 
force flow from N to S outside of the frame, and 
from S to N through, or inside of the frame, thus 
completing a magnetic circuit. 

For example: If we take two-bar magnets as 
shown in Fig. 8A, and bend them as shown by dotted 
lines, the magnetic circuit would be as shown, with 
lines-of-force flowing N to S outside of the magnet 
and S to N inside. 
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^g. 8A. Magnetic oiroiiit of % two-pole (hi-poUr) ge nirntot 
with g round tsrpe of frame. 





THE ELECTRIC GENERATOR 


339 


In order to produce the magnetic field of lines-of- 
force, there must be wire wrapped around the field 
poles and electric current flowmg through the wires, 
thus making ^^electro-magnets*^ of the field poles. 
See page 180 for an explanation of an “electro¬ 
magnet.’* 

The direction in which the wire is wrapped around 
the field poles, and the direction in which the electric 
current nows in the field windings around the field 
poles, will determine the polarity of the field poles 
just the same as in the electro-magnets described 
on page 183. 

The next question is, if the field poles must first 
have current flowing through the windings around 
them, in order to produce magnetic lines-of-force 
for the wires to cut, and if this action generates e.m. 
f. in the wires, where are the original magnetic lines- 
of-force obtained? 

The field poles are not permanent magnets, but 
are usually soft iron similar to the electro-magnet 
described on page 182. They lose their magnetism 
when the current stops flowing through the winding. 
On page 182, the lines-of-force were shown to be 
produced around the electro-magnet by current 
from the battery flowing through the windings, but 
in the field poles of the generator we cannot pass 
the current through the windings from a battery. 
Therefore we obtain our initial lines-of-force from 
“residual** magnetism, which may be explained as 
follows: 


The wire on the right, moving down, would cut 
the lines down, the magnetic whirls would be 
counter-clockwise, thus inducing in the wire an 
e.m.f. causing current to flow out of the wire, or in 
the direction of the reader. 

If the direction of the lines-of-force is changed, 
or if the direction of the motion of the wires is 
reversed, the direction of the flow of current would 
likewise be reversed. 

The strength or intensity of the e.m.f. generated 
under the conditions described would depend upon: 
(1) the strength of the magnetic field or the number 
of lines-of-force; (2) the rate of speed at which the 
wires cut the lines-of-force; (3) the number of wires 
cutting the lines-of-force. 

The flow of current of any generator is an alternat¬ 
ing flow inside the generator, that is, in one direction 
during one half-revolution, and in another direction 
during the next half-revolution. 

For instance, let us refer to Fig. 10. If a wire 
loop is revolved between the poles of a magnet from 
which magnetic lines-of-force flow from N to S pole, 
and the wire is revolved m the direction shown by 
the curved arrow, magnetic whirls would be set up 
around the wire on the left, in a clockwise direction, 
due to the wire cutting the lines up, and thus causing 
an e.m.f. to be induced in this side of the loop which 
would cause current to flow from 1-2, into tne wire. 
If a “collector-ring” was connected with the end of 
tins wire to brush (B —), it would be negative (--). 


A slight amount of magnetism is left or remains 
in the iron field poles, even though it is supposed to 
lose its magnetism when the generator stops. This 
magnetism is tyrmed “residual” magnetism, and 
even though it is very slight, there is sufficient mag¬ 
netic lines-of-force in the iron which flows from N to 
S across from one pole-piece to the other for tlie 
wires to cut the moment the armature starts to 
revolve. Thus we obtain our initial lines-of-force 
to start with. 


How Direct Current Is Produced from a 
Generator 

Let u.s glance at Fig. 9, and assume that we have 
a N and S pole with lines-of-force pas.sing from N to 
S. We will further assume that the two wires rep¬ 
resent one coil of an armature wire, and are clo.sed 
loops, and revolve in the direction shown by the 
arrow point above them. 


Magnetic Lines 
of For ce ■ — n 

I -I - ^ 


DOWN 




»' V • I 

» > I — i I i 

UP MAGNniC WHIRL 
AROUND WIRE 

9. Showing how the lines-of-force whirl around a wire 
when it is moved up or down in a magnetic field. 


When the wire on the left moves up, it will cut 
lines-of-force up, and the magnetic whirls will 
be clockwise around the wire, thus inducing in the 
wire an e.m.f. causing current to flow into the wire, 
er in the direction away from the reader. 



Fig. 10. The outer brush is (4-) and the inner brush (—). 
Fig. 11. The outer brush is now (—) and the inner brush 
(+). 


The wire on the right (Fig. 10) would cut the lines- 
of-force down, therefore the magnetic whirls around 
the wire would be in a counter-clockwise direction, 
and current would flow out from 3-4. The brush 
(B+) at the end of this wire wouid be positive (4-). 

Fig. 11 shows a half-revolution of the wire loop 
from the position at which it was in Fig. 10. Note 
that wire 2-1 is now cutting the lines-of-force down: 
therefore the brush which was (B—) in Fig. 10 ana 
which is still connected with it, w-ould be (-f) 
instead of (—) as current is now coming out instead 
of going in. 

Wire 4-3 is now cutting up, and current would 
flow in. Thus the brush which was (B-h) in Fig. 
10 and which is still connected with it, would now 
bo ( —) instead of (+). 

Thus during a half-revolution the current would 
flow out of the same brush as (—) and during the 
next half-revolution current would flow into the 
brush as (-f). This would produce an “alternat¬ 
ing** flow of current which is used on magnetos but 
is not suitable for a generator which charges a 
stora^ battery which has a positive (-f) and nega¬ 
tive C—) set of plates and terminals 
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Only a **direct” flow of current will charge a stor¬ 
age battery. Therefore some means must be em¬ 
ployed to convert or commutate the '^alternating'^ 
now of current to a “direct” flow of current as 
follows: 



Fig. 12 Fig. 13 

Fig. 12. The left brush is (—) and the right brush is (+)- 

Fig. 13. The left brush is ( —) and the right brush is (4*), 
the same as in Fig. 12. 

A method of obtaining a direct flow of current at 
the brushes is shown in Figs. 12 and 13. Instead of 
having a round or endless collector-ring at the ends 
of the wires as in Figs. 10 and 11, we have sub¬ 
stituted two half-sections of one ring, separated 
from each other, which we will term the segments 
of a commutator. 

Now, when wire 1-2 on the left (Fig. 12), is cutting 
the lines up, current will flow in, and the brush on 
the left will be ( —). The wire on the right (Fig. 
12) will cut the lines down, and current will flow 
out, and the brush will be (-f)* 

Fig. 13 shows a half-revolution of the wire loop 
from the position shown in Fig. 12. Wire 4-3 is 
now cutting up, and current would flow in, and the 
bnish would be (—), just as it is in Fig, 12. Wire 
2-1 would cut down, and current would flow out, 
and the brush would be (+), just as it is in Fig. 12. 

Therefore, instead of the brushes being connected 
with the same end of the wires all the time, as in 
Figs. 10 and 11, the brushes connect with one wire, 
for a half-re volution, and with the other wire during 
the other half-revolution, and the flow of current 
from the brushes is always in one direct direction. 
This action is accomplished by the two-part com¬ 
mutator. 

The current generated in all generators is an 
alternating flow of current and it is “commutated” 
or changed to a direct flow of current at the brushes 
by means of a “commutator.” 



Fig. 14. Wires in a vertical position. 


The strength of the current, as previously stated, 
is dependent upon the e.m.f. induced in the wires, 
and this in turn is dependent upon the number oi 
magnetic lincs-of-force cut by the coils of wire. 

"When the wires are cutting up or down across 
the mametic field, the induced e.m.f. is greatest. 
When the coils reach a vertical position, as shown 
in Fig. 14, the e.m.f. induced in this position would 
be zero, as the magnetic lines are not cut (except 
perhaps a few stray lines), but flow freely through 
the coil from N to S pole-pieces. 

Thus we have, at every half-revolution, when in 
position shown in Fig. 14, no current at all, or zero. 
But as the coils or wires are rotated, the number of 
magnetic lines cut will increase until it reaches a 
horizontal or 90® position (Fig. 9), where it reaches 
maximum. From this position (Fig. 9), traveling 
in the same direction, the number of lines become 
less until the vertical or 180° position is reached 
(Fig. 14), where the e.m.f. again becomes zero. 

The e.m.f. induced in this simple dynamo would 
be called a pulsating e.m.f., because it pulsates or 
changes from zero to maximum and back to zero 
at regular intervals or every half-revolution. 



Fig. 15 Fig. 15A 


If we place two closed loops, or coils, at right 
angles to each other (Fig. 15) and use four com¬ 
mutator segments, as shown in Fig. 15A, the induced 
e.m.f. in one coil (A and D) will be maximum, when 
zero in the other (1-2, 3-4), if rotated. With the 
terminals of each coil connected to opposite commu¬ 
tator segments, the e.m.f. between brushes will 
never drop to zero. 

By the use of more coils on the armature and 
more segments on the commutator, we should have 
more wires cutting the lines. Thus the e.m.f. 
would be made more steady with less pulsations. 

This type of winding would be termed an “open- 
circuit” winding, and the coil or loop is connected 
to the external circuit only while the segments of 
the commutator to which the terminals of the loop 
are connected, are in contact with the brushes. 



Fig. 15B 


A closed-circuit winding (Fig. 15B) would be 
better, because the loops are connected together in 
“series-parallel,” and thus all of the loops all the 
time are made use of except when the two commu¬ 
tator segnaents to which a loop is connected are in 
contact with a brush or with brushes of the same 
polarity. 
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GENERATOR 

On a generator of the automobile type, the arma¬ 
ture (which rotates and is driven by the engine) is 
made up of many coils and commutator segments, 
and various methods of winding and connecting 
to segments arc employed. The principle, however, 
is very much the same in all cases, the idea being to 
have as many wires on each side cutting the mag¬ 
netic lines-of-force as is possible. By adding more 
wires, the e.m.f. is increased. 

A simplified **shunt-wound” generator^ and its 
circuit are shown in Fig. 16. Note that the field 
windings are ‘‘shunted’^ to the brushes. Thus we 
have a ^‘shunt field circuit” and a “main circuit,” 
the latter being from the brushes to the battery, 
lamps, ignition, etc. 

The armature, which is a “drum type,” consists 
of a laminated iron core (Fig. 16A) with slots in the 
core for the winding of insulated copper wire. 



generator ground 3 orpuno 


Fig. 10. Circuit of a shunt-wound generator. 

The laminated iron core increases the total 
number of lines-of-force by collecting many stray 
lines from the surrounding air, and thus concen¬ 
trating them. 



Fig. IdA. Laminated iron core of a drum-type armature. 

The wire is wound around the core and in the 
slots and the ends are connected by soldering to 
the commutator segments. 

An armature shaft passes through the core, which 
is supported by bearings. The shaft is driven from 
the engine, and the armature revolves between the 
pole pieces. 

The commutator is made up of copper segments 
insulated from each other and from the shaft by 
mica insulation. 

*The “shunt field winding" connections of a generator are on 
the principle used on moat generators. But owing to the fact 
that a shunt-wound generator builds up with speed, a ‘‘regula¬ 
tion of the field oirouit" must be used in order to out down the 
put-put at high spee^. This aubjeot is treated under "Eegu- 
lation methooB," farther on. 


ARMATURES 

Brushes are usually made of carbon and rest on 
the commutator, and conduct the current from the 
armature. One brush will take current from wires 
which revolve on the side cutting the lines down, 
and the other brush will take current from the wires 
on the side of the armature which are cutting up; 
thus one side is (+) and the other (—). This is 
likewise true of the brushes. (This is true for open- 
coil armatures, but not for closed-coil armatures.) 

The field circuit in Fig. 16 consists of two field 
poles (usually made of laminated steel and detach¬ 
able by means of screws), with insulated wire 
wrapped around them in such a direction that when 
the armature is revolved in the direction shown by 
the arrow, the left pole is N, and the right pole is 
S, or vice-versa. 

When the armature revolves the wires on the left 
cut the lines up, and therefore current flows in. 
The wires on the right cut down, and current flows 
out. The (+) side is connected with the (-f) 
brush and the (—) side with the (—) brush. Cur¬ 
rent flows out to its external circuit from the (-f) 
brush and comes back to the (-h) brush, thus 
completing the circuit. 

The shimt field circuit is supplied with part of 
this current thus produced (usually about 1}^ to 2 
amperes), and flows from the positive (-}-) main 
brush through the field coil on the left, giving this 
pole a N pole polarity (at the end of tne pole next 
to the armature). 

The flow of current is then continued to the other 
field pole which gives this pole a S pole polarity at 
the inner end of the pole. The field circuit is com¬ 
pleted at the negative ( —) main brush. The cur¬ 
rent flowing through the field windings makes 
electro-magnets of the field poles, and frem them 
lines-of-force flow from N to S poles directly through 
the armature core. 

As the speed of the armature increases, the rate 
at which the lines-of-force are cut by the coils on 
the armature increases. I'hus a greater e.m.f. is 
induced in the armature wires, which causes a 
greater rate of flow of current through the field 
windings, thus in turn producing more lines-of-force. 

The cut-out voltage circuit is from the (+) brush, 
to the fine wire voltage winding (V), around the 
cut-out coie, to ground (1), to grounded ( —) main 
brush (ground 3). 

The battery-charging circuit from the generator: 

When the armature speed is such that the e.m.f. or 
voltage generated is slightly above the battery 
voltage, the fine wire winding (V) magnetizes the 
core of the cut-out and draws the cut-out armature 
to it. The effect of this is to close the points through 
which the current passes to batterv, through the 
■coarse wire or series winding (C) on the cut-out core, 
through the ammeter, to the (+) terminal of the 
battery, through the battery to ( —) ground (2), 
to (~) grounded brush of the generator (ground 3). 
Note that current passes through (V) and (C) wind¬ 
ing from the generator in the same direction around 
the cut-out core. 

The action when the generator slows down and 
the cut-out points ope?» is explained on page 333 

S . 6). Note that current flows in a reverse 
3tion through winding (C) when the battery 
discharges back through it, as in (S) (Fig. 5). 

The plain shimt-wound generator, as described, 
would not be satisfactory, because, as the speed 
the armature increases, the e.m.f increases, ana 
at high speeds of the armature, the lines-of-force 
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and also the rate at which they are cut would 
increase, and thus the output would be too great. 

In order to obtain a ''constant voltage” or a 
"constant current” output, some form of "regula¬ 
tion,” to cut down the lines-of-force in the field 
circuit is required. The subject of "Regulation of 
^nerators” will be treated farther on. 

Direction of Motion of Armature Coils and 

Direction of Main Magnetic Field Governs 
the Polarity at Brushes 

The direction in which the coils on the armature 
/ot^te and the direction in which the main magnetic 
lines-of-force flow govern the direction of the flow 
of current out of the armature wires into the brushes. 

Simplified illustrations in Fig. 16 B show different 
directions of "motion” of the armature coils, 
and also different directions of the "main magnetic 
circuit” (lines-of-force). * The field-poles are not 
shown wrapped with wire, but it is assumed that 
they are, and that they are so wrapped, that the 
main magnetic circuit (lines-of-force), passes from 
N to S pole. Only two wires are shown, as a matter 
of simplifying the explanation, although there are 
several coils of wire on the armature. 



At A, the direction of motion of the armature 
is as shown by the arrtiw point. Main magnetic 
lines-of-force flow from N to S poles; therefore the 
wire coil on the left will cut up and the "magnetic 
whirls” will be clockwise around the wire. Thus an 
e.m.f. will be generated in the wire, causing current 

ARMATURE 

There are a number of methods of winding an 
armature; so many, in fact, that armature winding 
is a trade in itself. 

The repairman should not attempt to wind an 
armature because it req^es a special equipment, 
and furthermore it is cheaper to turn in the old 
armature for a new one.i 

The work on an armature that the repairman is 
usually called upon to do is to test it out, or to make 
such repairs as re-soldering the wires to the com¬ 
mutator sements, imdercutting the mica, turning 
down or cleaning the commutator, fitting new 
brushes, etc., which is explained farther on. We 
shall not go further into this subject here, except 
to give an idea as to the construction of the 
armature. 

Lap or Parallel Wound Armature 

An armature in general use on two-pole generators 
and motors is shown in Fig. 17. It is termed a 


•See '‘Armature Replacemente*' p. 481. A book entitled: 
“Automotive Armature Winding <fc Voltage Regulators” con¬ 
taining 128 p., 7" X iH", 88 ills, price $2, can be obtained of 
Goodheart'Willcox Co., Inc., 2009 S. Mich. Ave., Chicago. 


to flow into the wire, or aw^ from the reader, 
and this current will be (—). The wire on the right 
(A), will cut down; therefore the "magnetic 
whirls” around the wire will be oounter-elockwise, 
or out of the wire (+). 

At B, note that the direction of "motion” of the 
armature coils is in the opposite direction to that 
shown at (A). Therefore the mametic whirls around 
the wires on each side are reversed, and consequently 
the direction of the flow of current in the wires is 
reversed. 

At C, note that the direction of the "main mag¬ 
netic circuit” is changed. Instead of passing from 
N to S pole, from left to right, as at (A) and (B), 
they now pass from N to S pole, from right to 
left. We will assume this change was made by 
changing the direction of the winding on the field 
poles. Therefore, while the direction of the motion 
of the armature coils is the same as at (A), the 
main magnetic field is just the reverse. Thus the 
direction of the motion of the armature wires is 
such that the left wire (C), on going up, cuts the 
main ma^etic field in such a manner that the mag¬ 
netic whirls circle around the wire counter-clock¬ 
wise, producing a genenitcd e.m.f. in the wire, caus¬ 
ing current to flow out (+), and on the other side, 
the wire cuts down, causing current to flow into the 
wire (—). 

At (D), note that the direction of "motion” of 
the armature coils or wires has been reversed from 
that of (C). The main magnetic field (also called 
lines-of-force and main magnetic circuit) is the same 
as at (C). Therefore the change of direction of the 
motion of the wires produces a reverse effect to that 
at (C). 

The purpose of these illustrations is to point 
out how the generated current flows into a wire 
when the magnetic whirls are clockwise around a 
wire, and how the generated current flows out of a 
wire when the magnetic whirls are counter-clock¬ 
wise around a wire; and also tlmt the direction of 
motion and the direction in which the main mag¬ 
netic field or circuit passes from N to S pole, governs 
ihe direction of the magnetic whirls around the wire. 
A study of the illustrations will make these princi¬ 
ples clear. 


WINDINGS 



"lap” or "parallel” wound "drum” type of armature 
of the "closed-circuit” type. 

In this example of a two-pole Delco generator 
armature, there are 13 slots in the core and 26 
commutator segments. There are 2 coils per slot 
and 6 tuma of double cotton-enameled wire per coil. 
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The coils do not go directly from No. 1 commutator 
segment to No. 1 slot, but a ^‘lead” of five segments, 
orTbars, is given, to tne right, from the slot where it 
enters. 

The end of the first coil (A) would begin or *4ead” 
from No. 1 commutator segment to slot No. 12, to 
slot No. 4 (spanning six slots), and end at commuta¬ 
tor segment No. 2. 

The end of the second coil (B) for the same slot, 
would begin or ^‘lead” from No. 2 commutator 
segmcht, to slot No. 12, to slot No. 4, and end at 
commutator segment No. 3. 

The end of the coil (C), for the next slot, would 
begin with commutator segment No. 3, to slot No. 
13, to slot No. 6, and end at segment No. 4. 

The end of the second coil (D), for the same slot, 
would begin at commutator segment No. 4, to slot 
No. 13, to slot No. 6, to commutator segment No. 5. 

Thus the same procedure would continue around 
the core, with two coils of wire in each slot. 

The main brushes on two-pole machines are 
laced 180® apart, or exactly opposite. Thus one 
rush would be on a near commutator segment No. 
15, and the other on No. 2 segment. 

Where a third brush is used for regulating pur¬ 
poses, the position would be on No. 5 or 6 segment, 
when the airection of the armature is as indicated. 
If the direction is reversed, the third brush would 
be on the opposite side. (The third-brush regula¬ 
tion is treated farther on.) 

Many of the starting-motor armatures have the 
same number of slots in the cores as there are 
commutator segments, since there is usually, but 
one coil per slot. 

Wave or Series-Wound Armature 

An armature in general use on Delco four-pole 
generators and motors is shown in Fig. 18. It is 
termed a “wave" or “series"-wound “drum" type 
of aruiature of the “closed-circuit" type. 

In this example there are 21 slots in the core, 43 
commutator bars or segments, and 2 coils per slot 
with 5 turns of No. 15 double cotton-covered 
enameled wire per coil. 

The coils do not go directly from No. 1 segment or 
commutator bar to slot 1, but a “lead" of G bars to 
the left of slot No. 1 is given to the first coil (A), and 
a “lead" of 7 bars to the left is given to the second 
coil (B). 

Four-pole generators are divided into quarters. 
The “pitch" or span is from slot 1 to slot 6. 

The first coil (A) for slot No. 1, would start w ith 
commutator segment or bar No. G, to slot 1, to slot 
6, to bar 28. 

The second coil (B) for slot No. 1, would start 
with commutator bar No. 7, to slot 1, to slot 6, to 
bar 29. . 



Fig. 18. 4 pole "wave”-v\ovitKl armature 2 coils of 5 turiia 

per slot, 21 slots, 43 commutator segments. 


In order to fill up the remaining slots in this sec¬ 
tion, the next coil (C) would begin wdth bar 8, to 
slot 21, to slot 5, to bar 30. 

The second coil (D) in the same slot would begin 
wdth bar 9, to slot 21, to slot 5, to bar 31, and thus 
roceed until all slots are filled up. Commutator 
ars 1 and 22 wwld be connected by a jumper. 

On four-pole generators, using two main brushes, 
the brushes are located 90® apart. 

The position of the third brush on a four-pole 
generator (when the regulation system is wdth a 
third brusli) is somewhere bctw'een 130® to 160® 
from the main brush of opposite polarity. 

A two-pole motor or generator usually employs 
what is termed a ‘dap winding," and four-pole 
‘Vave winding." 

In the generator armature windings, one coil con¬ 
sists of four, five, or six turns of wdre, depending 
upon whether the generator is to be driven at engine 
speed or at one-jind-one-half times engine speed. 
One or the other ratio is generally used. 

Motor and Generator Windings on 
One Armature 

Diagrams of a Delco-Buick armature, where there 
are two windings on one armature, which is a “lap 
winding," are showm in Figs. 19 and 20. The 
generator is of the tw'o-pole type. 

The motor winding (Fig. 19) consists of one coil 
per slot. There are 19 slots in the armature core 
for both the motor and generator winding. There 
are 19 commutator segments for the motor winding. 
There are two commutators, one for the motor and 
one for the generator winding. 



Fig. 10. Motor armaturo windiitg 10 aloto, 1 coil per slot 
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Fig. 20. Generator armature winding, 2 coils per slot. 


The generator winding (Fig. 20) consists of two 
coils per slot. There are 19 slots in the armature 
core (the same number of slots as for the motor). 
Thus, since there are two coils per slot for the genera¬ 
tor winding, there are 38 commutator sgements on 
the generator commutator. 

Meaning of Span and Lead 
The ‘‘span” of coils on an armature refers to the 
number of slots, between those in which the two 
sides of a coil lie, plus the two slots in which they lie. 

The “lead” of coils of an armature refers to the 
number of commutator bars to the right or left of 
the slot where the coil enters and where it comes out. 



For example, refer to Fig. 21. There are 25 com¬ 
mutator bars and 25 slots, and 1 coil pier slot. The 
“span” is 1 to 7, and the “lead” is 4 left, 4 right, 
usually stated as 4 left, the beginning of the coil. 
Note that the armature coil leads from bar 1, which 
is the fourth bar to the left of slot 1, where it enters. 
The coil then “spans” from slot 1 to slot 7, and 
“leads” to bar 4, which is the fourth bar to the right 
of slot 7, where it comes out. 

Refer now to Fig. 18, page 343. The “span” 
here is 1 to 6, and the “lead” is 6 to 7 bars left. 
Note that there are two coils pier slot. 

Therefore the “lead” of the first coil (A) is from 
bar 6, which is the sixth bar to the left of slot 1 
where it enters. It then “spans” six slots, from 
slot 1 to 6, and ends at the sixth bar from under slot 6. 

The “lead” of the second coil is from bar 7, 
which is the seventh bar to the left of slot 1, where 
it enters. It then “spans” six slots, from slot 1 to 6, 
and ends at the fifth bar from under slot 6. As the 
winding progresses, the coils in this section are work¬ 
ing to the left. 

Refer next to Fig. 17, page 342. The “span” is 
1 to 6, the “lead” is 5 to 6 to 7 bars right. Note 
that there are two coils pier slot. 

The “lead” of the first coil (A) begins with bar 1, 


which is the fifth bar to the right of the slot 12 
where it enters. It then “spans” six slots (from 
12 to 4), and ends at the sixth bar (2), to the right 
from under slot 12 where it entered. 

The “lead” of the second coil (B) begins tvith ba^ 
2, which is the sixth bar to the right of the slot 12, 
where it enters. It then “spans” 6 slots (from 12 to 
4), and ends at the seventh bar (3) to the right 
from under slot 12 where it entered. 

When the bars are connected to the bars opposite 
the center slots in the span, the lead is said to be 
“straight down” as in Fig. 17, just referred to. 

Another Example Showing the Principle of a 
Lapi and Wave-Wound Armature 



Fig. 22. Principle of lap-wound armature: Coil (1) being 
wound in "slota” (1) and (t) and starting from "sf.gment” (or 
“bar”) (1) and coming back to “Bcgmcnt” (2). 

All coils wound and connected exactly alike—one after the 
other, only one turn per coil being considered. Must have as 
many brushes as pole-pieccij. 



Fig. 23. Principle of a wave-wound armature: Coll (1) 
being wound in slots (1) and (4) and starting from ’’segment” 
(1) and going to “segment” (6)—opposite side of cfonmutator— 
where it connects with coil (5) which is wound in ilots (5) and 
(8), the end of coil (5) coming back to segment (9) which is next 
to the beginning of coil (1). 

All coils wound and oonneoted alike—one alter the other, 
only one turn per coil being considered. 

Armature so connected need have only two brushes, but may 
also have as many brushes as pole-pieces (from the instruction 
bookofOnan 






























INSTRUCTION NO. 33 

GENERATOR FIELD-WINDINGS AND REGULATION METHODS 

GENERATOR FIELD WINDINGS 


Shunt winding: On all ^nerators used for auto¬ 
mobile work the magnetic neld is produced by what 
is term^ a ‘^shunt” connection or the field winding, 
which is directly across the brushes, as shown m 
Fig. 1. Thus it is called a ‘^shunt-wound” genera¬ 



tor. Where there is a regulation system to the field 
winding of a generator, the reg^ation (such as an 
electric-magnetic principle or third brush) is placed 
in between the field winding and brush as explained 
farther on. 

With a shunt-wound generator about 10 per cent 
of the total current generated by the armature 
passes to the shunt field windings. Therefore the 
strength of the main magnetic field depends upon 
the current passing through it, and the strength of 
the current aepends upon the speed of the generator 
armatuie 



winding: This windii^ (Pig. 2) is used 
^nnoipally for starting motor nela windings. In 


many instances the starting motor fields are con* 
nected '‘series-parallel^” instead of in straight series. 
That is. where there is a four-pole starting motor, 
the fiela windings are often connected, two m series 
and parallel with the circuit, as, for instance, in 
Fig. 4, page 326. 

It will be observed that all of the current would 
pass through the armature and field in series. Thw 
winding is not suitable for generator windings, if 
used alone. 



Fig. 3. Compound winding; shunt and series. 


Compound windings: On some ^nerators two 
field wmdings are used (Fig. 3). One winding k 
a “shunt” winding and the other a “series” wind¬ 
ing. 

If the two windings are wound in the same 
direction (as in Fig. 3), they assist each other in 
producing magnetic lines-of-force at the field 
poles, thus producing an “accumulative” effect or 
action. 

If the two windings are wc md in opposite direc« 
tions, they oppose each other, thus producing a 
“differential” effect in action. 

The shunt windi ig coils, in this instance, consist 
of a much greater number of turns of fine wire than 
the series coils, which are of coarse wire. The 
shunt winding determines the polarity of the field 
poles. 

Motor-generators use a compound-winding, con¬ 
sisting of a “series” field winding and a “shunt” 
winding, which are wound in opposite directions on 
the field poles. 

When used as a motor, the two winding have the 
“cumulative” effect of magnetising the field poles. 
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and when used as a generatofi they have a 
ferential” effect (treated and discussed farther 
on). 

Thus, in summing up the different windings of 
generators, motors, ana motoi^nerators, we deal 
with two windings, a “series” winding and a “shunt” 
winding, either separately or combined. 


If the two windings are combined, thejr can be 
wound in the same direction or in opposite direc¬ 
tions, thus producing a ^^oumulative’^ Oa* ^'differen- 
tial” effect. 

The two windings can also be connected in two 
different wavs: as a “short shunt” connection, and 
as a ^4ong shunt” connection. 


GENERATOR REGULATION PRINCIPLES 


Why Output of a Generator Must Be 
Regulated 

The shunt-wound generator is used most. As 
stated, about 10 per cent of the current from the 
armature flows through the shunt field windings. 
This flow of current through the field winding 
^Hbuilds up” the magnetic lines-of-force in the field 
poles. 

The lines-of-force then flow from N to S pole of 
the generator, and as the armature coils revolve 
between these poles, there is set up in the armature 
coils an induct e.m.f. (electric-motive-force, volt¬ 
age, or pressure) which causes electric current to 
flow, as previously explained. 

The ejni. voltage thus produced by a generator 
depends upon: 

1. The number of lines-of-force cut by the armature 
wires. 

2. The number of the cutting wires in armature 
coils. 

3. The speed at which the armature revolves, or the 
rate of speed at which the wires cut the lines-of- 
force. 

Thus it is clear that if the speed of the generator 
armature is increased, the lines-of-force will increase; 
consequently as the Imes-of-force increase, the e.m.f. 
increases, owing to the greater speed at which the 
lines are cut by the armature coils. 

For this reason, a plain shunt-wound generator 
will build-up its lines-of-force at high engine speeds 
(the engine drives the generator armature), and 
conseauently the e.m.f. or voltage would increases 
to su<m an extent that the lamps would be burned 
out and too high a charging rate would pass to t^^^ 
battery. 

Constant Current and Constant Voltage 

To prevent the generator from increasing above 
its normal output at high speeds, methods for regu¬ 
lating the output are provided and can be classed 
as follows: 

1. Regulation of the voltage, by maintaining a “con¬ 
stant voltage,” with the current varying. 

2. Regulation of the current, by maintaining a 
^constant current” (amperage), with the voltage 
varying. 

3. Regulation of both voltage and current. 

As a matter of fact, the number of magnetic lines- 
oMorce and the rate at which they are cut by the 
armature coils, imvem both the voltage and current. 
Conditions whidi affect one would affect the other. 
Some manufacturers, however, provide means for 
decreasing the lines-of-force through the voltage 
produced oy the generator, and others through the 
sonent produced, or both. 


Meaning of Constant Current and Constant 
Voltage 

The generator output in watts is equal to the 
product of the current (amperes) multiplied by the 
volts (pressure). If there is no other pressure 
(voltage) in a generator circuit than that aelivered 
by the generator, the current delivered by the 
generator is eoual to the voltage divided by the total 
resistance of the circuit. 

If the pressure (voltage) generated in the arma¬ 
ture remains fixed or constant, the current supphed 
by the generator will va^ according to the amount 
of resistance in the circuit, as, for example, a 
charged or discharged batteiy, lami^, etc. If, by 
way of illustration, the resistance is increased in 
the circuit (perhaps by the battery being fully 
charged), the current in the circuit will decrease, 
and if the resistance in the circuit is decreased, 
through a discharged battery in the circuit, for in¬ 
stance, the current will increase. 

If the generated pressure or voltage in the wind¬ 
ing of the armature is changed or varies, and the 
resistance of external circuit does not change, 
there will be an equal chan^ in the output of cur¬ 
rent. For instance, if the pressure (voltage) 
increases, the amperage will increase, and if 
the pressure decreases, the amperage will de¬ 
crease. 

If the pressure of the generator and the resistance 
of the circuit both ch^ge, then the amperage is 
equal to the pressure at the time, divided by the 
resistance at the time. 

When the generator output is being delivered as 
a constant current and the pressure or voltage is 
varying, the generator is termed a constant current 
generator. 

When the output is being delivered at a constant 
voltage or pressure and the current is varying, the 
generator is termed a constant voltage genera¬ 
tor. 

With the “constant voltage” regulation system, 
the amount of current generated, as previously 
stated, depends upon the state of the battery 
charge and the amount of lamp load in use. With 
a discharged battery, the voltage delivered to the 
battery is a minimum, but as the oham of battery 
proceeds the voltage of the battery wiu increase, so 
that the difference m pressure between s^rator and 
battery is continually diminishing. For instance, 
if the battery is fully charged, and is, say, 6 volts, 
and if the generator voltage is 7 volts, then there is 
one volt pressure to send current through the bat¬ 
tery, ana the generator charging current will be 
small. 

Therefore the charging current is variable even at 
the same speed of rotation, and tapers from maxi¬ 
mum (about 12 to 20 amperes) with a disdiarged 
battery, to minimum (4 to 6 angMies) with a roily 
ehaigsd battery. 
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After the generator reaches a speed at which it 
develops its normal voltage, the voltage does not 
increase with speed, but remains constant—if a 
regulation method is used to decrease the strength 
of the magnetic field. 

Voltage reguktion permits of a battery being 
charged at a high-current rate when the battery 


voltage is low, and at a much lower rate when the 
battery voltage is high. 

With the constant current regulation, the gener¬ 
ated current is independent of the voltage of the 
battery or the amount of lamp load connected, but 
depends upon the speed at which the machine is 
driven and on the regulation system.^ 


GENERATOR REGULATION METHODS 


To maintain either a ‘^constant voltage” or a **con- 
stant current” (amperage) or both, the following 
methods are avafiable: 

1. Mechanically, by hand: Where the resistance is 
cut into the shunt-field circuit, thus decreasing 
the strength of the magnetic field (not practical). 

2. Electromagnetic method: Where the resistance 

is cut into the shunt-field circuit automatically 
by an electromagnetic device placed externally 
to the generator. This exten¬ 

sively used. 

3. Mechanically, by an automatic governor: Where 
a mechanical governor is used to regulate the 
speed of the generator (obsolete). 

4. Inherent method: Wiere there are ''two wind¬ 
ings” (compound windings) on the field poles, 
or where a ''third-brush regulation” is used. 
Thus with both of these methods the regulation 
is “inherent,” or within the generator and with¬ 
out the use of external devices. 


The Delco and North East are examples of com- 

C ound-wound generators which also use a third- 
rush regulation. 

The object of all the regulation methods men¬ 
tioned above is to decrease the current flowing 
through the shunt-field winding at very high speeds 
of the generator, in order to reduce the strength of 
the magnetic field and to maintain a “constant volt¬ 
age,” or “constant current, ’ or both. 

Mechanical Hand Method 

The hand method (Fig. 4) of cutting resistance 
into the shunt-field circuit of a straight shunt-wound 
generator is impractical, because it would necessitate 
someone moving the lever (H) constantly back and 
forth. For instance, if the generator speed is high, 
the resistance (M) should be cut into the field circuit 
by moving the lever (H) to 2. As the speed de¬ 
creases, the lever (H) would be moved back to 1, 
cutting out the resistance. 



CUT-OUT CUTS TMC CHMWIHO 
CIRCUIT. RtSISTANCf CONTROU 
the FIEU) CIRCUIT. 


Bis. 4. Mechanical hand method of regulation (not used i 
a general practice). 


Therefore some means whereby this action can 
be made to be “automatic” is the method which we 
shall discuss. 


Electromagnetic Regulation Methods 
Electromagnetic methods consist of an eleotro- 
oiagnetio device (Figs. 5,6, and 7) similar to a cut- 
cmt in anpeaianoe. Its purpose is to outrin reeieb- 


ance into the field circuit at high speeds magnetically 
thus decreasing the strength of the magnetic field. 

Note. Do not confuse the electromagnetic out-out with the 
electromagnetic regulator. 

The purpose of the cut-out ia to open and close the circuit 
between the generator and the battery and this is explained 
on page 332. It is placed in the external circuit with practi¬ 
cally all generators, regardless of the type of regulation, and is 
shown in the various illustrations, but is not referred to. 

There are three electromagnetic methods. These 
are: 

(1) To regulate the current (amperage) so as to 
obtain constant current or amperage. 

(2) To regulate the voltage so as to obtain constant 
voltage, or pressure. 

(3) To regulate both voltage and current so as to 
obtain constant current and voltage. 

Electromagnetic Voltage Regulation 

Voltage regulation of the generator by the electro¬ 
magnetic method is shown in Fig. 6. The prin¬ 
ciple of construction is similar to that of an electro¬ 
magnet with a fine wire voltage winding (F) around 
an iron core (G). This winding is connected across 
the generator charging circuity and not in series 
with the generator charging circuit as in Fig. 6: 
therefore the magnetic force of the core (G) will 
depend upon the voltage in the fine wire winding (F). 



Fig. 5. Electromagnetic voltage-regulation method. 

This generator (Fig. 5; also Figs. 6 and 7) is a 
plain shunt-wound generator. Instead of con¬ 
necting the ends of both field poles directly to the 
brushes inside of the generator, the shunt-field cir¬ 
cuit is from (-f) of the main brush, to the regulator 
arm (H), to points (EE), through tne field windings, 
to (—) of the main brush. This extension is made 
in order to be able to insert resistance (M) into this 
shunt field circuit when the generator is running at 
high speeds, and thus weaken the current flowing 
in the shunt field circuit and preventing too high 


»For instance, on the BiJur “third-brush regulated,** ‘‘con¬ 
stant-current** generator, Uie out-out closes at a generator 
voltage of 6.5, or a generator sjpeed of 500 or 600 r.p.m. With 
increasing speed, the current increases to maximum value, at 
speeds of about 1,000 to 1,600 r.p.m; at higher speeds the cur¬ 
rent gradually decreases owing to the third-brush regulation 
(explained farther on). 

It is not feasible to supply current for lights from a “constant- 
current** generator without a battens being connected in cir¬ 
cuit. For instance, if lamps require 7 amperes and the genera¬ 
tor, at speed, delivers 15 amperes, the generator voltage would 
rise unta the additional 8 ampeM not required by the lamps 
will be forced through the lamp cirouU and ourn them out. 
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an output of the generator. The resistance (M) 
on the regulator is connected into the field circuit 
only iTohen pomts (^) are open, which is at high 
spei^ of the generator. These points are normafiv 
closed, so that the generator field can %ufld-up/* 
magnetic linQS-of-force at low speeds. 

The voltage generated by the generator will 
determine the opening of the points (££). The 
fine wire voltage winding (F) of the regulator is so 
wound, that with a 6-volt battery, the generator 
voltage will reach about 7.5 to 8 volts maximum, 
and points (££) will remain closed; but on higher 
spee^ and where the generator reaches a higher 
voltage than the maximum, then the core (G) 
becomes magnetized sufficiently to draw blade (F) 
to it, thus opening points (££), and cutting in resist¬ 
ance (M) mto the held circuit. This has the result 
of weakening the magnetic lines-of-force of the fields. 

When the generator speed is less than 8 or 10 
miles per hour car speed, the generator voltage drops 
to less than 6.5 volts, and the core (G) loses its 
magnetism, and points (££) close again, thus cutting 
resistance (M) out of the field circuit. This per- 
poits the magnetic lines-of-force to build up again 
in the fields. This action is repeated over and over 
as the speed of the en^e and generator varies; 
and thus the blade (F) vibrates back and forth. 

With the *^constant voltage” regulation, the 
amount of current generated depends upon the 
battery voltage (if charged or discharged), and also 
on the load in the circuit, such as lamps, etc. 

Note that the charging circuit from the generator 
to the battery is not through the regulator winding. 

The voltage can be increased or decreased, where 
the relator cuts in and cuts out, on many regula¬ 
tors of this type, by increasing the spring tension 
of blade (H) for an increase of voltage and by 
decreasing, for a lower voltage. 

Electromagnetic Current Regulation 

Current regulation of the generator by the 

electromagnetic principle is shown in Fig. 6. Note 
tlmt this IS a plain shunt-wound generator, as in 
Fig. 1, and the difference between Fig. 5 and Fig. 6 
is that the winding (F) on core (G) is a coarser wire 
and is in series with the charging circuit instead of 
across it, and the magnetic force of the core (G) 
will dep^d upon the current or amperage passing 
through this winding. 



The shunt field circuit is from (+) of the main 
brush of the generator, through regulator blade (H), 
through points (EE), which are normally closed, to 
the fi^ winding, through the field windmgs to (—) 
main brush. 

Note that the charging from generator to battery 
must pass through the regulator winding (?). 

When the engine speeds up, the gb^erator builds 
up voltage (ejn.f.). When the voltage of the 
generator Is sufficient to cause the cut-out points 


(P) to close, which completes the battery charging 
circuit, the generator then charges the battejy. 
And as the charging current flows through the 
regulator winding (F), this will cause core (G) to 
become magnetized, and when the maximum out¬ 
put of current from the generator (approximately 
12 to 15 amperes) is passmg through this winding, 
the blade (H) will be drawn to core (G) against the 
tension of the spring, thus opening points (EE). 
This action inserts the resistance (M) in series with 
the shunt field circuit, thus causing the voltage of 
the armature to drop and the charging current to 
decrease, because of the weakening of the shunt 
field strength, or magnetic lines-of-force. 

When this current decrease ^ops to about 10 
amperes, the coil (F) is wound with such a size wire 
and number of turns that the core (G) loses its 
magnetizing force and the blade (H) is released and 
closes the points (EE), thus cutting the resistance 
(M) out of the field circuit, and permitting the field 
strength to build up again to its maximum. 

The blade (H), in actual practice, vibrates, or 
opens and closes rapidly, so that the generator will 
not charge over 12 to 15 amperes (or 15 to 20 on 
some generators), at high speeds, and thus the cur¬ 
rent output is constant, regardless of the voltage of 
the battery, whether charged or discharged. 

It will be clear, by referring to Fig. 6, that if the 
battery should be removed, or if the battery terminals 
are loose, or some other open circuit should exist, 
there would be no current flowing through the 
regulator current coil (F), and there would be no 
regulation of the generator. Thus, at high speeds, 
it could build up voltage to such an extent that it 
would damage the generator. 

If the battery is removed, open the field circuit 
by disconnecting the field wire. Usually there is a 
fuse in the field circuit which can be removed. 

To increase the charging rate, the spring tension 
of blade (H) is increased, and to decrease the charg¬ 
ing rate, the spring tension is decreased. 

Electromagnetic Voltage and Current 
Regulation 

Current and voltage regulation by the electro¬ 
magnetic principle can be combined as shown in 
Fig. 7. 

This regulator winding (FI) is on the same core as 
the cut-out winding (F2), with blade (A) on one 
end of the core as a cut-out blade, and with a 
regulator blade on the other end of the core. 



Fig. 7. Eleotromagnetio voltage and ouiront regulation. 

The windings (FI) and (F2) differ, in that (FI) is 
a fine wire voltage winding and connects across the 
char^g circuit, and the coarse wire current wind¬ 
ing (^) is in series with the charging circuit from 
the ^nerator to the battery. The ohar^n^ current 
does not pass through the voltage winding (FI), 
but does pass throu^ the current winding (F2). 
Both wiftfdirxs are m the same direction on the 
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core. The only difference between the regulator 
and cut-out windings and that of a regular cut¬ 
out winding as shown in Fig. 3, page 332, is 
that in the latter, a regulator bl^e is provided with 
points (£) and resistance (M) whicn can be cut 
into the field circuit when the points (E) are 
open. 

When the voltage of the generator reaches about 
6.5 volts, the current passing through the fine wire 
winding (PI) is sufficiently mametized to draw 
blade (A) of the cut-out againsf the spring tension, 
which is so adjusted that the cut-out blade (A) is 
drawn to the core, and the cut-out points are closed. 
The charging current then passes through the cut¬ 
out winding (F2), through the points, to the (+) 
terminal of the battery, in the usual manner. 

When the voltage or current reaches more than 
die output should be, the regulator blade (on the 


left) is drawn to the core a^inst the tension of the 
spring which is adjusted higher than that of the 
cut-out blade. This action cuts resistance (M) into 
the field circuit, as previously explained in connec¬ 
tion with Figs. 6 and 6. 

It will be noted that if the cut-out points should 
not close, or if the battery is disconnected, current 
will not flow through the current coil (F2), and the 
generator will be dependent upon the voltage wind¬ 
ing (FI) for regulation. If the voltage winding 
should become disconnected, then the cut-out 
points could not close: thus the charging current 
would not pass to the battery. 

If the battery is removed from the circuit, dis¬ 
connect the shunt-field wire at the regulator, so as 
to open the field circuit. 

An example of a regulation system, similar to the one de¬ 
scribed is the Ward L^nard “type CC/’ shown on page 352. 


EXAMPLE OF A CONSTANT-VOLTAGE REGULATION (BIJUR CONSTANT-VOLTAGE- 
REGULATION GENERATOR AS AN EXAMPLE) 


The Bijur voltage regulation system is shown in 
the illustration below (Fig. 8). With this system 
the amount of current generated depends upon the 
state of charge of the battery and the amount of 
lamp load in use. With a discharged battery the 
voltage is at a minimum, but as the charge of the 
battery proceeds the voltage of the battery will 
increase, so that the difference in pressure between 
generator and battery is continually diminishing. 
If the battery is fully charged, then the generator 
charging current will be small. Therefore the charg¬ 
ing current is variable even at the same speed of rota¬ 
tion, and tapers from the maximum with a discharged 
battery to minimum with a fully charged battery. 

After the generator reaches a speed at which it 
develops its normal voltage, the voltage does not 
materially increase with speed, but remains nearly 
constant. 

Voltage regulation permits of a batteiy being 
charged at a high-current rate when the battery 
voltage is low, and at a much lower rate when the 
battery voltage is high. 



Fig. 8. Bijur electromagnetic voltage regulation system. 


Operation of cut-out (C) (Fig. 8): Its purpose is 
to connect and disconnect the generator to or from 
the battery when the generator is at rest or at very 
low speeds. It has a shunt or voltage winding (V), 
and a series winding (S). The shunt winding (V) 
is connected across the generator, so as to receive 
the full voltage of the generator, and when the 
machine attains a speed at which it develops 6.5 
volts, the shunt winding is sufficiently energized to 
close the cut-out armature (A). The series winding 
(S) is connected in the main circuit, and current 
flows through it^ and its pull reinforces the pull due 
to the shunt wmding and firmly holds the cut-out 
armature (A) closed. When the sp^ of the 
generator is decreased to a speed where it generates 
voltage lower than the battery, then a momentary 
discharge from the battery through the series wind¬ 


ing demagnetizes the core of coil (C) and the cut¬ 
out is opened. 

The voltage-regulating unit (F) (Fig. 8) h^ a 
single winding connected across the generator in a 
manner similar to that of the cut-out voltage wind¬ 
ing. It is opened and closed according to the 
amount of pressure developed by the generator. 
Below 7.75 volts the resistance (M) is cut out of 
the field circuit, the path being around it through 
giving the generator a chance to build up. 
)ve 7.75 volts, the coil (F) pulls (H) to it, which 
throws resistance (M) into tne field circuit, which 
automatically reduces the generation. While run¬ 
ning, this regulator armature vibrates rapidly, cu^ 
ting the resistance into and out of the field circuit 
by means of vibrator (H). Thus the pressure never 
goes above 7.75, or the lamps would ourn out. 

The other resistance unit (E), which is connected 
in parallel with the shunt-field w inding, is to absorb 
the field energy when the regulator contacts are 
open and to reduce sparking at contacts. 

Ammeter: In this particular system the meter 
is connected between the generator and battery, 
which indicates the generator output only, and does 
not show a discharge when the generator is at rest. 
On some cars the meter is connected at branch (X). 
and with the generator in operation the meter will 
indicate the output less the current consumed by 
lights and other devices. 

Adjustments: A hole is provided on the regulator 
box for adjusting the voltage regulator, and another 
for the cut-out. Turning the adjusting nut to the 
right on the cut-out raises the cut-m voltage. Turn¬ 
ing the adjusting nut on the voltage regulator to 
the right raises the generator voltage. 

Before adjusting cut-out, disconnect one of the 
battery terminals and place the headlight switch on. 
Voltmeter leads should be clipped to the generator 
brushes, and the engine shouldf be run slow, gradu¬ 
ally increasing speed. Adjustment should then be 
made so that the cut-out will close at 6.5 volts. 
The volta^ will then immediately drop on closing, 
which indicates that it has closed. 

In setting the voltage regulator, connect generator 
to battery, having specific ^avity of 1,250 and with 
light switch off. Voltage should be measured across 
the brushes as above. Run the engine at such a 
speed that the ^nerator will turn 1,000 to 1,400 
r.p.m. and with the tension of spring regulated until 
7.75 to 7.8 volts are iterated. Always set adjust¬ 
ing nut tight after Ousting. 
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The generator can be used without the batter^i 
if lights are on, otherwise the resistance unit is 
liable to bum out. 

Wiring: A single or double wire system can be 
used with this generator. 

Care: (1) every two weeks 2 or 3 drops of thin 
mineral oil should be put in the oilers; (2) every two 


weeks reverse regulator disconnect plug by pushing 
it in to unlock, then turn and reverse its connections, 
which changes the direction of the flow of current 
through the points of the re^lator, thus preventing 
pitting of points or depolarization, as explained on 
page 203; (3) inspect brushes every 1,000 miles, 
to see that they make good contact and move freely 
up and down. 


EXAMPLE OF AN ELECTROMAGNETIC CONSTANT-CURRENT REGULATION SYSTEM 

(REMY “RELAY-REGULATOR” TYPE) 


The Remy generator used with this regulator 
(Fig. 9) is usually a four-pole generator; however 



a two-pole type generator is used as an example, 
which makes no particular difference, because it 
ean be used with either a two or four-pole generator. 

The generator is a plain shunt-woimd machine 
and does not have the third-brush regulator, but a 
'‘resistance regulation” which is cut into the shunt- 
field circuit at high speeds by an electro-magnet. 

Remy terms a “cut-out’’ a “relay.” Therefore 
when we speak of a “relay.” it is the same device 
that has been termed a ‘‘cut-out” in preceding 
instructions. 

Shunt field circuit: From the (+) main bmsh 
of the generator to terminal (I) of the “relay- 
regulator,” through the fuse, through points (E) of 
r^ulator, to tenmnal (H), through the shunt field 
wmdings, to the (—) main brush. 

Cut-out or voltage circuit: From the (+) brush, 
to terminal (I), through the fuse, to cut-out voltage 
winding (V), to termii^ (G), to the (—) main brush. 

Note. On a grounded or one-wire esrstem, nound oonnec- 
iiont are made at i>ointa (Ll), CL2), and (L3) wiree (B) and 
(If) ara not used. 


Regulation at high speeds: At high sp^ds, the 
current passing through re^lator winding (D). 
which is in senes with the charging circuit, would 
exert a magnetic pull through its core (not shown 
in the illustration) which would draw the regulator 
blade, or the armature (Al), to its core, thus opening 
points (E), which causes resistance (F) to be cut 
into the shunt-field circuit, thus reducing its lines- 
of-force, and consequently its current output. The 
shunt-field circuit would then be from the (-f-i 
brush, to (I), to the fuse, through resistance (F) 
because points (E) are open, to (H), to the ( —) main 
brush. 

Since the regulator winding (D) is of heavy wire, 
the amperage or current controls the magnetic 
strength instead of the voltage, as explained under 
Fig. 6, page 348. Thus it would be termed “con¬ 
stant-current regulation,” by means of an “electro¬ 
magnetic” action. 

Note. Resistance coils (F) are shunted across each set of 
regulator points. It is essential that the two seta of regulator 
points be adjusted so as to be separated by the same current 
through the regulator coil, and that both sets vibrate together. 

Remy Relay-Regulator Adjustments 

An internal view of the circuit of the regulator 
and cut-out (relay), of the Remy system just de¬ 
scribed, is shown in Fig. 9. 

An external view is shown in Fig. 10. Note that 
the cut-out and re^lator are separate windinm, 
but each is mounted on one base, which is usuaBy 
mounted on the generator. 



Fig. 10. Cut-out (relay) and regulator used with Remy 
'^relay-regulated” generators. 

This cut-out and regulator (Fig. 10) is the com¬ 
bination used with the Remy relay-regulated genera¬ 
tor (Fig. 9). 


Battery ba rg in g dreuit: We will assume that the 
graerator has reached a speed where voltage winding 
^ has drawn blade (A) to its core, and points (P) 
are closed. Then the battery charging circuit 
wotild be from the (+) main brush, to (I), throu^ 
the fuse, through points (P), through cut-out blade 
(A), through cut-out series or ctirrent y^ding (S), 
throui^ regulator winding (D), to terminal (K). to 
(•f) oTbattery, to terminal (G), to the main (-) 
brush. 

Note. If a gnraadad tystam, it would be from (L8) to (Lil. 


First, however, in order to explain the adjustment 
of the cut-out (relay), we will use an illustration of 
the Remy cut-out alone (Fig. 11), which represents 
the same principle as the cut-out shown in Fig. 10 
(above). 

This cut-out (Fig. 11) is the cut-out used on 
Remy ^nerators where the reflation is by means 
of a third-brush (explained farther on), and a 
realtor of the electromagnetic t 3 rpe (Fig. 10, 
ri^t) is not used, but, as stated, the out-out prin- 
dole of both is similar. 
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Fig. 11. Remy cut-out as used with Remy “third^brush 
.refumted’* generators. Used as an example to explain the 
pnnoiple of adjustment of the out-out in Fig. 10. which is 
similar. 

The Remy Cut-Out 


check this adjustment. When making this adjust¬ 
ment be sure that the contact points meet each 
other squarely. 


advertisement on Wiring Diagram Book in the back of this 
book. 

When the contact points are separated, the dis¬ 
tance between them should be .012" to .016" on 
the 263 and 264 models^ and .017" to .020" on the 
other models. On the 5^ and 264 models this can 
be adjusted by bending the armature stop up or 
down (see Fig. 11). On the other models the stop 
pin which passes throu^ the armature should fix 
this adjustment. If it does not, it can be raised oi 
lowered slightly. 


The cut-out (termed a "relay") is simply an auto¬ 
matic switch for connecting and disconnecting the 
generator and the storage battery, as explained on 
page 332. If the battery were left connected to 
the generator when the latter runs very slowly or 
stops, a reverse current would flow from the storage 
battery back through the generator windings and 
would soon discharge the storage battery. To 
prevent this a reverse-current cut-out is provided 
to act like a check valve, permitting the charging 
current to flow into the battery when the generator 
is driven rapidly, but opening the circuit whenever 
the generator slows down or stops. 

The cut-out has two windings, a "shunt" or volt¬ 
s' (V, Fig. 9), consisting of many turns of fine 
wire, and a "series" winding (S), consisting of 
comparatively few turns of heavy wire. On the 
model shown (Fig. 11), the windings are placed on 
separate iron cores, but in some other models both 
windings are on the same core. 

Whenever a ciurent flows in either winding the 
core becomes a magnet, the stren^h of which 
depends on the amount of current flowing. The 
shunt or voltage coil is connected directly across 
the generator terminals in the same manner that a 
voltmeter would be connected. Hence the current 
in this coil will depend on the voltage at the gener¬ 
ator terminals. The series coil is connected 
(through the contact points) between the generator 
and storage battery in the same way that an 
ammeter would be connected. The internal 
connections of the cut-out and regulator are shown 
m Fig. 9. 

Cut-Out Adjustments 

For coirect adjustment of the cut-out (Figs. 10 
and 11), it will be necessary to have an ammeter 
connected ^tween the cut-out and the battery, so 
that the direction and amount of current flowing 
can be determined. 

The ammeter on the car can be used, but it should 
be checked to make sure that the hand stands at 
zero when the engine is at rest and that no lights or 
other electrical equipment is in use. If it does not 
indicate correct zero, be sure to allow for the error 
when making adjustments. 

The **air-gap” (Fig. 11), or distance between the 
end of the core and tne armature (A) will affect the 
operation of the cut-out* Conseauently this should 
M the first point to be considered when the cut-out 
is to be adjusted. 

When the contact points are closed, the air-gap 
distance between the end of the core and the arma¬ 
ture should be .012" to .016". This distance can 
be ohanfl^ by moving the stationary contact point 
up or down. A thioKness gauge may be voted to 


“Cut-In’’ Adjustment of Cut-Out 

After having completed these adjustments start 
the engine and let it idle very slowly; then gradually 
speed it up until the relay contacts close. This is 
called the "cut-in," and can usually be determined 
by watching the ammeter. When the contacts 
close, the hand should move slightly to indicate a 
charging current of two or three amperes. 

If, when the cut-out “cuts in,” the current is 
greater than three amperes, the armature spring 
tension should be decreased. This is accompUshed 
as follows: on the 263 and 264 models, by bending 
the brass strip through which the spring passes; 
on the M, O, 165, 3923, and similar models, by 
bending the spring under the armature; on the 60, 
66, 261, and 262 models, by backing out the adjust¬ 
ing screw in the center of the armature. 

If, when the relay “cuts in,” the ammeter indi¬ 
cates a discharge cu^ent, the spring tension on the 
armature should be increased by reversing the pro¬ 
cesses described above. 

Note. The relay cut-in can alao be adjusted by connecting 
a voltmeter across the generator terminals and varying the 
armature spring tension until the cut-in occurs at the vmtage 
given below: 

Models 0, 60-A-B, 61-A, 62-A, 64-A, 65-A, 165-D, 

261-A-B, 3923 . 6.4 to 6.6 volts 

Models 263-A-C-D-F, 264-A-B-C.7.0 to 7.4 volts 

Models M, 66-A, 262-A.12.4 to 12.6 volts 

Models 263-B-E.13.5 to 14.0 volts 

“Cut-Out” Adjustment of the Cut-Out 

Having adjusted the relay to. "cut in" properly, 
speed up the engine until the generator delivers its 
maximum output, and then gradually reduce the 
engine speed until the cut-out contact points 
separate or "cut out." The ammeter hana may 
swing past zero to the discharge side of the scafb 
for a moment before it cuts out. The discharge 
current should not be greater than two amperes, 
nor should the ammeter hand remain on the dis¬ 
charge side for more than a few seconds. 

If the discharge current from the battery, back 
through the cut-out winding, series winding, exceeds 
two amperes, or if the ammeter hand shows a tend¬ 
ency to remain on the "discharge" side of the scale, 
the cut-out armature (A, Fig. 11) spring tension 
should be increased. 

If the cut-out “cuts out” while the ammeter still 
indicates “charge,” the armature spring tension 
should be decrease. 

Should the cut-out armature (A) vibrate when 
the points close it is well to stop the engine and close 
the contacts by hand for an instant, and then make 
sure that they open again. This will allow the 
battery current to flow tnrough the generator wind¬ 
ings and magnetize the generator x>oles with the 
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correct polarity. If the generator polarity ia incor¬ 
rect, the cut-out contacts may be burned. 

Vibration of the cut-out armature (A) may also 
be due to *‘cutting in” when the generator voltage 
is below that of the battery. This can be corrected 
by increasing the armature (A) spring tension as 
explained above. 

After completing the adjustment of the (nit-out, 
check its operation several times to make sure that 
it cuts-in and cuts-out properly. 

Regulator Adjustments 

The action of the regulator, as well as the cut-out 
just described, is given on pages 350, 351. 

After reading the explanation of the action of the 
regulator, given on page .350, it will readily be .seen 
that an increase in the spring tension on the regu¬ 
lator armature (Al, Fig. 10) would increase the 
charging rate of the generator, as the current 
through the regulator winding (D) fFig. 9), page 
350, would have to reach a higher value before the 
magnetic pull on the armature (Al, Fig. 10) would 
overcome the increased spring tension. 

Before starting to adjust the armature spring 
tension of the regulator, raise or lower the station¬ 
ary contact supports (SS, Fig. 10) until the arma¬ 
ture stands in the position shown in Fig. 10. The 
end of the armature should be slightly above the 
end of the core. Now press down lightly with 
the finger on the center of the armature and watch 
the contacts, to determine whether both pairs 
separate at the same instant (there are two sets of 
points on the regulator as shown in Fig. 9, page 
350). If they do not, adjust one of the stationary 
contact supports up or down until both pairs 
separate at once. There are two supports (SS); 
one for each set of points. 

Adjust the spring tension by turning the small 
screw in the center of the armature in or out until 
the correct charging rate i.s obtained (see table 
below). In some cases it may be necessary to bend 
the armature tension spring slightly before the cor¬ 
rect adjustment can be obUiined. 

The maximum generator output depends on the 
model of the regulator as shown by the following 
table: 

Models 60-A, 26l-A, 261-D.13.5 Amperes 

Model 60-B.10.0 Amperes 

Models 66-A, 262-A (l2-volt).6.5 Amperes 


Note. Data on the regulation, speed, air-gap, out-in and 
cut-out speeds of generators, other tests, speMs, etc., for all 
makes of generators, regulators, and eut-outs is ineluded in the 
Manual described on page 1152. 

Cure of Cut-Out and Regulator ” 

The cover (Fig. 10) should be removed for inspec¬ 
tion at least once every two months. If the con¬ 
tact points are rough, pitted, or dirty, a strip of 
00 sandpaper (which has been used) should be 
draw’n through betw een the contact points (Fig. 12) 



12. Strip of sandpaper (A) boinp drawn between pomts 
of'fut-oMt or rtiffiilalor 

several times, reversing sides each operation, so as 
to remove any rough surfaces or foreign material 
which might have accuintilated. Be sure and clean 
the contact points by drawing a sheet of white paper 
through the points to remove any material such 
sand or dirt. 

Contact Poiiil.M 

'Hie points should h.ivc ii smooth, clean surface 
and make good contact. One of the fK)ints is 
mounted on the end of a screw' w hich can he iurrted 
in or out to adjust the air-gap. I'his gap shottld 
be adjusted as previously explained. Three dif¬ 
ferent metals are used for these points: silver, plat i- 
num, and tungsten. When silver points are used, 
a reversing switch (termed a “pole-changing 
switch”; see Index) should always be used, the 
reason for this being that the silver passes from one 
contact to the other with the current, and it is 
necessary to reverse the direction of current flow' 
occasionally so that the silver w ill not all build up 
on one point, leaving none on the other. Tungsten 
is now used most, and the pole-changing switch is 
seldom used. 


EXAMPLE OF AN ELECTRO-MAGNETIC CONSTANT CURRENT AND VOITACE 
REGULATION SYSTEM (WARD-LEONARD, TYPE “CC”) 


An example of a regulator by w hich the voltage 
and current are regulated is shown in Fig. 13 of 
Ward-Leonard, type “CC” cutK)ut and regula 
tor. 

When the generator reaches sufficient speed to 

generate sufficient voltage to overcome the voltage 
of the batte^, which is usually about 6.6 volts, 
the current flowing through voltage winding (A) 
magnetizes the core and efraws cut-out blade (C), 
thus closing cut-out points (DD). 

The charging circuit is then from the generator 
(*f) grounded brush, to the (-+-) grounded terminal 
of the battery, through the batten^, through current 
winding (L), through points (DD), to the (—) 
brush of the generator. 

The field circuit is from the (H-) brush of the 
generator, throu^ the field winding, thro^ 
regulator points (SB), through>lade or arm (H), 
_ to the (•^) brush of the generator. 

*tor Uter infomuitioii on service adjustments, cleaning contact points, etc. see Addenda pp. 7S-79. DbUo Remy Maintenance 
and Operation Handbook (available to readers of this book—see p. 6plA), sUtea that eandpaper or emery doth ehoutd neeerhetieed 
to clean eoniaet points^ as particles of sand or emery may imbed In the points and cause rapid burning. Oil or grease on oontaot 
soifacee will also cause points to burn. See also footnote 2 p. 220, 



Tig. 13. Intomal circuits of the Ward-Loonard t>'pe '‘CC" 
eut-out and regulator. 
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This regulation method is similar in principle to 
that shown in Fig. 7, page 348. 

When fhe charging rate reaches 10 amperes or 
more ^according to tension of^ring), the core pull is 
such that the regulator arm (Bi) is drawn to the core, 
and thus the points (££) are separated. This action 
cuts the resistance (M) into the field circuit which 
weakens it, thus the voltage and current are reduced. 


When the current decreases slightly below 
amperes, the core does not have sufi^cient magnetism 
to hold the blade (H) against its spring tension; it 
is released, and points (£) close, thus cutting out 
the resistance (M). 

This blade vibrates as the speed of generator 
increases and decrees, and thus the output of 
voltage and current is kept constant. 


MECHANICAL REGULATION METHODS; EARLY MODEL AUTOUTE, 
GRAY & DAVIS AND DELCO 


Mechanical Regulation Method (Early 
Model Autoliie) 

Mechanical methods for regulating the output on 
some of the early types of generators were employed. 
For instance, on an early type of Autolite generator 
(model Fig. 14) permanent magnets were 

used to produce the lines-of-force for the wires (jn 
the drum-type armature to cut. 



Rg. 14. Early model Autolite mechanical emulation method. 


A cut-out, for connecting the generator to the 
battery when the generator reached about 800 r.p.m. 
was placed under the magnets above the armature. 
(Very near all generators have used and now use 
cut-outs, no matter what regulation method is 
employed.)^ 

Note that there are two windings, a fine wire 
voltage winding (V^j through which current flows 
when the generator is started, from the (-h) brush, 
to points (S), through (V) winding, to the (~) 
generator brush. At 800 r.p.m. of the generator 
armature, sufficient voltage would be generated for 
this cut-out voltage winding (V) to produce sufficient 
magnetizing force around core (R) to draw arm (A) 
to it, whi^ action closes pomts (P) and opens 
points (S). 

The charging cinuit is thrii from the (+) brush, 
tlmugh pomts (P), through the coarse wire current 
winding (C), to the generator (-f) terminal, to the 
switch, to the ammetw, to the battery (+) terminal, 
through the battery, out battery (—) terminal, to 
the (—) terminal of generator. 

The regulation of output at high speeds could not 
be controlled by vai^dng the magnetic field, because 


‘On some of tht Deloo gooerntort the oul-out it not used, 
rhie ia expleined under the Deloo inatniotion farther on 


the strength of the field was permanent. Yet at 
high speeds the rule is that the greater the rate of 
speed at which the lines are cut, the greater the 
e.m.f. generated causing the current to flow. There¬ 
fore, in order not to produce too high an output, a 
mechanical governor was employed, w hich at high 
sp^ds disconnected the armature shaft with the 
drive system. Thus the regulation was a mechani¬ 
cal method of regulating the speed of the generator 
wliich reduced the rate of speed of cutting the fixed 
number of lines-of-force. 

This method would be classed as a mechanically 
regulated generator of the “constant-speed con¬ 
stant-current’^ type. 

Mechanical Regulation Method (Early Model 
Gray & Davis) 

One of the first generators designed for automo¬ 
bile work was a Gray & Davis, as shown in Figs. 
15 to 15B. This generator used electro-magnetic 
fields instead of permanent magnets. 



Pig. 15B. Governor of generator. 


The mechanical regulation of maximum output 
was effected by a centrifugal governor, w hich kept 
the speed of the machine constant. For that reason 
this generator may be placed in the class of me¬ 
chanically regulated machines of ^^constant-speetl 
constant-current.” Variations in speed are taken 
care of by the automatic “friction” type of clutch 
The friction clutch (A and B) will slip more or 
less according to the speed of the engine, and the 
amount of such slippage is controlled by a governor. 

As soon as the speed of the armature increases 
beyond the rated number of revolutions, the 
governor will act on the friction clutch. In other 
words, the two clutch halv^js (A and B) will be pulled 
apart and slip in such a manner that the armature 
will rotate not faster than the predeten lined speed. 
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A cut-out for connecting and disconnecting the 
battery and the generator $iot illustrated) was used 
with this system. This generat 9 r was Bfi early 
model and is now obsolete; but it is shown m order 
to explain one of the mechanical methods for regula¬ 
ting the output of a generator. 

Adjustment for a higher or lower charging rate 
of the output of the generator was made by altering 
the pressure of the governor clutch spring. 


Mechanical Regulation Method | Early Model 
Deleo 

On one type of Deleo electric system, used on the 
Hudson a **variable resistance** was intro¬ 

duced into the field windings mechanically by action 
of a governor. This is esmlained under the Deleo 
instruction, as is also the Deleo early model * ^Mer¬ 
cury type voltage re^lator.** as well as later models 
where a ^^thirdlrusn regulation** is used. 


INHERENT REGULATION METHODS 


Inherent regulation refers to regulation methods 
inherent of, or inside of, the generator. Inherent 
methods of regulation in most all instances main¬ 
tain a ‘^constant current’* or amperage.* 

Inherent, **constant-current’* regulation methods 
would include: 

1. Compound-wound generators (two windings on 
the field poles). 

2. Third-brush regulation. 

Compound-Wound Generators 

There is a ^'shunt** winding and a **series’* wind¬ 
ing on the field poles of a compound-wound genera¬ 
tor. The direction in which they are wound 
relative to each other will produce dinerent actions, 
as follows: 

1. Cumulative action: Where the two windings are 
wound in the same direction on the field core, so 
that one winding assists the other in the mag¬ 
netizing action of the field poles, it is term^ 
^‘cumulative** action, and the generator is 
termed a “cumulative compound’* machine. 

2. Differential action: Where the two windings are 
wotmd in opposite directions on the field core so 
that they oppose, or have a “bucking effect,** due 
to the series winding being wound in a reverse 
direction to that of the shunt winding, it is 
termed a “differential** action, and the generator 
is said to be a “differential compound** machine, 
often termed a “reverse-series’* generator* 

Simplified Explanation of Cumulative and 
Differential Action of Windings 

Before taking up this subject, glance at Figs. 10 
and lOA, and note the direction of the current flow¬ 
ing through the wire wrapped around an iron core. 
Note that the direction in which the wire is wound. 


OUT OF CORE imO CORE INTO CORE OUTOF CORE 



Fig. 10. Wound left-hand. 

Fig. lOA. Wound right-hand. 

and the direction of the current will determine the 
polarity, or which end of the core will be N and 
which 6[^ S (additional explanations of polarity of 
electro-magnets are mven on page 183). The same 
principle applies to the iron core, or field p^les of a 
generator, on which is wrapped the field windings. 


Suppose, however, that we have two windings on 
the core, as in Fig. lOB, and that both windings (S 


S SHF S SHF 



Fig. lOB. Cumulative action. 


Fig. IOC. Differential action. 

and SHF) are wound in such a manner that the cur¬ 
rent flows through the windings in the same direc¬ 
tion around the core. The two windings would then 
assist each other in establishing a strong polarity 
of the N pole at one end and of the S pole at the 
other end. Thus a “cumulative** action is pro¬ 
duced. 

Suppose, again, that we have two windings on 
the core, as in Fig. IOC: one winding (S) with, say, 
three turns, wrapped in one direction, and another 
winding (SHF), say, of five turns, wrapped in 
another direction. 

The winding (SHF) (Fig. IOC), having the lat¬ 
est number ot ampere turns, would establish the 
polaritv of the core, making the left end, in this 
example, the N pole and the right end, the S pole, 
as in Fig. 10. 

The winding (S, Fig. IOC) would “buck** or 
oppose the core being thus magnetized, because 
the direction in which the current flows through its 
winding would tend to establish the polarity at 
opposite ends of the core, as in Fig. lOA. Thus 
the strength of the magnetic lines-oT-force around 
the core would be weakened, because the current 
strength which is mametizing the core is only the 
difference in the winding (S, Fig. IOC) with three 
turns, and the winding (SIIF) with five turns. 
Thus this difference holds the polarity of the core, 
and explains why the principle is termed “dif¬ 
ferential action.** 

Let us apply this elementary bit of information to 
the generator of the compound-wound type. 

Compound-Wound Generators with 
^^Cumulative** Action 

A compound-wound generator with a “shunt** 
winding and another winding of coarser wire, called 
a “series’* winding is shown in Fig. 11. The shunt 
winding is connected to the brushes—the usual 
shimt connected method. The series winding is in 
series with the generator brushes and the charging 
circuit. This connection is termed a “short shunt.“ 


* Ixihcrcnt ourmt iseulstUm methods are not, speaking, '‘constant current.’* They do, however, resulate the current output 
but do net maintain absolutely constant current. Constant current regulation ean be maintained by the electromagnetic current 
regufaiter ae eiplalaed on page S4S. 
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Fig. 11. Compound-wound generator “cumulative'" in 
action; “short shunt” connection. 

The series winding, and the shtmt-winding both 
being in the same direction around the field core, 
the action would be termed “cumulative,” as both 
windings assist each other in building up a strong 
magnetic field at the N and S poles. The generator 
would then be termed a “cumulative compound- 
wound machine” with a “short-shunt” connection. 
Owing to the fact that both windings assist each 
other, some sort of regulation at high speeds would 
be necessary. 

The Gray & Davis concern used this principle on 
an early type of generator, models “C,” “Cl,” “G,” 
and “Gl” (see Fig. IIA). 
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Fig. IIA. Shunt field circuit: From (+) brush through 
shunt field windings (SHF) to (—) brush. 

Charging circuit: From (-f) brush to out-out, through cut¬ 
out current winding (S) to (-f) of battery, to (—) brush of 
generator. 

Lighting circuit: From (-I-) brush, through cut-out, to liglit- 
ing switch (LS), through lamps, through senes winding (SBF) 
to (—) brush. 

This generator, through its “cumulative” action, 
would build up just tne same as a plain shunt 
machine. Therefore the mechanical centrifugal 
governor principle was used to regulate the speed of 
t he generator armature and thus keep the generator 
at a constant speed, and it was thus termed a 
“constant speed” and “constant current” type of 
generator. 

Connections of this system are shown in Fig. 11 A. 
When lamp switch (LS) is open, the shunt field 
winding (SHF) is acting alone, and sufficient pres¬ 
sure is generated in the armature winding to over¬ 
come the pressure of the battery and produce a 
charging current. 

When the lamp switch (LS) is closed, the current 
to lamps (L) passes through the series field (SEF) 
in the same oirection as in the shunt field (SHF), 
thus increasing the strength of the magnetic field 
in which the armature is rotating, and increasing 
the electromotive force, or pressure generated. 

Thus it is possible for the generator to carry the 
lamp load and to continue to charge the battery at 
the same rate at which it was charging the battery 
before the lamps were turned on. 

A compound-wound machine with a sh\mt and 
series winding is shown in Fig. 12. It is wound 
so that the current path is in the same direction in 
both windings, and ft would thus be termed “cumu¬ 
lative compound-wound.” but it differs from Fig. 11, 
in that it is “long shunt” connected instead of “short 
shunt” connect^. 

Follow the field circuit in Fig. 11, from the (4-) 
brush, and note that the shunt winding connects 
direct with the brushes and is thus term^ a “short 
shunt.” 



Fig. 12, Compound-wound generator “cumulative" in 
action; “long shunt" connection. See also Fig. lOB. 

Follow the field circuit in Fig. 12 from the (-(-) 
brush of the generator and note that the current 
must first pass through the series winding before 
it reaches the shunt winding. This is termed a 
“long shimt.” 

Both are “cumulative” wound and are seldom 
used, for the reason that the field builds up at high 
speeds, the same as in a plain shunt generator, and 
some form of regulation is required. 

Compound-Wound Generator with 
“Diflferential Action” 

A compound-wound machine with a shunt and 
series winding is shown in Fig. 13. The series 
winding is wound so that the path of the current 
through it is in an opposite direction to that in the 
shunt winding. In other words, the series wdnding 
is “reversed”; hence the term often used, “reversed 
series” winding. 



Fig. 13. Compound-wound generator “differential" in 
action; “short shunt” connection (also termed a ‘’reverse- 
series” winding). 

Connection of the “shunt” and “series” windings 
with the brushes w^ould be termed a “short shunt,” 
as the shunt winding is connected direct to the 
brushes. 

When the magnetizing action of the current-flow 
through the senes and shunt field W’indings of a 
generator is in opposite directions, the action is said 
to be “differential.” Thus we have in Fig. 13 a 
“differential compound-wound” generator, with 
“short shunt” connection, also termed a “reverse 
series” field winding regulation. This principle is 
a typical example of “inherent” regulation. 

The shunt winding (SHF), fFig. 13) is connected 
wdth the brushes and establishes the N and S 
polarity of field pole. Only the field current passes 
througn it. As the generator armature spe^ in¬ 
creases, the magnetic strength of the field pole 
increases and would continue to do so if the reveised 
series winding (SEF) did not come into action. 

All of the current from generator to battery, lights, 
etc., must pass through the reversed series winding 
(SEF). Note that in 13 it is wound in an oppo¬ 
site direction to the (SHF) winding; therefore as the 
increasing current passes tiirough the (SEF) winding, 
it tends to buck or oppose the (SHF) winding, or, m 
other words, the effect is to endeavor to reverse the 
polarity, thus weakening the magnetic field strength, 
and consequently weakening the output. 
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COMPOinVD-WOUND GENERATORS WITH “DIFFERENTIAL” ACTION—AN EXAMPLE 


An example of a differential-compound wound 
generator with a "reversed-series** regulation is 
shown in Fig. 14. 



Big. 14. A compound-wound generator “differential** In 
action (also termed “reverse-eeriea'); “short shunt'* conneo- 
tion. 


The generator is a two-pole machine with the two 
windings on a held core at the top arch of the genera¬ 
tor. 

The shunt-field circuit is from the (-f) main 
brush through shunt winding (SHF) to the (—) 
main brush. This establishes tne polarity of neld 
poles as N and S. 

Cut-out voltage winding circuit: At slow speeds 
the starting ^nerator current builds up voltage in 
the cut-out fine winding (V). This circuit is from 
the (+) brush through series field windings (SEF), 
to (G) on the cut-out frame, through wind¬ 

ing W to ground (G), to bounded (—) generator 
brush (G). When the voltage reaches about 6.5 
volts the winding (V) magnetizes the core, and 
armature (A) is drawn to it, thus closing points (P). 

Note. The (G) on the cut-out frame is insulated 

from the nound of the car; that is, the cut-out frame is used 
M an insiuated conductor. 

The char^g circuit is then from the generator 
main (-h) brush, through series field (SEF), to 
the frame of the cut-out, through points 
(P), through cut-out series winding (S), through 
the ammetei^ to the (-+•) terminal of the battery, 
through the battery to the CToimded (—) terminal 
of battery, to the grounded (—) brush of generator 
(G). 

Regulatioii of output: At 1,150 r.p.m. the genera¬ 
tor gives approximately 12 amperes, and its maxi¬ 
mum, 16 amperes, is at 2,000 r.p.m. Above 2,000 
revolutions, or at 2,200 r.p.m., it drops to 15 
amperes, owing to the effect of the reversed series 
field winding (SEF). 

Refer to the illustration and note that the 
charjmg current flows through the series winding 
(SEF) in a reverse direction to the flow of current 
throu^ the shunt-field winding (SHF); note also 
that the series winding (SEF) is in ^'series” with 
the battery and generator. 

As the current flow increases with the speed of 
the ^nerator, the current throu^ the series wind¬ 
ing (SEF) becomes stronger and stronger until it 
oppom the shunt-field wmding to such an extent 
that it has the effect of dema^etizing the field core, 
thus reducing the number of lines-of-force and the 
output. 

This is a form of regulation termed a ^^reverse- 
series’’ winding regulaBon. and is a typical type of 
an ‘inherent’’ mtm wilnout the use of external 

devioee. 


It is clear that since the current for battery and 
lights is carried through the series winding (which 
wmding serves as a '^regulator’ll if an open circuit 
should exist, at high spi^s, say. at cutA)ut points 
or at the battery, the series field which rebates 
the output would be open and the generator voltage 
would build up through the shunt winding (SHF) 
as on a plain shunt generator and bum out the lights, 
and in most instances burn out the voltage winding 
of the cut-out.^ 

Thus, if the battery is disconnected, either a heavy 
wire should be placed across the brushes or the 
brushes of the generator should be disconnected 
altogether. 



Fig. 16. Compound-wound generator “differential** In 
action; “long shunt” connection. See also Fig. IOC. 

The connections of the compound winding, con¬ 
nected as a “long-shunt” connection are shown in 
Fig. 15, whereas the short-shunt connection is shown 
in Fig. 14. It is “differential” in action, as the 
current flows in opposite directions around the field 
poles, and thus diners in action from that shown in 
Fig. 12, which was “cumulative” in action. In 
other words, current flows in the same direction in 
both windings. 

The principle of the “short” and ’‘long” shunt 
is similar, except that in the long-shunt connection, 
the current to the shunt-field must flow first througn 
the series-winding before completing its circuit. 

Charging rate adjustments of compound-wound 
generators with reversed-series winding and shunt 
winding, differential in action to each other (that 
is, wound in opposite directions, so as to oppose 
each other, as in Figs. 13, 14, and 15), are not pro¬ 
vided with means for adjustment. 

The output can be increased by connecting a 
resistance wire of low resistance in parallel with the 
series field. The amount of resistance can be 
determined only by experiment. 

Another method would be to cut out a few turns 
of the reversed series field coil. 

To decrease the output, a few turns could be 
added to the reversed series coil (SEF). 

Compound Winding—'^Bucking-Series’* 

A compound-wound generator with a shtmt wind¬ 
ing and a “reversed-series-field” windi^ with a 
“thermal unit” for cutting into the series-field at 
high speeds is shown in Fig. 16.* This system 
would oe termed an "inherent, constant current” 
system with a "differential” or "buoking-eeries” 
action. 

The difference between this system (Fig. 16), and 
the "differential” system shown in ^gs. 13, 14:, 


1 The ToltaM windixui b aUo often burned out when the cut¬ 
out pointe etiok and the battery dieohargee for a long period 
back through the generator. 

* Formerly the Ruihmore (now known ae the Boeoh) 
mal prmoiple of regulation.** 
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ftnd 15 is that the series field winding (S£F), also 
called ''regulating winding/' does not take all or 
even a part of the current delivered by the genera¬ 
tor imtu the generator speed reaches a point above 
a oar speed of 15 miles per hour. The current up to 
this pomt passes throum an iron wire resistance (B), 
called a ^ballast coil/' and when cold offers no 
resistance. Thus the current does not pass through 
the series winding, because there is less resistance 
through the resistance coil (B), when cold. 
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Fig. 16. Shunt-field circuit: From (+) brush, through 
shunt-field winding (SHF), through ballast coil (when cold), to 
(—) brush of generator (G). When (B) becomes hot, resistanct 
is offered and the path is then through (SEF). 


Cut-oot troltage winding: From (4*) brush, through winding 
(V). tlirough ballast ooil. to (—) brush of generator. 

Charging circuit: From (-f) brush, through battery (+), to 
out-out series winding (S). through points (P). through series 
bucking coil (or ballast coil, if less than 16 DLp.h.). tc> (<*) 
brush of generator. 

The generator, therefore, acts as a plain uncon¬ 
trolled shunt-wound machine, and builds up voltage 
rapidly. 

As the speed of the renerator increases, the charg¬ 
ing current passing through the ballast coil (iron 
wire B) increases, and thus its temperature is 
raised. At 15 m.p.h. car speed, the charging cur¬ 
rent reaches a higner value, and the ballot coil is 
heated to such an extent that it offers more resist¬ 
ance than does the series winding (SEF). There¬ 
fore the current takes the easier path through the 
series winding, which causes the "differential'^effect 
of opposing the shunt-field winding (SHF), which 
in turn demagnetizes the field core and reduces the 
output, as explained under Fig. 14. 

This action of the series field opposing the shunt 
field is often termed **bucking/' and the series field 
(SEF) is often termed a %uckmg coil," as it bucks 
against the shunt-field (SHF) magnetising effect of 
the field core. 


THIRD-BRUSH REGULATION 


The generator using a third brush to regulate the 
output at high speeds is a shunt-wound generator, 
and not a compound-wound (unless it is a motor- 
generator combined, which is explained farther on). 
The third brush regulates the current out-put of 
the ^nerator, and is termed a **constant current" 
regulation method. 

The third-brush relation of the out-put of a 
generator is a tj^iical example of an 'Inherent" 
method of regulation. The rej^ulation is accom¬ 
plished without the use of resistance, or electro- 
mamets, or any external devices whatsoever, and 
is the system now in general use. 



Pi«. 17. Thlrd-bruah regulated generator. 


A diagram of the internal connections of a third- 
brush regulated generator is shown in Fig. 17. 

Note that insteiad of both terminals of the shunt- 
field windings being connected direct to the main 
brushes, one end of* the shunt-field winding is con¬ 
nected to the third brush, and the other end is 
connected to the (-) main brush. This third 
brush regulates or controls the amount of current 
passing to the ahunt-field winding, and thus tends 
to keep the current out-put of the generator con¬ 
stant. 

The third brush is always connected with one end 
of the shunt-field winding, either the (4-) or ths 


(—), depending upon the direction of rotation of 
the armature and the side of commutator on which 
it is placed. In the example given above it is con¬ 
nected with the (-f) side; thus the current leads 
from it into the field windings. 

The shunt-field circuit, in Pig. 17, is from the 
third brush (which is on the (+) side of the arma¬ 
ture), through the field windings, to the (—) main 
brush. 

As stated above, the amount of current passing 
to the field windings is dependent upon the third 
brush. In a plain shunt-wound generator the field 
windings are connected direct to the main brushes, 
but by connecting one end 3f the field winding to 
the third brush, we cut out part of the armature 
coils. 

Magnetic Cii\:uit of Generators 

Before the principle of the third brush can be 
understood, it will be necessary to take up the 
subjects of “magnetic circuits of generators/’ 
“brushes," and “armature reaction,” which will 
lead us to the explanation of the third-brush 
principle. 

The same principle applies to the magnetic circuit 

a motor. 

The main magnetic circuit of a two-j^le round- 
frame generator, with poles ISO*" apart, is shown in 
Fig. 18 (page 358). The polarity of the pole is 
determined oy the direction in which the wire is 
wrapped around it, and the direction in which cur¬ 
rent nows in the wire, just the same as the polarity 
of the electro-mamets shown on page 183. Thie 
word “polarity" refers to the N or S pole. 

The main mapietic circuit, also called the “main 
magnetic field,'^ or the path of the magnetic lines- 
of-force is very much the same as on an electro¬ 
magnet. In fact, we could term the two field poles 
“electro-magnets. ’' 

Let us assume that wire is wrapped around the 
field poles and that current is flowing in such a direo* 


NOTB: Sinoa thla wm printed the two-brueh generetnr with eurrent and voltage regulators has oome into general use. See 
pago 78 of Addenda. 
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Piece 

Fis. 18 Fig. 19 

tion as to give the pole on the left (F^. 18) a N-jwlc 
polarity, and the pole on the right a S-pole polarity. 

Therefore the lines-of-force would pass out from 
the N-pole ^d of the left electro-magnet (field pole), 
across the air gap (where the armature revolves), to 
the S-pole end of the electro-ma^et on the right, 
then out the N-pole end of this magnet on the 
right, through the frame to the S-pole end of the 
magnet on the left, back to its N-pole end. Thus 
the magnetic circuit is completed, above and below 
and all around. 

The magnetic circuit of a four-pole rotmd-frame 
generator, with field poles 90® apart from the center 
of each pole, is shown in Fig. 19. Poles opposite 
each other are of the same polarity, or, in other 
words, the polarity alternates. This is necessary 
in order that there be a magnetic circuit. 

If the poles opposite each other were of opposite 
polari^, the lines-of-force could flow only m two 
directions, as shown in Fig. 21. 



Fig. 20 Fig. 21 (wrong). 


The main magnetic lines-of-force will not flow 
across the air-gap from one pole to another, where 
there are a multiple of poles, because they take 
the easier path, from one pole to the adjacent pole. 
They could not flow across air-^p, from one pole 
to another, because they would nave to cross each 
other and lines-of-force cannot cross or merge into 
each other.^ Therefore the plan shown in Figs. 
19 and 20 is Uie usual polanty for '^multi-poh^’ 
generators. 

A four-pole rectangt^ generator frame with two 
field poles on which wire is wrapped (the upper and 
lower poles}, and two field poles without wire, is 
shown in Fig. 20. The field poles on which there is 
no wire are called '^consequent’’ poles. The mag- 
netic circuit is similar to the four-pole generator 

^ liset-of-foroe do not crots or mere# into Mch other. AI- 
^o ojg t ^ iere ere miUione of them, eeoh line ie independent ol 


(Fig. 19). The magnetio circuit takes the shortest 
path, as shown. 

If the top pole was N and the bottom pole S, then 
the lines-of-iorce would only be made to pass from 
the top to the bottom pole by having the space 
between poles less than from the pole to the sides 
of the frame. In other words, the lines take the 
shortest path. 

A two-pole generator has more wire on the field 
poles than a four-pole generator, the capacity being 
the same. 

It will be noticed that on two-pole generators the 
magnetic lines-of-force flow straight across and 
through the armature, and that on four and six-pole 
generators the lines pass through only a portion of 
the armature. For this reason, the armature wires 
are wound accordingly. The two-pole armature is 
divided into halve^ and the four-pole into quarters 
called "spans.” Hence the reason for placing 
brushes in different positions, as will be explamed 
farther on. 



Pig. 22 


A siz-pole, multi-polar generator frame is shown 
in Fig. 22. Note that the polarity of the poles 
alternates, as was the case in Fig. 19. 

Note, too, that there are six field poles. If wire 
was wrapped on these field poles and current 

C assed through the winding, each field pole would 
e an electro-mamet; one end of the field pole 
would be N and the other S. 

Therefore, if the field pole, say, in the center, at 
top^ was wrapped with wire in such a direction that 
its mner end^ facing the center of the generator was 
the N pole, its other, or upper end, would be the S 
pole, just the same as in the case of an electro- 
magn^. 

The next pole would have the wire wrapped 
around it in such a direction that its inner end 
would be the S and the upper end of it would be 
the N pole, and so on, around the entire lot of field 
poles. 

The main magnetic circuit would then be just 
the same as explained in Fig. 19, pam 358, which is: 
out of the N-pole end, into the adjacent poles at 
the S-pole end, out of the N pole, or the upper end 
of the S pole, into the frame^ into the S-pole end 
of the N pole, thus completmg the magnetic cir¬ 
cuit. 

Note. Diggrams showing the N and S pole polarity oi 
generators are rarely marked at the upper end, next to the frame, 
where they are marked, which is usually at the inner end, or 
it may be at the upper end, as a matter of oonvenienoe, such 
myking always refers to the polarity at the inner end at tbs 
Said pole nest to the armatuiw. 
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Brushes 

It It also necessary to explain the location of 
brushes on a generator commutator, in order to 
^ead up to the principle of the third brush, because 
the position of the third brush and the distortion of 
the main magnetic field are two factors governing 
the operation of the third brush, 

Main brushes on a two*pole (bi-polar) generator 
are placed 180^ apart (Fig. 26). One is positive 
(4-), the other negative (—). 

Main brushes on a four-^le (multi-polar) 
generator can use either two or four main brushes. 

If two brushes, they would be placed 90® apart 
(Fi|. 26A), and one would be negative and the other 
positive. 

If four brushes (Fig. 26B), two would be positive 
(+) and two negative (—), the brushes opposite 
each other being of the same polarity. 






Brush construction: The brushes used on gener¬ 
ators are usually carbon brushes. The reason car¬ 
bon is used is because they have the advantage of 
giving better commutation than copper brushes, as 
they offer a higher resistance in the path of the 
short-circuited coil (C, Fig. 26H) than copper 
brushes do, and thus keep down sparting to a certain 
extent. They are quite often copper plated, so 
that the current will be conducted to the main circuit 
without this resistance effect, but the part resting 
on the commutator segments is plain carbon, and 
thus offers resistance to the coil (C) of the armature, 
which it short-circuits across when over two seg* 
ments. 



Only two brushes on a four-pole generator are 
necessary, if they are large enou^ to carry the cur¬ 
rent, as they are more accessible. 

On many of the Remy four-pole generators of the 
^raight shunt-wound type, using an external regu- 
btion system (Fig. 17, hage 422), there are three 
brushes (Fig. 26E). Two of these are ^^main 
brushes’* and the third is a ‘‘field brush.” This is 
not a “third brush,” and it is not absolutely neces¬ 
sary, but is used as a common ground for the arma¬ 
ture and field. 

The third brush is usually smaller than the main 
brushes and is usually black, whereas the main 
brushes are often copper plated. 


Fig. 26B Fig. 26C 

On a two-pole, or bi-polar generator, the third 
brush is plaoM slightly nearer to either the (+) or 
(—) main brush, as in Fig. 26C. Thus it will usu¬ 
ally be (—) if nearer the (—) brush, or (+) if nearer 
the brush. The location varies according to 
the oiTMtion of motion of the armature and the 
direction of current through the field windings. 

On a four-pole, or multi-polar generator where 
there is a third brush, the two main brushes are 
usuaUy located 90® apart. The position of the third 
brush will be between 130® and 160® from the main 
brush of qiiposite polarity, as shown in Fig. 26D. 


Brushes on motors were formerly made of gauze, 
but are now made of composition, something like 
graphite and carbon. 

A radial brush is where the brushes butt directly 
against the commutator, as in Fig. 26F. They are 
usually of carbon and this is the principle of con¬ 
struction for brushes used on automobile generators 
and motors. 

Tangential brushes are usually made of copper, 
and are placed as shown in Fig. 26G. They are 
seldom used. Starting motor brushes are now 
made of a composition similar to carbon, but softer,, 
and are placed in a radial position (Fig. 26F). 

Brushes must be seated (rounded out) to fit the 
curvature of the commutator. See Index under 
“Seating brushes.” 

Setting Brushes 

An armature with wires around the core is shown 
in Fig. 27. The commutator is not shown, but the 
brushes are shown as if connected with the wires. 

The lines-of-foroe are flowing from N to 8, as 
indicated by the straight arrows. We will term 
this the “main magnetio field.” Therefore, the 
armature revolving as it does, it would cut the lines 
up on the left, and current would flow in, and as the 
wires cut down on the right, current flows out. 

If these lines-of-foroe always passed in a strai^ 
line as shown, a “neutral” line could be drawn 
directly down through two commutator bars at a 
position where the current in the wires on the two 
sides are opposed to each other. In other words, 
one side is (+) and the other (—). The “neutral 
line” therefore would be as shown. 

Armature Reaction 

Owing, however, to what is termed “armature 
reaction,“ this line Is always farther advanced in 
the direction of rotation, for the reason mentioned 
on the next page. 
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On some of t he Westinghouse cjmerators the brushes are set 
on this neutral line (Fig. 30). The brush ri^iu holding the 
main brushes is permanent, but they can be ahittea, if neoeeiaryi 
by loosening and moving the commutator end housing. 

The generator brushes are moved one-half or two* 

thirds the width of the eiegment in the direction of rotation 
from the neutral line. The Bijur main brushes are 

set permanently. 

To Find Neutral Position 

To find the neutral position on the commutator 

it is necessary to “motor^* the generator, that is, 
to connect a battery of the same voltage aa the 
generator to the mam brushes, and then shift the* 
brushes one way or the other until the armature will 
not turn in either direction. TWs is ‘^neutml 
point,” or where the wires on one side are TOsitiye 
and the other side negative, and the neutral line is 
between. 

This position can also be fotmd by connecting a 
voltmeter between the brushes and moving the 
rocker-ring until the point of highest voltage ir 
reached. The voltage will decrease as the brushes 
are moved away from the neutral plane. 


When the armature revolves, current flows 
through its winding, and it immediately does what 
an electro-ma^et would do; its core would become 
magnetized. That is, it would produce an electro¬ 
magnetic effect of its own, independent of the ‘^main 
magnetic circuit,” with a N and S pole polarity, as 
shown in Fig. 28, resulting from the lines-of-torce 
produced around the wires by the current flowing 
m the wires. As will be noted in Fig. 28, these lines 
are directly across the main magnetic field, as shown 
in Fig, 27. 

It will be noted, by referring to Fig. 28, that the 
''main magnetic field’* (straight arrows), in passing 
from the N to the S pole, would flow in the same 
direction at the '‘trailmg pole tip** (T), as the lines- 
of-foroe produced around the armature (curved 
lines), and thus would offer no opposition, and the 
main magnetic lines-of-force woula be dense, as at 
(T) (Fig. 29). 

On the other side, however, at the top (Fig. 28), 
at the "leading pole tip** (L). the lihes-of-force 
around the armature wires are flowing in the oppo¬ 
site direction to the "main mamctic field** and 
woxild oppose it. Therefore the lines would drop, 
and at tms pole tip (L), the magnetic field is weak 
(Fig. 29). 

At the bottom (LI) (Fig. 28), opposition is offered, 
and thus this "leading pole tip** would be weak (see 
Pig. 29), whereas at the "trailing pole tip** (Tl), the 
"main magnetic field** and "armature field** would 
be in the same direction, and thus (Tl) would be 
dense, aa in Fig. 29. 

Refer now to Fig. 29^ and note that the magnetic 
lines have been mstOrted out of a regular straight 
line, so as to weaken the "leading; pole tips** (L) and 
(LlJ and to strengthen the "trailmg pole tips” (T) 
ana (Tl) because of the "armature reaction,” or 
Itnes-oMoroe set up in the armature, as in Fig. 28. 

The position of neutral plane will not therefore 
now be as in Fig. 27, but would be somewhere in 
t^ position shown in Fig. 30, in the direction of 
rotation of the armature. And the an^ would 
increase as the curr^t from the armature mcreased. 

Therefore the necessity of shifting brushes forward 
or backward to locate the "line of commutation” 
in order to reduce sparking at the brushes will be 
evidmt. This "neotrsl line" must be found when 
setting brushes^ otherwise the voltage may not 
eoass up to nornud. 


Note. The ourrent on this teet is sent through the armature. 
Therefore always disconnect one side of the field from the cir¬ 
cuit. If in a third-brush generator, this can be done by raising 
the third brush, ae the third brush connects with one end of 
the field. As an example relative to finding “neutrar' position, 
the generator will be used. 

To locate neutral position of brushes on a generator: 
When brushes seat pro^rly, the main brushes should be set 
on the neutral point, liaise the third brush and disconnect 
the field circuit. Connect the battery wirt to the generator 
terminal. If the armature revolves, the brushes are not set on 
the neutral point. Turn the ring against the direction of 
rotation until the armature ceases to turn or until it revolves 
in the opposite direction. If it turns in the opposite direction, 
bring the ring back until the armature will not revolve in either 
direction, oven when started by turning the shaft by hand. 
The brushes are now set on neutral point. Tighten the screws 
which hold the ring to head; lower the third brush and try il 
for running. If it turns over properly, drawing less than six-* 
preferably less than four—amperes, the generator should be 
assembled to the engine, and propter connections should bs 
made through the cut-out to the battery. 



Brush 

Fig. 80A. Showing the reason for plaeing the bnidiea in ft 
neutral position. 


VHiy a brush must be set on or near to neutral: 

Without going into the subject of armature winding, 
which would require considerable explanation, of 
value only to an armature winder, a simplmed 
explanation is given as follows: 

In the case of either a lap or wave-wound arma* 
ture, by referring to Fig. dOA, it will be noted that 
two conductors are connected to each commutator 
bar. On most of these commutator bars, the 
ourrent is fiowing into the bar from one of the 
conductors, and out of this same bar to the ptber 
conductors. 

Note that there is only one cor^utator bar to 
whieh ourrent is flawing from both conduotoiWi 
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conseauently the (4*) brush should be in contact 
with tnis commutator bar. In the same way there 
is only one Commutator bar from which current 
is flowing to both conductors; consequently the (—) 
brush should be in contact with this commutator bar. 

Brushes on motors are shifted in the opposite 
. direction to that of generators owing to the fact that 
the armature reaction is in the opposite direction. 

Fim. 31 and 32 illustrate methods of keeping the 
brushes pressed firmly to the commutator by spring 
tension. Note the spring. 



FiK. 31 (left). Represents two main brushes and a third 
brufE as on a four-pole generator. 

Fig. 32 (center). Shows the main brush holder, the main 
brashes, and the end plate of a two-pole generator. (See page 
3M showing how to connect brushes on a generator when 
assembling.) Fig. 33 (right). A field coil. 


Principle of Third-Brush Regulation 

The field distortion caused by armature reaction 
is employed as a means of relation on third>brush 
generators. The third brush is connected to one 
end of the field windings and conducts field current 
only. 

A two-pole, third-brush generator is shown in 
Figs. 34 and 34A. 



34. Low-speed operation of the third-brush generator 

n i the magnetic linae-of-foroe to flow straight across from 
to 8 pole. 

When the generator is operated at low speeds, as 
shown in Fig. 34, the armature current is compara¬ 
tively low, so that the magnetic whirls around the 
armature conductors are veiy weak and cause little 
or no distortion of the field. Conseouently the lines- 
of-force are shown straight across irom the N pole 
to the S pole. 

By oounting the number of lines-of-fprce between 
main brush (C) and (4-) third brush (E), in 
Fig. 34, you will note that a conductor will cut across 
7 Imes as it passes from (C) to (B). As previously 
learned, the voltage induced in a conductor depencte 
not only upon the speed of the conductor but also 
uron tne number m lines-of-foroe which are cut. 
The voltage on the field windings, and therefore the 
omrrent paiMing through them Tnnoe the reeietanee 


remains constant), depends consequently on the 
speed of the armature and also upon the number of 
Imes-of-force cut bv the conductors as they pass 
from the (—) main brush to the (4-) third brush. 

If the field remained as shown in Fig. 34 with 7 
lines-of-force between brushes (C) and (E), any in¬ 
crease in speed of the armature would increase the 
current through the field windings. This woul^in 
turn, increase the total strength of the field. The 
effect on the armature conductors would be twofold. 
First, the higher speed of the armature conductors 
would increase the generated voltage. Second, the 
stronger magnetic field would increase the generated 
voltage. Since both of these factors tend to in¬ 
crease the total generated voltage between main 
brushes (C) and (D), the result would be a very 
rapid rise in voltage as generator speed increases. 

When the generator is operated at high speeds, as 
shown in Fig. 34A, the effect of the increased current 
through the armature conductors strengthens the 
magnetic whirls surrounding them so that they dis¬ 
tort the field. 



Fig. 34A. High speed operation of the third-bmeh generator 
distorte the magnetic field owing to armature reaction. 

By counting the number of lines-of-force between 
(-) main brush (C) and (4-) third brush (E) in Fig. 
34A, you will note that a conductor will cut across 
5 lines as it passes from (C) to (E), as compared to 
7 lines in Fig. 34. The effect will therefore be to 
decrease the current through the field winding, 
which, in turn, will cause a decrease in the total 
magnetic field produced. Note that a total mag¬ 
netic field of 9 lines-of-force is shown in Fig. 34 but 
that a total of only 8 lines-of-force is shown in Fig. 
34A. 

The final result is two conflictme actions, namely, 
(1) higher armature speed tending to increase 
generated voltage, and (2) weakened field tending to 
decrease generah^ voltage. In actual practice, 
third-brush generators are so constructed that at low 
speeds the armature reaction has less effect than the 
increased speed, but at the higher speeds it has more 
effect than the increased sp^. When the car is 
first started, the charging rate will increase as the 
speed inoreases up to a certain r.p.m. 

When this r.p.m. is reached, the current will re¬ 
main about the same, with further inoreases of 
speed up to a second r.p.m. After the second r.p.m. 
is reached, the armature reaction effect is greater 
than the speed effect, so that further increases of 
speed will result in sh actual decrease in ohurging 
reAe. 
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A typical example of the generator charging ratea 
at various generator speeds is as follows: 4 amps, 
at 520 r.p.m.: 14 amps, at 700; 20 amps, at 1,000; 
24 amps, at 1,500; 22 amps, at 1,800; 20 amps, at 
2,000; 18 amps, at 2,200 r.p.m. 

It is therefore evident that third-brush regulation 
is not as perfect as electro-magnetic regulation 
which holds the voltage and current to definite 
settinm. The degree of regulation obtained from 
third-brush generators has, nowever, by actual ex¬ 
perience proved to be very satisfactory, and on ac¬ 
count of the simplicity of the construction it has 
been almost imiversally adopted for use on passenger 
cars! 

Polarity of brushes, as shown in Figs. 34 and 34A, 
may be reversed. Main brush (C) could be (-f), 
mam brush (D) could be (—), and third brush (E) 
could be (—). This reversal of polarity would not 
affect the relation principle. 

In four-pole generators of the third-brush type, 
while rile shape of the field circuits is different, the 
effect of field distortion is similar to that of the two- 
pole generator. 

Adjusting Output of Third-Brush Regulated 
Generators 

The output of a third-brush generator can be in¬ 
creased by moving the adjustable third brush on the 
commutator in the same direction as the commutator 
revolves. To decrease the output, move it in the 
opposite direction. 

In Fig. 34A it has been noted that there are 5 


lines-of-force between brushes <C) and (K). If the 
third brush were moved in the same direction as 
the commutator revolves, to the position shown at 
(F), there will be 6 lines-of-force between main 
brush (C) and the third brush at (F). This increase 
in number of lines-of-force will increase field current, 
magnetic field strength, and consequently generator 
output. 

It is important that all brushes be fully seated, 
especially the third brush (see page 494). 

Whon touring, reduce generator oharnng rate (see page 660). 
For adjusting charging rates see pages 506, 563; see also ads on 
wiring manual and electrical testing data in back of book. 

The third-brush related generator is a **cur- 
rcnt” related type, because the charging current 
flowing tnrough the armature winding produces the 
field distortion necessary for regulation. Therefore, 
the charging circuit must not be opened by removal 
of the battery or open circuits; otherwise the genera¬ 
tor would build up voltage to a high value. 

When disconnecting the battery, the main gen¬ 
erator terminal should be pounded or the shunt- 
field fuse removed. Most third-brush regulated gen¬ 
erators have field fuses connected with the shunt- 
field winding. 

Therefore, the charging circuit must not be opened 
by removal of the battery, or by loose connections 
in the battery charging circuit, which would cause 
an open circuit, otherwise the generator would build 
up voltage to a high value and bum out the lamps 
and may injure generator. A generator equipp^ 
with constant-voltage relation will not bum out 
lamps under these conditions. 


EXAMPLE OF A THIRD-BRUSH REGULATED GEIVERATOR 


A four-jole, third-brush regulated generator is 
shown in Fig. 35. 


the ammeter, to (+) of the battery, through the 
battery, to ( — ) ground of the battery, to the ( — ) 
ground^ main brush. 



Fig. 35 (left). A four-pole, thlrd-broeh recited geaermtor. 
Fig. 36 (right). Remy two-pole, Utlrd-bmin refouted gen¬ 
erator vring a tbermottat control whiob can alao be appU^ to 
a geiMrator with any number of polee. 


The battery discharge circuit is about 2 amperes 
back through the cut-out series coil (S) to cause the 
points (P) to open when the generator drops to a low 
speed (see action in Fig. 5, page 333). 

Thermostat Control 

A thermostat is wovided in addition to the third 
brush (Fig. 36). Its pumose is to permit setting 
the third orush to a higher charmng rate than if 
there was no thermostat, thereby permitting a 
heavy charge to the battery when first starting with 
a cold generator. 



Shunt-Held circuit: From the (4-) main brush, 
throui^ the field windings, to the third brush, which 
in this instance is connects on the (—) side. This 
completes the field circuit. 

The cut-out voltage winding circuit starts at the 
(-f-) main brush, to cut-out senes coil (S). to voltage 
winding (V), to ground, to the grounded (—') main 
brush of the generator. 

Battery charging circuit: When the speed of the 
^nerator reaches a voltage hiaher than that of the 
battery, the points (P) are dosed. The charging 
circuit is then from the f+) brush, through smes 
coil (8), througjii blade (A), Hirougii points (P), to 


Owing to the heavy current flowing through the 
thermostat blades, the temperature rises qui<^y to 
approximately 165® F., at which time the blades 
warp and the points separate, thus inserting re¬ 
sistance (R) (Ff^ 38) Into field-circuit, thereby re¬ 
ducing the charging rate to about the same as that 
of the average third-brush regulated generator. 

Shunt-field circuit: From (+) main brush 
through thermostat blades (which offer no resistance 
when cold), through points (X) (held closed by 
spring tension of the blades), througm field windings, 
to thim brush. (Note that the tUrolbrush is on me 
(**) side In this instance.) The third brush regu¬ 
lates the output of generator. 
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Thus fhe thennostat is not classed as a regulator 

for cutting down the output at high speeds, but is 
merely us^ so that a heavier chargmg current will go 
to the battery when first starting or when the gener¬ 
ator is cold, thus, termed a “thennostat control.** 

On some of the Remy systems, for instance in the 1010 
Steams, a multiple of four of the thermostat blades were used, 
oonneotM in parallel, and set for different temperature openings. 

The blades of thermostat are made of a strip of 
spring brass welded to a strip of nickel steel, a com¬ 
bination which warps when heated, because of 
the greater expansion of brass. The thermostat is 
generally used with only the third-brush regulated 
type of generator. 

The thermostat resistance (in place of a fuse) is 
also used to protect the generator field-circuit if the 

battery becomes disconnected or loose (see page 430). 

On generators using a thermostat control it is 
seldom necessary to change the charging-rate for 
summer or winter, as the thermostat provides for 
the variation in temperature. 

If the battery does not stay charged, a resistance 
which gives a higher hot output may be used. Like¬ 
wise, if the battery overcharges, a resistance of 
lower hot output may be used. These resistances 
are supplied of three different values for standard 
thermostatic generators. The change should not 
be made without first checking up the electrical 
equipment and driving conditions. 

A burned thermostat resistance (R) (Fig. 88) will be indi¬ 
cated by the ammeter dropping to zero, then returning to 
maximum when the generator Is cooL Do not adjust the 
thermoetat; put in a new one, or points QC) will bum and stick 
together, causing an excessive output. To remove oil or dirt 
from contacts, use a piece of paper or cloth (not sandpaper or 
emery cloth) and do not ^parate contacts more than l/32'\ 

Note: fhe ammeter ‘^charge** reading will decrease abruptly 
when thennostat after a few miles of continuous drivmg, 
due to the points (X) opening and resistance (R) being thrown 
into the field*oirouit. Do not confuse this action with a burned 
resistance. 

The third-brush constant-current ref^ulation is 
the principle used on this generator at high speeds, 
the principle of which is explained on page 361. 

The cut-out voltage or shunt circuit: Current 
flows from the (4*) brush through the current or 
series winding (S) of the cut-out, through voltage 
winding (V), to the (—) main bru^ (see Fig, 36). 

Charging circuit: When the voltage of the gener¬ 
ator is higner than that of the battery, the mag¬ 
netic strength of the voltage winding around its 
core will be sufficient to draw the cut-out armature 
blade, thus closing points (P): the charpng circuit 
is then from the (+) brush, through senes winding 
(S) of the cut-out, through the blade, through 
pomts (P), to the ammeter, to the (+) terminal 
of the battery, to the (—) terminal of the battery, 
to ground, to groimd ot the (—) main brush. 

Remy Generator Adjustments 

Third-brush adjustment. To raise the outi>ut of 
a generator on which the third-brush reaction is 
used, it is necessary to move the third brush near 
the main brush, which is not connected to the field 
windings) or farther away from the “leading* main 
brush, which is connected to the field wmdLis^. 
Since the field is connected between this latter mam 
brush and the third brush, it can readily be seen 
tlmt increasing the distance between these brushes 
will increase the voltage impressed upon the field, 
which will also increase the field strength, and will 
in turn increase the generator output. On the other 
^nd moving the brush farther away from the trail¬ 
ing main brush or nearer the leading main brush will 
decrease the field stxengt h and decrease the output. 


Setting bmdhee on generators: AH generator 
brushes should be set In the posithm of least spark¬ 
ing when carryiitf full load, which position will be 
located a short custance ahead (in the direction of 
rotation) from the neutral plane. (See page 860 
explaining the “neutral plane.**) The brushes are 
in the neutral plane when at the position where 
the current is reversing in the winding, andL there¬ 
fore, at the position where the hipest voltage If 
obtained between brushes of opposite polarity. 

This position can be located by connecting a volt¬ 
meter between the brushes and moving the rocker¬ 
ring until the point of highest voltage is reached. 
The voltage will decrease as the brushes are moved 
away from the neutral plane. 
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Fig. 39. Iteiny third-brush adjustment, showing the loea> 
tion of parts. The third brush can be adjusted by the third- 
brush rocker-ring adjusting serew through the part marked (1). 
£ is the third brush; D, oonneotion to field winding; O, first 
main brush on the brush holder to which the thermoetat 
assembly (H) is attached; C te the field lead showing the return 
from the field winding; A is the lead to the cut-out and battery. 
See also Fig. 36. 


The third brushes in Remy generators (Figs. 35, 
36, and 39) are adjustable. 

The cut-out, as used with the Remy third-brush 
regulated generator, and the method of adjusting 
them, is sho\\Ti on page 351. 

Remy generators with a plain shunt-winding and 
with an “electromagnetic principle of regulation*’ 
have no adjustment, except that the brushes should 
be adjusted and seated for good commutation. 

The relay-regulator, however, is adjustable. This 
is explained on page 350, and thus the plain shunt- 
wound generators which are used with this “electro¬ 
magnetic” regulation method can be adjusted in 
the manner explained on page 352. 

Third-brush adjusjnent (fixed type, seldom used): Fig. 40 
illustrates the method of regulating the output of a stationary 
third-brush type generator, such as models “O” and **()B.** 
Filing away a portion of the third brush so as to reduce the aeat 
will tend to throw the brush nearer or farther away from the 
trailing main brush. 

To increase the output, fllo 

the third brush as shown in 
Fig. 40, which places the brush 
ahead, or towards the trail¬ 
ing brush, which ia the same 
as moving it in the direction of 
rotation. 

To decrease the output, file 
the top side, so as to plaot the 
brush away from the trailing 
main brush. 

File onU a small portion of the brush at a time, m^ng teste 
by installing it and running the generatdr until desired mazi- 
mum output is obtained. If the armature reuoluet in the 
opposite directioa to that in Fig. 40, employ the same prinelpliI 
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BIJUR THIRD-BRUSH REGULATED GENERATORS 


Two examples of ^e Bijtir aeneratora are i^own: 
one with the out-out external of the generator, and 
the other with the eut-out internal of the generator. 

Example of a Third-Bruah Regulated Generator 
(Bijur) with an “Eactenml** Cut-Out 

The Bijur third-brush regulated generator^ is of 
the constant-current type. Models L-220, P-230, 
K-230, and U-250 are shown in Fig. 41. 

Note that the cut-out is external of the generator, 
being placed on the top of the generator. There 
are four field-poles, consequently there are four 
shunt-field windings (SHF). 



FIf. 41. Bijur third-bnuh regulAted generator with cut-out 

•ztamal. 

Shunt-field circuit: From the third brush, through 
field windings (SHF), through the fuse, to the (—) 
main brush (Uip right). 

Cut-out voltage circuit: From the (4-) main brush 
(top left), through cut-out voltage winding (V), to 
the ground screw, to ground of the (—) mam brush 
at tne fuse. 

Charging circuit: From the (+) main brush (top 
left), to closed points (S), throu^ the series cut-out 
winding (S), to the mam cut-out terminal, to (+) 
of the oattery, through the battery, out the ( —) 
battery terminal, to ground, to groimd (GRND) 
of the (—) main brush at fuse. 

Example of a Third-Brush Regulated Generator 
OBijur) with an ^^Intemal*’ Cut-Out 

The Bijur third-brush regulated generator of the 
eonatant-current typ«f model L-fil, used on 1919 
ears, ia shown in Fig. 42. 

Note that the cut-out is placed inside of the gen¬ 
erator. There are four field poles and field windings. 

Shunt-field circuit: From the third brush, through 
the four field windings, through the fuse, to ground, 
to ground (O) of the (—) main brush (Bl), thus 
eompleting the shunt-field circuit. 

Cut-out voltage circuit: From the (+) main 
brush (B2), through the fine wire voltage winding 
(V), to jpround (G), to ground (G) of the (—) main 
br^ (Bl). 


^ fies INWS 840 for dsMriptlon of the Bijur *Wtoss-rtri]st«d*' 
|g«f^4ot^lMrt^ piste alraiit-wottiid fonerstor without a 



Pig. 42. Bijur third-brush regulated generator with cut-out 
internal of the generator. 


Charging circuit: From the (-f) main brush (B2), 
to the cut-out series coil (S), to blade (A), through 
cut-out closed points (S), to the generator terminal, 
to (4*) of the battery, to the battery ( —) ground 
(G), to groimd (G) of the ( —) main brush. 

Remarks on the Bijur Third-Brush Regulated 
Constant-Current Generator (Figs. 41, 42) 

The wiring: A single wire, grounded-return sys¬ 
tem is shown in Figs. 41 and 42. With the constant- 
current third-brush regulation, the generated cur¬ 
rent is independent of the voltage of the battery or 
the amount of lamp load connected, but depends 
upon the speed at which the machine is driven and 
the position of the regulating third brush with 
respect to the two main brushes. The cut-out 
(V) closes when the generator reaches 6.5 volts, or 
a generator speed of 500or600r.p.m. With increas¬ 
ing speed the current increases to maximum value, 
at speeds about 1,000 to 1,600 r.p.m.; at higher 
speeds the current gradually decreases. 

Adjustment: Moving the brush (by loosening 
the nuts) in the direction of rotation of the armature 
increases the generator output: in the opposite 
direction, it decreases. At 1,400 to 1,600 r.p.m. of 
the generator (20 to 25 miles, car speed) the amper¬ 
age should be not less than 12 nor more than 15. 
Approximately a shift of the third brush 1/16" will 
change the output 2 to 3 amperes. If adjusted on 
the car, remove generator cables and tape ends, 
then replace, after adjusting, and run the generator 
and test. Two or tnree trials may be necessary. 
Best results are obtained after runnmg the car when 
the generator is hot and connected to the battery 
with 1,250 specific gravity (s.g.). 

Fuse: A 6 to 12-ampere fuse is placed in the field 
to protect the coils from burning out. 

It is not feasible to supply current for lights from 
a constant current generator without a battery being 
connected in circuit. For instance, if lamps require 
7 amperes and the generator at speed delivers 15 
amiwres, the generator voltage would rise until the 
additional 8 amperes not required by the lamps will 
be forced through the lamp circuit and burn them 
out. 

Circuit of Bijur Cut-Out and Generator 
(Fig. 41) 

The path of the circuit from the generator through 
the cut-out is through the "shunt-winding" on the 
eut-out. When core (G) is sufficiently magnetised 
by the increased speea of the ^epator and current 
through this volt^ shimt-winding (V), then the 
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cut-out points close at (S). The charging current 
will then pass from the generator through the cut¬ 
out armature (A), throu^ closed points (S), 
through cut-out ^^series coil" (S), to the main termi¬ 
nal on the cut-out to the battery, through the 
^und connection of the battery to ^und connec¬ 
tion in the generator through fields and brushes. 

Cut-Out Adjustment (Fig. 41) 

The generator should be connected up with a 
fully charged battery when testing. 

Testing cut-out on generator (Tig. 41): The cor¬ 
rect voltage at which the cut-out should close is 7.5 
to 8 volts. It is not necessary to consider the speed. 
This can be tested by placing the leads of a volt¬ 
meter across the two main brushes of the generator 
and by noting the voltage at the instant that the 
generator automatically connects itself to the load, 
or to the battery connected. 

The voltage at which the contacts (S) close is 

dependent upon the tension exerted by the ^ring 
(N), attached to the cut-out armature (A). Bend¬ 
ing the bridge (K) up or down decreases or increases 
the tension, thus decreasing or increasing the voltage 
at which it closes. 

Adjusting Generator (Fig. 41) 

Adiusting current output: When driven at a 
speed of 1,400 to 1,800 r.p.m., the cenerator should 
show not less than 12 nor more than 16 amperes 
when cold, or 9 to 12 amperes when hot, and its 
output should be adjusted accordingly. Place a 
“test" ammeteri between the generator terminal 
and the cable leading to it. It is not necessary to 
remove the generator from the car for adjusting. 
If the current delivered by the generator is less 
than 12 or more than 15 amperes, then adjust. 

The regulating third brush can be adjusted by 
loosening the nut (L), and then turning the shaft 
(P) with a screwdriver. The third bruA can then 
be moved. Lock the nut (L) securely after adjust¬ 
ing. 

Moving the third brush in a direction opposite 
to the rotation of the generator armature decreases 
the current output; and moving it in the same direc¬ 
tion as that of the armature rotation increases the 
output. 

Adjusting the third brush should be made when 
the generator is hot and connected to the battery 
through the cut-out. The battery should be fully 
charged and have a specific gravity of 1.250 or more. 
Be sure that the battery connections are tight. 

When a generator is adjusted on tiie bench, the 

cut-out, battery, etc., should be connected as if on 
the car. Owing to a line drop in the car wiring, 
which is to allow for normal operating conditions 
when current must pass through the longer length 
of the car wiring, the output should be set for 12 
amperes at a voltage of 8.2, measured across the 


two main brushes when the generator is driven at 
speeds of from 1,400 to 1,800 r.p.m. 

Adjusting Bijur Cut-Out and Generator 
(Fig. 42) 

Testing cut-out: The cut-out on model L-61 
third-brush generator is inside of the ^nerator. A 
voltmeter should be placed across the two main 
brushes (Fig. 42). 

The cut-out armature (A) should close at points 
(S) when the pnerator voltage reaches 6.5 to 7 
volts; if the voltage is above or below this, the cut¬ 
out can be adjusted by inserting a small fiber-handle 
socket-wrench in the adjusting hole. Turn the 
cut-out tension spring adjusting nut until points (S) 
of the cut-out close at the correct time. This 
adjustment is on the outside of the ^nerator, as 
the cut-out in this instance is on the inside of 
the generator. 

To adjust the current output of model L-61 
generator (Fig. 42), which is a third-brush regulated 
constant-current type generator, with cut-out 
placed inside the generator, place the test ammeter 
between the generator terminal with the cable 
removed. Connect the generator with a fully 
charged battery (1.250 specific gravity), or more, 
then drive the generator at 1,4()0 to 1,600 r.p.m.; 
it should show not less than 12 nor more than 15 
amperes when cold, or 9 to 12 amperes when hot, 
and should be adjusted accordingly. 

If the current delivered is less than 12 amperes, 
increase the output by moving the third brush in 
the direction of rotation of the armature until the 
required amperage shows on the meter. If more 
than 15 amperes, then move the third brush in 
the opposite direction until the proper amperage 
shows. 

It is not necessary to remove the generator from 
the car for adjusting the third brush. It can be 
moved by inserting a special-toothed adjusting 
wrench in the adjustment hole, and engaging the 
ratchet. The entire regulating brush assembly 
can then be shifted in the direction required. To 
get the best results, set when the generator is hot, 
and be sure that a fully charged battery (1.250 
specific gravity or more) is used. 

When adjusted on the bench, the generator should 
be connect^ to a fully charged battery, and in order 
to allow for the line drop in the car wiring, the out¬ 
put should be adjusted lor 14 amperes at a voltage 
of 7.4 measured across the two main brushes, when 
driven at a speed of 1,400 to 1,600 r.p.m. 

This type of generator does not employ an external 
regulator and would be termed a “constant current" 
or “inherent" regulated generator; a cut-out, how¬ 
ever, is used. 

A point worth mentioning here is the importance 
of having a battery in the circuit at all times and 
having good connections at all points. 


REMARKS ON THE POLARITY OF A SHUNT-WOUND GENERATOR RELATIVE TO 


CONNECTION 

Connection of battery to generator: The proper 
method of connecting a generator to a battery is to 
connect the (+) terminal of the generator to the 
(+) terminal of the battery. If the generator (-f) 
brush is grounded, then the battery (+) terminal 


1 If a dash ammeter on the oar is need to make this oheok, it 
i« probably oonneoted to that the ignition oirouit of 1 to 3 
amperea will be taken through the ammeter. Therefore the 
current reading will then range from 0 to 0 amperee. The 
beet plan is to uee a separate teet instrument. 


TO BATTERY 

should be mx>unded. If the generator ( —) brush 
is grounded, then the (—) terminal of the battery 
should be grounded. 

If a ahunt-wound generator is wrongly connected 
to the battery, that is, the (—) terminal of the 
generator to the (+) terminal of the battery, the 
vibrator points on the cut-out will open and close or 
vibrate at first imtil the polarity of the core chan|ces. 
It will then close and charge in the proper direction. 
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or with the polarity of the batt^, if the j^nerator 
is running at sufficient speed. Ine polarity of the 
^erator fields will change to the clarity of the 
battery, because if the battery is barged' it will 
send sidOBcient current through the fiel(k to over¬ 
come the field current from the generator. The 
disadvantage will be that the ammeter will read in 
the wrong oirection. 

The following explanation will probably make the statement 
clearer. When the out-out contact points are drawn oloeed. 
with Ibe generator and battery connected in the reverse polar¬ 
ity, for nmrmal operation, the battery voltage and ^nerator 
voltage are of such a polarity that they are connected in seri<M 
with a short circuit across the sum of these two voltages. This 
causes a short-circuiting current to flow from the battery 
through the generator and generator fields, and through the 


series winding to the out-out, in such a direction as to open the 
cut-out contacts and to reverse the polarity of the fields and 
generator. As soon as the out-out contacts have opened, the 
current just described permits the generator to build up in 
the correct polarity. The contacts are then closed, and the 
generator is then properly connected to the battery. 

If the battery is discharged, the battery cannot 
overcome the polarity of the generator fields, and 
the cut-out pomts wul close, but the battery will 
be charged m the wrong direction. Some of the 
old-style cut-outs with permanent magnet cores 
will not change polarity, and the battery must be 
connected properly. It is best to connect the (+) 
terminal of the generator with the (+) terminal of 
battery. 


DISCONNECTING BATTERY FROM GENERATOR 


The question what to do when disconnecting 
file battery from the electric system of a car depends 
upon the kind of system involved. There are many 
different systems, and what would be satisfactory 
on one may be injurious on another. 

It is not possible to operate lamps from a ‘*con- 
atant current” generator when the battery is dis¬ 
connected, unless the lamps so connected consume 
the entire current output of the generator; other¬ 
wise the lamps would bum out. 

The answers appended to the following questions 
are those fumisned by the Remy. Deico, Bijur, 
Westinghouse, and Ward-Leonard Electric Cos. 

Question 1: What method should be adopted if 
a battery is disconnected from an electric system 
using a shunt-wound generator with ^^third-brush 
regulation”? 

Aniwer (Remy): The generator should be short-circuited 
with a piece of heavy copper wire. 

Answer (Deico): Probably the moet effective and the surest 
method would be to lift all the brushes on the generator. This 
will eliminate any possibility of damaging the generator wind¬ 
ings, and will hold good in ml cases, regardless of the generator 
oonneetions or methods of regulation. 

Answer (Bijur): When a Bijur third-brush regulated genera¬ 
tor is operate without batteiTi the field fuse should i^t be 
removed. If this is not done, the fuse will blow as soon as the 
field current builds up. This automatically opens the field 
oirouit, but a new fuse must be put in place before the genera¬ 
tor will again charge the battery. 

Answer (Westinghouse): Remove the field fuse. If the 
generator is not equippea with a field fuse, then remove the 
or third brush, which is smaller than the armature brushes. 

Answer (Ward-Leonard): If either the cut-out or battery 
is disconnected, the field fuse should be removed, or the gener¬ 
ator short-circuited by grounding the insulated terminm. If 
these generators are run on open circuit, the voltage will build 
UD to probably five or six times its normal value, which in a 


Question 2: Wbat method should be adopted 
if a plain shunt-wound generator is equipped with 
an external electromagnetic ^‘voltage regulator”? 

Answer (Remy): A generator equipped with a voltage 
regulation can be operated without a storage battery in the 
circuit, since the regulation is independent of the charging 
current. 

Answer (Bijur): When a Bijur generator ia fitted with an 
external voltage regulator and is to be operated without a 
battery, the rM^tor should be removed. This opens the 
leld circuit. Tne generators in question are plain shunt- 
wound generators. 

Answer (Weatin^euse): Machinee of this type are usually 
•quipped with a fidd and armature terminal on the exterior of 


the generator. In this case, it is necessary to disconnect the 
field lead and tape it up. This opens the field circuit and the 
machine can be operated without danger of burning up. 

Answer (Ward-Leonard). The answer to No. 1 can be applied 
to this question also, with the exception of the regulator. As a 
rule, when a vibrating type of regulator is disconnected, it 
automatically opens the shunt-field circuit, and gives the neces¬ 
sary protection to the generator. 

S uestion 3: What method should be adopted if 
ain shunt-wound generator is equipped with an 
eternal electromagnetic “current regulator**? 

Answer (Remy): A generator having its output controlled 
by a vibrating-current regulator should have its field circuit 
open whenever it is operated with the battery disconnected 
liemoving the fuse on our relay regulators will protect the 
generator. 

Answer ^ijur): The same action is advised in the case of 
generators having external vibrating current regulators. The 
external construction of these is the same as that of generators 
fitted with voltage regulation. 

Answer (Weetinghouse): In this case, it would be advisable 
to remove one brush if the machine is e<iuippcd with two 
brushes, and if equipped with four brushes remove the two 
brushes opposite each other. This method is always safe. 

Question 4: What method should be adopted if 
the generator is a compound-wound, constant-cur¬ 
rent machine? 

Answer (Remy): The only generators which we manufac¬ 
tured with compound windings are our models "M'* and 
On this type of machine the shunt circuit should be opened 
when the generator is operated with the batteiy disconnected. 
This is accomplished either by removing the fuse, or by dis¬ 
connecting the lead which is connected to the bruw holder. 

Answer (Weetinghouse): This should be taken care of in the 
same manner as described in the answer to question No. 3. 
We suggest that you advise your readers that, regardless of 
what type of generator a car is equipped with, when in doubt 
as to what to do, they should remove the bruwes in order to 
protect the generator when the batte^ ia removed. Of course, 
this is not always convenient, but it is a sure method. 

Answer (Ward-Leonard): The “bucking field,** or '‘shunt- 
series wound" generator, should be handled in the same manner 
as the third-brush regulated generator referred to in No. 1. 

S uestion 5: If the battery is disconnected how 
d ignition be obtained? 

Answer (Ward-Leonard): The simplest way to obtain igni¬ 
tion under the three conditions mentioned, womd be to connect 
four or five dry cells in place of the storage battery, leaving 
the generator disconnected. The current for the siae and tau 
lights can be obtained temporarily in this same manner, or. if 
necessary, by putting two or three sets of dry cells in pwallel. 

Note: See page 563, on when to increase generator output 
and to tell when a battery needs charging, and page 506 for 
adjusting generator output on different generators. 


CONNECTING BRUSHES ON 

Bniihes on a third-brush generator may be con¬ 
nected aa follows: 

1. Connect one end of field winding to the third (adjustable 
brush). 

2. Cooaeet other end of field winding to main brush of opponte 
polarity. 

In a two*poolo generator thk main brush will be about 


THIRD-BRUSU GENERATOR 

half-way around the commutator (nearty opposite) *rom the 
third-brush. In a four-pole generator thie main brush will 
be about one-fourth around the commutator from third-brush. 

3. Connect inaulated main brush to terminal. 

4. Motorize generator by connecting to battery. Generator 

ehould motorise in the same direction that engine will drive 
it. If it motorisee in oppoeite direction, reveree field eon- 
neotione. * 
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MOTOR-GENERATORS: North-East (with Ignition System); 

Simms-Huff; U.S.L. 


MOTOR-GENERATORS 


Motor-generators are of two general types: 

First: Those with one set of held poles on which 
there are two, or compound windings: a ‘^shunt 
winding’’ and a ^^series winding.” 

It is not necessary that the “series winding” be 
placed on all four poles. In fact, on many four-pole 
motor-generators, all four poles have “shunt wind¬ 
ings” on them which fact determines the polarity 
of the poles, because there are more turns of wire 
in the shunt winding, and only two of the poles 
have “series” windings. 

One armature with one winding and one commu¬ 
tator, with compound windings on the four field 
poles is the principle of the North East four-i^le 
motor-wnerator as used on the Dodge. The 
Simms5luff, formerly used on the Maxwell, was a 
six-pole motor-generator with one winding on the 
armature and one commutator. There are shunt 
windings on all six field poles, but series windings 
on only three poles. 

The two field windings oppose each other when 
operating as a generator; thus the result is a 
“differential” action, as explained on page 354. 

A third-brush regulation is used on the North 
East system, and also on some of the Simms-Huff; 
on early model Simms-IIuff six-pole motor-gener¬ 
ators, the regulation was by means of an electro¬ 
magnetic resistance method. 

The two field windings assist each other when 
used as a starting motor, and thus the result is a 
“cumulative” action. 

Second: the Delco motor-generator is similar in 
principle, except that many of these motor-gener¬ 
ators have two windings on the armature (see 
“Buick armature windings,” page 343) with two 
commutators. (See also Index for Delco generator 
instructions.) 


A motor-generator of an early type, where there 
were two sets of field poles and two armatures, but 
mounted together in one unit, is shown in Fig. 1. 




Fig. 1. An early type of motor-generator conaiating of a 
generator below and a motor above, uaing two aeparate arma- 
turea and two aeparate fields, and termed a “double decker," 
aince the motor armature ia superimposed over the generator 
armature. 

The two armatures are connected together with a system of 
gearing and an over-running clutch (R) (similar to clutch 
explained on page 324). The motor armature and the gearing 
are in operation only when the starting switch is preas^. 

The generator armature is the only moving part under run¬ 
ning conditions, as the over-running clutch of the roller type is 
provided to disengage the motor armature and reduction gears, 
which remain idle and inoperative when the engine is started 
and running under its own power. The generator armature 
revolves in the lower field. The motor and generator are 
entirely separate—armature is of the drum type. A regulator 
and automatic cut-out of the usual typo are provided. 

A modem type of motor-generator is where only 
one armature and one set of field poles are used for 
both the motor and generator, such as the North 
East and Delco. 

As an example of the construction of a modern 
motor-generator and of its principle and its relation 
to the other parts of the electric system, the North 
East model “G” motor-generator will be discussed. 


THE NORTH EAST ELECTRIC SYSTEM AS USED ON THE DODGE. A TYPICAL EXAMPLE 
OF A MOTOR-GENERATOR (TWELVE-VOLT SYSTEM) 


In order to explain just how the same wind^s 
serve for both a motor and a generator, simplified 
illustrations are shown in Fip. 2 and 3 (page 368), 
which represent the North East model “G” system 
as used on the Dodge Bros. oar. 

Both actions do not take place at the same time. 
That is to say, if used as a motor, the generator 
action is not m operation; if used as a generator, 
the motor action is not in operation. Both wind¬ 
ings on the field poles, however, are used for both 
the generator ana motor action. 

Note that there are four poles, each with a “shunt- 
field” winding and a “senes-field” winding. Note 
also the cut-out which is used with the generator 
action. Th^enerator is a third-brush re^pilated 
generator. The starting switch is used with the 
motor action. 


Parts of the North East Electric System 
on the Dodge^ 

The principal parts of this system are enumerated 
as follows: (1) motor-generator (12 volt); (2)batterv, 
6 cells (12 volt); (3) ignition 8>T3tem (12 volt); 
(4) wiring system (smgle-wire grounded return). 

The motor-generator (model “G”) is a “single- 
unit” machine and operates either as a startmg 
motor or as a generator, depending upon whether 
the current is supplied to it from the battery, in 
which case it acts as a startinf^ motor, or whether 
it is driven by the engine, at which time it generates 
current and charges the battery. 

The same field windings, armature, commutator, 
and brushes serve both for starting and for generat- 


lAppliM to Dodge 4-oylinder oar. By oourteey United 
Moton Servioe, Ino. (Overeeaa Motor Service Ckirp. in export 
territ^ee). 






Fig. 2. Path of current from battery when used M b stArtinc 
motor to erank the engine. Note that the current 6ow around 
the field polee of both the aeries and shunt-field windings is in 
the same direction, and thus is **cttmnlatiye** in action, which 
strengthens the polarity of the field poles. 


Fig. 3. Path of current from generator, when generator la 
char^g battery. Note that the current flow around the field 
p^les of Doth the series and nhunt-field winding is in the oppo¬ 
site direction. Thus it is “differential” in action, which tends 
to weaken the field strength at high speeds (explained in the 
text). 


ing purposes. In its general construction it differs 
very little from the ordinary compound-woimd 
Iterator, except for the third>brush regulating 
future and certain mechanical details. 



Fig. 4 . The motor-generator is driven by a silent chain 
from the erank shaft of the engine. 

The motor-generator is mounted on the front left 
side of the engine and is driven from the crank 
shaft by means of a silent chain (Fig. 4). The driv¬ 
ing ratio is three revolutions of the armature to one 
of the engine crank shaft. 

Starting Motor Action 

When mnsing as a starting motor (see Figs. 2 
and 5)f t^ elec^ current from the batteiy flows 
from (+) of the txattery to the switch terminals (1 
and 2) on the outKmt. The startup switch con¬ 
nects these two terminals, thus closing the circuit 
around the cutout, direct from the battery to the 
motor-generator, through the (4*) terminal of the 


motor-generator, through half of the series field 
winding to the (-j-l main brush, through the arma¬ 
ture coils out of the (—) main brush, through the 
other half of the series field winding, to the grounded 
terminal {—), back to the grounded terminal of 
battery (--). 

The current from the (+) terminal also flows 
throu^ the armature out the third brush around 
the fimd poles to the fuse, thence from the grounded 
end of th ^ fuse through the motor-generator frame, 
through the ( —) grounded terminal, to the ( —) 
grounded battery terminal (G2). 

It will be noted (in Fig. 2) that the current flow 
around the *^series-winding^^ and the “shunt-wind¬ 
ing” is in the same direction, therefore the two 
winding assist each other in producing a strong 
mametic field. The “series coil” provides the 
bulk of the magnetic field under starting conditions, 
and the “shunt-field coils” serve simply to assist 
in raising the magnetic field to its maximum 
strength. In other words, the greater part of the 
current flows through the “series-windmgs’’ when 
used as a motor. 

Where the two windings assist each other by 
being wound so that the current flows through this 
two windings in the same direction, it cmlad a 
“cumulative-compound field winding,” 

Generator Action 

When driven as a generator, the operation is 
practically that of a constant-current generator 
(see Figs. 3 and 5). The magnetic field reshltii^ 
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from the current flowine around the windings on 
the field poles is produced by the current generated 
in the armature coils flowing through the '^shunt- 
fidd” windings. The generated current from the 
armature also flows through the ''series^eld” wind- 
ings, but in an opposite or reverse direction from 
that in which it flows through the ^'shunt-field 
windmgs.*' Thus the "series-wmding” opposes the 
"shunt-field winding” instead of assisting it in 
building up the magnetic field, and this winding is 
termed a compound winding with a "differential" 
action^ or a so-called "buckmg** effect. 

This bucking effect of the "series field" aids the 
"third brush” in preventing the output of the 
machine from rising above a definite output. The 
third brush could do this unassisted, but it is neces¬ 
sary t^t the series winding should be on the genera¬ 
tor for starting purposes; its effect is utilized in 
conjunction with the third brush, which is desirable. 

The path of the current (Fig. 5) through the 
shunt-field winding is as follows: When the genera¬ 
tor is started, the current from the armature flows 
from the third brush (+), through the shunt-field 
windings in the direction shown by the arrow 
marks, through the fuse, through the frame of the 
motor-generator, through two of the series field 
coils, through (—) main brush back to the armature. 
This causes the magnetic field to start building up. 

The cut-out voltage winding circuit is from the 
(+) main brush, through the series windings around 
two poles (note that it is in the direction opposite 
to the flow ot current through the shunt field) out 
the (+) main brush to connection (1) on cut-out, 
throu^ the cut-out shunt or voltage winding (V), 
to terminal (4), to ground (G3), to ground strap 
on the generator (Gl), through two senes field coils, 
to the (—) main brush, through to the armature 
(-f) main brush, thus completing the cut-out volt¬ 
age windhig circuit. 

This circuit through the fine wire voltage wind¬ 
bag (V) on the core of the cut-out is to magnetize 
the core so that it will pull the cut-out armature 
(A) to the core and close the cut-out points (P), in 
order that the generator charging current can pass 
to the batteiy. 

It is not desirable to have the points (P) close 
until the generator has built up sufficient voltage to 
overcome the voltage of the battery, otherwise the 
rush of current from the battery through the field 
windings would oppose its action of bunding up in 
the right direction. 

Charging circuit:^ At about 1,(XX) r.p.m. of the 
generator (which corresponds to 9 to 10 miles per 
hour car sp^;! the generator has built up to 14.5 
volts at which voltage the cut-out shunt, or voltage 
winding (V) has sufficient voltage through its 
winding to magnetize the core so that it will have 
magnetic strength to pull the cut-out armature (A) 
down against this tension of the spring and thus close 
the cut-out points (P). The voltage of the battery 
being 12 voits and of the generator 14.5, the genera¬ 
tor therefore has a slightly greater voltage than 
the battery. Thus the batteiy is charged by the 
generator, and the path of the charging circuit is 
then from the (+) main brush of the g^erator. to 
terminal (1) of the cut-out, throd|^ series winoing 

< The eurrent for headUghto, horn, and ignition flowa through 
tha ammeior only when tbt genorator it not ahirging, thatw, 
when the current flows direct from the battery. At all other 
timea it doea not flow through the ammeter. The return peth 
for all the circuit ie by way of ground to the battery. 


(S) on the cut-out. through the frame of the cut* 
out armature blade (A), through points (P), to 
cut-out terminal (3), tnrouffh the ammeter to cut¬ 
out terminal (2), to the battery (4-) termmal, 
through the battery, to the (—) grounded battery 
terminal (G2), to the (~) ground strap on the 
generator, through two series coils, to the (—) 
main brush. Note that the current flow in the 
series-field windings is in the opposite direction to 
the flow of current in the shunt-neld windings. 

From 1,0()0 r.p.m. of the generator, to 1,700 or 
1.800 r.p.m. (15 or 16 miles per hour car speed) 
the charging rate rises rapidly (see page 374). The 
maximum cnarging rate of 7 amperes is reached at 
from 1,700 to 1,800 r.p.m., and remains unchanged 
with further increase of si^d up to approximately 
2,100 r.p.m.^ at which point it begins to decrease. 
The decline in output continues from this point on, 
looming more and more gradual as the upper 
limit of the speed range of the engine is reached. 
At 5,500 r.p.m. (50 m.p.h.) the charging rate usually 
drops as low as 4 amperes; and at still higher spee^ 
it declines even more. 

When the speed of the generator drops to less 
than 1,0(X) r.p.m., then the voltage will also drop, 
and the cut-out points (P) will open and thus pre¬ 
vent the battery from sending a reverse current 
back through the motor-generator. ' 

It is necessary, however, to have the battery dis¬ 
charge back through the cut-out series winding in 
order that the points open. This is explain^ as 
follows: When the voltage coil (V) has gained suffi¬ 
cient strength to pull the cut-out armature (A) 
down, the current nows through the series winding 
(S) aroimd the same core, and as it flows in the same 
direction as the cut-out shunt winding (V), each 
combines to hold the points tightly together. 
Although soft iron is supposed to lose its magnetism 
when current is stopped from flowing around the 
winding, it is slow in demagnetizing and has a 
tendency to retain some of its magnetism even 
though the current flow should stop altogether. In 
this instance however, the current flow has not 
stopped altogether, and although only a small 
amount of current is flowing through the cut-out 
shunt fine wire winding (V) when the generator 
is below 1,000 r.p.m., it has a tendency to hold on 
until the last. The action of opening and closing 
of points (P) must be quick, and in order to cause 
it to open quickly at the correct time, the battery 
discharges back through this series cut-out winding 
(S) in a reverse direction, which reverses the polarity 
of the core and demagnetizes it. Instantly the cut¬ 
out armature (A) is released and the points (P) aro 
opened, because the strength of the battery current 
is greater than the current then flowing from the 
generator through the fine wire winding (V) of the 
cut-out in an opposite direction. (ThS is the prin¬ 
ciple of all reverse-current cut-outs.) 

This discharge back from the battery, however, 
must not be over 1 ampere in this example, and the 
cut-out is set originaUy by adjusting the spring 
te^ion.^ If it should permit a greater discharge, 
this spring tension can be adjusted to correspond to 
a given degree of magnetic pull of the cut-out core, 
and the cut-out armature (A) can be made to open or 
close at any desired voltage within reasonable u^ts* 

Thus the reverse current cut-out keeps the charg¬ 
ing circuit closed between the generator and battery 
omy when the generator is capable of charging the 
battery, and imder all other conditions It auto-* 
maticidly opens the circuit to prevent the batt^ 
from discharging backthrou||^ui6 inotor-geQeiuto^^ 
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North East Ignition System (Model “O”) as 
Used on the Dodge Cai^ 

An internal diagram of the North East model ^* 0 /* 
ignition system, as used on the Dodge, is shown in 
Fig. 6. The primary circuit is from the battery 
when the generator is running slow or not running 
at all, or from the generator when it is running at 
sufficient speed to generate a voltage higher than 
the battery. Note that the generator is at 12 volts, 
and so also is the battery; therefore the ignition is 
a 12-volt grounded system. 

The prima^ ignition circuit is from the (+) side 
of the ignition and lighting switch (IG), to the 
primary terminal on top of the coil, through the 
primary winding, to the movable contact arni on 
the interrupter, or breaker-box, through the points, 
out through the stationary contact to ground, thence 
to ground of battery (G2), or generator (Gl), thus 
completing the primary circuit. 

The secondary ignition circuit is from secondary 
terminal on the side of the coil, to the center termi¬ 
nal of the distributor, to the spark plugs through 
the revolving “rotor,’* through the spark-plug 
electrode, through the gap to the engine, through 
ground of the engine, to ground of the coil, to the 
grounded secondary terminal. 

Note that a safety gap is Bhuntivl across the secondary cir¬ 
cuit, so that if a spark-plug terminal comes loose, the spark 
will jump from the secondary terminal at the side of the coil to 
ground; thus it is shunted. Thi.s gap is slightly wider than 
the spark-plug gan, and thus the secondary circuit will always 
go to the spark plugs without jumping, unless the spark-plug 
gap is wider than the safety gap. The spark-plug gap should 
be set to .030^'. 

The North East model ignition unit (Fig. 6) 
consists of a shaft with a coupling yoke for driving 
the distributor and interrupter. The coupling 
yoke is connected with the pump shaft. The dis¬ 
tributor shaft is driven at one-half the speed of the 
crank shaft; that is, while the crank shaft completes 
two revolutions the distributor shaft completes one 
revolution. 


Adjusting the North East Contact 
Breaker 

Always turn off the ignition switch when adjusting 
or testing any part of the ignition. 



Fig. 7. Adjusting the contact-breaker points. 

To adjust breaker-contact i^ints: (1) Turn the 
vertical distributor shaft (Fig. 7) until one of 
the lobes of the breaker cam comes against the fiber 
block or breaker-arm so that it pushes the breaker- 
arm back to the limit of its normal movement. Be 
sure that the contact points are separated the full 
distance. (2) Back off the contact-breaker stud 
lock-nut sufficiently to release the contact stud. 
(3) After loosening, use a thickness gauge between 
the points and adjust to .020" when the points are 
fully separated. (4) Tighten the lock-nuts, and 
after the stud has oeen locked in the new position, 
check the gap once more to make sure that no 
alteration occurred during the locking process. 

If contact points are pitted use an oil stone, as 
explained on page 225. 

If contact points are renewed, replace both the 
stationary contact stud and the breaker-arm 
assembly. After assembling, hold a piece of white 
aper behind the contact points to serve as a light 
ackground and sight between them and see if they 
meet evenly over their entire surface. If not, 
bend or twist the breaker arm slightly until the3f 
are brought into correct relationship. 
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Fig. 6. North East model “O" ignition \init on the Dodge. 


The distributor is advanced by an "automatic” 
arran^ment, and by a "manual” control connected 
with the spark lever on the steering wheel. 

The ition coil is attached to the unit at the 
left, and the condenser is in the interrupter or 
contact-breaker housing The interrupter is a 
"closed-circuit” type. By referring to the illus¬ 
tration, the names of the several parts will be 
found. 


^ Applies to Dodge 4-oyIinder car. By oourteey United 
Motors Service, Ino. 


Timing the Ignition 

If the coupling yoke (Fig. 6) attached to the shaft 
driving the ignition mechanism is disconnected 
from the pump-shaft yoke which drives it, note 
the position of the distributor rotor and the two 
halves of the coupling, and mark it carefully. If 
this is not done at time of removal, it will be neces¬ 
sary to time the ignition assembly as follows: 

1. Turn off the ignition switch. 

2. Attach the ignition driving-shaft coupling to 
the pump-shaft coupling. 

3. Crank the engine until the position of No. 1 
cylinder has reached dead center of its compression 
stroke and has passed 8 engine degrees beyond it. 

A good way to tell this is to watch the exhaust valve on No. 4 
cylinder. This valve should be just on the point of closing 
when No. 1 piston is approximately 8 engine degrees beyond 
the dead center of its compression stroke. See pages 70,307 f(Nr 
methods of finding the compression stroke. The best plan ie 
to remove the cylinder head to expose the pistons. 

4. Shift the breaker-box to full retard position. 

5. Remove the distributor-head or cap, and the 
distributor rotor arm. 

6. With a broad-bladed screwdriver, back off 
the breaker-cam nut one or two turns, so that the 
cam can be turned free of its shaft on which it is set. 

7. Place the rotor-arm temporarily on the dis¬ 
tributor-shaft and turn it in a clockwise directioh 
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until the rotor is in position where it would normallv 
make contact with No. 1 distributor terminal. 
The breaker-contacts should then be fully separated. 


8. Turn the cam back carefully a short distance, 
until the cam lobe permits the points to come 
together a^in; then turn it back to the correct 
position. This action will allow for any slack in 
the gears. Lock the cam lock-nut. 



FULL 

RETARD 

BREAKER ARM 
POINTS "P- 

I 


_ FteRC 

breaker TiBiprniMnr bpller 

CAM NUT^^®|B®A BREAKER 
ODNOEHJER CAM 

Fig. 8. To tell when the contact-breaker pointa open, use 
\ 2 c.p. lamp bulb, as shown. 


9. Place a 14 to 16-yolt 2-candle power test 
lamp across the contact-breaker circuit (Fig. 8), 
by placing one clamp (C) of the test light to the 
bmoing post and the other clamp to the frame of 
the breaker-box, as this is a grounded system. The 
wires from the coil, etc., are not disconnected; the 
imition switch, however, is off during this time. 
'niej)urpose of the light is to enable one to tell 
the instant the contact points separate, because 
the opening of the points occurs so rapidly that it 
is difficult otherwise to tell, and this insures correct 
adjustmeirt. 

10. Turn on the ^;nition switch. Replace the 
distributor rotor again and verify the cam setting 
which has been made, by rocking the distributor 
shaft backward and forward as far as the slack in 
the gears permits. The lamp will light the m 9 ment 
the contacts begin to separate, and will go out the 
moment they come together. Note that the lamp 
is in series with the circuit when the contact points 
are opened. 

Note. This is a good timing test for other ignition systems. 
If, however, there are two bindii^ posts or terminals on the 
eontaot-breaker. then the test-light clamps (C) would be 
attached to each. 

It is very important that the timing be exact, 
because the speed of the engine crank shaft is twice 
as great as the vertical distributor shaft, and inac¬ 
curacy in setting will produce a doubly magnified 
effect upon the operation of the engine. 

The spark-pl^ air-gap on the Dodge is 1/32'^ 
or about the thickness of a smooth dime. 


Lubrication of Ignition Mechanism 

The automatic advance mechanism (Fig. 6) is 
lubricated by grease in this compartment. The 
original grease should last for several seasons. If 
renewed, it should have not over 3 cubic inches and 
grease to correspond with No. 4 Keystone grease. 

The horizontal shaft is supplied with grease from 
the automatic compartment and also from the grease 
cup shown in Fig. o. This grease cup should receive 
attention every few thousand miles. 

Cat«Chit Adjustments: N. £. Model 8100 Used 
on the Dodge 

The air-gap space at the carbon blocks of the cut¬ 
out (P), when separated (Fig. 5; see also Figs. 0 and 


9A), must be .030''; the air-mp between the small 
copper button or the under side of the cut-out arma¬ 
ture and the upper end of the iron core about which 
coils are wound, should be approximately .020". 

The contact blocks (656, Fie. 9A) should be in 
perfect vertical alignment and the carbon blocks 
should be parallel. If they are not, bend with long- 
nosed pliers. 

Inspect adjustment of the cut-out contact points 
by holding them up to the light, being careful to 
make sure that it is correct. 

After aligning properly, then measure the air-gap. 

If it is not enough, bend the stop away from the 
armature slightly. If there is too much air gap, 
bend down. 

Cut-out closes: The starter-generator should be 
showing 14.5 volts on test when connected with the 
battery through the cut-out. 

The cut-out armature (A, Fig. 5, or 2168, Fig. 9A), 
should close at this voltage.^ If it does not, alter 
the spring tension (2184, Fig. 9A). 

The spring tension can be lessened by spreading 
apart one or two of the spring turns, or by bending 
down the portion of the armature spring plate that 
extends back beyond the iron body of the armature. 

The spring tension can be increased by forcing 
together the separated turns, or by bending up the 
armature blade. Flat-nose pliers are handy for 
these adjustments. 

Cut-out opens: As soon as the cut-out has been 
set to close the charging circuit when the voltage 
is 14.5, then check the adjustment by reducing the 
starter-generator speed to 500 or 600 r.p.m., and 
then raise it again gradually until the cut-out closes. 
In making this test, note the voltage carefully as 
registered on the voltmeter at the instant when the 
cut-out closes, and if found other than 14.5 volts 
when it closes, adjust to that voltage. 

After adjusting for the closing point as just de¬ 
scribed, then adjust for the opening point as follows: 
Speed the generator up to 1,500 or 1,600 r.p.m.; then 
r^uce speed CTadually until the cut-out contacts 
open. Watch the ammeter* at the moment when the 
cut-out breaks the charging circuit, and note closely 
the amount of discharge current that is required to 
cause the cut-out to open. This discharge back 
through the cut-out reverse-current coil from the 
battery should not exceed 1 ampere. If more than 
1 ampere, investigate the cause. This discharge is 
the reverse current flowing from the battery back to 
the generator in an opposite direction. It thus 
demagnetizes the iron core. 

Too high a discharge current is due to: too great 
air-gap at the cut-out armature core at (A) (Fi^. 5), 
or cut-out series coil (S) (Fig. 5) is short-circuited. 

North East Cut-Out Winding Tests 

To test for a cut-out ground: Hold one test lead 
(110 or 220-volt lamp and leads) on cover 8107 
(Figs. 9 and 9A) and touch binding post No. 3, and 
then No 4. If the lamp lights, there is a nound. 
(The internal diagram of this cut is shown in Fig. 5.) 


> A voltmeter it connected acroee the circuit leading to the 
cut-out, say, at the (+) terminal of the generator, or at terminal 
1 of the cut-out ana ground. 

* The ammeter is shown in circuit in Fig, (i. Cheek It with ■ 
test ammeter to see if it indicates correctly. If not, connect 
in the “test ammeter*’ instead. 
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■bown in Fig. 6, ];>age 360. 

To test for an open circuit in the shunt winding 

(coil V, Fig. 5) of the cut-out: Place one test lead 
on te minal No. 4 and the other on No. 1 (Figs. 9 
and 9A). If t^ circuit is complete through the 
shunt coil, the lamp will light ^mly and the cut¬ 
out armature will be drawn against the core; if an 
open circuit exists, the lamps will fail to light, and 
tne cut-out armature will not respond. 



ARMATURE 2168 
COMPUTE 


L-2164 

CUT-OUT 


COMPLtTf 1 


SI07 



TT 

TlnBlNOlNO 

POST 


Fig. OA. Side view of cut-out (typo 8100). 

To test for an open circuit in the cut-out (see also 
S, Fig. 5) series coil: Place one test lead on No. 1 
binding post and the other on No. 3, and close the 
contacts i656) by hand. If the normal circuits are 
complete, the test lamp will light the moment the 
contacts are closed. 

To test for a short circuit between the cut-out 
shunt (V) and the series (S) coil: Place one test 
lead on No. 1 binding post, and the other on No. 4. 
If the circuits are normalj the test lamp will burn 
dimly; but if a short circuit exists between thi^ coils, 
the lamp will burn with full brilliancy. 

To test for a short circuit between the cut-out 
contact points on the contact bracket ^d cut-out 
frame: Place one test lead on No. 1 binding post 
and the other against No. 3 binding post, but do 
not close the cut-out contacts. If a short circuit 
exists, the lamps will light, even though the cut-<3ut 
contacts are not closed. 



Itg. 9B. Cut-out and switch (type 11866) used on Dodge 
oars ab^e No. 71^03 (see also page 360). 


To **Run In** Brushes on North East Motor- 
Generator 

Use only North East brushosi as they are speciaUy 
made and are neoeasary. Never transpose the third 
brush for a main brush. 


The main brushes composed of copper mphite 
mixture and heavy, are oopper-oolor^ and partly 
copper-plated. The third brush, made of graphite 
only, is lighter, and is black md imcoated. 

Brushes should be run-in if new ones are fitted or 
if old ones are resurfaced, Fig. 10. 

To “run-in** brushes: Connect the starter-genera¬ 
tor with a battery of the proper rated voltage (a 
12-volt battery is to be used with a 12-volt machine), 
and allow the machine to run free at a high sp^d 
for twenty or thirty minutes. The requisite nigh 
speed can be obtained by temporarily converting 
tne machine into a plain series motor. This can be 
done readily by removing the fuse so as to open 
the shunt-field circuit. In the case of the type 3554 
starter-generator, which has no fuse, the shunt-field 
circuit can be opened by disconnecting the pigtail 
from the third brush. 

This applies to other makes also, except that in 
case of a 6-volt system a 6-volt battery should bo 
used. 


The “running in** process must be continued 
until the entire surface of all three brushes has 
become sufficiently concave to fit the commutator. 
Fine (No. 00) sandpaper, never emery paper, may 
be used, if desired, to hasten the proc^; but if 
this is done, care must be exercised to avoid rounding 
the edges of the brushes, or otherwise modifying 
their working surfaces. As soon as the brushes 
have become completely fitted to the commutator, 
the charging rate should be measured carefully, 
and if it is found to be at variance with the standard 


rate given in the table on page 375, it should be 
readjusted to the correct value in accordance with 
the directions given in the preceding section. The 
output variations, due to changes in the battery 
c.e.m.f., must always be borne in mind when the 
charging rate is to oe mea ured or adjusted. 


The commutator should be examined whenever 
new brushes have been found to be necessary, be¬ 
cause its possibly roughened condition may have 
been responsible for the brush difficulty. If the com¬ 
mutator should be found to be in a roughened or 
burned state, it should be carefully resurfaced, and, 
if necessary, undercut. See Index under “Com¬ 
mutators, undercutting of.” 



Fig. 1 
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Motor-generator run aa a motor to **nm-in*' tha 
Fig. 11. ^placement of chain. 


Removing and Replacing Chain 

1. R^ove housing enclosing the starter-genera¬ 
tor pinion. 

2. Turn engine over until master link is exposed. 

3. Break the master link imd attach both ends of 
the new chain to the old chain. 

4. Crank the engine over until the new chain is 
in place, when the old one may be removed and 
the master link of the new chain may be closed. 
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Another method: (1) Pass a short piece of wire 
through the end of the chain and bend it into the 
form of a staple (W) (Ilg. 11, top ill.): (2) start 
chain on the lower side of the sprocket (S). Hook 
the vire (W) through the sprocket (Fig. 11, lower 
ill.) to keep the chain in mesh and turn the engine 
with the starting crank unit until the end of the 
chain appears at the top of the sprocket. Remove 
the wire from tiie sprocket, hold the end of the chain 
and continue to turn the engine until the chain is in 
position for applying the master link. 

Chain-driven starting motors and generators 
should have the chain kept lubricated and ad|usted, 
but the chain should never be adjusted too tightly. 

Chain Adjustment 

To obtain the proper adjustment for quiet running 
of the chain, proceed as follows: 





rrart riMf« Baftit 


CyUDdtr Blo«k 

Fig. 12 


Loosen the set screw and lock nut on the edge of 
the front flange of the cylinder block, and back off 
the starter binding nut, just enough to remove the 
pressure from the adjustmg ring. Loosen the 
blocks and strap to allow the starter-^nerator to 
move. This will allow the eccentric adjusting ring 
to be turned until the required play in the chain is 
obtained. There should be about one-half inch up- 
and-down movement in the chain. After the proper 
adjustment has been made, be sure that tne set 
screw, lock nut, and binding nut are screwed up 
tightly. See that the chain tension has not been 
disturbed while performing this last operation. 

Carefullv adjust blocks up snug between the 
engine and the starter-generator, and then tighten 
the holding strap. After the inspection cover has 
been repla<^, tne chain should run without per¬ 
ceptible noise. It is lubricated by its dipping into 
the oil in the bottom of the front gear compartment, 
thus needing no further attention after it has been 
properly adjusted. 

Removing Armature 

1. Remove the four nuts on the sprocket-end of 
the generator and pull the drive-end housing off 
with the armature. 

2. Undo the pinion sprocket nut and lockwasher 
and pull the pinion off. 

3. The armature can now be removed. 

4. Remove the four screws holding the retaining 
plate after which the ball bearing, crimped spacer, 
and cork packing washer can be driven out. The 
front armature bearing is lubricated automatically 
from the chain. 


Adjusting Charging Rate of North East 
Model Motor^Generator 

Adjoitiiig the charging rate: Run the starter- 
generator at a speed to d^ver its maximum output, 
which is 1,775 and 1,825 r.p.m. 
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Fig. 13. Sectional view and name of parts of North East 
model “G” motor-generator. Model (GA) has fuse in top of 
field ring at drive end, and terminal is on top of field ring at 
commutator end. 


The charging rate should never be set lower than 
4 amperes, nor liigher than 10 amperes. The adjust¬ 
ment is made by shifting the third br^h (Fi^. 15) 
with respect to the main brush and its maximum 
capacity is 12 amperes. Moving the third brush in 
a clockwise direction (Fig. 15 shows the commutator 
end-view) w ill reduce the charging rate. A counter¬ 
clockwise movement will increase^ the rate. A 
speed of 1,800 r.p.m. of the generator on a Dodge 
represents about 600 r.p.m. of the engine. The 
average setting is for about 8 or 8H amperes. 



A test made on the car can be carried out as 
shown in Fig. 14 Use an ammeter reading to 30 
amperes, and connect as shown, or attach l^tween 
the starter-generator (4*) binding post and the lead 


> This may appear to conflict with the atatemont, formerly 
made, that to increase the charing rate, the third brush should 
be moved away from the main onuih which is connected to the 
shunt field-windings. However, in the case of this 4-pole 
machine, another (—} main brush could be placed opposite to 
the one shown, that is, on the bottom of the commutator, and 
TOnnected to the shunt field-windings (ipounded). Therefore, 
by moving the third brush counter-clockwise in this instance, 
we should increase the charging rate because we would then 
be moving it away from its closest main brush. Refer to I^g. 
16 and note that the commutator is turning in a oounter-olook- 
wist direction, and the third brush is shiftra with the direotta 
of rotation of the commutator to iaoretM ttia output. 
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noimally attached to it. If this is done, short-cir¬ 
cuit the instrument while starting the engine, as a 
heavy starting current would bum it out. 


If it is ever impossible to raise the charging rate 
to the desired value in this way, the special measures 
listed below are recommended. 


Connect a voltmeter (reading to 20 volts) 
across the starter-generator binding posts. 

Compare the current and voltage readings ob¬ 
tained at a constant speed of 1,800 r.p.m. in accord¬ 
ance with the table below 


There are certain slight variations in the output 
due to changes in the batteiv cotmter-electromouve 
force (c.e.m.f.)» which must be taken into considera¬ 
tion whenever the charging rate is being investi- 
mted. The variations have been tabulated below 
for battery voltage variations from 12 to 16 volts, 
the speed of the generator having been considered 
constant at 1,800 r.p.m. throughout. 


An illustration as to how the oharsing rate is influenced by 
ohangee in the battery o.e.m.f. is as follows: Let us assume that 
a fl-cell, 12-volt battery, which has become entirely exhausted, 
is placed on charge by connectin|( it in the usual manner to a 
model “O’* sUtrter-generator driven at a constant speed of 
1.800 r.p.m. At the banning, while the battery is in a dis¬ 
charged condition, it wiU have a relatively low c.o.m.f., which, 
in this instance, we will assume to be 12 volts. The charging 
rate of a normal starter-generator supplying current at this 
voltage will accordingly be 6.5 amperes. 


ViriatioBS in Oliargiig Sats Due to Ohaagos in Batuny 0. X. M. r. 
Charging BaU Battsiy 0. X. M. V. fUrtor-gonsrator 

* (SUrter-generator 
Temdnal E. H. F.) 


AMPERES 

6.5 

6 

Nonaa]6.S 
Setting 7 


VOLTS 

12 

13 

14 

15 

16 


& P. IL 
1800 
1800 
1800 
1800 
1800 


♦The battery c.e.m.f. (counter-electro-motive force) and the 
starter-generator terminal e.m.f. (electr^motive-foroe) are 
virtually equivalent under normal operating conditions, and 
may accordingly be considered as identical m ordinary tests. 
The voltage readings should always be taken across the positive 
(+) and Uie negative (—) generator binding posts. 

If, however, the battery is allowed to remain on charge 7 or 
8 hours, its o.e.m.f. will rise gradually until a final high value 
of 16 or 16 volts is reached. 

This rise in the battery c.e.m.f. will naturally result in a 
corresponding increase in the generator chargi^ rate. Assum¬ 
ing that the battery c.e.m.f. has now risen to its highest value, 
16 volts, the charging rate, as indicated by the t8(ble, will have 
become 7.6 amperes. At intermediate points, between charged 
and discharged conditions, similar variations in the charging 
rate will occur, in accordance with the value of the particular 
battery o.e.m.f. which exists at the points considered. 

From this it is obvious that both voltage and speed readings, 
as well as current readings, must be taken whenever the charg¬ 
ing rate of a model “‘Q’^ starter-generator under test is to be 
compared with the established standard. Current readings 
alone cannot be depended upon as an accurate indication of the 
charging rate, because of this modifying effect of the battery 
c.e.m.f. 


Do not increase the charging rate above a maxi¬ 
mum of 10 amperes at a battery c.e.m.f. of 15 volts. 

Do not reduce the rate below a maximum of 4 
amperes at a battery c.e.m.f. of 15 volts. 


To Increase or Decrease Charging Rate 
on Model North East 
Motor-Generator 

To inerease the charging rate: Turn the adjusting 
pinion stud (8035, Fig. fo) slowly in a clockwise' 
dilution imtil the ammeter indicates that the 
desired value of the charging rate has been obtained. 


, *Th« Btsrtsr-tsserstor In hnrn eonsidnmd ns vinwnd from 
m Qommutstor-nnd. Turning thn pinion in s clookwise 
opnetion will osunn thn third bninb-plntn to movn in n oountnr- 
donkwinn dimotioii, snd, vion vnmn, turning thn pinion in n 
mninr-olookwltt alrsation will osunn thn ^tn to movn in s 



Fig. 15. End view of the N.E. motor generator, showing 
the commutator end. The commutator revolves counter¬ 
clockwise. 

1. Increase the range of adjastment by filing an 
extra notch in the third brush-holder plate, taking 
care not to increase the range to such an extent that 
the third and main brush-holders are allowed to 
come in contact with each other. 

2. Where the extra notch is impracticable or 
inadequate, the original third brusn-holder (No. 
8060-A) should be replaced by the later style brush- 
holder (No. 9599). 

3. Should (1) and (2) ever prove inadequate, it is 
advisable to remove the armature and replace it 
by another. If the new armature gives the desired 
results, it may be assumed that some irregularity is 
in the original armature and it should be sent to the 
nearest North East branch for adjustment. 

Do not increase the rate above a maximum value 
of 10 amperes at a battery c.e.mi. of 15 volts. 

To reduce the charging rate: Turn the adjusting 
pinion stud (8035) slowly in a counter-clockwise 
direction until the charging rate has been cut down 
as far as desired. 

Do not reduce the rate below a maximum of 4 
amperes at a battery c.e.m.f. of 15 volts. 

Always bear in mind, when adjusting the charging 
rate, that the output variation due to changing 
battery c.e.m.f. forms an important factor in the 
accurate setting of the rate. By overlooking this 
point an error may be introduced into the setting, 
which can easily be serious enough to bring about 
the devdopment of future battery trouble. 

As soon as the proper brush position has been 
found, lock the third brush-plate by tightening 
the clamp screw. Then note once more the am¬ 
meter and voltmeter readings, to make certain 
that the adjustment has not been disturbed by 
the locking operation. 

Before considering the work finished, run the 
starter-generator for fifteen or twenty minutes at 
varying spe^s to make sure that the new setting 
for the thira brush is permanent and accurate. Also 
i]^e a general examination of the machine to see 
that no o^er parts have been disturbed while the 
charging rate i^ustment was being made. 

In every instance where the charging rate has 
been alter^ from its normal value for the purpose 
of meeting special service reouirements, a close 
watch shoiud be kept on the condition of the battery, 
and any tendency toward undercharge or overcharge 
should be corrected at once by furth^ readjustment 
of the charging rate. Moreover, if oars with 
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specially adjusted starter-generators are transferred 
back again into normal service at any time, the 
chaining rate should be changed aocon^gly to the 
regular setting. If this readjustment is not made, 
possible injury may be caus^ to the battery. 

North East Instructfoiis for Disconnecting 
Battery from Model Motor-Generator 

If the battery is disconnected without proper pre¬ 
caution, or if there is an open circuit in the charging 
circuit of the generator and battery, and the genera¬ 
tor is driven at a s^peed wWch will permit the 
generator voltajp to rise, it will reach an abnormal 
value which wul injure the commutator and the 
brushes, and even the field coils, if allowed to con¬ 
tinue for any considerable period of time. 

To serve as a protection in such an emergency, 
a “fuse,” designed to “blow” as soon as the gener¬ 
ated v oltage reaches an injurious value, is included 
in the shunt-field circuit and is mounteci on the out¬ 
side of the commutator end housing. With a 
‘l)lown” or removed fuse the motor-generator is 
incapable of producing electricity, because of the 
shurt-field circuit being open. Thus the motor- 
generator can be run without injury. 

If the battery should be disconnected and the 
motor-generator is to be operated, remove the fuse. 
If the machine is of the ty|w not equipped with a 
fuse, then connect the positive binding post to the 
negative binding post, by means of a piece of clean 
copper wire, not smaller than No. 18 B. & S. gauge. 

As soon as the battery is replaced, be sure and 
install the fuse a^in, and the short-circuiting wire 
must be removed. As long as the fuse is left out, 
the ^nerator cannot charge the battery, and if 
the short-circuiting wire is left in place, the genera¬ 
tor will be completely short-circuited. 

If the charging circuit is broken elsewhere than 
at the battery, the motor-generator will be subjected 
to the same detrimental conditions as described. 
Thus an op^ circuit in the charging indicator, or 
at the terminals of the motor-generator, or the 
car wiring, will under ordinal^ circumstances cause 
serious trouble. Likewise, if the reverse-current 
cut-out is prevented from functioning properly by 
an open circuit in its voltage shunt coil, or in the 
ground, or in the ground wire from that coil to the 
car frame, the effect will be equivalent to a break 
in the charging circuit proper. 


tecting the system by rendering the starter-generator 
inoperative. 

Therefore, if the machine fa ls to charm the bat¬ 
tery at any time, inspect the fuse first of all; and, 
in case it is found blown, replace it with a new one. 
If the new fuse in turn blows as soon as the machine 
is started up, make a careful search for the cause of 
the trouble before ninning the generator again. 


Adjustments and Tests of North East 
MtKlel “G” Starter-Generator 

To test for a ground: Remove the ground-strap 
screw and bend the ground strap away from the 
housing and remove the fuse (see Fig. 5; also Fig. 
16). Then, using the ordinary 110-volt test leads 
(see Index for “Test leads” or “Test light”), hold 
one lead against the starter-generator field ring and 
touch either the positive (-f) or the negative (~) 
binding jxysts v ith the other. If a ground is present, 
the test lamp will light. 



Fig. Id. Testing motor-generator windings for grounds and 
open circuits, test points, and light. 


To localize a groimd in the armature: Insert slips 
of paper between all three brushes (MB, 3B) and 
the commutator to insulate the commutator and 
the armature from the rest of the machine. Hold 
one test lead against the armature shaft and touch 
the commutator with the other. If there is a 
ground, the test lamp will light. 

To localize a ground in the brushes or field coils: 
With the brushes insulated from the commutator 
and the fuse removed, hold one test lead against the 
positive (-h) binding post and touch the field ring 
with the other. If the test lamp does not light, 
the two-series field coils between the positive (+) 
binding post and the positive main brush (MB-j-) 
may be considered free from grounds. 


The same results, moreover, in the case of the 
type 3554 machine only, can be produced by an 
open circuit at Ihe ground strap. In all other 
model “G” motor-generators, however, an open 
circuit at this point ^1 cause no actual damage, out 
will simply prevent the machine from generating, 
because of the fact that the shunt^eld circuit wul 
be open as well as the charging circuit. 

The ground strap, which forms not only a section 
of the charging circuit, but also of the starting cir¬ 
cuit, must always be kept in good electrical contact 
with the motor-generator frame. 

In case it is necess^ to operate the equipment 
with the charging indicator (current type) removed 
from the circuit, the wires normally attached to its 
two bind^ posts should all be connected together 
until the indicator is again placed in circuit. 

Shunt field Fuse 

The fuse (Fig. 5), located on the outside of the 
oommatator-end housiim of the starter-genemtor. 
is in s erted in the shunt-field circuit, and is designed 
to bbw if the battery circuit is opened, thus pro* 


Next, hold one test lead s^inst the negative ( — ) 
binding post and touch the field ring with the other. 
If the test lamp does not light, it may be assumed 
that the two-series field coils in the negative half 
of the machine (top and right-field poles, Fig. 16) 
are free from grounds. 

Finally, hold one test lead against the third 
brush (3B) and touch the field ring with the other. 
If the test lamp does not light, the shunt-field coils 
may also be considered free from grounds. 

To test for an open circuit in the annaturei the 
brushes or the series field coils: Disconnect the 
ground strap and remove the fuse. Hold one test 
lead against the positive (+) binding post, the other 
against the negative (—) binding post. The test 
lamp will light only if the circuit is complete. 

To test for an OMn circuit in the shunt field coils: 

Leave the ground strap disconnected, but replace 
the fuse, and insulate the third brush (3B) from the 
commutator. Hold one test lead against one ckf 
the fuse dips and touch the third brush (3B) with 
the othef. An open circuit in the shupt-fidd 
ooik will be indicated if the test laoKps fail to 
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To make sure that the open circuit is not in the 
fuse rather than in the coils, remove the fuse and 
test it by holding one test lead against 6ach end. 

To test for a short circuit, between the shunt and 
series field coils: Insulate the third brush (3B) 
from the commutator, remove the fuse, and test 
between the third brush (3B) and either binding 
post. A short circuit between these coils will cause 
the test lamp to light. 
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Testing N.E. motor-generator armature for short 


To test for a short circuit in the armature: Con¬ 
nect an ammeter (20 or 30-ainpere range) in the 
starting circuit (Fig. 17), and allow the machine to 
run free as a motor with no lotid. Note carefully 
the amount of current required to drive the machine 
as a motor. A normal 12-volt starter-generator will 
not draw^ over 8 amperes from a 12-volt battery when 
tested in this way. As a matter of fact the current 
drawn by the average machine when te.stcd in this 
way is generally about 5 amperes. An ammeter 
reading of more than 8 amperes should be considered 
as evidence of a short-circuited armature, provided 
the machine i.s free from mechanical difficulties. 

Note. The ammeter shown connected is the Weston model 
280, used in connection with a SU-ampere shunt, explained 
under “Annneters” (see Index). 


Spr4K?ket-End Housing-Model ‘‘G,” North East 
Motor-Generator 

The construction of the housing, No, 8003, used on 
all model “C’^ machines is shown in F'ig. 18. This 
shows how the oil is kei)t from the interior of the 
generator. 



18. Showing how oil is kept from the interior of the 
N.E. motor-generator. 


Early Models of North East Motor-Generators 
and Electric Systems Used on the Dodge 

The North East system described on pages 367, 369 is the 
standard model “Q” used on the Dodge since the fall of 1916, 
with slight internal modifications. For ignition, the Dodge 
has used the high-tension magneto and also the Delco ignition 
system, and since March, 1918, the North East mowl “O" 
system has been used, as shown in Fig. 5, page 369.^ 

On the 1915 and early 1916 cars, the model “D” electric sys¬ 
tem (Figs. 19 and 21) were used. With this system a cut-out 
and regulator were contained in the starter-generator unit 
(this can be determined when there are four terminals on the 
starter-generator; see Fig. 23). 

The model “G” system (page 369), differs from all previous 
models in that it has a third-brush regulation instead of an 
electromagnetic type regulator, shown in Fig. 23, which formed 
a part of all preceding North East models. The cut-out, how¬ 
ever, is retained, but it is now enclosed in the housing with 
starting switch (pages 368, 36Q), instead of in the generator 
itself. There is, therefore, only one connection to the starter- 
generator and one ground^ terminal.^ 




Fig. 19 (left). Single-wire system using an Eiseniann 
magneto for ignition. 

Fig. 20. Single-wire system using Delco ignition. 



circuit grounded. Note the four-terminal motor-generator. 
Delco ignition. 

Fig. 22. Early 1916 Dodge-North East electric system with 
magneto ignition. Note the four terminals on the motor- 
generator. 

This system differs from the one in Fig. 19, in that two wires 
are nsed from the motor-generator to the battery instead of a 
single wire. The internal connections of the model “D” four- 
pole North East motor-generator are shown in Fig 23. 


RESISTANCE 



Fig. 23. The four-terminal North h^ast model “D” motor- 
generator, used on the 1915 and early 1916 Dodge. The dia¬ 
gram shows the internal circuit of the motor-generator. A 
regulator of the electro-magnetic type with resistance which was 
cut into the shunt-field circuit at high speeds was used for 
regulatii^ the output of the generator instead of a third 
brush. The regulator and cut-out are inside of the motor- 
generator. 


1 The D(xlge now uses a separate generator and starting 
motor and different igni'ion system; all 6-volt (see page 370). 
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DODGE BROS. EIGHT, 6-VOLT ELECTRICAL SYSTEM (Not a Motor>Generator; the Motor 
and Generator and Ignition are Separate Units) 



Fig. 24A. Internal wiring diagram of the electrical system of the Dodge Brothers Eight, G-volt, tliree-unit system (1030).i 


Battery: Willard, WS 2 1.5, 0 volt.s. Positive (p) terminal 
groundeu; starting rapacity: 111 amps, for 20 minutes; light¬ 
ing capacity: 5 amps, for 20 hours. 

Starter motor: Potation, H., com. end.; Delco-Remy 
7M-(^. ('onnection to engine: mechanical gear shift incorpo¬ 
rating overrunning di.se dutch. Initial movement of gear 
shifting lover eauae.s pinion to engage with flywheel. Further 
movement doses twitch on motor. 

Running free: 65 amps, nt 5 voU.s, 5000 r.p.m.; cranking 
engine: 160 to 180 amps, at 4 2 volts; lock toniue: 12 pound- 
feet, 5(X) amps at 3,6 volts; brush spring tension: 24 to 28 oz. 
on each; starting switch: Delco-Remy, S20052. 

Ignition: Rotation, R.Il., top view; Delco-Remy, 660-B. 

Important note: The 660 series of D.R. di.stributors is new in 
1930. A special new synchronizing tool has been developed for 
making adjustments. 

Breakers: contact separation .020"; contact spring tension: 
18 to 20 oz. on each. 

Timing: Remove pipe plug from cylinder head above 
No. 8 piston, and place gauge rod through hole and in contact 
with piston head, lland crank engine until No. 8 piston is com¬ 
ing up on exhaust stroke. Stop when .040" before TDC with 
spark fully advanced. No. 1 cylinder should just fire. 

Spark plugs: Metric (AC type G-11): gap: .020" to .025"; 
firiiiff on aer: l-6-2-5-8^3-7-4. Manual advance: 23 degrees 
(on flywheel); automatic advance: 14 degrees (on flywheel). 


Lock ignition coil: Delco-Remy, 526-N. Note: This unit is 
combined ignition .switch and coil. Impossible to “jump out" 
ignition switch with wire to run engine. Coil has three “pri’ 
iiiary" terminals marked “Bat.," “Gauge" and “Timer." Coil 
must be connected as marked. 

Generator: Rotation. L.II., Com. end: North-East, Model 
I.«.\B, type 6530 (belt drive). (Delco-Remy on later models.) 

Performance data—generator cold: 

Amps. R.P.M. Volts Amps R.P.M. Volts 

0 750 6.5 14 1400 7.9 

6 1000 7.0 18.8 1800 8.4 

11 1200 7.5 19.6 2000 (max.) 8.45 

Motoring freely: 4 to 5 amps, at 6 volts; max. stall current: 
21 to 2:i amp.'5. at G volt.s. Field test: 3 amps, ut 6 volts, across 
field coils in series. Brush spring tension: 12 to 16 oz. on each. 
Third-brush adjustment: loosen cover band. 

Relay: North-East, Type 20220; clasas: 7 to volte; 
opens: 0 to 2 amps, discharge. Contact gap: .020" to .025". 
Core gup: .015", contacts closed. 

Lighting: Switch: Soreng-Maneghld No. 5500-A; location: 
foot of steering column. Lights controlled by lever on steering 
wheel. Fusas: Single 20 amp. fuse mounted beside ammeter 
behind instrument board. Lamps: Head—1110 (Bifocal); 
side; 63; instrument: 63; dome: 63; stop and tail: 1158 (see 
page 433 for meaning of numbers). 

* From iStumlard Aulo-Electrician'8 Manual. Copyright, 193(X 
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SIMMS-HUFF SIX-POLE MOTOR-GENERATORS» 


Simms-Huff Typ© Motor-Generator 

The Simms-Huff motor-generators are of the six- 
pole type. They are all designed essentially on 
the same principle, but differ in construction, as 
will be explained. 

An example of a six-pole motor-generator com¬ 
pound-wound, with an electromagnetic shunt-field 
regulation, is shown in Fig. 1 as used on the 1918 
Maxwell with a 12-volt battery, generator, and 
motor. 

Field poles: There are six field poles with *'shunt^’ 
winding on all. Three of the field poles have 
‘^series^^ windings, connected in “series-parallel.” 

Moter Circuit 

Motor circuit (see arrow points on the outside of 
the "wires): From (+) of the battery, to starting 
switch (SC), through switch to (A-j-) of the motor- 
generator, which is connected with the (+) ring bar, 
to the (-h) brushes, through the armature, out the 
( —) brushes to the three series-field coils on poles 
5, 1, and 3, to groimds on field poles (G5), (Gl), and 
(G3), to the ( —) ground of the battery. 

Shunt-field circuit during motor operation is from 
(A-h), through wire (Wl), through the shunt-field 
fuse, to (Cl), through regulator blade (F), through 
closed regulator points, to (R2), through wire (W2), 
to (T), through shunt-field windings 4, 5, 6, 1, 2, 3, 
to ground (Gl), to the (—) ground of the battery. 

Note that the current flow from the battery during 
the motor operation is in the same direction around 
the “shunt” and “series” field windings (see arrow 
points on the outside of the wires—not on the wires; 
the arrow points on the wires ai'e the generator 
path). Thus it would be termed “cumulative 
action,” where they assist each other to build up a 
strong magnetic field from N to S poles. 

Switch-lock circuit: Before the starting switch 
was closed to operate as a motor, the lock button wa.s 
pressed, which caused pin (P) to raise so that switch 
rod (R) could be moved. The circuit was then 
from (+) of the battery, through the button, 
through the electro-magnet or solenoid coil (C), to 
(X), tnrough the motor-generator, to ( —) ground 
of the battery. Note that switch circuit (SC) is 


open when this operation takes place, and the pur¬ 
pose of this switch lock is to prevent the starting 
switch from being depressed until the pin (P) is 
raised by the electro-magnet coil (C). 

Generator Circuit 

The shunt-field circuit is from (A-f), to (Rl), tr 
(Cl), through regulator points, to (R2), to (T), te 
the other end of the shunt-field winding which is 
grounded on pole 3 at (Gl), through ground of the 
series coil at (G3), to ( —) brush (3), through the 
armature, to the (A+) ring. 

Cut-out voltage circuit: From (A-f-), to (Rl), to 
(Cl), to (C), through voltage winding (V), to 
ground (GR), to the (—) ground of battery. When 
the generator voltage is higher than that of the 
battery, tnis winding has sufficient voltage to exert 
sufficient magnetic influence to cause the cut-out 
core to draw blade (A) and close cut-out points (P), 

Charging circuit: From generator (A-f-), to (Rl), 
to (Cl), up side of cut-out, to points (P), through 
cut-out armature blade (A) (supposed now to be 
closed), through cut-out current windings (S), to 
(SC) on the starter switch, to (-f-) of the battery, 
to (—) ground of the battery, to grounded series 
field coils (Gl, G3, G5), to ( —) brushes (1, 3, 5). 

Note that the current flow around the “shunt” 
and “series” field is in opposite directions when used 
as a generator (see arrow points on the wires). Thus 
a “differential action'' or “bucking” effect, where 
they oppose each other, is produced. The shunt 
field governs the polarity of the poles. 

Shunt-Field Regulation; Electromagnetic 
Principle 

Re|;ulation is by means of an electromagnetic 
principle. Note the regulator points at the bottom 
of the cut-out core. The heavy winding (S) con¬ 
trols the opening of the regulator points, and is 
therefore a “constant current” regulator. Note 
that one set of windings serves for a cutout and 
regulator. 

At high speeds when the voltage and amperage 
rise rapidly, the maximum amperage is kept from 
rising above 7.5 amperes by the regulator. 



Fig. 1. Simms-Huff type 
motor-generator, with six fielo* 
poles. A 12-volt system with shunt 
neld-resistance regulation. 


1 The reason these early models 
are shown and explained is to 
familiarise the student with the 
early principles, so that he can 
better understand the later devel¬ 
opment*. 
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Regulator action at high speeds: When the charg¬ 
ing current passes through the series winding (S) 
of the cut-out and regulator, the regulator points 
are closed unless the current passing through this 
coil (S) is more than 7.5 amperes (1,700 r.p.ra.). 
If so, it exerts sufficient magnetic strength to pull 
re^lator blade (F) to the core, thus opening the 
points. 

This action cuts in ^‘resistances^ (R) into the 
shunt-field circuit, and the circuit would be from 
(A-f), to (Rl), through resistance (R), to (R2) 
(because the points of the regulator are now oi>en), 
to fT), to tne shunt-field winding, thus cutting 
down the lines-of-force or stren^h of the shunt 
field, and consequently keeping the current below 
8 amperes. During variations of speeds the re^i- 
lator vibrator vibrates rapidly, opening and closing 
the shunt-field circuit. 


Sinims-HuiT Model “SMS2” Motor-Generator 
—a 12-Volt System 



Fig. 2. Simnis-Huflf six-pole type “SMS2” motor-generator 
with third-brush regulation (1919 model). A 12-volt system. 


Simms-Huff six-poje motor-generator, compound 
wound, model “SMS2,’^ used on the 1919 Maxwell, 
using a “third brush for regulation” instead of an 
external electromagnetic regulator as in Fig. 1, is 
shown in Fig. 2. This is a straight 12-volt system. 

The motor principle is similar to that shown in 
Fig. 1. 

The generator principle: The shunt-field circuit 
starts wit h the third brush and divides at (X), going 
(t-o the left) through field windings 1, 2, and 3, and 
from (X) (to the right,), through field windings 4, 
5, and 6, to shunt (GRND), through the frame to 
the series field grounds (Gl), (G5), (G3), to the 
(—) main brushes. 

The charging circuit is from the generator (A-f), 
to the cut-out, to the battery, to the ( —) battery 
ground, to the ( — ) ground (Gi), (G5), (G3), through 
the “series field coils” to the ( — ) brush ring, to the 
(—) brushes. 


Sirams-Huff Models “HB,’' “HK” Motor- 

Generator—12-Volt Starting Motor, 6-Volt 
Generator 

A Simms-Huff six-pole motor-generator, models 
“HB,” “HK,” compound wound, used on the 191.5, 
1916, and 1917 Maxwell is shown in Fig. 3. The 
generator is 6-volt, and the motor is 12-volt. Regu¬ 
lation is by means of an electromagnetic regulator, 
similar to that shown in Fig. 1, except that instead 
of the generator being 12 volts, it is 6 volts and 
the starting motor is 12 volts. 

Motor circuit: From battery (+12), to (12) on switch, to 
(IS), to (13) of battery, ronnecting ( + ) of cell 12 to ( —) of 
cell 13, making a 12-volt battery; from (+10), to switch’ UO) 
to (1 1) (when switch is closed), to (A+) of the motor-generator, 
through (+) bnishp.s,lthrough the armature, to ( —) brushes, to 
(—) briisl) ring (B), to field coils, to ground of frame, to ( —) of 
battery (19). 

Generator field circuit: From (A+), through wire 2, to (2) 
on the regulator and cut-out, through the cut-out frame, 
through the regulator points to t.3) to terminal (3) on the motor- 
generator, through the shunt-fielrl windings, to ground, through 
senes coil on pole .3, to ( —) brush (4). 



|1|. 8. SUnmt-Hiitf mod^ and “RK’' motor-generator, /t operates ae a 12-volt motor and a 6-vplt generator. 
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Cut-out Toltago circuit: From generator (A+), wire 2, to 
cut-out (2), through the cut-out frame, to voltoge winding (V) 
to ground of the motor-generator, through series fields, to ( —) 
brushes. This winding causes the cut-out points to close when 
the generaUr voltage is higher than the battery voltage. 

Charging circuit: From generator (A-l-)i wire 2, to cut-out 
2), to the closed points of cut-out, through cut-out winding 
S), to ammeter (round circle at right of cut-out), to (6) on 
starting switch. 

After the engine is started, and on releasing the starting pedal, 
the starting switch plunger comes all the way back ana makes 
connection between (13) and (14), and (10) and (6) on the 
starting switch. 

From (6) on the starting switch the current divides, in order 
to join (10) and (12) (•+ ) on the battery in multiple as follows: 

From (6) through the switch terminal (shown open—should 
be closed) to (10) on the switch, to (10) on the battery, through 
the three cells to (13). to (13) on the switch, through contact 
(14) which is groundea. This grounds (13) (—). 


Now follow from (6) through the permanent wire connection 
(Z) to (12) on the switch, to (12) (^) on the storage battery, 
through three cells to (19) (—) which is grounded. 

Wo now have batteries 12(4) and 10 (4-) connected together, 
and batteries 13 (—) and 19 (—) grounded. 

Thus (-I-) current, coming in at (6) on the starting switch, 
divides and passes through (12) to ( + 12), out (—19^ to ( —) 
ground of senes coils, to (—) brushes on the generator. Current 
also passes from (6) to (+10) to (13). out (—13) to the (—) 
ground of series field coils, to (—) brushes on the generator. 

In other words, the 12-voIt battery is connected in multiple 
as two 6-volt batteries. 

In regulation at high speeds, or where more than 15 amperes 
of current is passing in the charging circuit (which flows through 
the winding (S) of the cut-out and regulator) the regulator 
points arc drawn to the core, and resistance (R) is inserted into 
the shunt-field circuit. 

The method of regulation would be termed "constant cur¬ 
rent,” by an ‘‘electromagnetic action.” 


U.S.L. MOTOR-GENERATOR (EARLY MODEL)—24.VOLT MOTOR; IZ-VOLT GENERATOR 


The U.S.L. motor-generator consists of a motor 
and generator combined. The motor-gcnenitor 
takes the place of the flywheel. 


■nail Afmanire Fltld and Startlag Swttch 

Fig. 1. Armature and field-poles. 

The field has two windings: a shunt and a scries. When 
the machine operates as a motor the two windings have a 
"cumulative" action. 

When operating as a generator, the two windings oppose 
each other, resulting in a “differential" action. 

The voltage of the motor is 24 volts and of the generator, 
12 volta. 



Fig. 2. Wiring circuit of the U.S.L. motor-generator. 


Motor action: When the foot pedal is depressed, the battery 
is connected to the motor which turns over the engine at the 
rate of 200 to 300 r.p.m. The battery is connect^ in series 
by the starting switch when used as a motor; thus 24 volts 
are used. 

Generator action: As soon as the engine picks up to a speed 
going 8 m.p.h., the motor-generator becomes a shunt-wound 
generator and starta to charge the battery, restoring the cur¬ 
rent used at a 3-ampere rate. The generator charges the bat¬ 
tery at 12 volts; thus the battery is connected in multiple by 
the starting switch being released. 

Regulation of Otttpnt: A carbon-graphite pile regulator is 
used. It is similar in action to an electromagnetic principle of 
regulation. 

Instead of resistance in the form of resistance wire being cut 
into the field drouit at high speeds, a carbon pile resistance is 
us^ wbidb offers resistance to the flow of current, thus weaken¬ 
ing the strength of the field circuit at high speeds. 


The series coil (C) keeps the output constant from 600 to 
1,‘2()0 r p.m. Thus it is termed a ‘‘constant-current” electro¬ 
magnetic regulation. 

The electromagnetic principle of regulation is shown in Fijf. 
3. The current for the voltage winding circuit of the coil is 
from ( + ) brush, through fine wire winding (V), to the series 
winding on the motor-generator, to the (—) brush. 

When sufficient voltage is generated the points (P) close. 
The charging circuit is then from the ( + ) brush, through the 
regulator senes coil (C), to point.s (P), to the battery connected 
in multiple, and thus charges at 12 volts. 



The shunt-field circuit i.s from the (+) wire above fhe (+) 
brush at (A), through the graphite pile, to the shunt-field wind¬ 
ing of the motor-gcn<*rator, to (B), to the (—) main brush of 
the generator. 

The regulation is maintained by pressure upon the graphite 
disks (I), which are prc.sscd together by lever (K), through the 
pressure of the coil spring (J). 

The les!3 the pressure, the greater the resistance thrown into 
the field winding, for if the disk.s are not close and tight, resist¬ 
ance is offered to the flow of current. 

When the generator speed is low, the tension of spring (J) 
is great enough to cause screw (W) to pres-s tightly against the 
graphite disks; thus the resistance is less and the generator 
hunt field builds up. 

When the generator speed is high, the current flowing 
through coil (C) increa.se3 the magnetic pull of core (E), thus 
drawing blade (K) to it, thus relieving the pressure of screw (W). 
As the disks are not so tightly pressed together, the resistance 
is greater, thus the field strength is cut down. 

On a later U.S.L. system, the carbon pile was eliminated, as 
also the “series parallel switch." 

No regiilator is used, as the windings of the generator are so 
proportioned that the output of the generator cannot exceed 
the current demand of the storage battery and lamps. 

A portion of the multi-polar field of the motor-generator is 
wound with a series coil for starting purposes. The other p.)r- 
tion of the fields is wound with shunt and compensating coils 
for generating and regulating purposes. The brushes are so 
connected that the entire number is used for starting, whereas 
but three are used for generating. 

The storage battery is provided in some cases with two and 
in some cases three terminal posts. When two terminals are 
provided, a 14-volt lamp must be used. When three posts ere 
provided, 7-volt lamps are used. 

The number of cells of the battery are cut down from 12 to 
8, giving 12 volts instead of 24. 
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DELCO ELECTRIC SYSTEMS 


In order that the reader may understand the 
later Delco systems, it will be necessary to begin 
with the 1914 models. Some of the early model 
Delco systems will therefore be shown before taking 
up the later models. 

The motor-generator principle was first used by 
Delco—and is still used, but with a different regu¬ 


lating principle, and with other changes from the 
early models. 

The Delco also make single-unit systems, where 
the generator and starting motor are separate, as 
will be explained farther on. 

The early system should be carefully studied in order to 

understand the later systems. 


DELCO 1913-14 MOTOK-GENERATOK; ELECTROMAGNETIC REGULATION; CONSTANT 

VOLTAGE 


The 1914 Delco motor-generator and electric 
system, as used on the 1914 Cadillac and Hudson 
1914, “6-54,’^ Oakland 43, Olds 55^ Packard 1-38, 
3-48, Cole series 9, model cars is explained as 
follows: The motor-generator is located alongside 
of the engine driven by a pump shaft (Fig. 1). 



Fig, 1. The mounting of the 1014 Delco motor-generator 
is similar to that of the later models. 


The armature is used for both the stjirting motor 
and the generator with two windings; one a ‘^series’' 
winding for the motor (Fig. 2), and a “shunt’^ 
winding for the generator (Fig. 3), 

When the motor is in operation, the current flows 
from the battery to the series-field winding through 
the motor brush (F) and commutator. 



MOTOR BRUSH IS CLOSED 
8VHAN0 STARTING LEVER 
WHEM SHIFTING GEAR RDOX 

TO START ENGINE--— 

GENERATOR NOW CUT-OUT 



• GENERATOR BRUSHES ALWAYS 
ON GENERATOR COMMUTATOR — 


Fig. 2. The motor brush is now down and the starting 
motor is working. The generator is out out. 

Note: Although the text and illustrations apply to early 
models it is an advantage to first learn the fundamental prin¬ 
ciples of the early systems. To those who desire to study the 
very latest developments—see page 691A under Maintenance^* 
relative to the D^o-Remy Operation and Maintenance . 
available to readers of this book at a price of one dollar. Some 
of the later developments are shown elsewhere in this book— 
see “ Index.** 


The starting switch is eliminated, as the action of 
the motor brushes is lowered to the motor eommuta- 
tor, and thus when starting, the lever meshes the 
gears with the flywheel and so takes the place of a 
starting switch. 

The starting motor drives the fl 3 rwheel gear 

through the gears (C), (D), and (B) (Fig. 4). A 
roller-type clutch is jirovided on the front part of 
the armature shaft, so that the armature is free 
from the pump sliaft which drives the generator. 

When the generator is in operation, the moto’* 
brush (F) is raised (Fig. 3). The generator brushes 
rem:iin on the commutator at all times. The cur¬ 
rent then flows through the shunt-field winding. 

MOTOR BRUSH OPEN AND IN 
THISP 05 mON CLOSES THE 



Fig. 3. To start, the "start button” is pressed. This sends 
current from the battery to the generator (not the motor) 
armature, through the field winding and the armature revolves 
slowly. Note that the motor brush is up and makes contact 
at (G) for the generator. 


The armature is driven by connection with the 
pump shaft by the engine (Fig. 1), after the engine 
is started and after the starting gears are out of mesh, 
A one-way clutch connects the pump shaft with the 
armature slmft to drive the generator. This clutch 
will permit the pump shaft to drive the ^nerator, 
but the generator armature, when running as a 
motor, cannot drive the shaft. 

Starting Operation 

First: Place the ignition switch on the battery 
side. Next: depress starting button on the dash 
(sec Fig. 3). This sends current from the storage 
battery to the generator (not the motor), and m 
passing through the generator field shunt winding, 
and the armature winding, the armature slowly 
revolves. This is termed “motoring the generator’’ 
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The mirpose of using the generator as a motor is 

to revolve the armature slowly, so that the gears 
will mesh with the flywheel gears when the starting 
lever throws them in mesh. It must be remembered 
that the brush on the starting motor commutator is 
not in contact, but, bein^ in the position as shown 
in Fig. 3, the ^nerator circuit is closed at (G), but 
not the motor circuit. 



Fig. 4. Phantom view of motor-generator. 


After the generator armature is revolving slowly 
pull back on the starting lever (see Figs. 1 and 4). 

This causes rod (A) (Fig. 4) to be pushed forw ard, 
causing gear (B) of the starting clutch to mesh w ith 
motor pinion (C). 

Immediately after gears (B) and (C) arc meshed, 
the gear (D), which is integral with (B), meshes w’ith 
the gear teeth on the flywheel. At the same time, 
the extension of the rod (A) to the bell crank (E) 
allows the motor brush (F) to travel toward the 
motor commutator, op)ening the generator circuit 
and shunt field at (G), and closing the motor circuit. 

The generator would then be cut out and the 
starting motor is causing the engine to revolve, 
through the flywheel (Fig. 2). 

Generating Current 

When the starting lever is released, the spring 
throws the gears out of mesh, and at the same time 
raises the motor brush (F) from the motor commu¬ 
tator and closes the generator circuit again at (G). 
The '^start” button having been released in the first 
operation, the generator is now generating current, 
as the engine is running and driving the armature 
as a generator through the pump shaft. 


The starting motor has served its purpose and is 
now cut out of operation, as the brush (F) is away 
from the motor commutator (Fig. 3). 

Regulation of the Generator (Shunt-Field; 

Electromagnetic) 

A mercury type of voltage regulator was used, 
which is an electromagnetic principle of cutting 
resistance into the shunt-field circuit, explained as 
follows: The generator, as stated previously, is 
driven from the pump shaft which is driven by gears 
in front of the engine from the crank shaft. 

After the engine is started, and the hand-starting 
lever disengages the gears out of the flywheel, and 
motor brush (F) is lifted off the motor commutator, 
the motor is cut out and the generator is now in 
action. It must run when the engine runs, as the 
pump shaft is connected with the armature through 
a one-way clutch (Fig. 4), which permits the engine 
to drive the armature. But the armature, when 
revolving as a motor, cannot drive the engine except 
through the gears to the flywheel. This clutch per¬ 
mits the armature to run ahead of the driving siiaft 
during the cranking operation. 

The generator now begins to generate current: 

but until the engine is running at a speed which will 
turn the generator armature fast enough to generate 
a pressure of 6 volts, or the required amount to over¬ 
come the pressure or voltage of the storage battery, 
the current will pass from generator commutator 1. 
to 2, around the fine wire voltage winding (V) of 
cut-out core (D) (Fig. 5), thence back to the other 
commutator brush 15. This current will continue 
to t ravel in this path until it has sufficient pressure, 
which is slightly over 6 volts, to magnetize the core 
(D) so that it will draw the magnet armature of cut¬ 
out (C) down, closing cut-out points (P) at which 
time the circuit is closed to the battery. The bat¬ 
tery will then be (charged from the generator, or the 
generator will also supply current for light. (At 
other times, the storage battery supplies current for 
lights.) 

If the engine is speeded up, the pressure increases 
and the lights would be burned out. Therefore, 
the “mercury regulator” is brought into action. 

Voltage regulator: As the voltage increases with 
speed, the intensity of the magnetic i)ull exerted by 
the magnet voltage coil (A) upon plunger (C) causes 
the plunger (C) to move up out of the mercury (see 
Figs. 5 and 6). 


MCno« 

COM. 



^ motor-generator, where the morcury type of voltage regulator was used to regulate the generator 
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The regulator voltage coil (A) circuit is from (-h) 
brush (1) to (2), through (A) to ( —) brush(15). 

The current to the shunt field of the generator 

starts at the (+) brush of the generator, through 
the two field windings, to (T) on the regulator, and 
must follow a path leading into the outer well of 
mercury, through the resistance coil (R) wound on 
the plunger tube, to the needle (D) carried at the 
center of the plunger, into the center well of mer¬ 
cury and out of the regulator, back to the (—) 
brush (15). 

It will be seen that as the plunger is withdrawn 
from the mercury, more resistance is thrown into 
this field circuit, owing to the fact that the current 
must pass through a greater length of resistance 
wire. Tliis greater resistance in the field of the 
generator causes the amount of current flowing to 
the battery to be gradually reduced as the battery 
nears a state of complete charge, until finally the 
plunger is almost completely withdrawn from the 
mercury, throwing the entire length of resistance 
coil into the shunt-field circuit, thus causing a con¬ 
dition of practical electric balance between the bat¬ 
tery and generator, and obviating any possibility 
of over-charging the battery. As the speed de¬ 
creases, the magnetic pull of the core (A) of the 
r(^gulator voltage coil is weaker and plunger (C) 
assumes a lower position. 

Note that there are two voltage windings: one 
(V), on the cut-out core to close the cut-out points, 
and one (A), on the regulator to operate the needle 
which cuts in and out the resistance to the field 
(urcuit. Both voltage coils are placed across the 
generator circuit. 

The charging circuit is from the (-f) brush (1) of 
the generator, through generator switch (G), to cut¬ 
out (2), through cut-out series winding (S), through 
paints (P), to (-f) terminal of the battery, to ( —) 
brush of the generator (15). 



Fig. 6. The Delco mercury-type voltage regulator is located 
alongside of the cut-out, both being in the battery box or on 
the inside of the dash under the hood. 


Purpose: to control the amount of current flowing from the 
generator to the storage battery. 

Description: A magnet coil (A) surrounds the upper half of 
the mercury tube (B). Within this mercury tube is a plunger 
(C) comprising an iron tube with a coil of resistance wire (R), 
wrapped around the lower portion on top of mica insulation. 
One end of this coil is attached to the lower end of the tube, 
the other end being connected to a needle (D) carried in the 
renter of the plunger. 

The lower portion of the mercury tube is divided by an insula¬ 
tion tube into two concentric w'ells, the plunger tube being 
partly immersed in the outer well, and the needle in the inner 
well. The space in the merenrv tube above the body of the 
mercury is filled with an especially treated oil, which serves to 
protect the mercury from oxidization, and to lubricate the 
plunger. A brac ket (H) serves to support the parts described. 


DELCO MOTOR-GENERATOR: MECHANICAL REGULATION METHOD, BY MEANS OF A 
GOVERNOR AND VARIABLE RESISTANCE (6-VOLT CONSTANT- 
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On the Hudson **Six-40** (1915-16), Buick models 
‘*C-64, C-55, C-35-37” (1915), Cole ‘‘6-50,Oak- 
land 49 (1915), Olds 42 (1915), the Dclco motor- 
generator was used, but with a “variable resistance” 
cut in and out of the shunt-field circuit by means of 
a mechanical governor instead of the electromag¬ 
netic principle, as previously described. 


The armature winding: There are two regular 
“drum”-type windings on the armature, one for 
the generator and one for the motor. But only one 
armature is used. There aire two commutators 
on this system, one at each end; one for the gen¬ 
erator circuit and one for the motor circuit (see 
Fig. 8). 


flELD/SERICS 

' CUIIMT 



COMMUTATOR 


Fig. 8. Illustration showing the parts of the motor-generator. This is a "single-unit” system, the motor-generator and 
ignition unit being in one unit. (HC) is the manual control of the spark and connects with the spark lever on the steering 
wheeL 

The cut-out is also eliminated. A circuit-breaker Field windings: There are two windings, a series- 
of the vibratmg type is used to take the plape of field winding for the motor and a shunt-field wind- 
fuses. See Fig. 15, page 392, for an explanation. ing for the generator. 


COMBlIslATlOH SWITCH 
























DELCO ELEC5TRIC SYSTEMS 


387 


Motoring Generator 

When first starting, the (M) ignition button (see 
diagram, Fig. 9) is pulled out and the starting pedal 
depressed. This causes rod (A) to shift gears into 
mesh with the flywheel gear, and at the same time 
connection is made from the battery (+) terminal 
to (1), through (X), to (6), to the shunt-field winding 
of the generator, to ground, also to the (-H) genera¬ 
tor brush, through the armature, to the (—) 
generator brush, to (Al), to ground, to ( —) ground 
of the battery. This circuit causes about 5 amperes 
of current to pass through the generator, which per¬ 
mits the generator to revolve as a motor in order to 
make it easy for the gears to mesh. This is tenned 
‘‘motoring the generator.’^ 

The purpose of using the generator as a motor is 

to cause the armature to revolve slowly, so that the 
gears will mesh with the flywheel gears when start¬ 
ing. If the current was immediately applied to the 
starting motor, it would revolve at full speed imme¬ 
diately. By “motoring the generator,*’ however, the 
armature revolves slowly until gears are meshed, and 
then the full current is applied to the starting motor. 



Fig. 10. View of motor-generator showing the motor 
brushes, also the generator switch (Al). The large wire on 
right ol Fig. 10 connects with the battery. The generator 
circuit is opened and closed by action of switch (Al). When 
the motor brush (MB) is raised by rod (A), the generator cir¬ 
cuit is closed at (Al). When the motor brush is lowered on to 
the commutator by rod (A), for starting purposes, the generator 
circuit is opened at (Al). 

Starting Motor or Cranking Operation 

As the starting pedal is depressed still farther, 
the motor brush (MB) makes contact with the 
commutator and the generator is opened at genera¬ 
tor switch (Al). The full force of the current from 
the battery then passes (-|-) through the motor 
series-field winding and the armature, through 
closed brush (MB) on the right, to ground, to the 
(~) battery grounded terminal. 

When the starting pedal is released and the 
engine starts, the motor brush (MB) is raised from 
the commutator, and the generator circuit is again 
closed at generator switch (Al). 


Generator Operation 

When the engine is not running^ or when it is run¬ 
ning below 300 r.p.m., and the circuit between the 
generator and the storage battery is closed either 
by the (M) or the (B) button on the combination 
switch, the direction or flow of the current is from 
the battery to the generator. If the speed is v$ry 
low indeed, as when throttled down to three mdes 
per hour, the generator will “over-run” and the 
clutch will be heard in operation. 

A warning is given when the ignition button is 
ulled out or left pulled out (and the engine stopped) 
y the clicking of the ratchet type of driving clutch 
(Fig. 11), with which all these generators are 
equipped. 

Cut-Out Not Used 

On the Delco system described on page 384, the 
cut-out served the purpose of disconnecting the 
battery, when, the generator was running at a slow 
speed, or not at all, or if generating less than 6 volts. 

On the system now being explained and present- 
day systems, the “cut-out” is eliminated. The 
ignition buttons (M) and (B) in a way take the place 
of this cut-out. The operation of either button 
controls the circuit between the generator and the 
storage battery. Should the engine stop and the 
ignition button (M) or (B) remain pulled out, 
the amoimt of current that comes from the storage 
battery is that w^hich is required to operate the 
generator as a motor when first starting, and is 
about 5 amperes. 

When the engine is running below 300 revolutions, 
then this clicking of the ratchet will take place again, 
because the current from the battery is running 
back into the generator which is slowly revolving it. 
This indicates that the generator is not running 
fast enough to overcome the pressure of the battery. 
The amount of current that flows from the battery 
back to the generator at this slow engine speed is 
so small that it is negligible. Therefore the auto¬ 
matic “cut-out” is eliminated. 

Generator Charging Circuit 

At over 300 revolutions, the generator is running 
fast enough to overcome the battery pressure and 
the generator charging circuit would be as follows 
(see Fig. 9, wiring diagram): Start with the (-f) 
generator brush, to (fi), to (X), to (1), to (-j-) 
terminal of the battery, to ( —) ground of the bat¬ 
tery, to ( —) grounded generator Brush through the 
closed generator switch (Al). (Note that the motor 
brush (MB) is raised from the commutator.) 

Generator Shunt-Field Regulation 

The regulation of the shunt-field generator cir¬ 
cuit is by means of a “variable resistance” (B), 
which is cut into the shunt-field circuit at high spe^ 
automatically and mechanically, by a centrifugal 
governor arrangement (Fig. 11). This arrangement 
controls a lever (C), which is raised and lowered by 
the action of the governor and which cuts the resist¬ 
ance (B) into the shunt-field circuit at high speeds. 
This results in weakening the strength of the shunt 
fields, and consequently the output of the generator. 
This is termed a “variable resistance” method of 
regulation and is “mechanically” controlled. 

When the generator is running at low or meditun 
speeds, the lever (C) is at the low''est point, as shown 
in the wiring diagram (Fig. 9). Therefore, the 
resistance (B) is cut out and the circuit of the shunt 
field is from the (+) brush of the generator, to (6), 
to lever (C), to ground (G), to (—) ground of the 
generator brush (through the generator switch Al). 
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When the generator is running at high speeds, 

the lever (C) raises. As a consequence, the resist¬ 
ance (B) IS cut into the^ shunt-field circuit. The 
amount of resistance cut into the shunt-field circuit 
depends upon the speed. The higher the speed, 
the higher the lever (C) is raised, with a consequent 
hi^er resistance being cut into the field circuit. 

Control of the ‘‘Variable” Regulating 
Resistance:—by Governor Action 
Note action of the governor which controls 
the cutting in and out of this resistance. (See Fi^. 
11, and diagram. Fig. 9.) The spiral gear (SG) is 
attached to the timer shaft (TS). This is operated 
by the pump shaft independently of the armature 
shaft, this gear being a part of the clutch which 
connects with the pump shaft. 



If the distributor was driven from the armature 
shaft the timing would be effected during the start¬ 
ing operation, at which time the armature operates 
at a different speed from that of the pump shaft. 

The pump shaft runs at one and one-fifth times 
the crank-shaft speed, but the six-lobe cam and 
the shaft operate at h^ engine crank-shaft speed. 

As the timer shaft revolves, the governor weights 
(G) assume a rising position which raises the arm 
(A), therebv raising the lever (C), which makes con¬ 
tact with the bare resistance wire (B), wound on an 
insulated spool. The principle is that as the speed 
of the engine increases, the speed of the timer shaft 
increases, and the governor arms (G) rise higher as 
the speed increases, thereby raismg the arm (C) 
higher. 

The higher arm (C) is rabed, the more of tlus 
resistance wire is thrown into the field circuit, 
thereby weakening the output and keeping the cur¬ 
rent from gaming as the cnarging rate increases at 
Che higher speeds. 


Ignition 

The ignition system consists of an open-circuit 
timer, ignition coil, mounted as shown in Fig. 7, 
and a distributor which distributes the high-tension 
current to the spark plugs. 

The primary circuit (if the battery supplies the 
current, Fig. 9) is from (1), through the circuit 
breaker, to (XI), to (7), to the primary winding of 
the coil, to (7A), through the timer points, through 
ignition resistance (D), to ground, to the (—) 
ground of the battery. 

The primary circuit (if the generator supplies cur¬ 
rent) is from 6, to (X), to and through the circuit- 
breaker, to (XI), to (7), and from there I the same 
circuit as given in the preceding paragraph. 

The dry cell batteries are used as an emergency 
set for ignition. The current is supplied in exactly 
the same manner as though it was coming from 
the storage battery: the (B) button on the combina¬ 
tion switch closes the circuit between terminals No. 
I and No. 6 at (X), in order that the generator may be 
connected to storage battery for charging purposes. 

The dry-cell primary ignition circuit would then 
be from (+) of the dry cells, to (2), to (X2), to (7), 
through the primary winding of the coil, to the 
timer, to resistance unit (D), to ground, to ( —) 
ground of the dry cells. 

The secondary ignition circuit b from the second¬ 
ary winding, to the distributor, to the spark plugs, 
to ground, to ground of the secondary winding. 

Automatic Advance of Ignition Controlled by 
Governor Action 

At the same time the timer cam on the end of the 
timer shaft is automatically ^‘advanced.As the 
speed is increased the action of the governor turns 
the timer cam in the direction of rotation, thereby 
causing earlier contact. 

The ignition system consists of a non-vibrating 
coil mounted as shown in Fig. 7. The timer is an 
open-circuit system in this system, but the (dosed- 
circuit type ia used on later systems. See Index 
for ^‘Delco ignition systems.^' 

The ignition resistance unit shown at (D) (Figs. 
9 and 11) is a coil of resistance wire, the purpose of 
wliich was explained on page 198 in the instruction 
on ignition. 

This ignition resistance unit has connected in 
parallel with it, the shunt-field regulating resistance 
(B) (Fig. 9). 

When the arm (C) is in the lower position, the 
resistance of this path ^atly exceeds that through 
the resistance unit, and practically all the ignition 
current passes through the ignition resistance unit. 

But as the arm rises, as at high speed, this resist¬ 
ance is decreased, and when the arm is at the top 
position the full voltage is applied to the ignition coil. 

In the event of the ignition resistance unit (D) 
being disconnected or burned out, it is impossible 
to get sufficient current through the regulating 
resistance, unless the arm (C) is held near the top. 

Generator Outeb 

A clicking sound will be heard during the ‘'motor¬ 
ing of the generator.'* This is caused by the “over¬ 
running of the clutch** in the forward end of the 
generator which is shown in Fig. 11. 

The purpose of the generator clutch is to allow 
the armature to revolve at a higher spe^ than the 
pump shaft during the cranking operation and to 
permit the pump slmft to drive the armatuie when 
the engine is running on its owh power. Spiral 
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teeth are cut on the outer face of this clutch for 
driving the distributor. This portion of the clutch 
is connected by an Oldham coupling to the pump 
shaft. Therefore its relation to the pump shaft is 
always the same, and does not throw the ignition 
out of time diiring the cranking operation. 

How to Remove Generlitor Clutch 

Two views of the generator clutch are shown in Figs. 12 and 
12A. This clutch is removed from the armature and end-frame 
assembly by loosening the screw in the end of the armature 
shaft and removing the lock washer and key washer. Cut a 

T0N6UE FOR OLDHAM 



Fig. 12 Fig. 12A 

hole in the work bench about larger in diameter than the 
armature. Insert the armature through thi.s hole. Allow the 
armature and end frame to drop about two inches, being c.arc- 
ful to have the end frame conic squarely in contact with the 
bench. Hold the armature from below, so that it will not be 
injured by striking the floor. 


The clutch is held together bv a retammg spring wire whieb, 
when removed, allows the clutch to be disassembled for inspeo- 
tion. 

Motor Clutch 

The ‘•motor” clutch operates between the fly wheel 
and the armature pinion (Fig. 8), and is for the pur¬ 
pose of getting a suitable gear reduction between 
the motor generator and the fly wheel. It also 
prevents the amuiture from being driven at an 
excessively high speed during the short time the 
gears are meshed after the engine is running on its 
own power. 

Single-Wire or Grounded System 

The Delco wiring of the different parts is shown 
in P'ig. 9. Note that the single-wire system is 
used in the illustration—^the frame of the car being 
used to carry the return circuit. 

The motor generator, storage battery, lamps, 
horn, and ignition apparatus each have a connection 
‘'grounded'^ to some part of the frame of the car 
or engine. The other connections are made with 
copper wires or cables. 

Circ ui I -Breaker 

The circuit-breaker does not take the place of a 
cut-out. It is provided so as to open the circuit in 
case of a short circuit, and it thus takes the place 
of fuses. See Fig. 14, page 390. 


DELCO MOTOR-GENERATOR TIIIRD-BRUSII REGULATION-CONSTANT CURRENT 


As an example of a third-brush-regulated Delco 
motor-generator we will use the Delco electric sys¬ 
tem on one of the first models of the Hudson ‘‘Sui>er- 
Six^^ cars, models (1910-17) and model 
(1918). The Hudson “Super-Six’^ was produced 
after the Hudson “6-40,” which used a variable 
resistance regulation which was cut into the field 
winding automatically by a governor. The late 
Hudson “Super-Six” model uses a similar system, 
except that a “third-brush” regulation is usea 
instead of “variable resistance,” the combination 
switch is arranged differently, and there are dif¬ 
ferences in a few other minor details. See Index 
under “Wiring diagram of the 1921 Hudson.” 

The Delco motor-generator used on the Hudson 

consists of a motor and a generator contained in 
the same housing, thus forming a single unit. Elec¬ 
trically, however, they are just as separate as if 
they were built in separate housings. 


There are two armature windings and two com¬ 
mutators entirely independent of each other. The 
commutator and brushes at the rear end belong to 



FUl 18. External oireuitB of the Deleo eleptrio ayatem on 
tha Hu^on **SupeH9ix«*' modala “H’* and •*J." 


the motor part of the machine; those at the front 
belong to tlie generator part. 

There are two sets of field windings or coils: a 
set of “shunt-field coils” used for the generator ac¬ 
tion, and a set of “series-field coils” used for the 
motor to crank the engine. 

‘‘Motoring-Generator’’ Circuit 

When first starting, the ignition button is pulled 
out (F’ig. 14), which closes three circuits as follows: 

1. The ignition primary circuit, from battery (-f) 
to (1) on the ammeter, to a point on the switch 
above (3), to (X), to (XI), to (4), to the primary coil 
winding, through (4A), to the ignition resistance 
unit, to the timing contact points (closed-circuit 
type), to ground, to ( —) ground of the battery. 
The ignition secondary circuit is from the lower 
ignition coil winding to the distributor, to the spark 
plugs, to groimd, to ( — ) ground of tlie battery^ to 
(1), to (X), to (XI), to (4), to the primary wunding, 
to where the secondary joins the primary winding. 

2. The generator-field circuit (for motoring 
generator) is from (-f) of the battery, to (1), 
through the ammeter, to (X), to (XI), to (4), 
through the shunt-field windings, to the tliird brush, 
through the armature coils, to the ( —) grounded 
generator brush, to (—) ground of the battery. 

3. The generator motoring circuit is from (H-) 
of the battery, to the ammeter, to (X), to (2), to 
the generator switch (which is closed), to the (+) 
generator brush, through the armature, to the (—) 
generator brush, to (—} ground of the battery. 

These circuits from the battery give ai ignition 
circuit for the spark plugs and also turn the genera¬ 
tor armature over slowly (termed “motoring the 
generator”), so that the gears can easily be meshed 
with the flywheel gear. 
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Starting Motor Circuit 

During the ''motoring of the generator” operation, 
as explamed, both motor brushes are raised from 
the commutator. They remain in this position at 
all times, and the generator switch is closed at all 
times, unless the starting pedal is depressed for 
starting the engine. 

When motoring the generator, the first operation 
in starting, is to depress the starting pedal which 
meshes the drive gear with tlie Awheel driven gear 
on the rim of the flywheel. At the same time that 
the gears are meshed, the rod operating in contact 
with the lower brush arm of the motor moves, allow- 


"motor,” as the pressure (voltage) from the battery 
is greater than from the generator at this slow speed. 
Thus the battery current flows to the generator 
through the generator windings, as it did in the 
"motoring of the generator” operation, and the 
ammeter will show on the "discharge” side. An 
automatic cut-out could be used to prevent the 
battery from discharging in this manner through the 
generator windings at speeds lower than 300 r.p.m., 
but inasmuch as the current used is very slight (about 
3 or 4 amperes), and as the engine seldom runs at 
this low speed, the automatic cutout is eliminated. 

Generator clutch: When the engine is running at 
less than 300 r.p.m., the generator armature, as 


5r ^ X 


HUOSOM SUPER-SM 
INTERNAL V/IRING 

diagram 



FIb. 14, Internal circuita of the Delco Electric eyeteni on the Hudeon "Super-Six,** models **H** and **J.** The wiring is 
I aingl^wire, or grounded-return system. 


ing both motor brushes to come in contact with the 
motor commutator, and at the same time the gener¬ 
ator switch is opened, opening the circuit to 
generator and closing the circuit from battery 
to motor. 

The raising and lowering of the motor brushes, 
therefore, functions like a switch, i.e., when the 
brushes are in contact with the commutator, the 
circuit is closed; when they are raised aw^ from 
the commutator the circuit is opened. Thus a 
starting switch is not used. 

The motor circuit will then be from (4-) of the 
battery, to motor terminal (1), through the series 
field winding of the motor, to the upper (-}“) brush, 
throu^ the armature winding, to the lower motor 
brush, to ground, to (—) ground of the battery. 


stated, turns as a "motor” and turns faster than it 
is being driven by the engine. Therefore a roller 
clutch, similar in action to the one described on page 
324, and which is also similar in action to the free¬ 
wheel clutch on a bicycle, is used to allow the gener¬ 
ator to over-run at speeds lower than 300 r.p.m., 
as explained above. This clutch also permits the 
armature to revolve when the ignition switch is 
first pulled out, as explained above under "Motor¬ 
ing the generator.” 

If the engine should be stalled or stopped without 
switching off the imition button, a steady discharge 
from the storage battery of about 3 or 4 amperes 
would take place, causing the armature to revolve. 
Therefore the ignition button should be pushed in 
whenever the engine is not running. 


Generator Action 

Now, let us assume that the engine starts. The 
starting pedal is released and the gears run out of 
mesh again. The plunger travels into place and 
lifts the motor brushes off the commutator, at the 
same time closmg the contact at the generator 
switch. The generator circuits are complete again, 
and if the engine i? driving ,the generator fast 
enough, current is being generated. 

If, however, the generator is being driven by the 
engine at less than 300 r.p.m., the generator will 


Generator Charging Circuit 

When the engine is revolving more than 300 r.p. 
m., the generator begins to generate current, and 
at higher speeds, sufficient voltage is generated to 
overcome the battery voltage and the generator 
sends current to the hattery, as well as supplying 
current for ignition and lights. 


The shunt-field circuit during the charging action 
from (-b) brush of the generator, to generator switch^ 
to (2), to (X), to (XI), to (4), to third brush. 
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The main generator charging circuit is from (+) 
brush, to the generator switch, to (2), to (X), to a 
oint above (3), to the ammeter, to (+) of the 
attery, to ( — ) of the battery, to ground, to the 
grounded (—) generator brush. The ammeter will 
now indicate on the “charge^’ side. 

Generator Regulation 

The regulation of the current (generator output) 
is obtained simply by varying the strength of the 
magnetic field, but this is brought about in a different 
manner to, and is an improvement over, the methods 
fonnerly used. By referring to Fig. 14, it will be 
seen that the lower end of the shunt field is connected 
to a “third brush’* which is in contact with the 
generator commutator. 

The strength of the magnetic field depends upon 
the amount of current flowing through the field 
windings, and this in turn depends upon the voltage 
(pressure) applied to the third brush. 

This voltage depends upon two things: (1) 

the position of the brush on the commutator with 
relation to the other brushes, and (2) upon the speed 
of the armature. 

The position of the brush on the commutator is 

set before leaving the factory, to give the best aver¬ 
age charging rate, and must not be moved or inter¬ 
fered with as long as the charging rate is satisfactory. 

If it becomes necessary to increase the charging 
rate, loosen the two screws by which the arm sup¬ 
porting the tliird brush is attached and move to the 
right (looking at the front end of the generator). A 
small movement makes a considerable difference 
in the charging rate. Then tighten the screws. 

It is highly important after moving the third 
brush to sand it carefully down, so as to fit the com¬ 
mutator accurately, otherwise the generator will not 
deliver the full amount of current.^ 

If it becomes necessary at any time to decrease 
the charging rate, proceed exactly as outlined 
above, but move the brush to the left. 

Third-Brush Effect of Generator Output 

The third brush affects the generator output at 
varying speeds in the following way: At low speeds 
the voltage or pressure af)plied to the third brush is 
comparatively high; therefore a considerable 
amount of current will flow through the shunt field 
windings. This gives a strong magnetic field at 
low speeds, and the generator output will be good, 
considering the low speed. Increasing the speed 
under these conditions would increase the generator 
output too rapidly, and at high speeds there would 
be too much current produced. With the increase 
in speed, however, the voltage applied at the third 
brush decreases; consequently the magnetic field 
becomes weaker and the generator output is kept 
from becoming too great (see, also, pages 3G1, 408). 
In this way the generator output increases until a 
speed of about 20 to 24 miles per hour is reached. 
The current is then at a maximum which is arranged 
to take place at this speed, because experience has 
proved that this gives the best all-around results. 
At still higher speeds, the magnetic field becomes 
so weak tliat the output begins to diminish, thus 
preventing the storage battery from being charged 
at too liigh a rate. 


' The third brush must make good contact with the commu¬ 
tator at all times. To realize the importance of this, raise the 
thlM brush with the finger while the engine is running, and 
watoh the hand on the ammeter go back to aero. The same 
apices to the two main bruwea. 


The following table represents on an average the 
manner in which the charging rate should vary at 
different speeds. 


Miles per Hour 

Amperes 

9 

5 

12 

10 

18 

16 

24 

17 

30 

16 

36 

13 

42 

11 


The Ignition System 

The ignition system consists of a distributoi, an 
ignition coil, a contact-breaker of the closed-circuit 
type, a condenser, and ignition resistance units—all 
fully explained under ^‘Delco ignition systems.’* 

The distributor-timer is driven by a vertical shaft 
and is located directly above the oil pump at the 
front end of the engine. On it is mounted the con¬ 
denser and the resistance unit. 

Timing the Ignition^ 

The cam which makes and breaks the contact points is 
adjustable. To move the cam it is necessary to loosen the 
screw in the center of the shaft. Before attempting to time 
the engine or ignition, see that the contact points are clean and 
set at a clearance of .018'', or the thickness of the gauge on 
the distributor wrench (in the tool kit) when on the highest 
point of the cam or at their widest opening. 

Turn the engine over slowly with the hand crank until No. 1 
cylinder is on compression stroke. To determine this, remove 
the other spark plugs and turn until you feel the resistance of 
compression. Turn the engine over very slowly until the 
pointer on the observation hole on the flywheel case is directly 
over the mark “A” which is stamped on the flywheel. See 
that Uie button on the rotor is directly under the contact in 
the distributor cap which leads to No. 1 cylinder spark plug. 
Loosen the set screw at the center of the cam and turn the cam 
until the contact points just start to separate. When checking 
the result, the cam should be held on tension in the opposite 
direction to rotation, and the back lash in the gears snould 
then allow the points to start to separate when the cam ia 
rocked back ana forth. Then tighten the screw. Rub a very 
small quantity of vaseline on the track in the distributor cap, 
around which the contacts arc spaced, and then rub off the free 
vaseline. Replace the rotor and distributor cap. 

It is important to keep contact points clean and set at a 
clearance of .018", or to the distributor wrench gauge. Use fine 
sandpaper for cleaning points. The small sandpaper disks 
used by dentists are excellent for this purpose. 

Keep the distributor-cap track polished with vaseline. (Use 
sparingly.) Do not allow oil or dirt to accumulate on the 
contact points. ’ , 

The distributor cap and high-tension wires should always 
be clean and dry. The resistance unit should be kept clean and 
all connections tightened. 

Ignition Circuits 

The ignition circuits, as explained on page 389, 
give the circuit when battery supplies current. 

When the generator supplies current for ignition, 
the circuit is from (2), to (X), to (XI), to (4), and 
it then follows same path as described on page 389. 

Purpose of the Circuit-Breaker 

This is a protective device to prevent excessive 
current from flowing through the lighting circuit in 
the event of a ground or short circuit developing in 
the line. In other words, it takes the place oi fuses. 

There are two types of Delco circuit-breakers: 
the “vibrating type^* and the “locking type.** The 
vibrating type is used on the Hudson, as shown in 
Fig. 14, the details of which are shown in Fig. 15. 

Construction of the Delco “Vihrating-Type*’ 
Circuit-Breaker 

The Delco vibrating circuit-breaker is shown in 
Figs. 14 and 15. The coil (W) is connected in series 
with the lighting circuit or other electric appliances. 
It consists of a single winding on a soft iron core. 

It is set by adjustment of the air-gap, by spring 
(F) to carry a predetermined load of say 12 amperes, 


t Also applies to Hudson *‘Super-Six," model 
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Fig. 16. Internal view of Delco vibrating circuit-breaker; 
Fig. 15A. Kxternal view. 


and the current passes through the winding (W), 
through points (E) which are normally closed, to 
the switch, to the lights, to ground, to battery 
gropnd. By the use of the circuit-breaker, fuses 
are eliminate from the circuits. 

If a short circuit occurs in the wiring, this would 
draw a greatly increased amount of current, and at 
from 27 to 30 amperes, the wire coil (W) becomes 
so strongly magnetized that the armature (A) is 
drawn to the core, thus causing arm (C) to push 
blade (D), separating points (E). The moment this 
occurs the circuit is broken; therefore contact will 
be made again, and again separated. Thus an 
action similar to a vibrating coil takes place, and 
the armature vibrates back and forth, but consuming 
only about 5 to 7 amperes. The vibrating action is 
kept up until the ground or short circuit is removed. 

Note th< point (A) (Fig. 15) in the circuit between the switch 
and the lamp. Should a ground occur at this point, the heavy 
flow of ciurent would cause the circuit-breaker to operate. 

When the vibrating tjye of circuit-breaker is used, it is 
mounted on the back of the combination switch. 


Later Delco Vibrating Type Circuit-Breaker 

The switch shown in Fig. 17 uses the circuit- 
breaker shown in Fig. 16. They are adjusted so 
that 25 to 30 amperes will operate them, and thev 
will continue to operate with a current not exceea- 
ing 15 amperes. Not over 15 amperes must,pass 
with dead short circuit across the circuit-breaker 
terminalst 




Flf. iTwiypksl OlMi Front 
I^Kion and UghUag Swit^ 
fig. M-Vlteattat ^ 

Operation: The plunger (P) ia drawn against the action of 
coil spring (S) (magnetically) until the end of the plunger 
strikes the outer contact (Cl), causing separation from the 
contact (C2). As the circuit is then opened, spring (S) cau8« 
the plunger to return to normal position, and the proccM is 
repeated; it is thus a vibrating action. This type is u^ on 
many 1923 Delco equipped cars, for example, the Nash, Oldsmo- 
bile (page 402). 

Adjuatmenta: Three parts may be changed slightly to cfifoct 
correct adjustment: (1) length and stiffness of coil raring (S) 
around olungcr disk; (2) length of plunger (P) which changes 
SS teeS bftween conticts:* NormWt is .01?'-..030"; (3) 
total air gap (G) (^. Normally it is .019' -.026' each. 

To test: B^ore a^ustii^, mount on switchback or support 
against a base. With a carbon or other resistance and ammeter 
ISrcircuit, increase the 6-volt cipent flow ^ough circm^ 
breaker. If it cuta out too late, file off a small amount of (P), 
or cut off 1/16" lengths of spring (S). (Do not decrease the 
actual spring lengthby 1/16".) If it cuts out too soon, stiffen 
(8) by (diftly stretching. It may be necessary slightly to 
inauM the totM air gap (G) (H) ^between disk and frame w^ls. 
U tho omrent used when vibrating is excessive, decrease the 
‘r gap by squeesing the Trame walls together. See 
1 Gv&o combiiiation switoh principle. 


total air 
»429i 


Delco ‘‘Lock-Out Typo” of Circuit-Breaker 

Another type of Delco circuit-breaker is called 
the '^lock-out'^ circuit-breaker. It is of similar 
construction, except that it has an additional fine 
wire voltage winding around the same core, tho 
ends of which are connected across the contacts. 
When an overload occurs, as from a short-circuit or 
ground, the armature (A) (Fig. 15) is pulled down 
against the core, thus opening the circuit as in the 
vibrating typo. The mapietism flowing through 
the fine wire winding will hold the armature (A) 
against the core and prevent it from vibrating. 
This limits the flow of current through the lock-out 
circuit-breaker to a small fraction of an ampere. 
The internal circuit of the lock-out type of circuit- 
breaker is shown in the wiring diagrams of La¬ 
fayette, Marmon, and Cadillac. See Index under 
‘‘Wiring diagrams. 

A double circuit-breaker is used on several cars, 
such as the Cadillac, Lincoln, and Lafayette, and 
is mounted in a single housing. One of these is the 
vibrating type and the other the locking type. 

The vibrating type of circuit-breaker is used with 
the main lights, which are more frequently used. 
The locking, or lock-out tjpe of circuit-breaker is 
used in connection with the tonneau lights, dome 
lights, and horn, as grounds are more likely to occur. 

The ignition current in some cases is also taken 
through the vibrating tyi)e of circuit-breaker. 

Delco Circuit-Breaker Pointers 

If any part of the lighting circuit becomea grounded without 
first of all passing through the lamps, a heavy flow of current 
far in excess of the normal amount will take place. This 
heavy current magnetizes the iron core of tho circuit-breaker 
so strongly tlmt it attracts the small piece of iron called the 
armature, thus separating the contact points. This momenta¬ 
rily cuts off the flow of current, which in turn allows the 
contacts (E) to close again, and tho operation is repeated, 
causing the circuit-breaker to give out a clicking sound. 

The circuit-breaker thus not only gives warning of a ground 
in the lighting circuit, but also prcv’onts injury to the wiring 
by permitting only from about 5 to 7 arapieres to flow through 
it when vibrating. 

When the circuit-breaker vibrates, push in the three lighting 
buttons. If the breaker continues to vibrate, the trouble 
should be looked for in the switch. If the breaker stops vibrat¬ 
ing when the three lighting buttons are pushed in, pull them 
out one at a time and observe which one causes it to commence 
vibrating. The ground or short circuit must be in this line. 
The trouble may pe located more accurately by disconnecting 
the wires at the junction block at the lower left-hand side 
of the dash. If tho circuit-breaker continues to vibrate when 
these wires are removed, the ground must be in the wiring 
between the switch and tho junction block; but if it stops 
vibrating, the trouble must be in the wiring between the junc¬ 
tion block and the lights. 

By testing each wire individually, the exact circuit wherein 
the trouble exists may be located. 

In case tho circuit-breaker vibrates repeatedly, do not 
attempt to increase tho tension of the springs, as the vibration 
is an indication of a ground in the system. Remove the 
ground, and the vibration will stop. 

Lights 

Let us return to the point above switch terminal 
No. 3 (Fig. 14), where the lino divides. The line 
going to the right leads to the circuit-breaker. After 
passing through the circuit-breaker wining, repre¬ 
sented by the zig-zag lines and contact points, con¬ 
nection is made from this point to each of the three 
lighting contacts. The operation of each of the 
three lighting buttons will now be described. 

Dash and Tail-Light Circuit 

When the lighting button nearest to the ignition 
button is pulled out, the dash and tail-light circuit 
is completed, and the current passes out through 
terminal No. 6, then to the dash lamp soclmt. and 
through the lamp filament. ' 
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A wire leads from this lamp to terminal No. 6 of 
the junction block on the dash, and from there a 
wire leads to the tail lamp. After the current 
passes through the tail lamp, it goes to CTound, i.e.. 
the frame of car. Thus the lamps are series.” 
and the current has to pass through both bulos 
before it reaches ground. It follows, therefore, 
that if the filament of either lamp burns out or the 
line is broken or ground disconnected, both lamps 
will go out. The wiring is arranged thus to warn 
the driver when the tail light is out. 

Headlights (Bright) Circuit 

When the center one of the three lighting buttons 
is pulled out, the headlight circuit is completed and 
current passes out through terminal No. 6 to 
terminal No. 6 of the junction block on the dash, 
and from there a wire leads to the front cross mem¬ 
ber of the frame, where it branches out immediately 
back of the radiator. One branch wire feeds the 
right-hand headlight, the other the left. After 
the current passes through the lamp bulb, it goes 
to ground. Since both lamps are fed from branches 
of the same wire, they are ^^in parallel.” 

Therefore if one bulb bums out, the other circuit 
is still intact, and the lamp on that side will continue 
to bum. 

Headlights (Dim) Circuit 

When the end lighting button is pulled out. the 
headlight circuit is completed, but instead ot the 
current passing directly out through terminal (6), 
it first of all passes to (7), through the dimmer 
resistance. This is a coil of wire that has the effect 
of choking the current supplied to the headlights, 
and they do not burn so brightly, nor do they con¬ 
sume so much current. 

If the headlights are operating *'dim/* it is unnecessary 
to depress the **dim’^ button in order to get them to operate 
at fuU candle power. Simply pull out the second button. 
This operation cuts out the resistance, because the current takes 
the easier path. If the second button is again depressed, the 


lights win operate ''dim,** as the current then passes through 
the resistance. 

The Junction Block 

The junction block is located on the engine side 
of the dash, near the left-hand side frame. It pro¬ 
vides a handy means of disconnecting the lig;hting 
connections m case of trouble on any particular 
line, or when removing the body. For instance^ if 
the circuit-breaker conamences to vibrate or chek 
when any of the lighting switches are pulled out 
(indicating a ground), it is obvious that any of the 
junction-block connections can be reached quickly 
and the wires can be disconnected one at a tune till 
the faulty line is discovered. 

Storage Battery 

The storage battery is a three-cell, six-volt bat¬ 
tery. The (—) battery terminal, as well as the (—) 
generator brush is grounded. 

Never run the generator with the storage battery 
disconnected from the car. This is a ^^constant- 
current” system, as explained on page 346. 

Ammeter Readings 

Ammeter readings during cranking operation: 
During the cranking operation the ammeter will 
show a ^'discharge.” This is the current that is 
used both in the ^unt-field winding and the ignition 
current. The ignition current being an intermittent 
current of comparatively low frequency, it will 
cause the ammeter to vibrate during the cranking 
operation. If the lights are on, the meter will show 
a heavier discharge. 

The main cranking current is not conducted through the 
ammeter, as this is a very heavy current and it would be impos¬ 
sible to conduct this heavy current through the ammeter and 
still have an ammeter that is sensitive enough to indicate 
accurately the charging current and the current for lights and 
ignition. 

When the generator is charging the battery, the ammeter 
needle will be on the “charge” side of the scale. 


DELCO MOTOR-GENERATORS (1921) THIRD-BRUSH REGULATED 


Delco motor-generators and electric systems 
installed on the 1921 Buick and Mc^ughlin are 
shown in Fig. 1; on the Cadillac, in Fig. 3; on the 
Hudson, in Fig. 5; on the Lafayette, in Fig. 7; on 
the Lincoln, in Fig. 9. Wiring diagrams and the 
various circuits of each are also shown. 

Each of the cars mentioned use a Delco motor 
and generator as a single unit, termed a “motor- 
generator.” 

There are two windings in the field and armature, 

one set for operation as a generator and one set 
when used as a motor to crank the engine. The 
generator armature winding and its commutator, 


together with the generator iwinding in the field 
coil, are connected in the circuit at all times when 
the ignition switch is “on,” except when the starting 
pedal is depressed. There is no electrical connec¬ 
tion between the motor and th^ generator windings 
on the armature. Third-bnish regulation is used 
on all. 

Wlien the motor-generator is used to crank the 
engine, the motor windings are brought into use, and 
it operates as a series-wound motor. These wind¬ 
ings are not in circuit with the battery until the 
motor brush, or bnishes, make contact with the 
commutator by the action of the starting pedal. 



Fig. 1. Dtloo motor-tenerator uaed on th« Buiok and Mo L a u gh l io (1921X» 
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^en craoking the engine, the motor-generator 
drives the flywheel through a pair of sliding gears 
which are at the rear of the motor-generator and 
controlled by the starting pedal. An over-running 
clutch is built in the hub of these gears, so that the 
flywheel will not drive the generator through the 
starter gears after the engine starts running under 
its own power, and before the starter pedal is 
released. 

The driver should make a practice of releasing the starter 
pedal as soon as possible after the engine has started running 
BO as to insure long life and usefulness of the lubricant within 
the clutch. 

When the engine is operating at slow speeds, the 

generator voltage is not sufficient to provide current 
tor lighting or ignition. At such times the battery 
is the source of current. At low engine speeds also, 
current may flow from the battery through the 
generator windings and cause the armature to 
volve faster than the engine drives it. Under this 
condition the over-running generator clutch at the 
forward end of the motor-generator permits the 
armature to revolve faster than the driving shaft, 
and makes a clicking noise. 

During the time that the engine is driving the 
armature, the circuit between the generator winding 
and the storage battery is completed, allowing 
current from the generator to charge the storage 
battery and supply current directly for lights and 
ignition. 

Dimng the cranking operation, the generator 
circuit is interrupted by having one of the generator 
brushes raised off the commutator in the Buick 
model. The upper generator brush on the Buick 
type of motor-generator is raised. 

A very ffreat reduction in engine cranking speed will be the 
result if the generator circuit is not opened during cranking 
by the above method. 

It may happen, through accident or otherwise, that the 
brush-lifting mechanism is bent in such a way that it fails to 
operate the generator brush as just described. Care should 
be exercised, in renewing the upper generator brush, to obtain 
one of the proper length. If too long, the brush-lifti ng ntechan- 
ism may not function properly. 

In the motor-generator applied on Cadillac and 
Hudson cars, this feature of opening the generator 
circuit during cranking is taken care of by a set of 
contacts in the rear end of the motor-generator 
housing, known as the generator switch and operated 
through the action of one of the motor brushes. 

During the cranking operation the electrical cur¬ 
rent flows from the storage battery through the 
motor windings, causing the armature to rotate. 
The closing of this circuit is effected by the upper 
motor brush in the Buick modeh and by both upper 
and lower motor brushes in the Cadillac and Hudson 
models. These are operated by the starting pedal. 

The motor-generator performs three different 
operations, which are as follows: 


1. Motoring the generator: This operation is 
necessary in order that the starting gears may be 
brought into mesh with the small gear on the arma¬ 
ture shaft, and with the teeth on the fly-wheel. This 
takes place whenever the '‘ignition’^ switch lever is 
turnea to position marked **on.^* This completes 
the circuit from the storage batte^ to the generator 
windings, and permits current to now from the stor¬ 
age battery through the shunt-field coil and the 
generator windings on the armature, thus causing 
the armature to revolve slowly. 

In meshing these gears, if difficulty is encountered, do not 
try to force uiem, but simply allow the starting pedal to come 
back, giving the gears time to change their relative positions. 

The clicking sound heard during the motoring of the genera¬ 
tor is caused by the over-running of the generator clutch in 
the forward end of the motor-generator. The “M.G. 82” 
used on 1918 Hudson cars was equipped with a smooth clutch. 
The motoring of the generator is one of the most important 
operations for the mechanic to familiarize himself with, as the 
same wiring and parts of the generator are used during this 
operation as when generating. Therefore, if this operation is 
performed properly, it is sure to generate when driven by the 
engine. 

2. Cranking operation: The cranking operation is 
performed when the starting gears are brought fully 
in mesh and when the motor brush or brushes make 
contact with the commutator. It is arranged that 
the start.ing gears are properly meshed before the 
motor brush, or brushes, make contact on tlie com¬ 
mutator. The cranking operation requires a heavy 
discharge from the storage battery. There must be 
no loose connections in this circuit. All the battery 
connections, together with the ground-strap con¬ 
nections, the motor connections, and motor brushes 
must make good electrical contact. 

3. Generating electrical energy: After the crank¬ 
ing operation is completed, the starting pedal is 
returned by a spring. This disconnects the starting 

C rs, breaks the motor circuit, by raising the motor 
sh or brushes, and completes the generating cir¬ 
cuit either through the generator switch, or, in the 
Buick model, by lowering the upper generator 
brush. 

At car speeds of from five to seven miles per hour, 
the genemtor is generating a voltage sufficient to 
prevent current discharging from the battery 
through the generator windings. At higher speeds 
a part of the current generated is used directly for 
ignition and lighting purposes, while the remamder 
of the current is used to charge the storage battery. 

The ignition distributor is located on the forward 
end of the motor-generator on the Buick models, and 
is for the purpose of properly timing and distributing 
the ignition current. Separate distributor units are 
installed on Cadillac and Hudson models, and are 
driven from the timing gears. See the instruction 
on “Ignition.” 

The operation of the distributor on the Buick car in no way 
a£fecta the motor-generator, it being located in this manner 
simply as a convenient method of mounting and driving. 


DELGO ELECTRIC SYSTEM ON THE BUICK (1921,1922) 


Generator field circuit: From (+) main brush, 
to (2) (Fig. 2), to (3), to (F), to the generator shunt- 
field wmding, to third (-) brush (3B). 


Generator charging circuit: From (+) malr 
brush, to (2), to (1), to the ammeter, to (-f) battery^ 
to (—) ground of the battery (GB), to (—) ground 
of the generator (GG), to the (~) generator, mail 

brush. 


lotion j^rimi^ circuit: From (1) on the com- 
lination switch, if the current is from the battery as 


when starting, or from (2), if the current is from the 
generator after the engine is running, thence to (3), 
to the ignition resistance unit on the coil, to primary 
winding (PRY), to contact-breaker points (P), to 
ground, to (-) of battery or (-) of generator. 

Starting motor circuit: From (+) of the battery, 
through the motor-series field coil, to the (+) motor 
brush, through the armature, to the (-) grounded 
brush, to (GM), to the (-) grpundw battery 
tenumai (GB), 
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Motoring generator field circuit: When first 
depressing the starting pedal, the generator is 
“motored,” and current flows from (+) of the 
battery, through the ammeter, to (1), to (3), to 
(Fj, to (3B) for the shunt-field circuit. For this 
about 6 amperes are required. This makes it easy 
for the gears to mesh, as the generator armature 
turns over slowly. 

The armature circuit, during the motoring opera¬ 
tion of generator, is from (-f) of the battery, 
through the ammeter to (1), to (2), to (A), to (-f) 
brush, to the armature, to the (-) grounded brush, 
to (GG), to (GB). 


As the starting pedal is depressed still more, the 
(+) motor bruA is lowered to the commutator 
and the generator brush (A) is lifted; the series field 
of the motor and the armature winding of the motor 
receive the full current from the battery, and the 
engine is started through the starting motor cir¬ 
cuit as first explained. 

When the engine starts, and the starting pedal ic 
released, the gears to the nvvyheel are thrown out of 
mesh, the (-f) motor brush is raised, the generator 
brush (A) is lowered, and the generator begins to 
generate current at over 300 r.p.m. Thereupon 
the circuit is as explained under “generator circuit.” 
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Fig. 2. Delco wiring diagram of Buick (1921, 1022) series 21, models 44 to 50, and also McLaughlin. On the 192.'! Buick-Sia 
a new switch (see page 429, Fig. 20C) and No. 2176 ignition coil is used. 


DELCO ELECTRIC SYSTEM ON THE CADILLAC TYPE 59 (1921) 


The Delco motor-generator (Fig. 3) is used on 
the Cadillac. The regulation is by means of a third 
brush. It is therefore a constant-current-regulated 
generator of a 6-volt system. 

A thermostatically controlled protective device 
operates in case of excessive charging current, to 
rotect the generator from over-heating and the 
attery from over-charging. Provision is made for 
mounting the device on the third-brush arm in such 
a position that it may readily be influenced by radi¬ 
ated generator heat. 

The thermostat consists essentially of a coil of 
resistance wire and a set of contacts. The blade 
holding one of the contact points is made from a 
pieoe bi-metal—a strip of brass welded to a strip 


of nickel steel—a combination which warps at its 
free end w^hen heated, owing to the greater expan¬ 
sion of the brass side. The contacts, normally 
closed, are caused to separate at a temperature of 
195®-200® F. within the generator. Thus the field 
current which passed through the contacts is 
shunted through a resistance. The direct-field cir¬ 
cuit is restored as soon as the temperature has 
again become normal. 

No attention need be given to the thermostat, 
and its operation, which is accomplished by a sudden 
drop of 60 per cent in the ammeter reading, should 
cause no concern (see also Remy thermostat, 
page 362). 

Motor-generators used on the Cadillac, Lafayette, 
Linooln, and Wills cars, each have four field coils. 
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two of them bein^ shunt coils and two series coils. 
Each pair of coils is mounted opposite in the frame. 
Thus it operates as a four-pole shunt generator, 
although field windings are used on two poles only, 
the other two acting as consequent poles. 







Fig. 3. Side sectional view of the Delco-Cadillao motor- 
generator on tyoe 59 car. 

Cranking operation: When the starting gears are 
meshed, the motor brush or brushes make contact 
with the commutator. Note that the motor brushes 

take the place of a starting switch. 

Generating current: After the cranking operation 
is completed, the starting pedal is returned by the 
spring. This disconnects the gears, breaks the 
motor circuit by raising motor brushes, and com¬ 
pletes the generating circuit through the generator 
switch. 

These operations can be clearly understood by 
referring to the diagram (Fig. 4) and the illustration 
(Fig. 3). 


Cadillac-Delco Circuits 

Generator field circuit: From the (+) third 
brush (Fig. 4), through the thermostat points, to the 
shunt-field windings, to (8), to (6), to the (—) genera¬ 
tor bnish. When the thermostat points are open, 
resistance (R) is automatically cut into the shunt-^ 
field circuit. 

Generator charging circuit: From the (-f*) 
grounded main brush (Gl), to the (H-) wounded 
batteryj to the ammeter, to (5), to (6), to the gener¬ 
ator switch (A), to minus (—) of the main brush. 

lotion primary circuit: From (+) ground of 
the battery, or the generator after it is nmning fast 
enough to charge the battery, to ground (G) of the 
contact-breaker points (note the two points in mul¬ 
tiple), through the ignition resistance unit, through 
the coil primary winding (P), to (7) on the combina¬ 
tion switch to (6) if the generator is supplying 
current, to the generator switch (A), to the (—) 
generator brush. If the battery is supplying the 
current, then to (5), to the ammeter, to the (~) 
terminal of the battery. 

Starting motor circuit: From (+) ground of the 
battery, to the (-f) grounded brushes (G2), which 
are lowered to the commutator by movement of 
the starting pedal which shifts the gear in mesh 
with the flywheel gear and at the same time opens 
the generator circuit at generator switch (A), then 
through the armature, to ( —) brushes, through 
the series-multiple field windings, to the ( —) 
terminal of the battery. Tliua the action of the 
motor brushes serves as a starting switch. After the 
engine is started and the starting pedal is released, 
the motor brushes are again raised and consequently 
generator switch (A) is closed by this action. 

The vibrating and locking circuit-breaker is made 
use of in the manner described and explained on 
page 392. 
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DELCO ELECTRIC SYSTEM ON THE HUDSON MODEL «0” a921) 


The Delco motor-generator used on the Hudson 
*'Super-Six/' model is shown in Fig. 5, and 
the explanation given on page 393 will serve in this 
case also. 



Fig. 6. Side sectional view of the Delco-Hudson model “O’* 
motor-generator. 


This is a two-pole machine with a single armature 
having a separate generator and motor windings 
connected to separate conunutators. Above the 
armature is a motor series coil and a generator shunt- 
field coil. Below the armature is a series-field motor 
coil and a shunt-field generator coil. 

Hudson-Delco Circuits 

Starting motor: From (-1-) of the battery (Fig. 6), 
to the motor-series field coils, to the motor (-h) 
brush, through the armature, to the (—) brush, to 
ground, to (GB) ground of the battery. The motor 
brushes are lowered by starting the pedal when the 
gears are shifted to mesh with the flywheel. At 
the same time, generator switch (A) is opened. 


Thus the action of the brushes serves as a starting 
switch. When the engine starts, and the starting 
pedal is released, the motor brushes are raised and 
generator switch (A) is closed. 

Generator shunt-field circuit: From the (+) 
brush of the generatoir to (2) on switch, to (3), to 
the generator shunt-neld winding, to the third 
brush. 

Generator charging circuit: From the (-I-) brush, 
to the generator switch (A), to (2), to (1), to the 
ammeter, to (-f) of the battery, to (—) battery 
ground (GB), to the ( —) ground of generator (GG). 

Primary ignition circuit: From (1) on the combina¬ 
tion switch, if from the battery, or from (2) if from 
the generator, to (3), to the coil primary winding 
(P), to the ignition resistance unit (R), to the 
contact-breaker points (P), to ground, to the (—) 
ground of the battery or to the minus ground of the 
generator. 

Secondary ignition circuit: From secondary 
winding (S) of the coil, to the distributor, to the 
spark plugs, to ground, to ground of the battery 
or generator, to the other end of (S). 

The circuit-breaker, used in this model is of the 
vibrating type. 

The following will assist in tracing the different 
circuits. To trace, start with the part mentioned in 
brackets: starting-motor circuit [-f of battery]; 
generator shunt field circuit [-+- main brush of gen¬ 
erator]; generator ch^ging circuit [+ main brush of 
generator]; primary ignition circuit [start with 1 
on switch if from battery, or 2 if from generator]: 
secondary ignition circuit [secondary winding S of 
ignition coil]. 

Note: Bosch ignition (page 208) is now used. 
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DELCO ELECTRIC SYSTEM ON THE LAFAYETTE (1921, 1922, 1923) 


The Delco motor-generator used on this car is 
explained on pa^ 393 and 394. An illustration of 
this is shown m Fig. 7. 


i a\3c/^ /^ecc I 


Fig. 7. Side sectional view of the Dolco-Lafayette motor- 
generator. 




LaFayette-Delco Circuits 
Starting motor. From the (+) grounded battery 
terminal (Fig. 8), to the (-}-) grounded brushes of 
the motor, through the armature, to the (—) brushes, 
to the series-parallel field windings, to the (—) ter¬ 
minal of the Dattery. The motor brushes are low¬ 
ered to the commutator by the action of the starting 
pedal, which thus serves as a starting switch. 

Generator field-circuit: From the (-(-) third brush, 
through thermostat (T), to shunt-field coils, to (8) 
on switch, to (6), to (—) generator brush. 

Generator charging circuit; From (+) grounded 
generator brushes, to (-f) grounded battery termi¬ 
nal, to ammeter, to (5) on combination switch, to 
(6), to generator switch (A), to (—) main brush. 

Primary ignition circuit; From the (+) ground 
of the battery, or generator, to ground (G) of the 
contact-breaker, through the resistance unit, to 
primary coil winding (P), to (7), to (6), if the cur¬ 
rent is from the generator, back to the ( —) brusli 
of the generator, or to (5), if from the battery, to 
the (—) battery terminal. 
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Fig. 10. pelro-Linooln (1921) wiring diagram. Changes made in 1922-23 system are a slightly different combination switch, 
and an electric fog arrangement for carburetor is attached to battery at motor terminal. 
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1187 Combination Switch 
2-2159 Ignition Coil 5226 Distributor 
» 14799 Motor Clutch 

6742 Circuit Breaker 


Generator shunt-field circuit: From (+) brush, 
to and through switch (A), to (6) on combination 
switch, to (8), to generator shunt-field windings, to 
( —) third-brush. 

Generator charging circuit: From (-f) brush, to 
generator switch (A), to (6), to (5), to ammeter, to 
(+) battery terminal, to ( —) battery terminal, to 
( —) grounded main generator brush. 

Primary ignition circuit: From (5) on the com¬ 
bination switch if the battery is supplying current, 
or from (6), if current is from the generator, then 
to (7), to the ignition resistance unit on the ignition 
coils, connected in multiple, to primary windings 


(PR), to contact-breaker points (P), to ground (G), 
to the (—) ground of the battery or generator. For 
details see Index under ^‘Lincoln distributor and 
contac t-breaker.'' 

Secondary ignition circuit: From secondary wind¬ 
ings (S), to the distributor, to the spark plugs on 
the right and left cylinaer blocks, to ground, to 
ground of the battery or generator, back to the 
primary windings of the coils, to (X), where the 
secondary joins the primary. 

A vibrating and locking type of circuit-breaker 

is used. 


DELCO SEPARATE GENERATORS AND MOTORS -THIRD-BRUSH REGULATED GENER¬ 
ATORS, USING CUT-OUTS 

Examples of Delco separate generators and and Pierce-Arrow series 32, 33, being selected for 
motors with third-brush regulated generators using the purpose. The last>-mentioned uses an electro¬ 
cut-outs are given in the pages following, the Mar- magnetic principle of regulation in addition to the 
mon, model 34B, H.C.S., Moon, Westcott B-44, third brush. 


MARMON 1921, 1922 MODEL. “34B’’ 


The Delco electric system is used, consisting of a 
separate four-polo starting motor with a Bendix 
drive and field windings connected in multiple-series. 

The generator is a four-pole generator, third- 
brush regulated, constant-current type, with the 
ignition unit attached to the generator, and it is thus 
a “two-unit" system. 

A cut-out is used as shown in Fig. 12, mounted 
on the drive end of the generator. 

Starting circuit: When the starting switch is 
depressed, the starting circuit is from (-f) ground 
of terminal (GB) of the battery (Fig. 11), through 
the (-f) groimd^ brushes (G), through the arma¬ 
ture, through the (—) brushes, through fields, through 
starting ewitoh to (—) terminal of oattery. 


The generator (Fig. 12) consists of a four-pole 
shunt-wound, third-brush-regulated constant-cur- 
rent generator which is separate and distinct from 
the motor. See also the wiring diagram. 

The generator shunt-field circuit is from the third 
brush (+) through the four field windings, to the 
( —) main brush, through the armature coils, back 
to the third brush. 

The cut-out^ is placed on the top of the generator 
(Fig. 12), at the commutator end of the generator. 

Cut-out voltage winding: After starting the 
engine, current from the generator ( -f) main brush 
passes from the (-+-) grounded main brush (Gl), 

> Adjustment of this out-out is shown elsewhere. See Index 
under ‘'Adjusting Deloo out*out.'* 
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through the grounded end of voltage (V) fine wire 
winding (G) of the cut-out, to the ( —) main brush 
of the generator. When the s|>eed of the generator 
increases to where the generator voltage reaches 7 to 
8 volts, the silver cut-out points (P) close. 

Charging circuit: When cut-out points (P) close, 
the charging circuit is then from the grounded end 
of the (-b) main brush (Gl) of the generator, to 
the (+) grounded terminal of the battery (GB), 
through the battery, through the ammeter, to the 
switch terminal (5), to the cut-out current winding 
(S), through the cut-out points (P), to the ( — ) main 
brush of the generator. 

When the generator speed decreases to where 
the generator voltage is less than the battery voltage, 
then cut-out points (P) should open. Just before 
doing so, however, the batteiy discharges back 
through the current coil (S) of the cutout in a 
reverse direction, in order to demagnetize the iron 
core on which this winding is wrapped. This 
amount of current which passes in reverse direction 
from the battery should not be over 2 amperes. 

Igmtion: The interrupter and distributor and 
i^ition coil are mounted on rear end of generator 
(Fig. 12). The distributor shaft is driven at half 
engme speed by spiral gears from the armature shaft. 

An automatic governor spark-advance mechanism 
is incorporated in the vertical shaft. 

Interrupter: Two sets of contact-breaker points 
are connected in parallel (see wiring diagram), and 
are separated at the same time by one cam with lobes 
opposite each other (see also page 214). The adjust¬ 
ment screw in center of cam is for timing. 

The condenser, connected across both points, and 
is mounted on outside of distributor-timer housing. 

Por timing the ignition and adjusting the contact- 
tureaker points see page 220. 



Fig. 12. Delco-Marmon (model ‘‘34-B”) generator with 
ignition unit and cut-out mounted on the generator. 


The ignition circuit (see wiring diagram) is from 
the grounded (+) terminal of the battery, through 
the grounded contact points on the left side of the 
contact-breaker at (G), through the resistance unit, 
through the primary winding (PRY) of the ignition 
coil, through the junction block, through the switch 
terminal (7), through the switch blade, tlirough 
the ammeter, back to the battery (—) terminal. 

If the generator is supplying the current, the 
circuit is from (6) to and through the cut-out series 
coil, to the (—) main generator brush. 

The ignition resist^ce unit is connected in series 
with the primary winding and prevents excessive 
^scharge from the storage battery when the engine 
is not operating and the ignition switch is turned 
^‘on.” It also causes the spark to be more nearly 
uniform at all speeds of the engine (see explanatioUt 
page 108). 
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DELCO ELECTRIC SYSTEM ON H.C.S. (1921-22-23) AND MOON “6-68’’ TIMING 


“H.C.S.” stands for Harry C. Stutz. The gener¬ 
ator and motor are each separate units on this car. 

The generator is of the round type with a cut-out 
mounted on generator. Third-brush regulation. 

H.C.S.-Delco Circuits 

Starting motor: From (-f) of the battery to the 
starting switch, to the series-parallel field windings 
of the starting motor, to the (-f) brushes, to the 
( —) brushes, to ground, to the (—) ground of the 
battery. The Bendix drive is used. 

Generator shimt-field circuit: From the (+) 
main brush, to the shunt-field windings, to the third 
bnish. 

Cut-out voltage circuit:* From the (-f) main 
brush, to cut-out voltage coil winding (V), to ground 
(Gb to the grounded ( — ) main brush of the genera¬ 
tor (G). 

Generator charging circuit: From the (+) brush, 
to the cut-out points (P closed), to the cut-out 
series winding (S), to (.5) on the switch, to the 
ammeter, to the (+) terminal of the battery on 
combination, to ( —) ground of the battery, to the 
( —) grounded main brush of the generator. 

Primary ignition circuit: When starting, and the 
generator is operating at low speed, current for 
ignition is from the battery, as follows: From the 
(-f) battery terminal, to the ammeter which shows 
slightly on the ‘‘discharge’^ side, to (5) on the 
switch, to (7), to primary winding (PRY), to the 
resistance unit on the contact-breaker (interrupter), 
through iioints (P), to ground (G), to ( —) ground 
of the battery. 

When the generator supplies current: From (5), 
to (7), and thence along the same jiath. The 

* 409 See pane for cut-out adjustnienta. 


ammeter will then indicate the amoimt of current 
passing to the battery (on the ^ ^charge” side of 
the ammeter). 

Secondary ignition circuit: From the secondary 
winding, to the distributor rotor, to the spark plup, 
to ground, to ground of the generator, if it is supply¬ 
ing current, or to the battery ground if it is supplying 
current, to (5) on the switch, to (7). to the primarv 
winding, to point (X) in the coil where the second¬ 
ary joins the primary winding. 

The circuit-breaker is placed between the source 
of electric supply at (5) on the switch and the light¬ 
ing circuits, to (4b to 3, 2, 1, 8, and 9. 

Timing Delco-Moon (6-68) Westcott (C-38, 48) 

1. Place the spark lever on the steering-wheel sector in 
fully retarded position. 

2. Turn the engine over with the crank until No. 1 piston is 
just past top de^ center on the flywheel at the end of the 
compression stroke (1|" on Westcott). 

3. Loosen the timing adjustment screw in the center of the 
distributor shaft and turn the breaker cam so that the rotor 
button will be in position under No, 1 terminal, with the dis¬ 
tributor head properly located. Locate the breaker cam care¬ 
fully in this position, so that when the slack in the distributor 
driving gears is rocked forward, he contacts will be just 
opened by the breaker cam. and so that when the slack in gears 
is taken up by rocking backward contacts will just close. 

4. Tighten the adjustment screw securely, and replace the 
rotor and distributor head. 

Note. The Moon ignition resistance unit is mounted on 
the coil instead of on the contact-breaker. 

The ammeter should always indicate the charge when the 
car is being driven at speeds faster than ei^t miles per hour 
with the lights off. With the lights on, a slight discharge will 
be indicated at slow speeds. The lamp load will also reduce the 
charging rate at high speeds, as there will be a corresponding 
reduction in the amount of current passing through battery. 

The ammeter indicates the amount of current passing to or 
from the storage battery, but does not indicate the actual 
generator output. Should the ammeter indicate discharge at 
normal driving speeds, it should be taken as an indication of 
trouble and the electrical equipment should be checked over 
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TRACE THE ABOVE WIRING DUGRAM CIRCUITS AS MENTIONED BELOW 


1. Igpoition priinary circuit. 

2. secondiuy circuit. 

3. Starting motor circuit. 

4. Generator shunt field circuit. 

6. Cut-out voltage circuit (on those diagrams in 

which there is a cut-out). 

6. Generator charging circuit. 

7. Horn circuit 

8. Headlight bright circuit. 

9. Readl^t dim circuit. 


10. Tail light circuit. 

11. Cowl or dash light circuit. 

12. Circuits of special lights. 

Note: If current for imtion, lights, or horn is 
supplied by battery (which is the case wh^ engine 
is idle or running very slow, at which time generator 
is not charging battery), the current throu^ the 
ammeter reverses its direction. 

See page 429 (Deloo combination switches); then see dU' 
grains above and note the type of switch used. 
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PIERCE-ARROW SERIES 32-~A 

The generator is an example of a Delco shunt- 
wound, ‘‘constant-current,’^ third-brush regulated 
generator and also of a “constant voltage” regula¬ 
tion (by means of an electromagnetic voltage 
regulator). The generator and starting motor are 
separate units. 

Generator Circuits 

Circuit from generator through voltage coil of 
cut-out: Start with the (-f) grounded main brush 
(G) of the generator, to ground (Gl) on the “appara¬ 
tus box,” through the cut-out voltage coil to (A), 
then to terminal (A) of the generator, to the ( —) 
brush. 

Charging current from generator to battery: 

When the generator voltage is more than the battery 
voltage, then the voltage through the cut-out voltage 
coil is strong enough to magnetize its core and the 
cut-out points (P) close (they close at 6J4 to Q}/2 
volts) and the charging-current path is as follows: 
Start with the grounded (+) main brush (G) on 
the generator, to the grounded (-f) terminal of 
the battery (GB), through the battery, through the 
ammeter to junction box terminal (2), through 
the 30-ampere fuse, through the bus-bar to (4), 
thence back to terminal (B) on the apparatus box, 
up through the current coil of the cut-out, through 
cut-out points (P), through ground (X) (dotted 
lines) to (A), thence to the ( — ) terminal (A) of the 
generator main brush. 

Battery discharge circuit: When the generator is 
slowed dowm and the voltage drops to less than the 
battery voltage (less than (53^ volts), then the bat¬ 
tery will discharge back through the current coil of 
the cut-out in a reverse direction. While doing so, 
the cut-out contact i)oints (P) should open wit h the 
discharge from the battery through the current coil 
of the cut-out of less than 3 amperes. The circuit 


DELCO THREE-UNIT SYSTEM 

is as follows: Start with the (+) grounded terminal 
of the battery, through the (+) grounded main 
brush of the generator, through the armature, to (A), 
to (A) on the apparatus box, up through the dotted 
lines and cut-out points (P), through the cut-out 
current coil (note that the current from the battery 
is now flowing in a reverse direction, thus demag¬ 
netizing the cut-out core), to (B), to (4) on the junc¬ 
tion box, to (2), then back to ( —) terminal of the 
battery. 

Generator shunt-field circuit: Start with the (-f) 
third brush at left, then through the four shunt-field 
coils (this is a four-pole generator) to the (F) 
terminal of the generator, thence to the (F) terminal 
on the “apparatus box,” through the regulator 
closed points (RP), down dotted lines to (A), thence 
to terminal (A) of the generator, to the ( — ) brush 
of the generator. Note that in this instance the 
generator field current is flowing around the regu¬ 
lator coils, and is, therefore, not generating too high 
an output. 

Purpose of the Voltage Regulator 

With a discharged battery, insufficient current is 
forced through the voltage coil of the regulator to 
cause the regulator vibrating points (RP) to operate. 
Hence these points remain closed, thus causing the 
generator to operate as a third-brush machine. 

As the batte^ approaches a condition of full 
charge (approximately 1.250 specific gravity or 
more), sufficient current is forced through the 
voltage coil of the regulator to cause contact points 
(RP) to open and to begin to vibrate. This action 
cuts down the field current of the generator, w’hich 
in turn reduces the generator’s charging rate. This 
is a desirable condition when the battery approaches 
full charge. 
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The vibrating voltage regulator consists chiefly of 
an electro-magnet having three windings and a set 
of contact points (RP) normally closed, which can 
be opened by the magnetic influence of the current 
through the regulator voltage winding. 

The winding of the voltage coil consists of a large 
number of turns of fine copper wire around the core. 
This winding is connected directly across the main 
generator circuit. 

The two other coils consist of: first, a reverse 
winding consisting of a large number of turns of fine 
wire wound around the core in the opposite direc¬ 
tion to the voltage winding; and, second, the non- 
inductive winding having half its turns wound in 
each direction around the core. The reverse and 
non-inductive windings are in parallel with the 
contacts and add resistance to the field circuit when 
the contacts (RP) are open. This prevents the 
generator output frona becoming excessive at high 
car speeds by weakening the strength of the gen¬ 
erator field. Arcing at the contacts is prevented 
by the non-inductive winding. 

The reverse coil of the regulator is balanced in 
ampere turns to counteract the action of the voltage 
coil and to allow the spring to close the contacts. 
This action is sluggish, owing to the high resistance 
of the reverse coil, so the non-inductive coil is con¬ 
nected in parallel with the reverse coil to cut down 
the resistance in the field-circuit. It has no mag¬ 
netic effect on the regulator core, but gives a high¬ 
speed action to the regulator armature, as the 
generator will build up more rapidly. 

To Test Opening of Regulator Points 

A reliable voltmeter must be used to check the 
voltage of the generator. Connect the voltmeter 
leads: one to the main generator terminal (A), pid 
the other to ground. With the storage battery in a 
fully charged condition, or removed entirely from 
the circuit, a maximum voltage with the generator 
in operation should be 7^ volts. Above tliis volt¬ 
age the regulator points (RP) will open and thus 
cause the resistance of the regulator reverse coil 
and the non-inductive coil to be cut into the field 
circuit. This reading should be checked at different 
engine speeds. Increasing the tension in the spring 
by means of the adjustment nut on the regulator 
will raise the voltage when pomts (RP) open, and 
decreasing the spring tension will lower the voltage. 

Cut-in voltage limits of the cut-out in the 
''apparatus box,'' which is a part of the Pierce- 
Arrow equipment, are from 6J4 to volts. 

Cut-out points open when the generator voltage 
is less than the battery voltage, and the battery 
should discharge back through cut-out current coil 
with less than 3 amperes. The correct amount 
shown on the dash ammeter (all lights ofO should 
be approximately 4 amperes, as ignition is included. 

For cut-out adjustment, see page 409. 

Picrce-Airow-Delco Ignition 

Refer to the wiring diagram, and note that there 
are two sets of tungsten contact-points on the circuit- 
breaker, as well as two distributors and two ignition 
coils. Each set of contact-points is connected to 
separate coils. 

There are two sets of spark plugs: one set in the 
"exhaust side," and the other set on the "intake 
side" of the "T-head" type of engine with dual 
valves. Thus "double ignition" is provided, or 
either the "single" or "double" system may be 
operated by the ignition switch control. 


The double ijpition is recommended, where two 
^ark plugs are fired in each cylinder simultaneously. 
The result is an increase in power and greater mile¬ 
age per gallon of gas than if the sin^e system is 
used. The reasons for this are explained on pages 
263 and 216. 

The single ignition system would probably only 
be used for testing out one system independently, 
or under special conditions where the storage battery 
might be badly discharged. It is therefore desirable 
to use no more battery current for ignition purj)ose8 
than necessary, until the battery has been recharged. 

Automatic advance: The double distributor is 
eauipped with a device which automatically 
advances the spark in proportion to the speed of 
the engine. 

Ignition switch: The ignition system is controlled 
by the three buttons (see wuring diagram) to the 
left of the key opening in the panel. The first, or 
the one marked "L," when X)ulled out operates that 
ignition set terminating in the spark plugs on the left 
or inlet side of the engine. The button (R) controls 
the ignition set terminating in the spark plugs on the 
right or exhaust side of the engine. Each button 
operates the respective single systems. These 
buttons should only be used when the necessity 
arises to test out one system. 

The button marked (D) "double" operates both 
systems, and should be used at all times for starting 
and running purposes. 

The panel or switch key cannot be withdrawn unless t, II 
ignition switches are in the “off” position. 

To lock the ignition, pti.sh in all ignition buttons, turn the 
key to the right, and withdraw. 

Note that the switch panel can be locked with the "Aux” 
and instrument panel light (1) on. 

Ignition coil primary circuit (right coil): Start 
with the (-f) terminal of the battery (GB), to ground 
(G2) of the upper contact-points of the contacd,- 
breaker, to the (-f2) terminal of the right coil, 
through j>rimary winding (P), to terminal ( — I) cif 
the coil, to the switch at (R), to (3), to (3) on the 
fuse block, thence to (2), to the ammeter, to the 
(“h) terminal of the battery (if the battery supplies 
current for ignition), or to (4) on the fuse block, to 
(B) below the cut-out, through the cut-out series 
winding, to (X), to (A), to (A) on the generator, to 
the ( —) brush of the generator (if the generator 
supplies current when charging the battery). 

Ignition coil primary circuit (left coil): The circuit 
is practically the same as for the right coil, except 
that the path is through the lower contact-points of 
the circuit-breaker, to the primary winding of the 
coil, to (L) on the switch, to (3), and thence as above. 

Note. If the systems (right or left coils) are used separately, 
the (L) switch button or the (R) switch button is used. If 
both coils are used, then the double switch button (D) is use^i 

Note that there are two condensers, one for each 
set of contact points, which are connected across 
the primary circuit. 

The secondary circuit is from the secondary coil 
(S) to the distributor, through the spark plugs to 
ground of the engine, to grounded end (G) of the 
secondary winding. 

See Figs. 8 and 9, page 216, for an illustration 
of the Pierce-Arrow double ignition distributor, and 
pages 217, 220, and 221, for "Ignition timing.'' 

Breaker points are set for an opening of .018" to 
.027"; spark-plug gaps, .030", or abopt 1/32"; siae. 
of spark plug, H" A.L.A.M. 
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Pierce-Arrow Starting Motor 

The starting motor is a separate unit on the 
Pierce-Arrow, as well as in the Marmon, and many 
other Delco systems. 



Fi(t. 16 . Delco-Pierce-Arrow starting motor. The word 
"brake” rofer.s to the black section shown above tlie words 
"shifting ring.” 


Some unusual features of construction are incor¬ 
porated in the starting motors used on Pierce-Arrow 
passenger cars and trucks. Both starting motors 
are identical, except for the starting pinion housings, 
which are designed with the flywheel openings on 
opposite sides, the passenger car motor being 
mounted on the right side of the engine, and the 
truck motor on the left side. 

This motor, shown in Fig. 16, employs a mechani¬ 
cally operated pinion shaft, shifting the starter 
pinion in and out of mesh with the flywheel. The 
same shift lever operating the starter pinion also 
raises and lowers the grounded set of brushes, thus 
taking the place of a starting switch. The shift 
lever in turn is operated by the starting pedal 
located on the floor boards in front of the driver. 

When the starting pedal is pressed dowij, the lever 
moves the starter pinion along the splined shaft into 
rnesh with the flywheel, and at the same time lowers 
the two grounded motor brushes on to the commu¬ 
tator, closing the cinaiit and causing the motor to 
revolve. The design is such that the pinion teeth 

DELCO EI.ECTRIC SY.STEM 

Separate starting motors and generators are used 
on the Essex and Cole, but cut-outs are not u.sed. 
Tlie motor brushes serve as a starting switch. 

Electric system: This is the Delco three-unit 
single wire system. The starting motor drives 
through the flywheel and a mechanically shifted 
pinion is used. In place of a starting switch, the 
motor brushes are used instead (explained below). 

The generator is driven from the right side of the 
engine, and has the third-brush regulation. To 
change the output of the generator, shift the third 
^ brush; 16 amperes is maximum. 

Ignition: Delco closed-circuit timer and distrib¬ 
utor driven at one-half crank-shaft speed with 
automatic advance. The condenser and ignition 
resistance unit is mounted on the side of the timer. 

The adjustment of the timer gap is .018"; of the 
spark-plug gap, .030"; the firing order is 1, 3, 4, 2. 

The ignition timing: Place the spark lever full 
advanced. Turn the engine until No. 1 piston starts 
to come up on compression stroke ana stop when 
the D.O. 1-4 mark on the flywheel is in line with 
the pointer on the fl 3 rwheel of the engine. Then 


engage with the flywheel teeth before the brushes 
touch the commutator. 

To provide for the few occasions when the starter 
pinion teeth butt squarely against the flywheel teeth 
to i)revent immediate meshing, a compression spring 
within a cup housing is atta^ed to the pinion and 
mounted on the splined shaft. 

When the pinion does not mesh, the control lever 
moves on, compressing the spring until the brushes 
are lowered to the commutator. Then with the 
slightest motion of the shaft the pinion moves 
enough to clear the flywheel t‘eeth, and the com¬ 
pressed spring instantly forces it into mesh before 
the motor can turn fast enough to cause clashing, or 
damage to the gear teeth. 

There is an over-running clutch of special design 
between the pinion shaft and the armature shaft. 
When the engine starts running, the pinion shaft 
over-runs and prevents the motor armature from 
being driven by the engine at a dangerously high 
rate of speed. 

The brake shown at the inner end of the splined 
shaft in Fig. 16 causes the armature to come to rest 
almost instantly when the starter pedal is released, 
permitting the operator to make a second appheation 
of the starting motor without delay, if necessary. 

There is only one motor terminal, and to this, 
connection is made direct from the negative terminal 
of the battery, using very heavy starting motor 
cable. 

The very small spring and plunger located on the 
inner face of the flange of the small gear on many of 
the Bendix drives should not bear excessively against 
the spiral shaft lest the proi>er movement of the 
gear be prevented. Should the small spring around 
the plunger become weakened, the gear will occasion¬ 
ally jingle against the flywheel teeth while the engine 
is operating. 

The driver should operate the starting motor in cranking 
tlie engine only when the ignition spark has been retarded. If 
the engine for some reason only runs for a second or two after 
the first application of the starting motor, be sure to wait until 
the engine flywheel ha.s ceased rocking backward and forward 
and has come completely to rest before applying the starting 
motor the second time. Observance of these two rules will 
very largely eliminate breakage of starting motor gear housings. 

ON THE ESSEX MODEL “A”» 

loosen the timer adjustment screw in the center of 
the distributor shaft and turn the breaker cam so 
that the rotor button will be in position under No. 1 
high-tension terminal, or that which leads to No. 1 
cylinder, when the distributor head is down in 
place. Locate the breaker cam carefully in this 
position, so that when the slack in the distributor 
driving gears is rocked forward, the contacts will 
be opened by the breaker cam, and when the slack 
in the gears is rocked backwards, the contact will 
just close. See also page 303. 

Owing to the wearing to a seat of the fiber rubbing block of 
the contact-breaker arm against the cam, the contacts will 
require one or two adjustments during the first ^ason*s drivings 
after which no attention is necessary. The timing contacts are 
of tungsten metal, and are very hard. They should require ne 
attention other than to maintain the proper adjustment. 

Essex-Dcico Circuits 

Starting motor: From the (-f) terminal of the 
battery (Fif^. 17), to the series parallel field windings 
of the starting motor, to the (-f) brushes, through 
the armature, to the (—) brushes, to (—) ground of 
the battery. 


1 Essex now uses Bosch electric system. See page 208 for 
Bosch ignition. 
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Instead of a starting switch, the motor brushes 
are lowered to the commutator when starting, and 
are raised after starting by the action of the starting 
pedal. 

When the starting pedal is depressed it performs 
two distinct operations. The first of these takes 
place when the button is part way down, at which 
time the starter gear mounted to the rear of the 
starting motor is caused to mesh with the flywheel. 
The second action occurs when the pedal is all the 
way down, bringing the motor brushes in contact 
with the motor commutator, thereby closing the 
circuit and energizing the motor, which results in 
the revolving of the armature and the consequent 
cranking of the motor through the over-running 
clutch and thence through the flywheel. Release 
the starting button as soon as the engine starts. 

The brushes on this motor are of a special composition, and 
must not be replaced with brushes of any other material, as this 
is almost sure to lower its efficiency very materially. Neither 
the brashes nor commutator should be lubricated, as lubrication 
of the commutator with a compound of any kind is almost sure 
to cause the brushes to fail to make contact at all, or at least 
to make insufficient contact to permit the cranking operation. 

Generator shunt-field circuit: From the (-f-) 
main brush to (A), to (2), to (3), to (F), through tlie 
shunt field windings, to the (—) third brush. 

A cut-out is not used on the Essex. See page 387, 
explaining the reason, why it can be eliminated. 
The explanation on page 387 is for a Delco motor- 
generator, w’hereas the Essex generator is separate 
from the motor; however, the principle is the same. 

Generator charging circuit: From the (-f) brush, 
to (A), to (2), to (1), to the ammeter, to the (-f) 
battery, to the (—) battery ground (GB), to the 
(—) main brush of the generator (G). 

Igmtion primary circuit (from the battery when 
starting): From (-h) of the battery, to the ammeter, 
to (1), to (3), to the ignition coil primar^-^ winding, 


to ignition resistance unit (R), to contact-breaker 
points, to ground (G), to (—) ground of the battery. 

Ignition primary circuit (from the generator after 
the engine is running at suflicient speed for the 
generator to charge the battery): From (4-) of the 
generator, to (2), to (3), and over the same path 
as in the preceding paragraph. 

Note. The ammeter shows the ignition current on the “dis¬ 
charge” side (also lights, etc.) used from the battery. It shows 
on the “charge” side only, the current going from the generator 
to the battery when the generator is charging the battery. 

Secondary ignition circuit: From the secondary 
coil winding, to the distributor, to the spark plugs, 
to ground, to ground of the generator or battery, to 
0), to the other end of the secondary circuit. 

The condenser is placed across the ignition con¬ 
tact-breaker points. 

The lighting circuit, when from the generator, is 
from (2) to (1), and when from the battery, from 
(1). The circuit-breaker of the vibrating type is 
placed in series with the lighting circuits. The 
purpose is explained on page 391. 

The combination switch is located in the cowl. It 
is for the purpose of controlling the lighting and 
ignition circuits, and the circuit l)etween the genera¬ 
tor and storage battery. The lever (I) on the left 
controls the ignition and generator circuit. The 
lever on the right (L) controls the lights and has 
three positions, “off,'’ “dim lights," and “bright 
lights." The cowl and tail lights arc lit when the 
headlights are cither dim or bright. 

By controlling the circuit between the generator 
and storage battery with the ignition switch lever, 
an automatic cut-out, which is commonly used for 
this purpose, is not required. The ignition button 
should never be left in the “on" position when the 
engine is not operating, as the storage battery would 
run down. 


TofiNEAu LATfPS 


^COWL UGHT 

161 Motor 
166 Generator 
1188 Comb.Switch 
2127 Ignition Coil 
6222 Distributor 

Motor Starting 
Pedal 



Fig. 17» Wiring diagram of Delco-Eosez model “A” electric ayatem. 


CO^Cr>S/?eA/<£/9 POfNfS 
Note that the generator and motor are 


•eparate. 
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DELCO ELECTRIC SYSTEM ON COLE MODEL 870-890 (1921,1922,1923) 


Separate starting motor and generator: cut-out not used. 

Starting motor circuit: From (-1-) of the battery, to switch, 
to the two series-parallel field windings, to the (+) brushes, 
to the (—) brushes, through two field coils, to ground, to (—) 
ground of the battery. 

Generator field circuit: From the (-}-) main brush to the 
shunt field coils, to the third brush (3Bj. 

Generator charging circuit: From the (+) main brush, to 
(6), to (5), to the ammeter, to (+) of the battery, to the 
battery (—) ground, to the (—) grounded brush (GG) of the 
generator. 

Primary ignition circuit; From (6) if the generator is supply¬ 
ing current, or from (5) if current is supplied from the battery, 
to (7), to (X), to primary winding (P), to the resistance unit, 
through the two contact-breaker points connected in multiple, 
to ground (G), to ground (GG) of generator, or to ground of 
battery. 

Secondary ignition circuit: From the secondary winding of 
coil (S), to the distributor, to the spark plugs, to ground, to 
the ground of the battery, to (X) on the coil, where the primary 


and secondary circuits connect. The circuit-breaker is of the 
vibrating type. 



DELCO ELECTRIC SYSTEM ON PACKARD SINGLE-EIGHT (MODEL 136-143) 


Delco imition consists of one distributor driven at cam 
shaft speed p lo^^kwise), with an interrupter cam having eight 
lobes operating a double set of contact points connected in 
parallel. By reading the e.xplaiiation under Figs. 7, 7A, and 
7B (page 210), an explanation is found of the firing impulses, 
except that in this instance two contact points are made to 
open instead of one. The lapping of power strokes is similar 
to an cigijt-cyliudcr V-type engine (pages 83, 84 and 87). The 
hand advance lever controls the spark witliin a range of a 40“ 
movement of the flywheel. The spring tension of points is 1 to 
1 lbs. The distributor is No. 5200 automatic and hand 
advance. The firing order is 1, .3, 2, 5, 8, 0, 7, 4. 

The ignition coil has one primary winding (PR) and two 
secondary windings (S and SI). There is no connection 
betw(;en tlie primary and secondary winding. Tlie secondary 
windings are really the same as one, but the two windings are 
connected at their iiincrnio.st ends (C). (-)no outer end of 

secondary (HI) goes to the renter terminal (Hi) on the distribu¬ 
tor, the other end (H2) goes to the fuelizer spark plug (H2). 

The engine ignition spark-plug secondary circuit originates 
us an induced current in the si'condary winding and travels 
from (Hi) to distributor (Hi), to spark plug.s, through engine 
ground, to fuelizer spark plug (H2), to end of secondary wind¬ 
ing (H2). Tlius the fuelizer spark plug and engine ignition 
spark plugs are in series. The circuit of the fuelizer plug is 
as described above. 

The primary circuit is from (-f) ground of battery, to inter¬ 
rupter ground, to (10), through primary winding (PR) to (3), 
to (3) on switch, through switch to (1) on sw'itch, to (1) on 
wiring board, to (1) on ammeter, through ammeter to (lA), 
to (lA) on wiring board, to (lA) on starting motor cable, to 
(—) terminal (12) of battery. 

If the generator supplies current, the circuit i.s from (-f) 
ground of generator, to ground of interruntcr, to (10), to 
primary winding (PR), to (3), to (3) on switch, through switch 
to (1) on switch ,to (1) on wiring board, to (—) terminal (1) of 
generator 

Adjustment of interrupter points is .020" to .025" gap. 

The generator is the Dyneto, tliird-brush rcgulatefl with a 
cutout mounted on generator. The cliarging rate is about 
y to 11 amperes. In winter, if lights are used considerably, 
increase to 13 amperes which is maximum (all lights off). 


Starting motor is the Dyneto with an automatic drive operat¬ 
ing engine through flywheel. 



ADJUSTING GENERATOR CHARGING RATE ON DELCO GENERATORS 


The charging-rate of third-brush regulated 
generators may be increased bv moving the third- 
brush iu the same direction as the armature rotates; 
or in the opposite direction, to decrease the rate. 

The generator output increases rapidly to its 
maximum valu6 at approximately 20 to 25 m.p.h. 
Above this speed the charging-rate automatically 
decreases. At a car speed of approximately 20 
m.p.h., with no lights on, the ammeter should 
inaicate that the battery is receiving approximately 
10 to 15 amperes.^ When the car is run at a lower 
speed, the output will be proportionately less. 

Before changing the charging-rate of a generator 
the driving condition of the car should be carefully 
studied, as e^lained on page 563. If the charging- 
rate is too high, the driver will not likely complain 
in regard to the chardng rate. His complaint is 
on the short life of we lamps, and the necessity 


of frequent addition of distilled water to the storage 
battery. Too high a charging rate also causes the 
generator to overheat, and sparking at commutator, 
us explained on page 506. 

Before the position of the third-brush is changed 
to obtain a higher charging rate, be sure to inspect 
the commutator surface for excess oil or crease or 
rough surface, which, if corrected, would auto¬ 
matically raise the charging rat% to tlie proper value 
without any actual change in ^rd-brush position. 
All wiring and storage-battery connections in the 
charging circuit should be checked up for open 
cii'cuits and loose or corroded connections, 
pages 491, 492, for commutator troubles. 

^The charging-ratd to set Delco generators varies. Each 
type of generator is designed for a certain maximum output 
and must not exceed the maximum, otherwise injury may 
result. This information can be had by referring to 
Books and Service and Wiring Manual?. 
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When adjusting the charging-rate, an ammeter 
should be connected in the char^g circuit and 
should be observed while the engine is gradually 
speeded up, and the maximum rate noted. With 
the lights off, the reading of the ammeter on tlic 
•dash 3iould not exceed 15 amperes' when the gen¬ 
erator is hot. If an ammeter were connected in 
the circuit at the generator terminal, the reading, 
with the lights off^ would be 1^18 amperes, which 
is the gross charging rate and includes the current 
used for ignition. 

Before adjusting the charging-rate of any generator driven 
by the fan l^t, the operator should know positively that the 
fan belt is not slipping. Test by taking car for a road test. 
Ammeter should indicate maximum reading at from 20 to 25 
miles per hour. Above this speed the rate should start to 
decrease. Should it be necessary to speed up to 35 or 40 miles 
per hour before noting the maximum reading on the ammeter, 
It is a very good sign that the belt is slipping. 

The thermostat control of the generator output in addition 
to the third-brush method of relation is used on many 
generators. This device operates in the case of an excessive 
charging rate to protect the generator from overheating and 
the storage battery from overcharging. The thermostat is 
mounted usually on the third-brush arm in a position readily 
influenced by radiated generator heat. See pages 395, 363, 430. 

When adjusting the third-brush, to obtain a 
correct charging-rate at any given position of a 
third-brush, all brushes must be well seated and 
conform to curvature of the commutator. 



Fig, 21. Certain other types of generators are provided with 
a plate on the end of the generator which can be moved within 
certain limits after loosening three adjustini^ screws. An 
arrow on the bearing retainer plate through which the screws 
paM indicates the direction in which the brush is to be shifted 
to increase the charging-rate, which is in the direction of rota¬ 
tion of the armature to increase the charging-rate and in the 
opposite direction to decrease. 


If not properly seated, there will be a ^‘singing 
noise’* and when the generator is speeded up the 
charging-rate will drop back below normal, some¬ 
times almost to zero. See also page 494 for ^‘Seat¬ 
ing brushes” and pages 491, 492 for “Commutator 
troubles.” 

When Adjusting a third-brush it is not always necessary to 
sand it in if it has been properly seated before, and if it travels 
in a radius with the commutator when shifting, but if it travels 
in a straight line when shifted, it is necessary to seat the brush 
to the curvature of the commutator by sanding it in, even 
though it is only moved a slight distance. Hee also page 494. 
When fitting new brushes, they should always be seated by 
sanding in 


On other types, the third-brush plate is held in any desired 
position by friction clamp washers. To shift a third-bru.sh 
of this type, remove cover band and shift third-brush mounting 
plate by means of an extension handle. 

Explanation of Delco Third-Brush 
Regulation 

The voltage generated by the generator varie.s 
directly with the speed of the armature. In order 
to maintain a nearly constant voltage with variable 
speed, it becomes necessary to decrease the magnetic 
field as the speed increases. 


Methods of Shifting Third-Brush 

There are a number of methods employed by 
Delco generators for shifting the third-brush. Only 
a few are shown here. 



Fig. 19. On certain types of four-pole motor-generators 
and generators it is necessary first to loosen clamp nut on 
the end of the generator, then turn the adjusting screw l^neatli 
the cover band in a clockwise 
direction to increase the charging- 
rate and in the opposite direction 
to decrease. Tighten clamp nut. 

Fig. 20. The design of many 
of the generators is such that in 
adjusting the third-brush, the 
brush arm on the inside of the 
l^enerator is moved after loosen¬ 
ing two adjusting screws. 

Moving the third-brush in the 
direction of armature rotation 
always increases the charging 
rate. The opponte movement decreaaea the rate. 


* Bee footnote at foot of page 407. 


Since the magnetic field of the generator is pro¬ 
duced by the current in the shunt-field winding, it 
is evident that should the shunt-field current 
decrease as the speed of the engine increases, the 
regulation would be afTected. In order to under- 
.staiid this explanation fully it must be borne in 
mind that a current of electricity always has a mag¬ 
netic effect, w hether this is desirable or not. Refer¬ 
ring to Fig. 22, the theory of this regulation is seen 
to be as follows: The full voltage of the generator is 
obtained from the large brushes (C) and (D). When 
tlie magnetic field from the pole pieces N and S i.s 
not disturbed by any other influence, each coil is 
generating uniformly as it passes under the pole 
pieces. The voltage from one commutator bar to 
the next one is practically uniform around the 
(roinmutator. 

SHUNT FIELD WINDING WHICH 

PRODUCES THE MAGNETIC FIELD 



Fig. 22. Explanatioo of the third-brush principle (see also 
Index). 
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Therefore, the voltage from brush (C) to brush 
(B) is about 5 volts when the total voltage from 
brush (C) to brush (D) is 6H volts, and 5 volts is 
applied to the shunt-field winding. This 5 volts is 
sufficient to cause approximately 1}^ amperes to 
flow in the shunt-field winding. 

As the speed of the generator is increased the 
voltage increases, causing the current to be charged 
to the storage battery. 

This charging current flows through the armature 
winding, producing a magnetic effect in the direction 
of the arrow (B). This magnetic effect acts upon 
the magnetic field which is in the direction of the 
arrow (A), with the result that the magnetic field is 
twisted out of its original position in very much the 

AMMETER, DELCO COMBINATION 

Ammeter: On the later models of cars the 
ammeter is not incorporated with the lighting and 
ignition switch, but is mounted in the cowl sepa¬ 
rately, as will be noticed in the circuit-wiring dia¬ 
grams of some of the Delco systems. 

This instrument is for the purpose of indicating 
the net amount of current that the generator is 
supplying to the storage battery when the engine 
is running, and indicates the amount of current that 
the buttery is furnishing for lights when the engine 
is not operating. 

If tho ammeter hand remains on the ‘‘diseharKe" side of the 
scale, and vibrates violently at each revolution of the armature 
during the motoring of the generator, and when the engine is 
running at low speeds, it is conclusive evidence that the arma¬ 
ture has cither a ground, open coil, or a shorted coil. 

Combination switch: Although the appearance 
of the different combination lighting and ignition 
switches may vary, their internal construction and 
oj)eration in controlling the charging, ignition, and 
lighting circuits is quite similar. Sec also page 429. 

On those cars whose equipment does not include 
a cut-out relay the ignition switch controls both the 
charging and ignition circuits, through tfie same 
switch lever, lii these cases, tlicrefore, the ignition 
switch completes the circuit between the storage 
battery and* the generator. It should therefore 
always be in the “off” position, except when starting 
or when the engine is running, as otherwise the stor¬ 
age battery would discharge through the generator 
windings and ignition circuit. 


same manner as two streams of water coming 
together are each deflected from their original direc¬ 
tions (termed ^^armature reaction,” see page 361). 
This deflection causes the magnetic field to b^ strong 
at the pole tips, marked (G) and (F), and weak at 
the opposite pole tips, with the result that the coils 
generate a lower volta^ while passing from the 
brush (C) to the brush (F) than they would at low 
nerator speed. (The coils at this time are passing 
rough a field which is weaker than it formerly was 
under the conditions of low generator speed.) The 
amount of this variation depends upon the speed at. 
which the generator is driven; with the result that 
the shunt-feld current decreases as the speed in- 
crefises, thus holding the output of the generator 
constant. 

SWITCH, AND CIRCUrr-BREAKER 

Cars not equipped with two large and two small 
headlight bulbs carry a dimmer resistance unit on 
the back of the switch. See also page 429. 

The switch levers can be securely locked by Yale 
or Sargent locks. The majority of imition switches 
carry the circuit-breaker on the back of the switch. 

The ignition and lighting switch used on Pierce- 
Arrow cars (see page 403) carries a large round but¬ 
ton at the top of the switch connected with a plunger 
which extends through the back of the switch about 
six inches. The plunger engages the starting switch 
which is not a part of the Delco equipment. 

The starting switch is mounted on the back of the 
ignition and lighting switch. 

The circuit breaker assembly on the systems used 
on Cadillac (page 396) and Marmon (page 400), 
Lincoln and Lafayette cars includes the lock-out as 
w'ell as the vibrating type. Such accessories as the 
horn, trouble lamp, and tonneau light are as a rule 
placed on the circuit protected by the lock-out 
circuit-breaker. See page 392. 

If a groimd occurs, the points of the lock-out 
circuit-breaker remain open until the ground is 
removed. This action is controlled by the use of an 
additional small coil around the core of the circuit- 
breaker through which will pass a sufficient amount 
of current to magnetize the core sufficiently to 
Keep tne points open after they have been sep¬ 
arated. 


DELCO CUT-OUTS: CONSTRUCTION, OPERATION, ADJUSTMENTS 

As stated, a cut-out is not used with Delco motor- by the voltage coil, or fine winding, when the genera- 
generators for reasons stated on page 387. tor operates at sufficient speed to charge the battery. 


On Delco generators which are separate from the 
motor, as two and three-unit systems, using the 
separate generator, the cut-out is used. Two types 
are in general use (Figs. 23, 26). Fig. 25 is an 
earlier type. 

The cut-out consists of a set of magnetically 
operated contacts that are held open by a tension 
spring and closed magnetically. When the engine 
18 not running the contacts should be open. They 
are open also when the speed of the generator is too 
low to enable it to charge the battery. 

Around the core of the magnet is a double winding 
consisting of a voltage coil of a large number of turns 
of very fine wire, connected across the generator 
terminals, and a current or series coil made up of a 
few turns of very heavy wire. 

^e current coil is connected in the charging cir¬ 
cuit in series with the contacts, and is energized only 
when the contact^ are closed. The actual closing 
of these contacts is caused 1:^ the magnetism created 


Adjustment of Delco Cut-Out (Fig. 23) 

1. The air gap (S) (Fig. 23) between the armature 
(A) and the end of the core should be .025” to .035” 



Fig. 23. Deloo outrout (early model). 
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when the contacts are closed. Secure this adjust¬ 
ment by properly bending with a pair of pliers the 
brass stop (B). This adjustment is important, as 
the amount of the air gap largely governs the 
*‘cut-in’’ point. 

2. The gap between the contacts (P) is automati¬ 
cally taken care of by the adjustment of the air gap. 
This gap is .025"-.035" when the points are open, 
jmd it can be adjusted by bending the brass stop (B). 
Contacts should meet squarely, and the brass blade 
carrying the moving contact should be straight and 
parallel with the surface of the armature (A). 



Fig. 24 

To clean the contacts or square them up, a strip of 
fine sandpaper’should be drawn between the contacts 
while they are lightly closed by hand. The end of 
the blade carrying the moving contact may be pre¬ 
vented from rubbing inside of the relay cover by 
grinding or filing off the end of the blade to a point 
1/64" from the side of the contact. 

3. In checking the voltage at which the cut-out 
relay points close, u.se a voltmeter capable of indi¬ 
cating at least 10 to 15 volts. Connect one of the 
voltmeter leads to the terminal (X) (Fig. 23) and 
the other lead to the cut-out relay base, or generator 
frame. If the needle of the voltmeter deflects in 
the wrong direction, reverse the voltmeter lead 
connections. 


Before making any changes in cut-out relay 
adjustment, clean the generator commutator care¬ 
fully of any oil, grease, or black greasy coating, and 
examine the spring tension and seat of all generator 
brushes, particularly the third brush. If the 
generator is given this attention without any 
improvement m the performance of the cut-out 
relay resulting, the cut-out may then be carefully 
adjusted in accordance with previous instructions. 

Should a considerable amount of trouble be 
experienced on an individual generator through the 

E resence of an oil film on the commutator, it may 
e necessary to install a new third brush to eliminate 
the effect of excessive oil on the commutator. Take 
care to avoid excessive lubrication of the generator 
bearings; three or four drops of oil in each oiler 
every 500 miles is sufficient. 


Adjustment of Delco Cut-Out (Fig. 25) 

Should the cut-out not operate properly, the voltage at which 
the contacts close should be checked. 


CONWT POINT 



CONNECTS 
TO INSULATED 
MN GEfi 
BRUSH 
T 


Fig. 25. 1920 type of Delco cut-o\it. The principle is the 

same as in Fig. 2.1. See Fig. 21, page 408, Hhowing cut-out 
mounted on top of generator. 


4. Slowly speed up the engine and observe the 
voltmeter reading. The contacts should close at 
7 to 8 volts on all relays, except those on Pierce- 
Arrow equipment, which are adjusted to €)}4 to 63^ 
volts. Any necessary adjustment should be made 
by bending the lug (L) slightly (a thurnb-nut adjust¬ 
ment is provided on the springs of the earlier relays 
of this type). Increasing the spring tenstbn will 
raise the “cut-in" voltage. Decreased tension 
lowers it. An ideal adjustment is an air gap as 
small as the limits will f>ermit, so that there will be 
an appreciable tension in the spring. 

• 5. The cut-out relay contacts should be closed 
above a car speed of approximately 8 miles per 
hour in high gear, or a correspondmgiy lower speed 
in lower gears. 

6. Contacts should separate with the discharge 
from the battery through the relay at less than 3 
imperes. The correct condition will be indicated 
by the ammeter on the cowl indicating approxi¬ 
mately 4 amperes with all lights off. Tfis reading 
includes current used for ignition which does not 
pass through the relay. 

As soon as the cut-out relay contacts close, the 
ammeter on the dash should indicate that the 
generator is beginning to charge the battery. 

If it becomes necessary to drive the car in high 
gear at a speed matenally faster than 8 mil^ 
an hour before the ammeter shows, by indicating 
a “charge," that the relay points have closed, do 
not judge conclusively that the cause is a defective 
relay or that its adjustment is incorrect. The real 
cause of the trouble may be an oilvgenerator com¬ 
mutator resulting from excessive lubrication of the 
generator bearinm. This condition may prevent 
the generator bunding up sufficient voltage to close 
the relay contacts, though the relay be in perfect 
loadition and adjustment. 


Contact points (P) should close when the generator reaches 
7>a volts. Check by connecting one lead of voltmeter to (T); 
connect other voltmeter lead to generator frame. Slowly 
increase engine speed. The voltage should gradually increase 
to 7H volts at which time points (P) should close. Adjust¬ 
ment: Points should separate from .040'' to .062" when open. 
Adjustment is made with "spring adjustment nut" (Fig. 25). 

Adjustment of Delco Cut-Out (Fig. 26) 

Remove cut-out from generator. Attach ofie lead of volt- 
metec to terminal (E;. Ground other voltmeter lead. Giound 
cut-out base as this connection was broken when cut-out was 
removed. Check by slowly speeding up engine. Contacts 
should close between 6 ^ to 7 volts. If voltmeter needle 
deflects in the wrong direction, reverse connections. 



Fig. 20. Type of cut-out mounted on generator. 

Adjustment: To raise cut-in voltage, increase tension of 
spring (F) by bending lug (G) up with pliers. To lower cut-in 
voltage, decrease spring tension by bending lug (G) down. 

Cut-in voltage can also be raised by increasing air gap (H), 
by bending lug (I) up, and can be lowered by decreasing air 
gap (H) by bending lug (I) down. 

An ideal adjustment is an air gap (H) between armature 
blade and cut-out core, as small as the limits will permit so 
that there will be an appreciable tension in spring V). This 
will cause the contacts to open with a discharge of leM 
3 amperes from the battery. 

Seating and Sanding Delco Brughes to the 
Commutator 

This subject is treated farther on. See Index 


iLater Dtko-Remy information advises not to use sandpaper or emery cloth—see footnote page 362 why. 











INSTRUCTION No. 36 

A STUDY OF ELECTRICAL STARTING AND GENERATING SYSTEMS; 
Pointers for Studying Electric Systems; Wiring Diagrams' 


POINTERS FOR STUDYING ELECTRIC SYSTEMS 


The fundamental principle of the starting and 
generating systems has been treated in the pre¬ 
ceding instructions. If the reader will master the 
principles as laid down in the foregoing pages, it 
will not be a difficult matter to understand any and 
all systems, because each system embodies one or 
more of the principles explained. Although the 
methods of operation or construction may vary, the 
purpose remains the same. 

The external parts of the electric system consist of: 

1. Battery. 

2. Generator. 

3. Ignition system. 

4. Starting motor. 

6. Switches: starting, ignition, and lighting. 

6. Lamps. 

7. Wiring system: the ^^single-wire’^ or the ^^two- 
wire” system. 

8. Horn (electric), and push button. 

9. Fuses. 

, The “single-wire” system is where one insulated 
wire is used and the frame of the car is used for the 
return circuit. This system is used most, and hence 
it will be noted in diagrams following. 

The “two-wire” system is where there is no ground 
to the frame, but two insulated wires are u.scd. 

Although there are many different makes of cars, 

there are only a comparatively few different makes 

- 1 Note; It is impossible to show in this book wiring diagrams 
of the electrical systems of all cars. This requires a separate 
book and a very largo one; see advertisements in the back of 
this book. 

The diagrams that are selected for this book begin with the 
early electrical systems, and step by step the reader is shown 
the development from the very beginning, up to the point where 
electrical systems have become practically standardized. We 
advise thaso who intend to follow the automotive electrical 
trade to obtain a wiring diagram book. 


of electric systems, and each of the different cars 
u.ses one or a combination of these systems. 

The specifications of leading cars (see Index) will 
give the make of the particular electric systems that 
are used on the different cars. 

The ignition system on a car is usually one of the 
following makeSs Delco, Remy, Westinghouse, 
North East, Atwatcr-Kent, Connecticut, Auto-Lite, 
Bosch, and Wagner all of which employ the battery 
and coil system, as explained under the head of 
“Ignition.’^ 

If magneto ignition is u.sed, it will be of one of 
the makes mentioned in the-list of magneto manu¬ 
facturers (see Index). Magneto ignition is more often 
found on trucks and tractors. 

The ignition system most used is the battery and 
coil system. The interrupter is either an “open- 
cinmit” or “closed-circuit” type, the latter being 
the most generally adopted system. Some few 
manufacturers of passenger cars use magneto 
ignition in addition to the coil and battery. Mag¬ 
netos are used extensively on trucks and tractors. 

Storage battery makes are the Exide, Vesta, 
Willard, Prest-O-Lite, IJ.S.L., Philadelphia, and 
several others. Some of the motor-coaiih manu¬ 
facturers use 12-volt or 24-volt batteries, but must 
of the systems are 6-volt on passenger cars. 

Electric starting motors and generators are usu¬ 
ally of the Delco, Remy, Auto-Lite, Westinghouse, 
Bijur, North East, Dyneto, or other makes. The 
Delco and North East manufacture motor-genera¬ 
tors as well as motors and generators separately. 

The generator is either a plain shunt-wound 
generator, with an external electromagnetic principle 
of regulation, or a third-brush-regulated generator, 
or a combination of a third-brush and electromag¬ 
netic regulation. 



Fig. 1. Typical example of the location of the electric parts on a car* A **single wire’* grounded system. The generator is 
driven by a silent chain (or by gears) from the crankshaft of the engine. The distributor and interrupter are mounted on the 
nento Md are driven from tbe armature shaft. (Diatributor is also often times driven from camshaft.) The starting motor 
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The Remy and Delco use a 
thermostatic control (see pages 362, 395) in connec¬ 
tion with the third-brush regulation on some of their 
systems. 

Ground connection of generator and battery. If 

the positive (-f) terminal of the battery is grounded 
to tne frame of the car, then the (+) terminal of 


the generator must also be grounded. Likewise, if 
the negative (—) terminal of the battery is grounded, 
then the ( — ) terminal of the generator must be 
grounded. Most manufacturers ground the nega¬ 
tive ( — ) terminal of the battery and generator. 
The Westinghouse Co. grounds the positive (-1-) 
terminal in a number of its systems. 


HOW TO STUDY WIRING DIAGRAMS 


Electrical symbols; Before studying the different 
diagrams, the reader should become thoroughly 
familiar with the electrical symbols and abbrevi¬ 
ations, as illustrated and described; for instance, tlie 
sign which denotes a “ground,^' or that w hich stands 
for a “storage battery,’' or for the point where “wires 
connect” or “pass over each other.” They will be 
used quite freely in these instructions, as will also 
many of the other signs. The symbols vary 
slightly with the different manufactures of cars. It 
is also advisable to refer to page 415 for the ad¬ 
dresses of the leading manufacturers of electrical 
systems. If the explanations are not clear, their 
catalogs will no doubt be of assistance. 

In the illustration below, each symbol is num¬ 
bered. The explanation of each is given with its 
appropriate number against it. 
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Fig. 2. Electru^al symbols. 


Electrical Symbols and the Terms Applied to 
Them 

1. Positive terminal, the point at which the elec¬ 
tric current starts to flow. 

2. Regative terminal, the point to which the elec¬ 
trical current returns. 

3. Ground, where connection is made to metal, as 
the frame of the car, the engine or generator 
frame, etc, 

4. One cell of a battery: A term usually applied to 
cells of a storage battery. The short black line 
represents the negative (~) terminal, and the 


long line the positive (-[-) terminal. On a dry 
cell the positive plate is the carbon, and the 
negative, zinc. On a storage-battery cell there 
are usually several positive and several nega¬ 
tive cells, but this symbol represents the ter¬ 
minals 01 each group. Each storage-battery 
cell gives 2 volts when charged. 

5. Three cells of a storage battery connected in 
series: Note that there are three sets of nega¬ 
tive and positive terminals or cells. Thus this 
would represent a 6-volt storage battery. 

6. Six cells of a storage battery connected in series: 

12 volts. Note the (-}-) terminal of this bat¬ 
tery of six cells grounded at the end cell. 

7. Three cells of a storage battery connected in 
series: 6 volts. Note that the terminal of one 
end of this battery is grounded. 

8. Dry cells: The illustration shows three con¬ 
nected in series. fC) is the carbon or (-1-), and 
(Z) is the zinc or (—). 

9. Wires connected. 

10. Wires crossing, but not connected. 

11. Coil: Could represent a field-coil, or ignition 
coil. Supposed to surround an iron core. 

12. 13, 14. High and low-tension ignition coil wind¬ 
ings: There are several methods of showing the 
primary winding (P) and the secondary winding 
(S), as, for instance, those shown by 12,13, and 
14. The two windings are usually shown 
separate, although they are wound on one core. 
The current is induced into the secondary by 
lincs-of-force produced by the primary winding, 
and there is no metallic connection between the 
primary and secondary windings. The second¬ 
ary is a much finer wire, and consists of several 
thousand turns, whereas the primary has only 
a few hundred turns of heavy wire. 

15, 16. Condenser; Placed across the coil points 
to absorb the spark when the points separate, 
and to permit the discliarge back through the 
primary coil to demagnetize the core. 

17. Contact-points: Usually refers to the cut-out 
or regulator points; also refers to the contact- 
breaker points. 

18. Interrupter or contact points (as used by Delco): 
The Remy Co. uses this symbol to designate tlie 
spark jumping a gap at the spark-plug points, 
or at the safety-gap on an ignition coil. 

19. Interrupter or contact-breaker: A method used 
by Delco. Note the “interrupter points” (18); 
also the “condenser” (15), and tne “ground” 
(3). 

20. Distributor of high-tension ignition current to 
spark plugs: (B) connects with the secondary 
terminal of the coil, and a high-tension current 
is distributed to the spark plugs and jumps the 
gap of the spark plugs (gap represented at 8), 
then flows though the metal part of the engine 
back to the grounded secondary terminal. 
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21. Lighting switch. 

22. Delco imition and lighting switch, as used on 
some of the Delco systems. 

23. Double switch, of the same type. 

24. Remy lighting and if;nition switch of the '‘pole- 
'Changing’^ type. Lighting switches (L) at left, 
with dimming resistance (R). Ignition switch 
(I) at right represents a "pole-changing” type 
of switcYi (see Index. Note the "ground” on 
the side of the switch case. 

25. Starting-motor switches. 

26. Cut-out: Also called a relay, with two wind¬ 
ings. The "voltage or shunt” winding (V) i.s a 
winding, and is always placed across the circuit. 
The "voltage winding” of a cut-out can be 
found by noting that it has more turns of wire 
than the "series” or "current winding.” I'hc 
series or current winding (S) has a less number 
of turns and is a coarser wire and is always 
placed in series with the charging circuit. 
Cut-out windings are often on one core. 
Sometimes they are on two cores. The illus¬ 
tration shows two coils, or windings, on two 
separate cores (model 2G4-D Remy). 

Regulator winding: This is usually on one 
(yjre and is a single winding. It is alwaj^s 
placed in series with the "shunt-field winding.” 
If it consists of a coarse heavy wire, this indi¬ 
cates that it regulates the current output; if it 
consists of a fine wire winding, this indicates 
voltage regulation. 

27. Resistance coil. 

28. 29. Resistance coil for dimming lights. 

30. Resistance divided into two paths. 

31. Resistance which can be varied. 

32. 33. Lamp bulbs: Note that one side is grounded. 

34. Fuse mounted on a fuse block. 

35. Commutator and brushes for cither a generator 
or a motor. 

30. Series-connection of field-coils, with commu¬ 
tator and brushes of a motor or generator (inter¬ 
nal circuit). The series connection is generally 
used on motors. If (G) appears as shown, it 
means that the connection is for a generator; 
if (M) appears in place of (G), the connection 
is for a motor. 

37. Shunt-connection field-coils, with commutator 
and brushes (G) of a motor or a generator. 
(Internal circuit.) Shunt windings are gener¬ 
ally used on generators; they are seldom used 
on motors for automobile work. (G) indic.ates 
generator, and (M), motor. 

TRACING CIRCUITS < 

The electric system should be divided into 
circuits as follows: 

1. Starting-motor circuit. 

2. Generator circuit. 

3. Ignition circuit. 

4. Lighting circuit. 

When tracing circuits, remember that the positive 
(+) terminal at the source of current is where to 
start. If a battery supplies the current, start at the 
(+) terminal. If the generator supplies current, 
start at the (-f) brush or brushes of the generator. 


38. Magneto. 

30. Trailing pole tips are indicated by (TP). 

Leading pole tips are (LP). 

40. Same as 39; but since the armature (A) and the 
commutator (C) are in opposite positions, the 
order is changed. 

The “trailing” pole tip is the one (A) or (C) 
moves from. 

The “leading” pole tip is the one (A) or (C) 
moves to. 

Abbreviations Commonly Used to Represent 
Electrical Terms 

A: Ampere or Ammeter. 

AC: Alternating current. 

B: Brush; also used for Battery 
BAT: Battery. 

C: Current. 

C or COM: Commutator. 

CARB: Carburetor. 

C.E.M.F.: Counter-electromotive force. 

DC: Direct current (usually written d.c.). 

DIS. or DIST’R: Distributor. The word "distrib¬ 
utor” is often used to express the inclusion of 
the interrupter and distributor in one unit. 

E.M.F.: Electromotive force. 

GB: Generator brush; also grounded brush. 

G or GEN: Generator. 

G or GRND or GR: Ground. 

HL: Headlights or lamps. 

H.P.: Horse power (746 watts) (usually written 
h.p.). 

I or IG: Ignition. 

IS. or IG.S: Ignition switch. 

INT: Interrupter. 

KW: Kilowatt (1,000 watts). 

L: Light, or lamps. 

LS: Lighting switch. 

M: Motor. 

MB: Motor brush; also main brush. 

N: North. 

RES: Resistance. 

S: South. 

S or Sec: Secondary. 

ST.M.: Starting motor. 

SEF; Series field winding. 

SHF: Shunt field winding. 

3B: Third brush. 

F WIRING DIAGRAMS 

Tracing Starting-Motor Circuits 

See Fig. 3: The l:)attery 8upplie.s the current, 
therefore start with the battery (-f) terminal,thence 
to starting switch, to terminal (T) on the motor, to 
the field-circuit. In this instance the field-coils or 
windings on the four field-poles are connected in 
"series parallel.” The current divides when pass¬ 
ing into the field-coils, and flows through the two 
field-coils on each side, then to the (+) main brushes, 
through the armature, through the grounded (~) 
main brushes, to the pounded ( —) terminal of the 
battery, thus completing the circuit. 
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Sometimes the (+) brushes are grounded instead 
of the ( — ) brushes. In this case, the (-f) terminal 
of the battery would be grounded instead of the (—) 
terminal, and the flow of current would then be 
from the (+) grounded terminal of the battery to 
the (+) grounded terminal of the motor brushes. 

Sometimes the fields are grounded. In every 
instance, however, start with the (-{-) terminal of 
the battery where the source of current for the 
motor starts. 



Fig. 3. Starting motor of the four-p«>lc type, with the field- 
coils connected in “series parallel.’’ 



Fig. 4. Starting motor with the field-coils connected in 
“series.” 

See Fig. 4: This represents a four-pole motor with 
straight “series'' field-winding. If the ( —) brushes 
are grounded (they arc, in this example), then start 
with the (-f) terminal of the battery. The (-{-) 
brushes are sometimes grounded. The usual 
method, however, is to have the (-f) current flow 
to the field-windings in a motor, although this is not 
always the case. 


Tracing Generator Circuits 
There are three circuits to consider always: 

1. Field-circuit. 

2. Voltage coil cut-out circuit. 

3. Battery charging circuit. 

The field-circuit is the winding around the field- 
poles, and is the circuit through which current passes 
to build up the magnetic lines-of-force around the 
field-poles. There is a slight amount of magnetic 
lines-of-force in the iron poles to start with (called 
“residual magnetism”); therefore as the armature 
revolves, it generates current from the lines-of-force 
and part (about 10 per cent) of the armature current 
flows through the field-windings. The faster the 
armature revolves, the greater the strength of the 
current in the fiela-coils; therefore the regulation of 
the field-circuit at high speed by cutting down the 
current in the field-coils is important, otherwise 
the armature would generate too great an output. 

Under the subject of “generator regulation” this 
subject is fully treated. Three principles are 
involved: 

1. Compound field (two windings and inherent 
regulation). 

2. Shunt field, with external regulation system. 

3. Shunt field with a third-brush or inherent regula¬ 
tion. 


1. The compound-field regulation is explained on 
pages 354, 355, 356. There would be two field- 
circuits to trace. 

2. The straight “shunt-field” generator with an 
electromagnetic type of voltage^ regulator is shown in 
Fig. 5: The “shunt-field-circuit” would start with 
the source of current, which is the (-h) main brush 
of the generator, to the regulator blade (H), to 
points (E), through the field-coils, to the ( —) brush 
of the generator. If the generator speed is hieh, 
the points (E) will open and resistance (M) will be 
cut mto the field-circuit, thus weakening it, through 
the generator speed producing a high voltage 
through the voltage winding (H). 



Fig. 5. Shunt-field generator u.sing an clnctroiimgnetio 
voltage regulation 

The cut-out “voltage winding” circuit (V) is from 
the (-f) main generator brush, back to the ( —) 
main brush. This would be the next circuit. This 
builds up magnetism around the cut-out core. 

The charging circuit to the battery is the next cir¬ 
cuit, which is from the (-f) main brush of the gener¬ 
ator, through the blade and points of the cut-out. to 
the cut-out series or “current” coils (S), to the (-f) 
terminal of the battery, to the ( —) terminal of the 
battery, to the (—) main brush of the generator. At 
high speeds the voltage increases. Thus the regula¬ 
tor winding (H) exerts a magnetic pull on the blade, 
opening points (E). The shunt-field-circuit then 
has resistance (M) inserted in its circuit which 
reduces its strength. 

3. A third-brush regulated generator with a cut¬ 
out on top of the generator would have its circuits 
as follows: 


CUT-OUT 



Fig. 6. Shunt-field generator using a third-brush regulation. 

Shtmt-field-circuit: Start witli the (-h) main 
brush of the generator, through the shunt-field- 
windings (SHf), to the ( —) third brush. The 
third brush is always connected to one end of the 


^ You can instantly tell when an electromagnetlo reg^ulator 
controls the yolUge, because its winding is finer, and it is 

{>laced across the circuit, as at (H) (Fig. o). When the regu- 
ator winding is in series with the cireuit, it controls the amper¬ 
age or current, and is usually of heavier wire. 
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field-windings and regulates the output of the gener¬ 
ator at . high speeds. It is sometimes on the (+) 
side of the armature. 

The cut-out voltage winding circuit (V) is from 
the (+) main generator brush, to the cut-out fine 
wire voltage winding (V), through the grounded end 
of this coil (V), back to the (—) grounded main 
generator brush. 

Charging circuit to battery: When the generator 
voltage reaches about 6.5 volts, or above battery 
voltage, the voltage coil (V) has sufficient ma^etism 
in its core to close cut-out points (P). The charging 
circuit will then be from the (-f) main generator 
brush, through cut-out points (P), through the cut¬ 
out series, or current winding (S), to the ammeter 
(not shown), to the (-+■) terminal of the battery, to 
the ( — ) grounded terminal of the battery, to the 
( —) grounded main brush of the generator. 

If the (+) main brush of the generator was grounded, then 
the circuit would start at the grounded (-f) brush of the 
Mnerator, which would be the reverse of the circuit described. 
The (4-) terminal of the battery would then be grounded. 

Tracing Ignition Circuits 
This circuit includes: 

1. Ignition coil. 

2. Interrupter. 

3. Distributor. 

Coil windings: There are two windings, the pri¬ 
mary and the secondary (Fig. 7). The current must 
first flow through the primary winding. 



Fig. 7. A simplified diagram explaining how to trace the 
ignition system. 


Coil terminals: Some coils have 3 or 4 terminals 
(see page 209). Most of the coils use 2 terminals 
as in Fig. 7. 

Note. When referring to the number of the coil terminals, 
the secondary terminal is not considered. 

Primary and interrupter circuit: Suppose the (—) 
terminal of the battery and generator was grounded. 
The flow of current would then be from the (+) side 
of the ignition switch, which is usually connected to 
the circuit at the ammeter. The current path would 
then be from (+) of the battery (or the generator if 
running fast enough to charge the battery), to the 
switch, through ignition resistance (R) on the coil, 
through the primary winding, out terminal (2), 
through the insulated and stationary interrupter 
point, through the grounded interrupter point and 
arm, to the ( —) grounded terminal of the battery or 
generator. 

If the (-f) terminal of the battery and generator was 
grounded, then the circuit would be from (+) of the battery, 
to the grounded arm of the interrupter, through points (P), 
through the primary winding and resistance (R), to the switch, 
to the (—) terminal of the battery or generator. 

Note that the interrupter is for a four-cylinder engine, 
because there are four high points on the cam. Thus it will 
raise the arm four times during one revolution. 

The condenser is across the circuit of the inter¬ 
rupter points, as one end of the condenser is also 
grounded. (See Index for the construction and pur¬ 
pose of the condenser.) Condensers are often 
pla(;ed in the int^errupter housing. 

The secondary circuit is an induced current in the 
secondary winding from the primary winding, and 
would flow from the secondary terminal (3) to the 
distributor, through the spark-plug points, through 
the engine frame which would be termed a ground, 
to the grounded end of the secondary fine wire wind¬ 
ing (GRND). 

Note. In Fig. 7, owing to an error in drawing, a 6-cylinder 
distributor is shown. It should be a 4-cylindcr distributor. 

The primary and secondary coil windings are sui>- 
posed to be on one soft iron core. 

The foregoing explanation will give an idea as to 
the method of procedure in tracing wiring diagrams. 
All wiring diagrams do not have arrow points show¬ 
ing the path of the circuits. It is therefore neces¬ 
sary to make a point of starting with the source of 
supply of electric current which is (+) of the battery 
or generator. If (+) is grounded, tlien start at (-{-) 
just the same, and go to the grounded end of the 
part of the circuit you are tracing. 

Tracing the Lighting Circuits 

Sec Index under “Wiring diagrams.’^ 


See 

advertisement of Wiring Manual and Service Manuals in 
the advertising pages of this book. 
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REMY ELECTRIC SYSTEM ON STUDEBAKER “EM” 


Studebaker (Model “EM”) Circuits (The “EJ” 
is Similar; See Under Fig. 8 Below) 

Starting motor: From the (4-) ground of the 
battery to the (+) grounded motor brushes, to the 
(—) brushes, to the field coils, to the starting switch, 
to the (—) of the battery. A Bendix drive is used. 

Generator field-circuit: From the (-f) brush of 
the generator, to wound (G) of the thermostat, to 
the field coils, to third brush (3B). 

Cut-out voltage circuit: From the (+) grounded 
brush of the generator, to ground (G) of the voltage 
coil (V), through cut-out series coil (S), to the (—) 
main generator brush. 

Generator charging circuit: From the f-f) 
grounded brush (G) of the generator, to the (4-) 
ground of the battery (GB), to the starting switch. 


through the ammeter, to cut-out points (P), toeut-out 
series coil (S), to the (—) main brush of the generator. 

Regulation of the shunt field of the generator is 

by means of a third brush. 

Ignition primary circuit: From the (4-) ground 
of the battery (GB), or the (4-) ground of the 
generator (G), to ground (G) of the contact-breaker, 
to arm (A), to points (P), to primary coil winding 
(PR), through ignition resistance unit (RES), to 
the switch, to the ammeter, to the generator (—) 
brush, through the cut-out if the generator is supply¬ 
ing current, or from the ammeter to the (—) terminal 
of the battery, if the battery is supplying current 
for ignition, as is the case when starting. 

The secondary circuit is from the secondary wind- 
ingof coil (SC), to the distributor, to the spark plu^, to 
ground, to the grounded end of the secondary winding. 



STUTZ SERIES “K”i REMY GENERATOR AND MOTOR; DELCO IGNITION 


Remy generator and starting mot^or with Delco 
i^ition together constitute the system used on 
this car. The distributor principle is similar to 
that on the Pierce-Arrow, explained on page 216. 

Stutz (Scries “K”) Circuits 

Starting-motor circuit: From (-f) ground (GB) 
of the battery, to (-f) wound (G) of the starting 
motor brushes, through the field coils, to the starting 
switch, to the (—) terminal of the battery. 

Generator field circuit: From the (4*) nutui bnish 
of the generator, to ground (G2) of the cut-out 
(relay), through fuse (F), through the shunt-field 
win^g, to the third brush. 

Cut-out voltage circuit: From the (4-) generator 
brush, to ground (G2), through cut-out voltage 


coil (V), to cut-out series coil CS), to the ( —) main 
brush. 

Generator charging circuit: From the (4-) main 
brush of the generator, to the (4-) grounded terminal 
of battery (GB), through the ammeter, to cut-out 
closed points (P), through series coil (S), to the (—) 
main brush or the generator. 

Ignition primary circuit (intake coil); From (4-) 
ground of tne battery, if starting, or (+) ground of 
the generator, if the generator is running at proper 
speed, to ground (G) of contact-breaker points at 
top, throu^ points (P), through ignition resistance 
unit (R). through primary coil (P), to switch (6), to 
(B), to the ammeter. If the current is from the bat- 
teiy, then through the ammeter, which will show 
“discharge,” to (—) of the battoly. If the current 
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Fig. 9. Circuit diagram of Stutz series “K,” 1922, 1923. Delco ignition coils No. 2159 (page 213) used 


is from the Rcnerator, then from the ammeter, to on the switch, then to (5) and (6), to the other end 

the cut-out, to tlie (—) brush of the generator. of the secondary winding. (The contact points on 

Igmtion primary circuit (exhaust coil): The cir- interrupter are open when the secondary spark 

cuit is exactly the same as for that of the intake coil, of^curs at the spark plugs. The circuit could not, 

except that contact-breaker points for exhaust coil therefore, pass back through this side.) 

are at the lower part of the interrupter, and circuit The Stutz engine is a dual-valve engine. The 
is through the lower, or exhaust coil, to (5) on switch. intake valves are on one side of the cjdindcr and the 

From this point it is the same as previously described. exhaust valves on the other. 

The secondary circuit from the secondary coil (S) There are two spark plugs per cylinder: one on 
on both coils can e^ily be traced to the center the intake side, and the other on the exhaust side, 
terminal of the distributor, to the spark plugs, to See explanation of the Pierce-Arrow (Delco) ignition 
ground, to ground of the battery or generator, to (B) distributor on page 216, which is similar. 


JEWETT: REMY GENERATOR AND STARTER AND ATWATER-KENT IGNITION 



Generator field circuit: Prom (+) grounded generator brush 
(Gl), to (G) ground of thermostat, tiirough ofosed points, or 
through resistance (R), through field windings, to (-•) third 
brush (3B). 


.Cut-out volUge circuit: From (+) grounded main brush 
(Gl), to ground (G) of voltage coil (V), through seriea coil 
(S), to (—) main generator brush. 


Generator charging circuit: From (+) grounded generator 
main brush (Gl), to (+) ground (GB) of battery, througn battery 
to ammeter, through ammeter to (closed) cut-out points (P), 
through series coil (S), to (—) main generator brush. 


lotion primary circuit: (Atwater-Kent ignition system 
used). From (+) ground of generator (Gl), to ground (GC) of 
timer, through interrupter points to primary coil (PR), trough 
primary coil winding, to switch, to ammeter, through out-out 
points (P) anc| winding (S) to (—) main generator brush. 
Condenser is in interrupter. If current for ignition is from 
battery, as when starting, it is from (+) of battery (GB). 
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OAKLAND “6.44’» ELECTRICISYSTEM (REMY) 


String motor circuit: From (+) of battery, to 
starting switch, through the series parallel windings, 
to (-f) motor brushes, to ( —) grounded motor 
brushes, to (—) groimd (GB) of battery. 

Generator field circuit: From (+) third brush 
(3B), through shunt field windings, through (closed) 
thermostat points (P), to ground (G), to generator 
( —) ground (GG), to ( —) main brush. 

Cut-out voltage circuit: From (-|-) main gen¬ 
erator brush, to cut-out coil (C), to voltage coil (V), 
to ground (G), to ( —) main grounded brush (GG). 

Generator charging circuit: From (-[-) main 
generator brush, through cut-out scries coil (C), 
through (closed) cut-out points (P), to ammeter 
(A), through ammeter to (M), to (+) of battery, to 
( — ) ground (GB) of battery, to ( —) ground of 
generator (GG), to ( —) grounded main brush. 


Ignition primary circuit: From (A) on ammeter, 
which takes current direct from generator without 
passing through ammeter, if generator is supplying 
current, or from (M) to (A) through ammeter, which 
would show “discharge,’^ if current is taken from the 
battery, to switch (Bat), to (Ign), to ignition resist¬ 
ance unit, to primary winding (PR), to insulated 
interrupter terminal, through interrupter points (P), 
through arm (A), to ground (G), to ( —) ground of 
generator (GG), to generator main brush, or to 
battery ground (GB). 

Secondary ignition circuit: From secondary 
terminal of ignition coil (S), to distributor, to spark 
plugs, to ground, to grounded end of secondary 
coil winding (G). 

Condenser (CD) is in the interrupter housing and is 
connected across the points (P) of contact-breaker. 



OVERLAND “4” ELECTRIC SYSTEM 


Electric system: Auto-Lit^ two-unit, 6-volt start¬ 
ing and lighting system, with Bendix drive. U.S.L. 
Battery, 6-volt, 80-amp. hour. Model GK 1001 
generator with third-brush regulation. Starting 
motor model MG 1001. 


Bnoh Hold Down 



Fig. 12. Generator, driven from the right side of the engine, 
by hehoal geare, from the crank ihaft. 


Conua Points pistributor 


Imition: Connecticut (Auto-Lite on Modeln 91 and 92) timer 
and distributor driven from the armature shaf t of generator (Figs. 
12 and 13), See page 40 for engine illustration and drjscriptiun. 

Ignition timing Overland Models * **4, 91 and 92*’: 
Advance spark lever; crank engine until No. 1 piston is 
starting up on comijression 
stroke and until the ignition 
timing mark on flywheel is in 
line with the mark on hotising 
(this ignition timing mark is 
located 2)^" ahead, or to the 
left of the mark “T-C-1-4" on 
flywheel, looking at it from the 
rear; the piston is then 15/64^^ 
from top of oyl. block); at this 
position interrupter points 
should Just start to open; the 
distributor rotor should be in 
line with secondary terminal 
to spark plug of No. 1 cylinder. 


W 

Control 

Lever 



Vtuliiw 

Guy 


Fig. 1^ Timer, driven from the armilfure ehaft through 
opening (B, Fig. 12) by belioid drive gear. 
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Overland “4” Circuits 

Generator field-circuit: From the (+) third 
brush of the generator, through the field windings, 
to the ( —) main brush. 

Cut-out voltage circuit: From the (+) main 
brush, to the fine wire voltage winding (V) on the 
cut-out (circuit-breaker), to ground, to the (—) main 
grounded brush of the generator. 

Generator charging circuit: From the (-j-) main 
brush of tiie generator, tlirough cut-out points (P), 
to cut-out series coil (S), through the ammeter, 
to the (-f) terminal of the battery, to the grounded 
( —) terminal of the battery, to the ( —) grounded 
brush of the generator. 

Starting-motor circuit: From the (+) terminal 
of the battery, through the closed starting switch, 
to the terminal on the starting motor, through the 
two “series parallel” windings on each side, to tlie 


(+) brushes, through the armature, to the (—) 
grounded brushes, to ( —) ground of the battery. 

Primary ignition circuit (from battery when start¬ 
ing): From (-f) of the battery, to (D), to the igni¬ 
tion button switch, to the thermostat switch,^ 
through wire (I) to the primary winding of the 
ignition coil, to the timer (contact-breaker of the 
closed-circuit type), through the timer points, to 
the ignition coil where the primary and secondary 
windings are grounded, thence to ground (Gl), to 
( —) ground of the battery. On the circuit just de¬ 
scribed, the ammeter would not indicate, as the cur¬ 
rent is flowing from the battery, but not through the 
ammeter. 


1 The “Connecticut ignition thermostat switch" is illustrated 
and described elsewhere. See Index. 

Overland Models “91 and 92” use Auto-Lite ignition. 
Thermostat switch is not used. See pages 1058-1059 for 
Specifications. 



Fig. 11. Wiring dianam of the Overland “4”: Auto-Lite electric system. Connecticut ignition. Models 91, 92 Overland use 
Auto-Lite ignition. Thermostat switch not used. 
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Pnmary ignition circuit (from generator): From 
point (D), which takes current from the generator 
which must pass through the ammeter. Thus the 
ammeter would read on the ‘‘charge*^ side, because 
the current would be flowing from the genemtor to 
the battery, and the ammeter is between point (D), 
where the lotion is taken, and the generator. The 
rest ot the circuit would then be the same from point 
(D), as explained above. 

Light circuits, if from battery, would be from 
(4*) of the battery, to the ammeter, then through 
the ammeter, to the inside wire at the right-hand 
connection of the ammeter, to the fuse, thence to 
the lighting switch, through the different lighting 
circuits. The ammeter would read on the “dis¬ 
charge’^ side. 


If current for lights comes from the generator, 

then start with (4-) of the pnerator, to the cut-out, 
to the ammeter (but not through the ammeter), to 
the wire from the same connection on the ammeter, 
to the fuse, and from this point on, as before. In 
this instance, the current for lights would not pass 
through the ammeter, but the generator would be 
charging the battery and supplying current for lights 
and Ignition also. Thus tne ammeter would read 
on the “charge” side, indicating the amount of cur¬ 
rent flowing to the battery ana used for ignition. 

Overland **4” electric equipment data: Auto-Lite generator 
third-brush regulated; Auto-Lito starting motor; Connecticut 
ignition. See also page 40. 

Lamps: Four; head lamps, single-bulb, single-contact, 6- 
volt, 16-candle power; dasfi and tail lumps, single-contact, 
3-volt, 2-candle power. (See page 1058 for later specifications.) 


DELCO ELECTRIC SYSTEM ON PACKARD “SIX/’ MODELS 116 (1921,1922); 126-1, 133-1 (1923) 


The Delco ignition is used on this car, but Atwater- 
Kent starting motor and generator are provided for 
generating current and for starting. 



Packard (Model 126-1,133-1) (Above) 

The wiring diagram of the Model 116 (1921,1922) is shown 
in Fig. IS. Models 126-1, 138 1 (1923) (shown in smaller 


illustration) differ principally in a new type of combination 
switch and no sepai-ato interrupter points for feulizer spark 
plug. There is only one coil and one set of interrupter points 
as shown. Fuelizer plug is in series with spark plugs on engine; 
one end of secondary winding goes to the distributor, and the 
other end to the fuelizer plug as shown. See also Packard 
single-eight ignition coil, page 407, which is similar. 


Packard (Model 116) Circuits (Below) 

Starting motor: Fron\ (+) ground of the battery, to (-1-) 
ground of the starting motor, to the switch, to ( —) terminal 
of the battery. 

Generator ^.uargmg circuit: From (-H) grotind of the gen¬ 
erator, to (+) ground of the battery, to (6), through the 
ammeter, to (7), to ( —) terminal of the generator. 

Primary ignition circuit (battery): From (+) ground of the 
battery, to grounded (G) contact-breaker points (on the left), 
through the ignition resistance unit, to primary winding (PR) 
of the ignition coil No. 1, to (6) on the switch, to (6), through 
the ammeter, to (—) terminal of the battery. 

Primary ignition circuit (generator): From (-}-) ground of 
the generator, to contact-breaker-point ground (G) on the left, 
and through the same path, but to the ( — ) generator terminal 
instead of to the battery. 
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Secondary circuit to ignition spark plugs: From 
secondary winding (SC), on coil No. 1, to the dis¬ 
tributor rotor, to the spark plugs in the engine, to 
ground, to ground (G) of the secondary winding. 

Fuelizer ignition coil is No. 2. This coil is used 
for the single spark plug used in the Fuelizer. (See 
pages 108 and 140 for an explanation of the Fuelizer.) 

PACKARD “TWIN-SIX” MODELS “325- 

The Delco ignition is used on this car. Bijur 
generator and starting motor are used. See also 
pages 217, 84, 85, 86, for other illustrations j^ertain- 
ing to the Packard ^^Twin-Six.** 

Packard “Twin-Six” (Models 325, 335) Circuits 

Charging circuit: Start with the generator (-f-) 
grounded terminal, to (-}-) ground of the 6-volt, 120- 
ampere-hour battery, to combination switch (6), 
through the ammeter, to ( —) terminal of the gener¬ 
ator. 

Ignition circuit: Start with (+) ground of the bat¬ 
tery if the engine is running slow, or with (-f) ground 
of the generator if the generator is charging t he bat¬ 
tery, to ground of interrupters (CP), out first 
through the resistance units. 

Note that there are three interrupter points (CP), 

1, 2, and 3. The Nos. 1 and 2 are for the No. 1 and 
No. 2 coils and distributors, and 3 is for the No. 3 
coil and spark plug (3P) for the fuelizer. See also, 
pages 140, 217, giving an explanation of “Fuelizer’ 
and “Distributor.” 

The engine ignition primary circuit of No. 1 dis¬ 
tributor is through ignition resistance unit (Rl), 
through contact points (CP-1), through primary 
coil (1), to junction (J), to the ignition switch, to 
5 and 6, to ( — ) of the battery or generator. Note 
condenser (1) is connected across the iK)ints (CP-1). 


The primary circuit is the same as for the other 
coil, except that the contact-breaker points on the 
right of the contact-breaker are used. 

^ The contact-breaker and distributor for this sys¬ 
tem are shown on page 219. Note that two sets of 
interrupter contacts are provided, each set being 
connected in series with a separate ignition coil. 

335” (1921, 22, 23) ELECTRIC SYSTEM 

If the current is from the battery, it will not pass 
back through the ammeter. If current is coming 
from the generator, it will pass through the ammeter, 
hut as the generator would then be charging the 
battery, the ammeter would indicate the ^ current 
flowing from generator to battery and the ignition, 
and would indicate on the “charge” side of the 
ammeter. 

Secondary circuit of No. 1: From the secondary 
winding on coil (1), to the distributor arm or rotor, 
to the spark plugs, to ground, to grounded secondary 
terminal (G) on No. 1 coil. 

Engine ignition primary circuit of No. 2 distributor 

is similar, except that the circuit is through resist¬ 
ance (2R), through points (CP-2), through primary 
winding (P) of coil 2, to junction (J). 

The secondary circuit of No. 2 is similar to that of 
No. 1, except that it passes to No. 2 distributor. 

The fuelizer ignition primary circuit is from (-f) of 
the battery or generator, to ground (G3) of the inter¬ 
rupter, through points (CP-3), through resistance 
(R3), to primary winding (P) of coil 3, to junction 
(J), to switches (5 and 6), to (~) terminal of the 
battery or generator. 

The secondary circuit for the fuelizer spark plug is 

from (S), coil 3, to spark plug (3P), to ground, to 
ground (G) of coil 3. 


NUMBERS 
COIL AND 
—^-5-SPARK 
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Fig. 16. Xhickmrd “Twin-Six” wiring diagram: Note the twin or dual set of interrupters. The breaker arnu are opewt^ 
by one three-lobe cam. There are three hira-tension coils, one used for ignition for the right blo^ of the oylmders, and the 
second, for the left blo^. The third coil (3) w used in oonneotion with a spark plug (3P) m the fucliser. An auxiliary oontaot- 
lu’Mtker mechanism, mounted on ton of the distributor, is oonneoted with the latter. 
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Starting-motor circuit: From (+) of the battery, 
through ground, to the ground terminal of the start¬ 
ing-motor switch, through the starting switch, 
through the starting motor, to (—) terminal of the 
battery. • 

The automatic gear-shift principle, connected with 
a flywheel is used. The starting motor is a 4-pole, 
series-wound motor. 

Regulation of the output of the generator consists 
of a constant voltage electromagnetic device which 
cuts resistance into the shunt-field circuit. The 
generator regulator keeps a constant electrical pres¬ 
sure or voltage, slightly higher than the voltage 
maintained by a fully charged battery, this pressure 
being maintained regardless of speed. 

The voltage being constant, the current generated 
naturally varies, being small when the battery is 
fully charged and increasing as the lights are turned 
on or the oattery is partially discharged. 

The cut-out is a reverse-current electromagnetic 
type of the usual cut-out principle. The generator 
field-winding is a straight shunt winding. 

The cut-out and regulator are wound on separate 
cores and mounted on top of the generator. The 
circuit is not shown but is shown in the Wiring Man¬ 
ual, details of which will be found in the advertising 
pages of this book. 


Fuse Board 

All lamp circuits and the horn circuit pass through the fuse 
board on the front side of the dash. When the horn or lamps 
fail, examine the fuses. If the fuse is in proper order, then look 
for loose wires. 

Fuses are of the glass-tube type. If fuses continually blow, 
look for a short oircuit as the cause. 

Ammeter 

The ammeter is located on the instrument board. It is con¬ 
nected between the generator and battery through the switch; 
thus, with the engine idle, the ammeter does not indicate 
whether the lights are on or ofif. Should it register to the loft of 
Eero with the engine idle, remove the disconnect plug from the 
regulator, to prevent discharging the battery. 

When the engine is running, the ammeter registers the 
amount of charging current passing from the generator to the 
storage battery and lights. 

If the ammeter fails to register when the engine is running at 
about 7W revolutions, or over 20 miles per hour, look for loose 
connections or broken wires between the generator and battery; 
also see that the generator commutator is clean and that the 
brushes are making good contact. 

If the ammeter shows a high current continuously of 25 or 
30 amperes, it indicates a heavy ground or short circuit in wir¬ 
ing or battery. Disconnect the battery to prevent discharging, 
and examine the wiring for short circuits. 

Electric Lighting 

Light circuits can be traced by starting with (4-) of the bat¬ 
tery or generator, to ground of the lamps, through the fuses, 
through the switch terminals, to (—) of the generator or battery 

Auxiliary headlights are smaller than the headlights. They 
are placed in front, to bo used in place of headUghte. The 
headlights are 24 c.p., 7-volt and the auxiliary headlights are 
6 c.p., 7-volt. See diagram of wiring. They are sometimes 
called dimmer lights. 


REMY ELECTRIC SYSTEM ON OAKLAND “32” AND McLAUGlILIN “D-60” 


The Remy ‘*relay-reg\ilator” system, described on 
page 350, was used on these cars (1916). The sys¬ 
tem is shown here in order to give an example of the 
Uemy relay-regulator in connection with a plain 
shunt-wound four-pole generator using an '^electro¬ 
magnetic current regulation’^ of the shunt-field- 
circuit. See Fig. 17 on the next page. 

Circuits 

Generator: Plain shunt wound, with an electro¬ 
magnetic vibrating-current type of regulator (see 
also page 350). This regulator is operated by the 
amount of current flowing from the generator to the 
battery through the regulator winding (D). It 
would thus be tenned an electromagnetic "constant- 
current” regulation method. 

Generator shunt-field circuit: From the (-f) main 
brush of the generator, to the fuse, to (Y), to closed 
regulator points (E), to (H), to the shunt-field wind¬ 
ings, to (—) main brush (G) of the generator. 

Note. This is not a third-brush regulated generator, 
although there are three brushes. The brush on the left is 
us^ for bounding purposes. All brushes bear on neutral 
points of the commutator, and are therefore “main brushes.” 
See, also, page 359. 

Cut-out (relay) voltage circuit: From the (-f) 
main brush of the generator, to the fuse, to (Y). to 
cut-out voltage coil (J), to ground (Gl), to the (-) 
grounded generator brush. 

Generator charging circuit: From the (+) main 
bnwh, to the fuse, to (Y), to closed cut-out (relay) 
points (A), through cut-out series coil (C), through 
regulator winding (D) (note that the charging cir¬ 
cuit flows through the regulator winding), to (K). to 
the fuse block, throu^ the ammeter, to (-f) 
terminal of the battery. 

When the generator speed is high, the regulator 
comes into action by cutting resistance (F) into the 
shunt-field circuit of the generatori thus reducing 


the magnetic strength of the field, and consequently 
also the output of the generator. The action is as 
follows: from the (-f) brush, to (Y). Points (E) 
are now open, because of the nigh charging current 
value flowing through regulator coil (D), drawing 
points (E) apart. Thus the field circuit must then 
pass from (Y), through resistance (F), to (H), to the 
other end of the field winding. 

Note. It will be noted in the diagram that half of the 
resistance coil (F) is shunted across one set of regulator points, 
and half across the other set (there are two seta of regulator 
points). It ia essential that the two seta be adjusted equally, 
80 that the same current through regulator coil (D) will separate 
both points at the same time; otherwise the generator output 
will be high. See Index for Remy “relay-regulator” adjust¬ 
ments, etc. 

Ignition primary circuit (from battery, when start¬ 
ing): From (-+-) of the battery, to the ammeter, to 
the fuse block, to switch (Z), to (I), to primary 
winding (P) of the coil, to the contactireaker 
(closed-circuit type), to the right terminal on the 
coil, to the switch, to ground (G3), to (—) ground 
of the battery. 

The ammeter would now read on the "discharge” 
side, as the current is coming from the battery. 

Note. This switch is termed a **pole-changing” switch. If 
switch blades (B) and (Bl) were reversed, the current would 
flow through the contact-breaker points in the opposite direc¬ 
tion. See page 203, explaining this type of switon. 

Ignition primary circuit (from generator): The cur¬ 
rent would be taken from the fuse block, to (Z), and 
the same i)ath would be followed. The ammeter 
would not indicate the ignition current, but would 
indicate the amount of current going to the battery. 

Starting-motor circuit: From the (-}-) terminal 
of the battery, to the starting-motor straight-series 
field-winding, through the field-windings, to the (+) 
brushes, through the armature, to the groimded ) 
brushes, to (—) ground of the battery (G2), 
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FRANKLIN (Up lo July, 1921) ELECTRIC SYSTEM 


The Franklin air-cooled, six-cylindcr engine auto¬ 
mobile electric system used on models and 

until July, 1921, is shown in the illustration 
(Fig. 18). Note that the ignition system is the 
Atwater-Kent open-circuit type. A master vibrator 
is used for starting purposes. 



On later models, the Atwater-Kent closed-circuit 
i^ition system is used, and the master vibrator is 
dispensed with. Instead, the switch is so arranged 
that on starting position, it cuts out a part of the 
primary coil winding, thus lowering the resistance of 
the coil, so that in cold weather, when the battery 
is used excessively for starting and is more or less 
weak during these periods, the ignition coil resistance 
is cut down, as mentioned above, and the spark is 


sure to occur. After starting, and when the battery 
is “boosted up’^ by the generator, the switch move¬ 
ment cuts in the full primary coil winding. 

Motor-generator: The 12-volt single-unit Dyneto 
motor-generator is used. The motor-generator is 
directly connected to the crank shaft of the engine. 
The motor-generator acts as a generator at car 
speeds over ra.p.h., and as a motor at speeds 
below this point. 

The current output m regulated by a compound 
winding ‘‘differential in action,” consisting of a 
series and a shunt-field winding which oppose, or 
“buck,” each other, as a generator. This is termed 
“differential action,” and the windings assist each 
other as a motor, or “cumulative action.” 

The reflation is also by a “third brush,” which 
reduces the voltage through the shunt-field winding, 
which, in turn, is caused by “armature reaction” at 
high speeds. 

Starting motor: A Dyneto motor-generator con¬ 
nected to the crank shaft of the engine by a silent 
chain; operated rom the cowl board by the same 
switch that controls the ignition. 

Generator: A Dyneto motor-generator; shunt 
winding, and a series-field winding are both used for 
the generator. 

Ignition: Atwater-Kent ^pen-circuit timer and 
distributor, using a box type of coil, with a con¬ 
denser in the coil. A master vibrator is used for 
starting, which gives a continuous series of sparks 
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instead of a single spark operated by a switch on 
dash. The distributor rotor takes care of the time 
at which the spark occurs. This device is used only 
for starting purposes. 



Fig. 19. The diagram or curve shows the voltage and 
amperage at various speeds of the car. 

For instance, at a speed of 10 m.p.h. (lower line of figures), 
the amperage is 8 amperes; the volt^e is 16 volts. At 18 
m.p.h., the highest amperage peak is reached, which is 15 
amperes^ and at this speed, the voltage is 17 volts. The highest 
voltage IS reached at 15 m.p.h. 

The voltage begins to drop at a car speed of 28 m.p.h. (from 
17 volts to slightly below 16 volts at 50 m.p.h ). The amperage 
b^ns to drop at 20 m.p.h., from 15 amperes to 10 amperes, at 
50 m.p.h. 


Circuits 

Starting motor: From (4-) of the battery, to the indicator,* 
through tne indicator, to the switch, to the (+) terminal on the 
motor-generator, through the field-windings, to the (-1-) brush, 
through the armature, to the (—) brush, to the ( —) terminal of 
the battery. 


mmary windi^ of the coil, to the left-hand coil terminal, to 
No. 17 on the junction block, to (—) of the battery. 

The 

to the 
the secondary. 

The ignition timing (Atwater-Kent open-circuit type): The 
timer is set so that it fires at 1 Yi' advance, measured on the 
rim of the flywheel. 

To check timing: Remove the distributor cover and turn the 
engine over slowly until the click of the contact-maker is heard. 
Stop e.xactly at this point, raise the toe-boards, and see if any 
center line corresponds to the position of “C. L. 1-6” shown on 
the flywheel. 

To reset timer: Turn the flywheel until No. 1 cylinder com- 
pletee its compression stroke and the 1-6 center line is \ 
ahead of tlio center point in the diaphragm (Fig. 20). ^ Loosen 
the claiTip screw in the aluminum base plate of the timer, so 
that the body can be hirned in its bearing. For accurate set 
ting, the body should be clamped tight enough to turn hard. 


secondary ignition circuit is from the secondary winding, 
distributor, to the spark plugs, to ground, to ground of 



Fig. 20. Flywheel markings for spark setting. 


Turn the distributor-timer body in a clockwise direction until 
the distributor arm is opposite the terminal on the cover leading 
to No. 6 spark-plug wire. Then turn the body slowly and 
steadily counter-clockwise until the click of the contact maker 
is heard. Stop exactly at this point, and tighten the clamp 
screw. 

Adjustment should then be checked by moving the flywheel 
backwards about 16" on the flywheel rim, so that it is off the 
firing point. Then move ahead to the firing point again, ami 
stop the moment a click is heard. If ‘‘C.^L. 1—6” is then 1 14 ' 
ahead of the center pointer on the diaphragm, the timer is set 
right. Rewire the clauip-screw in the base plate. 


Generator shunt-field circuit: From the (+) main brush, or 
terminal of the motor-generator, to the switch, to the connec¬ 
tion on the lower right of the switch, through a fuse (not shown), 
to the terminal on the motor-generator connecting with the 
shunt-field winding, to the (—) main brush of the generator. 
A 10-ampere fuse is in series with the shunt-field circuit. 

Generator charg^g circuit: From the (4-) main brush, to 
the switch, throu^ the current indicator marked (AMM), to 
(-f) of the battery, through the battery, to the (—) battery 
terminal, to the (—) brush of the motor-generator. 

lotion master-vibrator circuit: This ignition system is 
equ^^d with a master-vibrator coil which is used for starting. 
Tnere is only one winding (primary) on this coil. When the 
switch or starting circuit is closed, the current is from ( + ) of 
the battery, to the switch, to the right-hand switch terminal, to 
the vibrator blade of the master vibrator, to the vibrator screw, 
to the primary winding of the master vibrator, to the lower 
center terminal of the coil, through the coil primary winding, to 
junction block (No. 17) which connects with (—) of the bat¬ 
tery. This master vibrator gives a continuous succession of 
sparks to start with, and the distributor takes care of the time 
of the spark to the en^ne. The switch is thrown to the regular 
ignition after the en^ne is under way, and when the generator 
is “boosting” the battery. 

The primary ignition circuit of the ignition coil is from the 
battery or generator at the right-hand switch terminal in the 
illustration, to the left, to the first terminal on the coil, to the 
timer, through the i>oints, to the center coil terminal, to the 


^ An ammeter of the usual construction generally used, cannot 
be connected in series with a starting-motor circuit., An 
**indicator,** however, which is used on the Franklin, is so 
designed that it is capable of caning the starting current. See 
pages 469, 468 for explanation of the construction of an “Indi¬ 
cator” and also of an “Ammeter.” 


Timer contact points arc set .010" apart on the open-circuit 
type, and .007" on the closed-circuit typo. To adjust the con¬ 
tact screw, take it out of the holder anti remove one of the thin 
steel washers from under its head. This brings the points a 
little closer together (see also p^e 203). The points should be 
examined every 3,000 miles. The spark-plug gap should bo 
set at .031". 

Firing order: 1, 4, 2, 6, 3, 5. 

Master vibrator adjustment: When operating properly, the 
vibrator should buzz on an 8-volt circuit, i.e., on 4 ceils of a 
fully charged storage battery. A more accurate way of setting 
the vibrator is to turn the ignition switch to “neutral’ (the 
engine should not be running), take out whichever spark plug 
is firing at that time, and set the adjusting screw on the vibrator 
so that a spark of the highest possible frequency can be observed 
at the plug points. When the vibrator draws about 1.1 amperes 
on a fully charged battery, it will give the hottest spark. 

For Franklin gear shift and controls, see Index. See the 
Index also for the Franklin engine. 


Changes on Franklin Series 10 

On the “Series 10“ car, the Atwater-Kent type “R“ inter¬ 
rupter and type “N7” coil arc used (see page 207). Inter¬ 
rupter gap is .015". 

lotion timing “Series 10.“ Advance spark. Turn crank 
until No. 1 piston comes up on compression stroke—stop when 
the A slot in fanwheel rim is 1" from center line of engine. 
Straighten the spark control wire inserted in the ball clevis; 
put ignition switch “on,” and with center wire of distributor 
cover removed and its terminal held from engine, turn 
distributor counter-clockwise slightly, then clockwise, until 
interrupter points open and spark jumps. At this position 
secure spark control wire in bail clevis. Spark timing should 
now be 1" advanced. 


Note: It has long been an established fact that in all branches of mechanical instruction work it is necessary to go back to the 
earliest examplee arM trace their developinente and work with fundamentals. These wiring diagrams show different early principlM; 
for example, ^e purpose of the wiring diagram of the early Franklin electric system is to explain how the master-vibrator ignition 
coU was used to assist in starting the engine. See Specificatione, pages 106(>-62A, for specifications of later oars. 

Examples of Inter wiring diagrams are shown on pages 424B, C. and D, and also in the Addenda. Attention is called to the fact 
that to keem wiring diagrams up to date is beyond the scope of this book. For those who propose to follow automotive electrical 
work, the standard Auto-Electrician'e Manual \n recommended. It shows the wiring diagrams, factory electrical specifications, 
data for electrical tests, and adjustments of the various electrical units of all cars. This is a loose-leaf book and can be kept up 
to date yearly by purchasing SuppUmcnie from the publishers of this book. See advertisement in this book on page preceding the 
Index. 
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BUICK SERIES 8-50. 8-60, 8-80 AND 8-90 ELECTRICAL SYSTEM' 


The Delco-Remy starting, lighting and ignition 
system is used on all models. See page 307A for 
ignition system. 

Starting motor, Fig. 21: The same starting motor 
is used on all series 1931 models, except that used 
on series 8-50 has no inner bearing. 



These motors are of the mechanical shift over¬ 
running clutch type, and for this reason it is im¬ 
portant to release the pedal as soon as the enj^iiie 
IS running, to avoid excessive speed which may cause 
the over-running clutch to seize. 

The flywheel teeth are cut in a heat-treated steel ring shrunk 
on the flywheel and welded to it. Number flywheel teeth S-fK) 
series: 118; 8-00, 8-80 and 8-90 series: 123. Number pinion 
teeth 8-50, 8-60, 8-80 and 8-90 series: 9. Uatio 8-r>0 serie.s: 
13.11 to 1; 8-60, 8-80 and 8-90 scries: 13.06 to 1. The starter 
pedal should not be depressed while the engine is running as this 
may resultin burring the flywheel teeth. If this occurs it maybe 
()s.sible to remove the burrs by filing. However, if the teeth have 
een badly burred it may be necessary to replace the flywheel. 

The 1931 starting motors do not have an adjustment on the 
switch stem. This adjustment has been eliminated by holding 
closer manufacturing limits. 

The starting motor brushes are of a composition 
having sufficient abrasive action to ordinarily keep 
the commutator clean. 

If an examination indicates that commutator should be 
cleaned (can be inspected by removing cover band), it can be 
done by holding a narrow strip of No. 0 sand paper against the 
commutator with the finger and operating the starting motor 
by pressing on the starter switch button, or with engine running 
at idling speed. Any excessive Rrea.se or oil should bo cleaned 
from the commutator surface and brushes with a clean cloth. 

Starting motor lubrication: A few drops of eii|j;ine 
oil should be placed in the oil cup on the commuta¬ 
tor end bearing approximately every 1,000 miles. 
No further lubrication is required. 

The starter shift pedal should work freely at all times. If 
the pedal does not completely return to the disengaged posi¬ 
tion, it may be necessary to place a few drops of oil on the 
starter pedal cross shaft bearing, also on the various pins in the 
linkage. 

Generator: The same generator (Fig. 22) is used 
on all models, and is similar in performance to 
preceding designs. The direction of the spiral on 
the distributor drive gear has been reversed to drive 
the distributor in opposite rotation to all previous 
models. This was required for proper operation of 
the Bowden wire spark control. 

Generator lubrication: The distributor and dis¬ 
tributor drive gears are lubricated by grease in¬ 
serted through a Zerk fitting on the distributor well. 
This should De done each 500 miles, using a good 
grade of cup grease. 


In order to make certain that a sufficient quantity of grease 
has been inserted, an overflow has been provided at the top of 
the distributor well; this overflow is restricted and will not 
permit the passage of grease until the gear housing and distrib¬ 
utor bearing has oeen filled. 

The commutator end of the generator shaft is supported by 
a ball bearing which should be lubricated with a few drops of 
engine oil, inserted in the oil cup located on top of the end bear¬ 
ing, each 1,000 miles. An excess of oil at this point should be 
guarded against to prevent the commutator surface from becom- 
ing dirty. 



The drive end oil ring used on previous models has been 
ehminaU'd. but ample lubrication is provided by the overflow of 
oil from the valve rocker arm shaft. 


Generator charging rate: The generator starts 
charging at car speeds of 8 to 10 m.p.h., and is maxi¬ 
mum (IG to 19 amperes at ammeter on instrument 
panels) at approximately 25 m.p.h. The charging 
rate should never be adjusted unless the generator 
frame feels cool. This adjustment can be made by 
loosening the adjustment screw at commutator end 
of generator and moving the third-brush in the di¬ 
rection of rotation of the armature for increasing the 
rate, and in the opposite direction for decreasing. If 
the generator is functioning normally the proper 
charging rate will ordinarily be obtained without 
bringing the third-brush closer than two commutator 
bars from the adjacent main brush. 

Generator thermostat: The action of the thermo¬ 
stat (Fig. 23) is as follows: If the engine is started 
cold, and the car is operated at approximately 25 
m.p.h., the charging rate as indicated by the dash 
ammeter, should bo approximately halfway between 
the 15 and 20 ampere points for a period of time de¬ 
pending on outsiile air temperature, after which the 
charging rate will automatically reduce to approxi¬ 
mately 10 amperes. This reduction in charging 
rate results from the heat inside the generator be¬ 
coming sufficient to separate the thermostat points, 
which allows the field current of the generator to 
pass through a resistance coil mounted on the ther¬ 
mostat frame. This makes it unneccssa^ to fre¬ 
quently regulato the output for varying driving con¬ 
ditions and seasonal changes. The charging rate 
will be reduced in summer after a very short period 
of driving, whereas in winter the rate will remain 
high for a much longer period of time. 

Caution: The adjustment of the thermostat is sealed and 
must not be changed. Never pry the thermostat points a^rt 
or clean the contacts, as this wul alter the calibration. The 
wiping action obtained by expansion of the thermostat metal 
automatically cleans the points. The re.sistance unit mounted 
on the thermostat frame, in addition to controlling the charging 


* These pages, 424A, B, C, D, E and F, exemplify later con¬ 
struction and were added since the preceding pages were pre¬ 
pared. Although it will be noticed that improvements and re- 
nnements have been made, the fundamental principles of oper¬ 
ation are similar in many respects. 
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rate, also acts as a fuse and will not burn out unless subjected to 
severe overload, such as produced by an open circuit, loose or 
dirty connection in the charging circuit. A burned^ut resist- 
ance unit will be indicated by the dash ammeter showing charge 
when the engine is cold, and discharge after operating a short 
period of time. 



Whenever it is necessary to replace a thermostat resistance 
unit, the car wiring, particularly connections to the cutout re¬ 
lay, ammeter, starting motor and battery posts, should be care¬ 
fully inspected to see that they are clean and tight. 

Cut-out relay: The cut-out relay (Fig. 24), which 
is mounted on top of the generator, automatically 
connects the generator with the battery whenever 
the car spieed is sufficient to cause the generator to 
charge, and likewise disconnects the generator from 
the battery when the car speed is below that re¬ 
quired for charging. This prevents the battery from 
discharging through the generator windings. 



Cat-out relay adjustments: The relay points should close be¬ 
tween voltages of 6.7 and 7.5, and should open when the gen¬ 
erator discharge current is not more than amperes. If the 
relay requires adjustment, first see that the contact point open¬ 
ing IS from to .025^. The point opening can bo changed 
by bending the brass stop, which bears against the relay arma¬ 


ture when the points are in open position. If the points are in 
proper adjustment and the relay still does not operate satis¬ 
factorily, the armature spring tension can be varied by bending 
the brass support for the flat steel spring which is riveted to the 
relay armature. If the relay cuts in at a voltage above 7.6, the 
cut-in can be lowered by bending down the brass support. If 
the discharge current required to open the points exceeds 2 
amperes, the spring tension should be increased by bending the 
brass support upward. See Fig. 24. This will require an am¬ 
meter connected between the generator feed wire and cut-out 
relay because the dash ammeter includes the ignition current. 

The ctirrent limit relay (Fig. 25) is mounted on 
the inside of the dash. The function of this unit 
is to protect the lighting system from damage duo 
to short circuits. The horn and ignition circuits 
are not protected by the relay. The normal light¬ 
ing current is not sufficient to operate the relay, out 
a short circuit in any of the lighting circuits, or the 
addition of too many electrical accessories, will 
cause the relay to function, giving forth a buzzing 
sound, which provides a distinctive warning. This 
will continue until the trouble is remedied, or the 
battery completely discharged. 

In addition to the foregoing, the current limit relay on the 
1031 models has been provided with automatic wiping contacts. 
This action is obtained by a strip of thermostat metal which 
can-ses the contact to slide whenever there is a change in tem¬ 
perature. The thermostat metal also reduces the current flow 
when a short circuit occurs by lessening the contact pressure as 
the relay heats up. 



Current limit relay adjustment: The relay should start to 
vibrate at a load of from 30 to 35 amperes, and on a dead short 
circuit the current should not exceed 15 amperes. The contact 
spring pressure measvu'ed directly above the plunger sliould not 
be less than 5 ounces. If it is necessary to change the spring 
tension, this can be done by grasping the contact spring with a 
narrow pair of pliers and bending in a direction to give the re¬ 
quired tension. See Fig. 25. Never bend the theromostatic 
metal to obtain this adjustment. 


HORN BUTTON^ 


IGNITION SWITCH 



DOME LAMP 
PILLAR SWITCH 


DOME lam: 
DOOR SWITCH 


Fig. 26. Wiring diagram of the Buick S-60, $-80 and 8-90 aeries oar. With the aid of this diagram, eaoh circuit through 
(he various units can be traced. See specifications, pages 1055-1062, for the Buick and other oars. « 
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CADILLAC V-16, SEUIES “452” ELECTRICAL SYSTEM 


The electrical system consists of a Delco-Rcmy 
generator, starting motor and ignition system. The 
cylinder blocks are mounted at 45®. 

Ignition system: Delco-Rcmy. Consists of two 
almost entirely separate circuits controlled by the 
same switch. Eacli circuit has a separate coil, 
breaker-contact points, condenser, and a s(‘parate set 
of distributor terminals. One cinaiit provides igni¬ 
tion for the right-hand cylinders, the other for the 
lefMiand cylinders. 

There are two sets of breaker-contact points, both 
breaker-arms binng operated by a single eight-lobe 
breaker-cam. The V-16 breaker-contact gap is 
.014" to .018". Each set of points has its own 
condenser mounted inside the distributor. The 
breaker-arms operate alternately and arc mounted 
at an angle of 22^®. The right-hand breaker-arm 
and the left-hand coil furnish ignition for the left- 
hand or odd-numbered cylinders. This arm pivots 
on the stationary post and is timed by turning the 
cam. The left-hand breaker-arm and right-hand 
coil furnish ignition for the right-hand or even-num¬ 
bered cylinders. This arm pivots on a post anchored 

CADILLAC V-12, SERIES 

The electrical system on the V-12 is very similar 
to the V-16 except that it is arranged for a twelve- 
cylinder engine instead of a sixteen. The cylinder 
blocks are mounted at 45°. 

Ignition timer-distributor: Similar to the V-16 
type and has the same type of automatic advance 
mechanism. 

The contacts at the end of the distributor rotor 
are not exactly 180° apart, because of the alter¬ 
nate 46° and 75° firing intervals of this engine. 
A 45° interval (on the crankshaft) comes after 
each of the right-hand cylinders fires and a 75° 
interval comes after each of the left-hand cylinders 
fires. 

Firing order; Front R.H.: 2-4-6-8-10-12; front 
L.H.: 1-3-5-7-9-11. This firing order is: 1-4-9-8-5- 
2-11-10-3-6-7-12. 


to an adjustable plate and is timed by an eccentric 
adjustment which must be synchronized with the 
other arm. 

The high-tension distributor has a special double¬ 
end rotor which distributes the high-tension current 
to the right-hand cylinders from one end and to the 
left-hand cylinders from the other end. The end 
which takes care of the right-hand cylinders is con¬ 
nected to a contact in the center of the rotor, which 
in turn is continually in contact with a brush in the 
center of the distributor head. The end of the rotor 
which provides for the left-hand cylinders is con¬ 
nected to a brush making (continual contact with a 
ring in the distributor head. This ring is connected 
to a separate terminal in the head. 

Firing order V-16: The cylinders are not num¬ 
bered according to the same system as previously 
used on Cadillac cars. The cylinders of the V-16 
are numbered according to the location rather than 
firing order. The numbering system is as follows: 
Front R.H.: 2-4-6-8-10-12-14-16; front L.IL: 1-3-5- 
7-9-11-13-15. The firing order is as follows: 1-8- 
9-14-3-6-11-2-15-10-7-4-13-12-5-16. See Fig. 31. 

370” ELECTRICAL SYSTEM 



Fig. 28. The firing order as well as the high-tension conneo- 
tiona are shown op dUtributor head. 
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Breaker mechanism: The breaker-cam has six 
lobes instead of eight, as on the V-16. The breaker 
contacts are arrangea the same as on the V-16 and 
operate alternately. The right-hand arm and left- 
hand coil furnish ignition for the left-hand or odd- 
numbered cylinders. This arm is on the stationary 
post while the left^-hand arm which, with the right>- 
hand coil furnishes ignition for the right-hand cyl¬ 
inders, is carried on the adjustable plate. The gap 
between the breaker-contact points is .018'' to .024". 
The condensers and breaker contacts are inter¬ 
changeable with those on the V-16. 

Igmtion timing: Before attempting to time the 
ignition, see that the contacts are in good condition 
and properly adjusted for a gap of .018" to .024." 
The distributor should be removed from the engine 
and the breaker-contacts synchronized. Synchro¬ 
nizing tool No. 109224, for the eight-cylinder en¬ 
gines, can be adapted to the V-12 as well as to the 
V-16, by marking the quadrant properly. 



Fig. 29. The nuirkingH .shown on this sketch are for the V-12 
and the V-16 as well as for the V-8 engines. 

When synchronizing the points on the V-r2, ad¬ 
just the synchronizing fixture so that the right-hand 
or stationaiy breaker-contacts just separate when 
the pointer is moved away from the farthest indica¬ 
ting point on the quadrant. Synchronize the left^ 
hand contacts so that they separate just as the 
IK)inter passes the '‘12 L.H.’’ mark, which is 373^"* 


from the point at which the right-hand contacts 
separate. Moving the pointer still further, the right- 
hand contacts should separate again at the "12 
R.II.” mark, just below the center indicating point 
on the quadrant. Fig. 29. This mark is 60° from the 
farthest point. 

To insure accuracy in the S3nichronizing operation 
the test lamp should be used, connecting one lamp 
to the ground and the other to the binding post for 
the contacts being timed. 

After synchronizing the points, reinstall the dis¬ 
tributor and time the ignition in the same manner as 
on the V-16. The IG/A marks on the V-12 flywheel 
do not specify the cylinder numbers to which they 
apply. Each IG/A mark is 1 27/32" ahead of center 
and m bringing the IG/A mark for No. 1 cylinder in 
line with the indicator at the timing inspection open¬ 
ing, turn the engine until the mark 2ri2 

in the opening and No. 1 piston is coming up on the 
compression stroke. The IG/A mark for No. I 
(‘ylindef is 3 11/16" beyond this mark. Continue to 
turn the engine very carefully until this IG/A mark 
appears in line with the indicator. 

When timing the ignition, the distributor should 
be at the fully advanced position. Be sure that the 
control rod is properly adjusted so that when the 
spark control button on the dash is pushed all the 
way in, the rear stop screw on the distributor is at 
the extreme right-hand end of its slot in the nuad- 
rant. Loosen the set screw in the middle ot the 
breaker cam and turn the earn clockwise until the 
right-hand coutact.s just separate, with the terminal 
from the center of the rotor in line with No. 1 insert 
on the distributor head. 



ISCRS£.No.a7 


diaijrani of the Cadillac V-12, series “370,” twelve-cylinder car showing the electrical circuits. The arrange¬ 
ment of the V-16 chassis wiring circuits is similar except for the horn cireuits, the fuel gauge and the connections at the terming 
block on some of the earlier V-16 cars. See specifications, pages 1055-1062, for the Cadillao and other cars. * 


























STUDY OF STARTING AND GENERATING SYSTEMS 


424E 


The two ignition coils are mounted in recesses 
in the upper tank of the radiator, where they 
are protected from moisture and excessive heat. 
They are of the same type as those on the 
V-16 but are not interchangeable with them be¬ 
cause of the difference in the high-tension connec¬ 
tions. 

Spark control: The manual control is the same as 


on the Cadillac V-16 and is operated by a rod and 
rocker arm mounted on the dash. 

The spark plugs and wires are concealed by a 
cover plate over the between the cylinder 
blocks, in the same manner as on the V-16. The 
same spark plugs, AC type G-8, are used as on the 
V-16. The standard spark plug gap for these plugs 
is .025" to .028" on both cars. 


CADILLAC V-16, SERIES “452” FIRING ORDER AND POWER LAP CHART 


The firing order is shown in the upper illustration 
(Fig. 31) and also on both sides of the power-laj) 
chart. Note that odd numbers represent the cylin¬ 
ders on the left-hand side and the even numbers rep¬ 
resent the cylinders on the right-hand side. Also of>- 
serve that the cylinders are staggered because the 
connecting rods arc placed side-by-side. 

The power-lap chart is shown below the firing 
order chart (Fig. 32). By laying a straight edge in 
a vertical position on the power-lap chart one can 
observe just what takes place in each of the 16 cyl¬ 
inders at any instant during a complete cycle or 720°. 

Abbreviations: See illustration at extreme bottom: 
P, power stroke represented by dark zone; PE, power 
and exhaust done while the valve is opening. There 
is considerable pressure on the pist/in at the begin¬ 


ning of exhaust valve opening, but this pressure is 
gi-adually tapered down or r^uced to zero by the 
time BDC has been reached. The dark zone repre¬ 
senting the power stroke begins to taper down after 
141° travel, where the exhaust valve starts to open, 
and comes to a point at BDC. Just at the beginning 
of exhaust valve opening, four cylinders are working 
under full power but one gradually loses power for a 
(ILstance of 39°; E, exhaust; El, exhaust and intake 
at the same time; both valves being open at the same 
time, due to the 5° valve lap. Inertia of the mixture 
flowing tlirough the intake manifold causes it to 
enter the cylinders before suction begins. S, suc¬ 
tion; n, inertia intake caused by inertia of the mix¬ 
ture due to its high velocity in the manifold; C, com¬ 
pression; EO, exhaust opens; 10, inlet opens; EC, 
(‘xhaust closes; IC, inlet closes. 


RR\NG ORDER CHART 



Valve timing of the V-IG 
Cadillac engine is as fol¬ 
lows: intake opens TDC 
and closes 44° ABDC. Ex¬ 
haust opens 39° BBDO 
and closes 5° ATDC. 

During the four strokes, 
or two revolutions, of 
crankshaft (720°), four cyl¬ 
inders are delivering power 
at all times. Prepared by 
Mr. P. J. McCullough. 
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CHRYSLER “70” (1930) STARTING MOTOR AND GENERATOR 


The startiiig motor (Delco-Remy) is of reduction 
gear type and is mounted on the left side of the fly¬ 
wheel housing. It is held in place by a heavy set 
screw and lock nut. The starting motor pinion is 
shifted into mesh with the gear teeth on the flywheel 
by a foot-operated mechanism. In connection with 
this gear-shifting mechanism is a switch which closes 
the electric circuit for the starting motor just after 
the gears have been meshed. 

The commutator should be kept clean and free from oil and 
grease; if it appears dirty or rough, it should be cleaned with 
number 00 sandpaper. Emery paper should never be used for 
this purpose. If this treatment does not smooth the commuta¬ 
tor, the armature should be removed and the commutator 
turned in a lathe. The mica should not be undercut on motor 
commutator. The brushes should move freely in the brush 
holders and the full contact area should bear on the commutator. 
The locations of the brushas should never be changed as they are 
properly set when the instrument is built. 

The oilers in each end of the starting motor housing should 
receive a few drops of light engine oil every 2,000 miles. Medi¬ 
um cup grease should be forced into the gear case at the pipe 
plug hole (12, Fig. 33) at rear end of starting motor body. 
Grease should be inserted here about every 10,000 miles. The 
commutator should never be oiled. The connections of the 
gear-shifting mechanism should receive a few drops of oil each 
2,000 miles to maintain free action. 

The starting motor is removed by first disconnecting the 
cables. Then the cotter pin and clevis pin, connecting the 

f fear-shifting lever with the foot rod, should be removed. The 
ock nut should be loosened and the set screw, entering the fly¬ 
wheel housing above the starting motor, removed. The start¬ 
ing motor may then be pulled straight out of the flywheel hous¬ 
ing toward the front of the car. 

The generator is mounted on the left side of the 
engine at the front and driven by the fan belt. It 
generates current for the entire electrical system and 
feeds it to the storage battery. The generator may 
be easily and quickly removed by removing the 
mounting bolts. The oil reservoirs at each end of 
the armature shaft should be filled with light engine 
oil every 2,(XX) miles. 

The generator (Delc.o-Remy) begins charging at 8 
to 10 miles per hour and reaches its maximum out¬ 
put of 16 amperes (with cold generator) at 20 to 22 
miles per hour. For ordinary driving the rate should 
never exceed 12 amperes. The charging rate may be 
regulated by rotating the ‘Third’’ brush holder. 
This is made accessible by removal of the commuta¬ 


tor end cover band. The ^‘third” brush rocker ring 
clamp screw may then be loosened and the “third” 
brush holder rotated in the direction of armature 
rotation to increase the rate or against armature 
rotation to decrease. 


If the generator charging rate is not up to the 
proper figure the difficulty may be duo to a loose 
generator and fan drive belt. The belt should be 
adjusted. 



Fig. 34. Generator. Name of parts: 1, relay; 2, oiler; 3, 
bearing; 4, oil reservoir; 5, commutator; 0, field coil; 7,field pole; 
8, brush; 9, oiler; 10, pulley key; 11, oil seal; 12, bearing. 


The relay, assembled on the top of the generator 
body, automatically breaks the circuit between the 
generator and the battery when the engine speed is 
too low for the generator to charge the battery. It 
automatically closes the circuit at the proper engine 
speed so the generator can charge the battery. The 
relay requires no lubrication or other attention. 
The adjustment of the movable arm should not be 
disturbed. 

For ignition system and wiring diagram of the Chrysler **70” 
see pages 307C and 307L). For specifications of Chry.sler and 
other cars see pages 1055-1002. 



f^g. 33. Starting motor. Name of parts: l.fumer cable terminal post; 2, od cup; 3, commutator; 4. starter switch and 
plunger: 6, starter cable terminal post; 6, neld coil; 7, armature: 8, reduction gear or center bousing; 9, reduotron gear; 10, contact 
arm; 11, oil cup; 12, lubricant hole plug; 13, shift yoke; 14, shift spring; 16, pinion. 
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WIRING OF A CAR: Ignition, Starting, Generating, and Lighting 

KINDS OF WIRE USED FOR AUTOMOBILE ELECTRIC SYSTEMS 


Wire for connecting the different electrical units of 
a car is usually called cable. There are five general 
classifications: low-tension or primary ignition 
cable; lighting cable; high-tension or secondary 
ignition cable; starting-motor cable; portable cord. 

Low-tension, or primary ignition cable is used for 
low tension (voltage) work, such as for the ignition 
circuit, from switch to coil, and from coil to timer. 
See 1 below and Fig. 8, page 426. It is flexible, 
consisting of several fine strands covered with a 
waterproof insulation and is usually Nos. 14 and 16. 
It can also be had in duplex form; see 2. 

Lighting cable is used from the swit(;h to the head¬ 
lights, side, dash, tail and dome lights, etc. It can 
be obtained in four sizes: 16, 14, 12 and 10. The 
amount of current to be carried determines the size. 
No. 16 gauge will answer for small tail and dash 
lights; No. 14 for headlights on most cars (see Fig. 8, 
page 426). Sometimes where there are very large 
lamp bulbs. No. 12 is used. Usually this lighting 
cable is of the armored type (3 below, and Fig. 15, 

E age 428). Sometimes duplex cable is used (4 
elow), and is usually encased in metal armor, or 
even as many as four cables can be together in one 
metal armor. 
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High-tension, or secondary ignition cable (see 
5 above) is used for high-tension ignition current 
from coil to distributor and from distributor to 
spark plugs. The wire itself is small and flexible, 
but the insulation (usually rubber) is very heavy, 
as it carries a high voltage, but a low amperage. It 
is made usually in two sizes: 7 mm. and 9 mm., the 
7 mm. being used most. 

Starting-motor wire,*" or cable (see 6 above): 
This wire must be veiV large, because it carries a 
very heavy current. No. 1 size is generally used on 
small and medium-sized cars, and No. 0 is used if 
the distance is neater; as on a large car. The No. 0 
measures .32" diameter. This wire is flexible, being 
made up of a large number of copper wire strands 
heavily insulated with rubber and with a braided 
cover over the rubber. This wire is much heavier 
than the secondary cable, as it carries a high 
amperage, but a low voltage. 



For example, the wire running from the storage 
battery to the starting motor, when it is first start¬ 
ing, must carry from 80 to sometimes 400 amperes 
(the quantity of current depends on the size Of 
the motor and condition of the engine). This is 
used only for a few seconds. But large wires must 
necessarily be used to carry this great quantity, even 
for a few seconds. Compare the size of the starting- 
motor wire (6) with that of (5). Note the differ¬ 
ence in size of the wire and insulation. (5) carries 
a high voltage and low amperage, whereas (6) carries 
a high amperage and low voltage. 

The wires running from the generator to the stor¬ 
age battery are much smaller than (6) (see 3 and 4), 
as the quantity of current which passes through this 
wire is only 5 to 25 amperes. See Fig. 8, page 426 and 
note that No. 10 is generally used and is armored. 

By way of a comparison, imagine water pip^. If you 
desire to pass 150 gallons of water through a pipe in one hour 
it would require a larger pipe than one through which yoU 
passed only 25 gallons in an hour. 

Note: On most cars and as shown in Fig. 8, page 426, the 
live or feed wire which supplies current for ignition, lights and 
horn from battery to ammeter is taken from the battery side 
of the starting switch and should be heavier than the other 
lighting circuits, or No. lo. This wire also carries the current 
from generator to battery when the battery is being charged: 
therefore the entire circuit from generator to battery should 
be No. 10 and armored. 

Portable cable is similar to lamp cord, but is heavier and better 
insulated. It is used for extension or trouble lamps, small 
portable drills, etc. Lamp cord (7) should not be useii for wiring 
any part of a car. 

Voltage Drop and Wire Size 

When current flows through a wire (conductor), 
a certain amount of pressure (voltage) is lost in over¬ 
coming the resistance that the conductor offers to 
the flow of current (amperage). 

The greater the distance that current flows 
through a conductor, the greater the loss of pressure. 
This is known as “voltage drop.” 

The resistance of a wire depends upon two things: 
(1) the kind of metal in the wire (copper offers less 
resistance to the flow of current than iron); (2) the area 
or size of the w ire. The resistance of a small copper 
wire is greater than the resistance of a large wire; 
that is, the resistance decreases as the size increases. 

The size of wire to use depends upon the amount 
of current that must flow through it, and the length 
of the wire. The longer the wire, the greater the 
resistance offered to the flow of current. Therefore 
there will be too much drop in voltage at the wire 
terminus, if the wire is not of sufficient size. 

A conductor must be large enough to carry tlie 
required amount of current to a certain point with 
less than 5 per cent drop. 

Ohms multiplied by Amperes equals Voltage Drop. 

Voltage Drop divided by Ohms equals Amperes. 

Voltage Drop divided by Amperes equals Ohms. 

Almost all automobiles are using a single wire 
with a grounded return system of wiring, and the 
length of wire in one direction is seldom over 12 feet. 

Voltage Drop and Connections 

All connections should be bright and clean, for a 
dirty connection will add resistance, and conse¬ 
quently will cause a voltage drop. Binding posts, 
screws, and the ends of tlie wire must be scraped 
clean before the wire is attached—this is very 
important, especially on low-voltage wiring. 

Grounded connections should be filed or scraped 
bright before attaching the wire, and the connection 
when made should be firm in position—and tightly 
drawn up, otherwise resistance will be added, thus 
resulting in a voltage drop. 
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Ampere Capacity of Copper Wire 

The carrying capacity of copper wires (B & S 
gauge)\ as given by the National Board of Under¬ 
writers for rubber-covered wire, is shown opposite. 

The higher the number, the smaller the wires. 
No. 0 is many times larger than No. 18. No. 18 is 
.04 or 3/64" diameter; No. 0is .32 or 5/16" diameter. 


1 B A; S gau^e means Brown & Sharpe gauge, and is a recog¬ 
nised standard. 


Carrying Capacity of Copper Wire 


No. 18 B 8c S gauge.3 amperes. 

No. 16 B A; S gauge.6 amperes. 

No. 14 BAS gauge.15 amperes. 

No. 12 BAS gauge.20 amperes. 

No. 10 BAS gauge.25 amperes. 

No. 8 BAS gauge.35 amperes. 

No. 6 BAS gauge.50 amperes. 

No. 4 BAS gauge.70 amperes. 

No. 3 BAS gauge.80 amperes. 

No. 2 BAS gauge.00 amperes. 

No. 1 BAS gauge.100 amperes. 

Nos. 1 A 0 BAS gauge.125 amperes. 

Nos. 2 A 0 BAS gauge.150 amperes. 


AVERAGE LENGTH AND SIZE OF WIRE USED FOR WIRING A CAR 


An example of the size of wire used for wiring a 
car and the length for the different circuits of an 

average car is shown in the accompanying illustra¬ 
tion, which is the wiring diagram of the Lexington 
Series "S" model (Fig. 8). Connections of the wires 
to the fuse block and other details are also shown. 

Generator: Third-brush regulated Gray Davis; 
Startog motor: Gray Davis; Ignition: Con¬ 
necticut system using type 96Y switch; Wiring 
system: Smgle wire, grounded return. 


Eight External Circuits of an Electric System 

The dia^am (Fig. 8) clearly shows the eight 
external circuits. The internal circuits of the 
generator, and its field-winding circuit and cut-out 
circuit are not shown. The cut-out is mounted on 
the generator, but is not shown. 


String-motor circuit: From the grounded (+) 
terminal of the battery, to the grounded terminal of 
the motor, through the starting switch, to the (—) 
terminal of the battery. 

The ignition circuit, when starting, is from ground 
(G) of the ignition coil, to coil terminal (A), through 
the primary wire, to contact-breaker terminal (T), 
through the closed contact-breaker points, to (B), 
through the coil primary winding, to (C), through 
a jumper (J) on the fuse block, through ignition 
thermostat (H) on the switch, to switch (IG), 
to ammeter (1), through a jumper on the fuse 
block, to the ( —) terminal of the battery at the 
starting switch. 

Note: Current for ignition and lights is taken from the 
battery side of starting switch. This wire should never be 
connected with the terminal on the battery, as it wiLl corrode 
and offer resistance to current. 

If the generator is supplying the ignition current, 
the circuit is then from (-f) of the generator, through 



Note, too, that No. 10 wire is used in the generator and battery circuit; No. 14 is used in ignition and li 
No. 0 m the startinc-motor circuit. The live or feed wire for Itghta, ignition and horn from battery, is 
to the battery side of starting twitch. Note that it leads to the ammeter, thence to twitch, and also serves 
graerator to Mttery when the generator is charging the battery, and is No. 10 wire, or lighting cable. T 
wire and should never be connected to the battery terminal direct tot reasons static in the note above 


ghting circuits, and 
the wire connecting 
for connection from 
his is an important 


NOTE; Refer to j^e dM under “Re-Wirmg a Car” for a booklet entitled *'The Certified Re-Wiring ManwA** This booklet 
not o^ gives valuable formation on checking the electrical system of s car but also gives the prdper aise of cable 10 use for 
re-wtring oars, buses, trucks, tractors and trailers. 






























WIRING A CAR 


427 


the same circuit to (1) on the ammeter, through the 
ammeter to (2), to jumper (J) on the f^use block, to 
the (—) terminal of the generator. The condenser 
is in the coil. 

The seconds^ circuit is from the coil of the 
secondary terminal (S), through the secondary cable 
to the center, or rotor of the distributor, to the spark 
plugs, to groun^ to ground (G) of the coil, to the 
grounded end of the secondary at (A). 

Generator charging circuit: From the (+) ground 
of the generator, to the (+) ground of the battery, 
to the fuse block, thro gh jumper (J) on the fuse 
block (“jumper” means that instead of a fuse, a 
straight connection is made), through No. 10 size 
green wire (BAT.), to (1) on the ammeter, through 
the ammeter to (2). through (GEN.) black wire 
(No. 10 size), to the luse block, through jumper (J), 
to the (—) terminal of the generator. 

Headlight circuit: From the (-f) battery ground 
or (-H) generator ground (whichever is in service), to 
ground of the headlights (HGL), through the lamp 
bulbs in parallel, to the fuse block, through a 15- 
ampere fuse, through green wire ('No. 14) size, to 


one side of the dimmer resistance. If connections 
are made at (BRT.), then resistance is cut out. If 
made at “Dim,'^ then current must flow through 
the resistance and bright would be “off”; then to 
(Z), to (LTS), to (2) on the ammeter, ana through 
the ammeter to (1), to the ( —) battery through wire 
(BAT.) (if the battery is supplying the current), or, 
if the generator is supplying the curren^ not through 
the ammeter but direct through wire (GEN.), to the 
(—) terminal of the generator. 

The other circuits, such as those of the horn, the 
tail light, and the dash light, can be traced in the 
same manner, starting with the (-}-) ground of 
the battery, it engine is not running, or is running 
very slow; or at the (+) ground of the generator, it 
the engine is driving the generator at sufficient speed 
to charge the battery, at which time all current is 
taken from the generator. (The starting-motor 
current, of course, is never taken from the genera¬ 
tor.) From the (-f) of the generator, or battery, it 
is then necessary to start with (+) ground of all 
circuits because the (-f) of the battery is grounded. 
For this reason the (+) of the generator must be 
grounded, and the “lead” is from (+) to all grounds, 
back to ( —) of battery or generator. 


WIRING METHODS 


There are three methods for wiring a car: (1) the 

single-wire, or grounded, return system; (2) the 
two-wire, or fully insulated, system; (3) the three- 
wire system. 



The single-wire or grounded return system (Fig. 
9): One insulated wire is insulated from the frame 
and is termed the “lead” wire. The frame serves as 
the return wire. However, when the (4-) terminals 
of the generator and battery are grounded, then the 
frame serves as the lead. The ground connection 
from the battery wire or cable to the frame is u.sually 
a heavy copper connection which is tightly bolted to 
a cleaned surface with copper or brass washers on 
each side. This connection, as well as all other 
grounded connections, must oe clean and secure, so 
that vibration will not jar it loose. This is the sys¬ 
tem in general use. 

The two-wire, or insulated, system (Fig. 10): In 
this system, both insulated wires—the lead wires 
and return wires—arc kept away from the frame and 
from all metal parts of the car. 

The three-wire system (Fig. 11): This system 
consists of three wires, one being known as the 
“neutral.” Note in this illustration that the storage 
battery is a 6-cell or 12-volt battery and the third 
wire (fivides the three cells to a circuit, making 6 
volts for each side of the third wire. 

It is important that the lights or load be equalized, 
for if three of the six colls are worked more than the 
other tliree, and both sets are charged from the same 
source and at the same rate, one set would get more 
charge than the other. When the load is properly 
balanced, there will be no flow of current throu^ 
the neutral, which is the reason for so calling it. 
This system is now seldom used. 


Wire Connections 

The connections in electric wiring should be 
soldered. The unsoldered connection may work as 
well as a soldered connection at the time of being 
made, but the resistance always increases. 

Soldering paste: Do not use acid when soldering 
electrical apparatus or wiring, as acid is an electrical 
conductor and destroys the insulation. It is much 
better to use a non-corrosive soldering paste. 

Tape: Do not use friction tape on high-tension 
wiring or on other wiring where the grease or oil can 
get to it. It is much better to use linen tape and 
shellac. Friction tape will not insulate ignition cur¬ 
rent, neither will it hold when oily. Repairmen 
often burn the alcohol out of the shellac after coating 
with it. This causes it to harden, and makes a hard- 
coated insulation. 

When placing a wire terminal under a terminal 
nut, twist the wire in the direction in which the nut 
turns, as shown in Fig. 12. 

When connecting a wire under a screw or nut, use 

a brass washer. 

Note When stranded wire is used on any part of a rar, 
sometimes one strand will play loose from the others and cause 
a short circuit. Always twist and solder the ends of stranded 
wires. Use wires with different colored insulation when wiring 
the car; then they can easily be traced. 

Starting-Motor and Battery-Cable 
Connections 

Short circuits: Fuses, which will melt, on a dead 
short circuit and open the circuit, are usually pro¬ 
vided on all parts of the electric system, except from 
the battery to the starting motor. The current here 
is too great for a fuse. 

It is plain, therefore, that if the insulated cable 
(1, Fig. 14) should become frayed and touch the 
frame or any metal part of the car, a dead short 
circuit would result. If this were left shorted for 
several hours, the plates would be likely to become 
buckled inside of the battery and touch each other 
and cause an internal short circuit which could not 
be repaired. A battery is on practically a dead 
short circuit each time the engine is started, but only 
for a moment. 
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Fig. 12 Fig, 13 Fig. 14 (See text, page 427) 


Result of Open Connections between 
Generator and Battery 
Open circuits: If, on the other hand, the ground 
terminal (G) of the battery to the frame, or the wire 
from the battery to the generator, in fact all wires 
in the circuit from the generator to the battery and 
^ound, are not in perfect contact, there will either 
be a resistance set up which will reduce the charge 
going to the battery and the discharge from the bat¬ 
tery, or a complete open circuit. 

If a complete open circuit should exist between 
generator and battery, especially on a constant- 
current-regulated generator, such as a third-brush- 
regulated generator, then this would have the same 
effect as if the battery w ere disconnectea from the 
circuit. The result would be that the generator 
would build up a high-current value at high speeds 
and burn out the lights and possibly the cut-out 
winding, and might also damage the field wmdings. 

How to Make Connections 
Good connections from generator to battery and 
battery ground connection are, therefore, very 
important. The battery grotmd connection is not 
only used for the starting-motor circuit, but is used 
for the generator and all other circuits. 

WIRES AND ACCESSORIES 

These wires should be protected from oil and 
dampness and from the frame. There are two 
methods, either or both of which may be used. One 
method is to use armored wire (Fig. 15), where 
the wire remains permanently in the metal armor. 
The other method is to use a conduit, where it is 
possible for the wire to be withdrawn. 

Conduits (Fig. 16) provide a complete enclosed 
runway for wires from which they can be withdrawn 
if necessary and through which new wires can be 
installed. A conduit affords protection from 
mechanical inju^, such as bruises, etc. The con¬ 
duit is made of galvanized steel and is flexible. 
Conduit is now seldom used. 

Flexible-steel armored cable is very popular. It 
can be purchased containing one or more wires.. 
The wire cannot be withdrawn. 



Fitf. 15 • Fig. 10 


Fig. 15. Armored cable. 

Fig. 15. Showing wiree run through metal, flexible tubing 
or oondmt. 

The coupling box (Fig. 17) provides a convenient 
and easily separable means for connecting together 
the wiring on the chassis and on the car body 
(9eldom ueed). 


The ends of wires or cables should be ^^tinned^^ 
by dipping them in molten solder and then cleaned, 
and strong copper terminals should then be solderea 
thereto for attaching to the motor and to the switch. 
The terminals themselves should also be cleaned 
before soldering. 

If the battery terminals are sulphated with a green 
corrosion, wash them off, as well as all surrounding 
parts, with carbonate of soda or some other alkali. 

Clean the battery terminals inside with a round 
file and the terminal itself with a flat file. The acid 
of the battery tends to corrode the terminals, and 
after cleaning, a little vaseline will help to prevent 
this (on the lead terminals and the lugs of the bat¬ 
tery). 

The ends of wires coimecting with the battery are 

fitted with copper terminals which are lead coated. 
On the cable leading from the battery to ground on 
the end of the cable which grounds to the frame, a 
heavy copper terminal is used. It is important that 
these lugs be properly scraped, cleaned, and soldered, 
and that all connections be drawn tight. 

The frame, where the ground is made, should be 
scraped clean, and the connection should be drawn 
tight with a bolt. 

Poor connections at battery terminals, or ground, 
will often result in slow cranking of the starting 
motor, in dim lights, and in a weak current supply 
in general from the battery. 

Wiring Troubles 

Wiring troubles are numerous if the wiring is not 
properly done. All connections must be soldered. 
Oil and grease destroy insulation. Moving parts 
must not touch wires. Protect wires from chafing. 
Avoid frayed ends. Tape all connections. Connec¬ 
tions and terminals must be kept tight. Vibration 
often jars them loose. 


FOR LIGHTS, HORN, ETC. 



Fig. 17 Fig. 18 Fig. 19 

Fig. 17. Coupling box; Fig. 18. Junction box; Fig. 19. 
Lighting switch. 


The junction box (Fig. 18) is for use wherever a 
branch circuit is tapped off the main wiring. If it is 
used, no taping of joints is required, and proper 
connection is assured without soldering. It also 
affords a junction from which to make tests. (Now 
seldom used.) 



Fig. 20. A junction box, as used on the Studebaker "Big 
8ix*’ oar, is shown in Fig. 20. Note that tha fuses are included 
in the junction box. 
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Ignition switches are made in many different 
forms and are usually placed on the cowl (dash) of 
the car, and are operated with a key. The ignition 
switch must be “on’^ when the engine is started. 

Starting motor switches are usually operated by 
the foot. See Index. 

Lighting switches are usually placed on the cowl 
(dash) of the car, and are of the ^‘push-button” 
type, usually termed “gang” switches as in Fig. 19 (a 
“two-gang” type), or of the “arm” typo (Fig. 20D). 

A touring switch is sometimes provided on a car for the 
purpose of allowing the operator to discontinue the charge 
from the generator to the storage battery when the car is on a 
long tour, running mostly during the day. 

Delco Combination Switches 

There are three types in general use: the “knife-blade type” 
(Fig. 20A); “drum and spring type” (Fig. 20 B); the ‘finger 
contact type” (Fig. 20C). Although the appearance may 
vary, their internal construction and operation in controlling 
the current from battery or generator, to ignifion and lighting 
circuit is quite similar (see also, page 409 and different L'elco 
wiring diagrams for connections). 

A circuit-brewer (see pagcA 391, 392, 409) is carried on the 
back of the majority of switches. 

Switch lock: A Yale or Sargent lock is provided which locks 
the switch levers I and L (Fig. 2UD). 

Switch levers (I) and (L) are shown as a front view in Fig 
20 D. Thc.se lovers move the pjirt.s marked (I) and (L) in 
Figs. 20A, By C; (I) being the ignition switcli lever and (L) for 
lights. 



Fig. 20A, Delco “knife-type” switch. 

Fig. 20B. Delco “drum and spring-type” switch (both “off”). 

Points to bear in mind when tracing switch connections; 
First start with the source of current. In Fig 20 A, this is at 
(5), thence to (I). If (I) is turned to the right, the current 
would then flow from (f)) to ( 6 ), to ignition. 

Note that current flows from (5) through circuit-breaker, to 
(L), thence to a separate switch (W) for the dash or cowl light. 
If (L) is turned clockwise (note that there are three positions, 
3 , 2 , 1 ), then the different light circuits are “on.” 

In Fig. 20B the source of current is at ( 1 ), thence to (I, 
black metal part). If I is turned clockwise, this would connect 
(1) with ignition (3). 

Note that current flows from ( 1 ) through circuit-breaker 
(CB) to (7) and (9) which are the horn and cowl light, which 
have separate switches; (S) is switch for cowl light (9) and a 
push button on the steering colujnn is for the horn. Also 
note that current flows from ( 1 ) through circuit-breaker, to 
(L) at ail times. If (L) is turned to first position counter¬ 
clockwise this would connect (1) with (4) and (5). If turned 
to the second position this would connect (1) with (4) and ( 6 ). 
If turned to third position it would connect (1) with (4) and ( 8 ). 



Fig. 20 C 



na 200 -nwT view 
Fig. 20D 


Fig. 20C. Delco “finger-contact type” switch. Interior 



switch.) 


In Fi«. 20 C. the source of current is at il)\ note that on 
almost ail wiring systems the animeter Is between battery and 


switch; also that in almost all instances the lead wire from 
battery to ammeter and switch is invariably connected to the 
battery side of the starting motor switch. 

If (I) is turned to the left, the fingers (P) would connect 
with (l)j (3), and (2); thus the battery would supply current 
for ignition (3) and for motorizing generator (2) to start, and 
after starting, the generator ( 2 ) would supply current and 
charge the battery, and the ammeter would of course read in 
the opposite direction. 

Note that current flows from battery at (1) through circuit- 
breaker to (7), to dome and (9) cowl light which have separate 
switches (S) and (T). 

If (L) is turned to the right, the connections are as follows: 

First position, finger (Z) will then connect to (7) for current 
supply, and (Y) with (4); thus the rear light is on. 

.Second position, (Z) to (7), (Y) to ( 8 ) (sidelights) and (X) to 
(4) (rear light). 

Third position, (Z) to (7>, (Y) to ( 6 ) (dim head lights) 
and (X) to (4) (rear light). 

Fourth position, (Z) to (7), (Y) to (5) (bright head lights) 
and (X) to (4) (rear light). 


Fuses 

Fuses lire used on many systems, particularly 
when the “grounded” or “single-wire system” is 
used. I’he purpose of a fuse is to melt and open 
the circuit in case of a short circuit, and thus to pre¬ 
vent discharge of the battery. 

A fuse is never placed in the circuit between bat¬ 
tery and starting motor, as the current consumption 
is too great. 

Note. When a fuse “blows,” it should not be replaced with 
a new one until the cause of its blewing (usually a short circuit 
or overload) is found. 

Fuse wires arc made in different diameters. The 
fuse is made of lead alloy and will melt at a given 
temperature. 

If a lighting circuit required 10 amperes of current, then a 
15 -ampere fuse would be placed in the circuit. Therefore 
current up to 15 ampere^i could pa.ss safely; but if more 
attempted to pass, which would naturally be the result if a 
short circuit existed, tho fuse would melt and open the circuit. 



Fuse blocks (Fig. 21) are usually placed inside of 
the cowl (dash), under the hood of the engine, or in 
the form shown in Fig. 22, which is placed on the 
cowl, and to which the different wires of different 
circuits are connected. 

The fuse is placed in series with the circuit. If 
a fuse melts, or “blows,” it is then an easy matter to 
insert another fuse, of which extras should be car¬ 
ried. Extra fuses are usually carried in a fuse clip 
on the fuse block provided for the purpose, and to 
w hich there are no wires connected. 


ruse hon 



Fig. 22. Fuse box (round type) used on the Studebaker 
It is placed on the cowl and contains three fuses: one 
for the headlights, one for the tail light, and one for the horn, 
and the dash lamp. It is also arrani^ to hold one spare fuse. 
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There are three types of fuses: (1) The cartridge, 
or enclosed type (Fig. 23) which consists of a fi^r 
tube with the fuse enclosed, and which connects with 
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Fig. 23 Fig. 25 

Kg. 24 Fig. 25A 

the metal ends. The metal ends are then slipped 
into the metal fuse clips which should make good 
contact. With this type of fuse, when it blows, a 
hole is usually blown in the thin fiber shell. 

(2) The visible type (Fig. 24) is the type most 
used. The fuse is enclosed in a small glass tube, 
and connects with metal ends which are slipped into 
the fuse clips. 

(3) The open type (Fig. 25) is seldom used. The 
fuse block to accommodate this tyj^e is shown in 
Fig. 25A. A screwdriver is necessary to connect or 
to disconnect a fuse of this type. 


Capacity of Fuses 

The size of fuse to use is determined by the 
amount of current that is to pass through it. If the 
fuse is to be placed in the headlight circuit and 5}4 
amperes are required, then a 10-ampere fuse would 
be ample protection. 

On an average, a fuse of about 10-ampere capacity 
is used in the ig^tion circuit, if one is used in this 
circuit at all, which is seldom. 

Fuses in the lighting circuit are used on almost all 
cars, unless a circuit-breaker is used instead, as on 
the Delco systems. The capacity for headlight 
fuses is 15 to 20 amperes. The tail-light fuse is 
usually of a 5-ampere capacity, and the horn circuit 
of a 15-ampere capacity. 

On many cars where fuse blocks are used, it wHl 
be found that, although there are fuse clips provided 
for fuses, a “jumber” (J) (Fig. 21) of cop{)er wire is 
placed in the clips instead of fuses, in all circuits 
except the horn and lighting circuits. 



Testing a Fuse 

The enclosed type of fuse, if 
suspected of being blown, or the 
visible type, if connection of the 
fuse with the metal part is sus¬ 
pected of being loose, can be 
tested with a test light (2 c.p.), 
and battery,'as in Fig. 26. If the 
fuse is blown or the connection 
is loose, the light will not light, 
a.s the circuit is open. 


Fuse Clip Connections 

The importance of good contact and clean fuse 
cups is very great. If the clips are corroded, or if 
the fuse is not making good contact in the fuse clips, 
redstance will be offered to the flow of current. 


Fuse Between Generator and Battery 
If a complete open circuit should exist between 
fuse clip and fuse, and this fuse should be in series 
with the main char^g circuit, between the genera¬ 
tor and battery, this would have the same effect as 


^sconnecting the batteiy from the generator. ‘ And 
if the generator regulation was by means of a third 
brush, the result would be, at high speeds of the 
generator, that the generator would build up a high 
value and burn out the lamps and possibly the cut¬ 
out voltage winding and shunt-field windings, if the 
generator was run for a long period of time at a high 
speed. Thus the importance of occasionally exam¬ 
ining the fuse clips to see if they are clean and if 
they retain tight connection, must not be forgotten. 

If a fuse should blow in the *^main charging cir¬ 
cuit,” between ^nerator and battery, the same 
result would probably occur. For this reason the 
fuse is omitted in the main charging circuit on many 
of the electric systems using a third-brush regulated 
generator, unless there is a fuse in the ^‘field-circuit*^ 
of the generator. 

Shunt-Field Fuse 

On almost all third-brush regulated generators, a 

fuse is placed in the “shunt-field circuit” of the 
generator, in order to protect the generator in case 
an open circuit occurs in the “main charging circuit.” 

In other words, if an open circuit^ should occur in 
the “main charging circuit” when the generator was 
running at high speeds, the generator would build up 
a much higher output than normal. If a fuse is 
placed in the “shunt-field circuit,” then the fuse will 
“blow*^ and open the “shunt-field circuit,” thus pre¬ 
venting the generator from reaching an abnormal 
value—providing the “shunt-field fuse” is of the 
proper capacity. If the fuse should be of a much 
higher value than required, it would not blow in 
time to prevent the generator building up, and the 
lights would be burned out. Hence the importance 
of using the correct capacity of fuse in the generator 
“shunt-field winding,** and a fuse of a large enough 
capacity, or none at all, in the “main charging cir¬ 
cuit.** As already stated, a fuse is seldom placed in 
the main charging circuit from the generator to the 
battery where a third-brush regulation system is 
used, and seldom in the ignition circuit. See Fig. 8, 
page 426. 

Thermostat Resistance 

A thermostat resistance (pages 862, 863) is also used to 
protect the generator Qeld winding in case the battery becomes 
disconnected when the generator is in operation. The exces¬ 
sive current forced through the field winding causes the temper¬ 
ature of the generator to rise rapidly, opening the thermostat 
in a very short while, and this excessive current burns out the 
resistance, thus opening the field circuit and preventing the 
generator from producing current. After the generator cools 
down, the thermostat points (X) (Fig. 37, page 362) close and 
the generator will deliver current again until a temperature is 
reached where they open, at which time no current is delivered. 
If resistance (R) is burned out, it should be replaced as soon as 
possible to prevent burning of contacts when they separate. 

Delco Circuit-Breaker 

A circuit-breaker is used on Delco electric sys¬ 
tems in place of fuses. This device opens the cir¬ 
cuit when the current is above normal, as, for 
example, when a short circuit occurs. The circuit- 
breaker is not placed in the generator “main 
charging circuit.*' however, but is usually placed in 
series with the lighting or nom circuit. Index, 
“Delco circuit-breaker.” 

Westinghouse Compensator 

A small cylindrically wound resistance unit is sometimes 
incorporated with the fuse block in some of the Weetinghouse 
systems, and is termed a “oompensator” or "ballast-resistor.** 
Its purpose is to protect the side lights from over-voltage, 
when the headlights are not lighted. 


1 Loose or corroded battery terminals are often the cause 
of an <^n circuit in the charging circuit, and if there is no 
shunt field-fuse the generator would build up and bum out 
the lii^ts. A short circuit would also cause the fuse to blow. 
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SWITCMES 


These pages, 430A, B, C and D are added to point • 
out to the reader briefly, the development in switches 
now being generally used on cars since the preced¬ 
ing pages were prepared. 

Lighting switches on most all present-day cars 
are mounted on the lower end of the steering gear 
and operated by a lever in the center of the steering 
wheel. See wiring diagram, page 424B. 

In this example the switch has four positions, and frutn left 
to right arc: parking, off, dim, bright. The parking position 
lights the cowl lamps and tail lamp. The dim position lights 
th^e headlamp upper filament (lower beam) and tail lamp. The 
bright position lights the headlamp lower filament (upper beam) 
and tail lamp. 

Signal-lamp switch is usually mounted underneath 
the car and actuated by a rod connected with the 
brake pedal. See Fig. 26A. The signal-lamp 
should light when brake pedal is depressed about 
one or two inches. 

Note: On some cars the combination of a signal-lamp, back¬ 
ing-lamp and tail-lamp are mounted in one unit at the rear. 
The signal-lamp and backing-lamp operate when the foot-brake 
pedal IS applied and also when the gear-shift lever is placed in 
reverse position. The steering column lighting switch usually 
controls the tail-lamp and license plate lenses. Some cars are 
equipped with two tail-lamps, one on each side, in which there 
are two lamp bulbs, one for the tail-lamp and one for the signal- 
lamp. 



Backing-lamp switch, for example, on the Buick 
8-60, 8-80 and 8-90 is mounted on the rear of the 
transmission cover. A velhunoid gasket is placed 
between the switch housing and transmission (rover 



to prevent oil leaks. The back-up switch is con¬ 
nected in parallel with the signal switch so that both 
the signal and back-up lights are provided when the 
gear-shift lever is placet! in reverse position. See 
Fig. 26B. 

Horn switches are usually placed on the top of 
the steering column. As an example. Fig. 26C illus¬ 
trates the horn button connections on the Chevrolet 
“AD.^^ Pressing the horn button closes the circuit, 
the horn button contact wire making the electrical 
contact against the mast jacket bushing, the lower 
end of wdii(;h is connected to the horn wire. 

The ignition switch on many cars is of the switch- 
lock type. On some cars the ignition switch is in 
combination with the steering gear, or transmission 
lo(^k. 

The ignition switch is provided with a key lock 
built into the ignition coil, or separated from the coil 
in such a way that it is impo.«sible to short-circuit 
the switch without shorty-circuiting the coil also. 
Kxarn])les of this type of .switch follow. 


The Ignition Switch lx>ek 

As an example, the Electrolock, tyix\s 9-A, 9-B, 
.5-.\ and 5-B, arc used to explain the principle of 
operation. 

Description and operation of the type 9-A and 
9-B: The Electrolock is a coincidental ignition 
switch lock approved by the Ufiderwriters’ Labora¬ 
tories. When the key-way is in a vertical position, 
the ignition is shut olt, and the ear locked. To un¬ 
lock, turn key turn to right, which closes the 
ignition switch. The key is not required to lock the 
car, and should bo removed after the operation of 
unlocking is completed. '’I'o lock, turn locking cyl- 
ind(jr back with the handle so that the key-way is 
in a vortical position, after which try the handle to 
be sure that it cannot be turned to the unlocked posi¬ 
tion. 

When the (cylinder is in a locked iK)sition the 
ignition circuit is not only broken, but also grounded. 
Mechanical protection to the wire between the 
I^'.lectroloek and the tuner-distributor is acconi- 
plish(“d by eindosing this wire in a steel cable. The 
cable is attached to the di.stributor in such a way 
that it is dillicult to remove. The grounding of the 
ignition switch takes place both through the lock 
casing and through the attachment at the distrib¬ 
utor. 



/VlA1£T£« 


QATTEKT 


Fig. 27. Type 9-A Electrolock wiring diagram with one ter¬ 
minal on the side of the look case. Fig. 27-A shows the switch 
in the unlocked position and Fig. 27-B, in the locked position. 
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Fig, 28. Type 9-B Electroloek wiring diagram with three ter- 
minids on the side of lock case. Fig. 28-A shows the switch in 
the unlocked position and Fig. 28-B, in the locked position. 

The type B is similar to the type A, except it employs a switch 
mechamsm which provides a double break required by a dif¬ 
ferent wiring circuit, which is necessary when the car is equipped 
with an electric gasoline ^auge operated from the ignition 
switch. To trace the circuit: assuming the negative (—) side 
of battery is grounded, start at the positive (+) terminal of 
battery, to ammeter, to switch terminal, through switch (if in 
unlocked position) (as in Fig. 28-A), to and through primary 
winding or ignition coil, to terminal on switch, to breaker-con¬ 
tact arm (A), breaker-points (B) to ground G, to negative 
grounded terminal (G) of battery, completing the circuit. 

Should ignition trouble develop, to ascertain if it 
exists in the Electrolock, the following tests should 
be applied: 

Firet, the wire should be disconnected from the 
terminal on the lock case. The switch may then be 
tested in the following manner by using a six-volt 
circuit and the conventional insulated handle test 
points. 

Test for type 9-A lock: In making the following 
tests the interrupter or breaker-contact points should 
be open. 


To make distributor repairs which cannot be ac¬ 
complished on the car, the lock can be unlocked, re¬ 
moved from the mounting, and the distributor takai 
to the bench with the lock and cable attached. 

Should the lock cylinder not work freely on ac¬ 
count of dirt or foreign matter getting into the lock 
case, the cylinder should be removed and cleaned off 
so that it will work freely. Never put grease or oil 
in lock cylinder if tumblers seem to stick; use graph¬ 
ite. lleplacement keys may be obtained from the 
service stations. 

All wire terminals should be insulated down to 
screw head, so as to eliminate possibihty of shorting 
by touching one another or nearby metal parts. 

Types 9-A and 9-B Electrolocks are provided with 
a serviceable timer end which permits the removal of 
the snap terminal assembly from Electrolock with¬ 
out destroying the Electrolock. 

In order to remove the snap terminal assembly 
from Electrolock, first remove the snap terminal 
assembly from the distributor, cut the terminal post 
to remove grounding cup and insulating washer, then 
unscrew the timer end nut, which is staked in. This 
will permit the removal of the snap terminal assem¬ 
bly with the timer end lock ring attached. The 
timer end contact spring assembly, which is fastened 
to the current-carrying wire, is also serviceable. A 
tool with a hooked end may be used to remove this 
assembly. 

When replacing the timer end contact spring as¬ 
sembly, insert in timer end and push in as far as 
possible, then insert the timer end lock ring, the 
timer end insulating washer, and then fasten these 
in with the timer end nut. Be sure to stake in the 
timer end nut so that it w^ill not loosen in use. 

Test for type 9-B lock: All foregoing instructions 
apply to the 9-B as given in the 9-A, except the fol¬ 
lowing: 


First test: Place one test point on the insulated 
terminal of the interrupter, iaside the distributor and 
the other test point on the lock tcnninal. With the 
switch imlocked, the lamp should burn. With the 
switch locked, the lamp should not burn. 

Second test: Place one test point on the insulated 
terminal of the interrupter, inside the distributor, as 
in the first test and the other test point on the lock 
casing. With the switch locked, the lamp should 
burn. With the switch unlocked, the lamp should 
not bum. If the lamp burns, either there is a 
^o\md in Electrolock, or the distributor condenser 
IS Ported or grounded. It will be necessary to 
disconnect condenser from distributor to deter¬ 
mine whether the trouble is in Electrolock or con¬ 
denser. 

Tf the above tests show up satisfactorily and there 
is still ignition trouble evident, this ignition trouble 
must be located elsewhere in the ignition circuit. 

Should the above test indicate some trouble in 
the Electrolock switch, the lock be re¬ 

moved from the mounting Tue lock cylinoci ^an 
be removed by turning to tne unlocked position and 
removing the small screw in the side of the lock 
casing near the end. After the lock cylinder is re¬ 
move, any trouble due to broken parts will then 
be readily discovered. The necessary parts for re¬ 
pairs can be obtained through the car dealer or serv¬ 
ice stations. 


First test: Place one test point on the insulated 
terminal of internipter inside the distributor, and the 
other test point on the look housing or wire con¬ 
duit. With the switch locked, the lamp should 
burn. With the switch unlocked, the lamp should not 
burn. 

Second test: Place one test point on the terminal 
marked “coil ” and the other test point on the lock 
casing. Witn the switch locked, the lamp should 
burn. With the switch unlocked, the lamp should 
not burn. If tho lamp burns, either there is a ground 
in Electrolock or the distributor condenser is shorted 
or grounded. It will be necessary to disconnect con¬ 
denser from distributor to determine whether the 
trouble is in Electrolock or condenser. 

Description and operation of the type 5-A and 
6-B: An ignition switch lock carrying the highest 
classification of the Underwriters* Laboratories—a 
Group No. 1 coincidental lock. When the lock cyl¬ 
inder is in, the ignition is shut off, and the car locked. 
To unlock, turn key turn to right, at which time 
the lock ^linder springs out and closes the ignition 
switch. The key is not required to lock the car and 
should be removed after the operation of unlocking is 
completed. 

To lock, press Uie nvlinder completely in. Be sure 
that it stays in to avoid oossibility of running 
down Iwvttiirv. the same tk. an ordinary 
ignition switch. 
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Fig. 29. Type 5-A Electrolock wiring diagram with one ter¬ 
minal on the side of tnfe lock case. Lower illustration shows the 
switch in the unlocked position; upper illustration in locked 
position. 

The type B is similar to type A, except it employs 
a switch mechanism which provides a double break 
required by a different wiring circuit, whi'ch is neces¬ 
sary when the car is equipped with an electric gaso¬ 
line gauge oi>crated from the ignition switch. The 
circuit can be trace<l in the same manner as in Fig. 
28, starting at the + terminal of battery. 

Tests for 6-A lock are practically the same as the 
9-A test, except the following: Should the tests (first 
and second tests) indicate some trouble in the Elec¬ 
trolock switch, the lock should then be unlocked and 
removed from the mounting. The wire should then 
be disconnected from the terminal. The lock cylin¬ 
der then can be removed by taking out the small set 
screw on the side of the lock casing. Remove the 
coil spring which is directly behind tlie lock cylinder 
and pull out the metal wedge which holds the bake- 
lite terminal block in position. With the teraiinal 
screws removed, that part of the bakelite piece in 
which the terminal screws are located can be pushed 
into the lock casing and the lock casing can tnen be 
slid bac;k on the cable, allowing the switch to be in¬ 
spected. 


Cose. Cylinder Sprfnq yIneuhfiSB 



locked 

sMArn^ed Coble 

OiHn<(er Gnundin^ Conioci ^Conieef Spring! 





Fig. .30. Typ( 5-B Electrolock wiring diagram with three ter¬ 
minals on the oido of the lock case. Lower illustration shows 
the switch in the unlocked position; upper illustration in looked 
position. 


Tests for 6-B lock are practically the same as the 
9-B test, except the following: 

Second test: Place one test point on the insulated 
terminal inside the distributor as in the first test and 
the other test point on the No. 2 terminal on the 
switch. Unlock the switch, push the lock barrel in 
about half way and release it. The light should not 
btun or flash m, thus operating the lock barrel. 

Third test: Place one test point on the No. 3 
terminal, and the other test point on the lock casing. 
With the switch locked, the lamp should burn. 
With the switch unlocked the lamp should not burn. 
If the lamp burns either there is a ground in Electro¬ 
lock or the distributor condenser is shorted or 
grounded. It will be necessary to disconnect con¬ 
denser from distributor to determine whether the 
trouble is in Electrolock or condenser. 

If the above tests show up satisfactorily and there 
is still ignition trouble evident, this ignition trouble 
must be located elsewhere in the igmtion circuit. 

Should the tests indicate trouble in the Electrolock it should 
be unlocked and removed from the mounting, wires disconnected 
from the terminals and lock cylinder removed as explained under 
6 -B above. The Electrolock is manufactured b/ Mi^beU 
Specialty Co., Holmesburg, Philadelphia, Pa.) 
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RADIO FOR AUTOMOBILES 


Radio receiving equipment for automobiles is a 
desirable accesso^ and has reached a stage of per¬ 
fection where it is reliable and efficient. The out¬ 
fits being offered are compact and easily installed, 
usually under the cowl or hood out of sight. The 
control assembly is conveniently located on the in¬ 
strument panel. The speaker is located to give best 
reception. The aerial is arranged so that reception 
is not affected by the direction m which the car may 
be traveling. Many automobile manufacturers are 
installing aerial wires (usually in the roof of car) as 
standard factory equipment. The cur¬ 


rent is taken from the automobile storage battery 

Ignition inter¬ 
ference is overcome by shielding, thus pounding the 
static from the high-tension leads, which improves 
reception while engine is running. 




The engine on all models of 
Marmon cars mentioned below 
is of the L-head, eight-in-line 
cylinder type. The double¬ 
dome high turbulence coiiibus- 
tion chamber providing high 
compression without detonation 
is shown above. The compres¬ 
sion ratio is to 1 on all 
models except the “Eight-69” 
which is 5.25. 8ee specifica¬ 
tions on pages 1055-1062 for 
other engines. 


As an example of a car equipped with radio receiving equipment the Marmon “Roosevelt” is shown above. Note the radio con¬ 
trol assembly (16) on the instrument panel. Radio receiving e^ipment is available for installation on each of the four models of 
Marmon cars: “Eight-69,'' “Eight-79,” “Roosevelt” and “Big Eight.” 

The driving compartment of the Marmon “Roosevelt” is also shown in the illustration above. The gear shift is the S.A.E. 
standard, three-speeos forward and one reverse (also on the 69, 79 and Roosevelt). The "Big Eight” has four-speeds forward and 
one reverse, termed a four-range transmission-direct drive in fourth speed. Silent internal gear drive in third insures super-acceler¬ 
ation. Second gear used for starting under all normal driving conditions. First speed for extreme road conditions. Three-speed or 
four-speed (the latter at extra cost) is optional on the “Ei^t-79.” 

Names of parts shown in above illustration are: 1, gear-shift lever; 2, hand-brake lever; 3, clutch pedal (the foot-brake pedal is 
to the right of clutch pedal, as is also the accelerator pedal, both of which are not shown); 4, center of steering wheel spider. The 
lights, horn and starter are all operated by the button in the center of the steering wheel. Turning the button to the right operates 
the various lights. Pressure on this button operates the horn and, by pulling out on same, operates the starting motor. The 
switch assemmy is at the base of the steering device: 5, heat indicator; 6, choke; 7, spark (pulling this out retards the timer-^distrib- 
utor); 8, hand throttle control; 9, ammeter; 10, oil pressure gauge; 11, speedometer; 12, gasoline gauge (electric); 13, ignition Jock 
switch of the Electrolock make; 14, radio control assembly; 15, radio dial; 16, radio volume control; 17, radio station selector con¬ 
trol ; 18, radio lock on switch. 


See page 690 under "RADIO” for literature and Books on this subiect. 
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LIGHTING A CAR: Electric Lighting; Gas Lighting; Oil Lighting 


UGHTING 

There are three methods for Ikhtina a car: Bv 
a cetylene gas, by electricity, ana by keros^e oil. 

The gas light can be produced from carbide in a 
^'generator,” or it can be stored in a ^^gas tank*’ and 
carried on the car. 

Electric lights are supplied with electricity from a 
storage battery. When the storage battery runs 
down, it can be recharged from an outside source, or 
from a dynamo, run from the engine. 

The old-style “carbon filament” in the electric 


METHODS 

globe consumed so much current that it was difficult 
to obtain a storage battery of a reasonable size and 
weight which woffid supply current for any length of 
time. The carbon filament lamp used a filament 
chemically treated and in a vacuum. The gas-filled 
lamp increases brilliancy and uses less current and 
is now the approved type. 

Lights on the car may be divided into those which 
are required by law, namely: head, parking, tail and 
signal lamps and those which addf to convenience 
and comfort. 


AUTOMOBILE ELECTRIC LIGHTING SYSTEMS 


There are three methods of furnishing electric 
current for car lighting: 

(1) By independent storage battery system. 

(2) By the generator and battery system. 

(3) By an independent generator system. 

(1) Where an independent storage battery system 
is used, the capacity of the battery must be great 
enough to run the headlamps and rear lamps for a 
reasonable time before the battery has to be re¬ 
charged. 

A current consumption of approximat/cly 7.85 
amperes is reauired for headlamps and for rear and 
dash lamps, tne equipment of tne average car. 

A 100-ampere-hour lighting battery would run 
these lights for about twelve hours of steady burning. 
Under average conditions this would mean that the 
battery would have to be recharged about once a 
week. A 120 or 150-ampere-hour battery will not 
cost much more tlian a 100-ampere hour and will 
give longer service. 


Side-lamps.*—A lighting unit mounted on either side of a 
vehicle and intended primaiily as a marker to indicate the loca¬ 
tion of the vehicle. 

Tail-lamp.—A lighting unit used to indicate the rear end of a 
vehicle by means of a ruby light. 

Backing-lamp.—A lighting unit mounted on the rear end of 
a vehicle and intended to illuminate the road to the rear. 

Spot-lamp.—Alighting unit, mounted on a manually operated 
adjustable bracket which has one focusing type reflector and one 
focusing type light source. 

Inslrument-lamp.—A lighting unit mounted on the instru¬ 
ment board and intended to illuminate the instruments. 

Dome-lamp.—An interior lighting unit mounted in the top 
of a vehicle. 

Panel-lamp.—A lighting unit mounted either in the rear panel 
or in the corners of a closed vehicle. 

Tonneau-lamp.—A lighting unit mounted in the back of the 
front seat in open or closed v^cles. 

Signal-lamp.—A device used to indicate the intention of the 
operator of a motor-vehicle to diminish speed, stop, or change 
direction.*** A stop-signal indication shall be either red or am¬ 
ber, etc. (extracts from S.A.E. Spociiications for laboratory 
tests of optical characteristics of electric signal lamps for motor- 
vehicles). 

Step-lamp.—A lighting unit mounted on the exterior of a 
vehicle and intended primarily to illuminate the step or running- 
board. 


(2) Generator and battery system: The advantage 
of this system is that it automatically keeps the bat¬ 
tery charged, and permits more current to be used 
for lighting without danger of running down the 
battery while on the road. This is the method now 
generally used. The generator is driven by the 
engine and charges the oattery. The battery sup¬ 
plies electric current for the starting motor, ignition 
for starting, and also for lights, if the generator is 
not charging the battery. In such a case, current is 
supplied for ignition and for lights by the generator. 

(3) Independent generator system; The Ford 
Model “T” for example; The generator delivers 
alternating current which is used for both lighting 
and ignition. The battery cannot be charged with 
alternating current, and on this account the lights 
can be run only when the generator is running. Thus 
the strength of the light varies with the speed of the 
engine unless some type of regulator is installed. 

Another type of magneto which, if run fast enough, will light 
electric lamM, it the inductor type of magneto, bhown in Fig. 12, 
page 246. Tne “shuttle” type of armature magneto will not 
lifEt lamps. 

Nomenclature for Automobile Lanips^ 

Head-lamp.*—A lighting unit on the front of a vehicle in¬ 
tended primarily to illuminate the road ahead of the vehicle. 


Hood-lamp.—A lighting unit mounted under the hood of a 
vehicle to illuminate the engine compartment. 

Inspection-lamp.—A portable lighting unit connected by an 
extension cord to the lighting system of a vehicle 

Electric incandescent lamp bulbs of 21 cp. (gas-fllled) are 
commonly used for bead-lamps: 15 or 21 cp. for the signal-lamp 
and baolang-lamp; 6 cp. for dome-lamp; 3 cp. for tail-lamp, 
side-lamps, instrument-lamps, panel-lamp, tonneau-lamp and 
step-lamp. The selection of candle powers, aside from the 
head-lamps, rests largely with each car manufacturer. The 
nominal voltage of electric incandescent lamps is usually 6-8, 
and in some instances 12-16. 

The tail-lamp and instrument-lamp are sometimes connected 
in seiies. If tail-lamp should burn out, the instrument-lamp 
would not burn, and vice versa. The law requires that the 
tail-lamp burn during the night. Since it is impossible to tell 
from the seat if the tail-lamp should fail, this method is used. 
The voltage is j ust one-half of that of the regular lighting circuit 
when connected in series. A lens giving a white light to 
illuminate license number is usually provided on tail-lamp. 

It is advisable to use the best grade of lamp, of as 
low a candle power, and with as few lights as pos¬ 
sible, if the battery does not get sufficient charging 
from the generator. 

» From S.A.E. Handbook, 1930. • Head-lamps may be divided 
into three general ty^s: single-socket, a lamp haWng one focus¬ 
ing type reflector ana one focusing type light source; two-socket 
a bmp having one fooujiing type reflector and one focusing tyi>e 
and one auxiliary light sources; and duplex, a lamp having two 
focusing type reflectors and two focusing type light sources 
s Side-lamps cover such types as arc generally known as bullet, 

_ cowl, fender or parking, pillar or windshield lampe. 

NOTE: Since this Instruction was written many improvements have been made, such as, prefocussed lamp bulbs which eliminate 
adjusting the focus; instead the headlamp itself (or the reflector) is moved to properly “nm” Ueht btams. A foot switch is usou 

‘ * •" beams. The asymmetrical type headlamps which came into general use in 1938. applies to light beams th.it :trr 

■ ‘ ' -’ - ^ ■ that * * ' . . - . 


ivules that the beam from the left lamp projects 


to shift to “passing” beams. The asymmetrical type headlamps w Inch came intt 

not parallel to each other— not symmetrical, for example, one a>»tem provulea ___. 

in” toward the right side of the road^ and the beam from the right lamp projects slightly toward the loft side of the road. Tin 
latter is depressed on passing to mimmise glare. The sealed beam headlight system came into general use in 1940. With thi> 
system, the reflector, lens and light source are hermetically sealed as an assembled unit. W'hen the filament burns out the whole 
unit is replaced. The life is said to be approximately two years of average driving service. The lamp provides two beams; the 
“traffic beam” rated at 30 watt and “country beam,” rated at 40 watt. A foot switch is used to select either. There are no focussing 
adjustmente as the light source is precision focussed at the factory. The only adjustment is to assure correct aiming the bwm. 
By removing the headlamp door rim two adjustment screws are acoeesible from the front of the lamp. One screw is for lateral and 
tM other for vittioal adjustopent. The htMlighl relay is another development now in general use. See footnote 6, p. $56, alee 
“Ugh13iig.”p.tM. 431 
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CaniUepower, Voltage, and Amperage of 
Electric Lamps 

The candle power of a lamp is expressed as c.p. 
Although we speak of a lamp as being 21 c.p., we 
really refer to the spherical c.p. This means that 
21 c.p. is sent out in every direction. 

A reflector does not increase the brilliancy of the 
light from the filament. It simply takes the total 
amount of light which is thrown in all directions, and 
concentrates it in one direction (see Figs. 20 and 21. 
page 436). For instance, with a “spreading beam/ 
the brilliancy is not as intense as from a “straight 
beam’^ (see page 436). 

The voltage is usually that of the battery, but 
quite often, to save the lamp from burning out, a 
lamp of one or two volts higher is us^. For 
instance, if a 6-volt lamp is used on a lighting cir¬ 
cuit using a 6-volt battery, the light would be bright 
as long as the battery was fully charged. If a 
generator is used to charge the battery and supply 
current for the lights when the car is running over 
10 or 15 m.p.h., then the probabilities are that the 
gene ator would develop a slightly higher voltage 
thanr the battery. The result would be that the 
higher voltage would increase the brillhincy of the 
lamps and cause them to burn out quicker than if 
the voltage was the same as or less than that of the 
lamp. For this reason lamps of a voltage of, say, 
1 or 2 volts higher than the battery voltage are used. 

The amperage, or quantity of current consumed, 
is governed by the candle power of the lamp—the 
c.p. averages from 2 to 32. The higher the candle 
power, the more voluminous is the light—if voltage 
or pressure is in accordance with that of the lamp— 
therefore the higher the c.p., the more current or 
amperes consumed per hour. 

Watts: If you multiply the volts by the amperes 
the result is expressed in “watts.’^ For instance: 
6 volts multiplied by 2 amperes gives 12 watts (there 
are 746 watts to a horsepower). 

Automobile Electric Lamp Bulbs 

Two t 3 rpe 8 of lamps are used for car lighting: the 
vacuum type, usually known as Mazda B, and the 
nitrogen-gas-filled lamp, known as the Mazda C. 

The vacuum lamp uses a “Tungsten'' filament 
instead of a “carbon" filament. The carbon fila¬ 
ment lamp requires more current and is now seldom 
used. The air is withdrawn from the bulb of a 
vacuum lamp, hence a vacuum. 

The gas-filled lamp also uses a Tungsten filament, 
but the bulb is treated with nitrogen gas which 
increases the brilliancy by increasing the heating 
intensity of the filament. 


The source of light is the fine wire at the center of 
the lamp bulb, known as the “filament.” The cur¬ 
rent heats this wire white hot. If a bulb was 
designed for 6 volts, and the circuit was 12 volts, 
then this wire would become so white it would burn 
up. If designed for 12 volts and the circuit was 6 
volts, the filament would be yellow and dim. 



Filaments of lamps are made in different shapes: 

(A) is the type used for house lighting, and is not 
suitable for automobile use on account of vibration. 

(B) is an old type, and (C) rs the present type used 


for rear, speedometer, side, and auxiliary fights, as 
the Mazda B, 62, 63, 64, 81 and 82. This lamp does 
not require focusing. (D) is a type used for head¬ 
light lamps, as Mazda B type lamps. (E) is of the 
V-type construction, and is the type of filament as that 
shown in the Mazda C lamps. Air bulbs for head¬ 
light lamps must be focused. 

Mazda B lamps usually have this wire or “fila¬ 
ment" made up in the form of a spiral about 3/16" 
long, and in diameter. This gives a uniform 
distribution of light all around the spiral. 

Mazda C lamps usually have the filament made 
up in the form of an inverted “V." In most types 
of C lamps the V is about )/%* high and about the 
same distance across the base. Some makers of 
type C lamps make the V about 3/16" long and 
across the base. This form gives a much better 
distribution of light than the short V. 

The voltage lamp to use depends upon the voltage 
of the system. If vou do not know this, count the 
cells of the storage battery. Each cell gives 2 volts. 

Use of the Mazda B and C Lamps 

The Mazda B lamp is designed for all lights, such 
as rear, side, and headlights. It is made m 6 to 8- 
volt, 12 to 16-volt, and 18 to 24-volt. 

The Mazda C lamp is designed for headlight lamps 
and spot lights, and is made in 6 to 8-volt, 12 to 16- 
volt, and 18 to 24-volt. 

The candle power of these lamps is given in tables 
farther on. 

The Mazda C lamp is brighter and gives more c.p. 
for the same amperage consumption. Not only is 
a gain realized initially, but the advantage increases 
throughout the life of tne lamp, for the candle-power 
of a gas-filled or Mazda C lamp is maintained close 
to the initial value, whereas the vacuum or Mazda 
B lamp gradually blackens. 

Note. Ae the lamps become older, the current consumption 
increases. If the glass of the lamp bulb is blackened or the fila¬ 
ment bends down, and if less tlian its rated c.p. is being used, 
it will be best to replace the lamp bulbs. 

In order to tell what class of base of lamp bulb is 
required on a car; If the wiring of the car is a single- 
wire grounded system, then an “SC" base is re¬ 
quired. If the wiring is a two-wire system, a “DC” 
base is required. (See page 1055, giving type lamp 
bulbs used on different cars.) 

To ascertain the voltage: Count the cells of the 
storage battery. If there are 3 cells, a 6-volt lamp 
is required; if 6 cells, a 12-volt lamp is required. 
Each cell is counted as 2 volts. The candlepower of 
an incandescent lamp varies materially with the 
voltage applied. Increasing the candlepower by 
operating the lamp above its normal or rated voltage, 
however, reduces the life materially. 

To detennine the candle power to use: First 
determine the voltage. Then refer to the tables on 
next page. For instance, if there are three cells to 
the battery, then the voltage is 6 volts; refer to the 
table “6-8 volts.” If six cells, the voltage is 12- 
volts; refer to table “12-16 volts" (see page 434 
explaining). 

Refer to table on next page and note that head 
lamp and spot lamp bulbs are all Mazda C and are 
21 and 32 c.p. 

Rear, instrument and step lamp bulbs are Mazda 
B and are 3 c.p. Side and auxiliary bead lamp 
bulbs are both ot the B and C type and are 3 and 12 
c.p. Dome and panel lamps are of the B and C type 
and are 6 c.p. If rear and instrument lamp are in 
series, they are 3 volts (see Nos. 61 and 62). Double 
filament lamps are Nos. 1158 used on the Ford and 
1110 used on Cadillac, Buick, etc. (see next page). 
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Mazda Automobile Lamps 

How to read tables: There are four tables shown be¬ 
low. See heading above each, which gives the subject. 
Next, read sub-heading above each column. Where 
abbreviations appear in some of the columns, the 
meaning is given under each table. The meaning 
of other abbreviations is also given on page 434. 



Lamp bases: All odd numbers denote a single 
contact (SC) bayonet base, and all even numbers 
denote a double contact (DC) bayonet base. 

The corrugated glass bulb is now used on head 
lamps for the purpose of breaking up filament second¬ 
ary reflections. The plain glass bulb is used on tail, 
side, and instrument lamps. The illustrations are 
approximately one-fourth actual size. 

Voltage: Practically all cars now use 6-8 volts 
with SC base except the Ford. The Ford uses 6-8 
volts in the battery circuit and 18-24 in mameto 
circuit. The 1158 head lamp used on Fords has a 
DC base. The Dodge and Stearns-Knight use 12 
volts in the lighting circuit. See page 1055 for the 
numbers of lamps used on different makes of cars. 


Mazda Lamps for Automobile Service 

(Excluding Lamps for Ford Cars) 


Mazda 

Lamp 

NttUMr 


Mazda 

B or C 

Bulb 

Volu 

Caodle- 

power 

Amp*. 

★ 61) 
62 ) 

R-1 

■ 

G-6 

3-4 

2 

oa4 

if 63) 
★ 64) 

R-I^t 

Si-A 

D 

G-6 

6-8 

3 

o.«o 

★ 67) 
68) 

R-I-St 

Si-A 

B 

G-6 

12-16 

B 

0.S 

711 
») 

Rrl 

B 

G-6 

18-24 

B 

0.i 

★ 81) 
82) 

D-P 

c 

G-8 

6-8 

M 

L.t 


Si-A 

C 

(M 

6-8 



«\ 

P-P 

B 

G-S 

12-10 

6 

g.s« 

1110 

H 

C 

S-11 

6-8 

nil 

t.Sl 

★ 1129) 

★ 1130) 

H-8p 

C 

S-11 

&8 

21 

Ml 

1183) 

1184) 

H-Sp 

C 

S-11 

6-8 

32 

i.lt 

★ 1141 ) 

★ 1142) 

ESp 

C 

s-11 

12-16 

21 

MS 

1143) 
1144 f 

E’Sp 

C 

s-11 

12-16 

32 

I.TT 


if Represents over 00% of the demand. 

(a) H—Head Lamp. So—Side Car. 

R—Rear Lamp. A—Auxiliary Head Lamp. 

8 p-^pot Lamp. I—Instrument Lamp. 

-Side Lamp. D—Dome Lamp. 

St —Step Lamp. P—Panel Lamp. 


Mazda Lamps for Automobile Service 
(For Ford Cars) 


Mazda 

Ijunp 

Number 

* 

PoiitiOD 

Mazda 
B or C 

Bulb 

Volu 

Czndle- 

power 

Amp*. 

★(b) 63 

R-I-A 

B 

G-fi 

6-8 

3 

0.4 

(c) 72 

R 

B 

G-e 

18-24 

3 

o.« 

★ (b)ll29j 

H 

C 

s-11 

6-8 

21 

Ml 

★(d)1130) 







(e) 1138 

H 

C 

S-ll 

9 

27 

au 

(c) 1146 

Sp 

C 

s-11 

18-24 

27 

0.M 

★Mi158 

H 

C 

s-11 

6-8 

(2M 

Ml 

★ f> 





( 2 ) 

0.47 

★(e) 1160 

H 

c 

s-11 

9 

21 



if Represents over 90% of the demand. See bottom of left 
column for meaning of abbreviations. 

(b) For cars equipped with 3-cell (lead tyjje) storage battcry- 

f enerator lighting system. 

'or use on magneto lighting system. 

(d) To insure satisfactory service, Mazda 1130 should be 
operated two in series on magneto lighting system equipped 
with reactance coil. 

(e) To be burned two in series on magneto lighting system not 
equipped with reactance coil. 

(f) For use on Ford and other cars wired for two filament lamps. 
Note: A reactance or dimmer coil (Ford No. 8892) sells for 50 c. 
It is used with two 6-8 volt bulbs in series. Better results are 
obtained by using two 9-volt lamps in series. 


Mazda Lamps for Motorcoach Service 


Mazda 

Lamp 

Number 

(•) 

Poaition 

Mazda 

B or C 

Bulb 

Volu 

Candle- 

power 

★ 67 

(b) 

B 

G-6 

12-16 

3 

89 

(c) 

B 

G-8 

12-16 

0 

★ 1141 

(d) 

C 

S-11 

12-16 

21 

★ 1142 

(e) 

c 

S-11 

12-16 

21 


if Represents over 90% of the demand. 

(b) Tail, Instrument, Side, Running or Marker, Fare Box, 
Sigx^ Indicator. 

(c) Auxiliary Head, Sign. 

(d) Head, Siraal, Spot, Backing, Trouble, Step. 

(e) Interior, Spot. 


Mazda Lamps for Motorcycle Service 


Number 

Poaition 

yg.TIeB 

BWI 


122131 

^I5Ti«l 



A-R 

B 

G-6 

6-8 

3 



SC 

B 

G-8 

6-8 

3 



H-Sp 

C 

S-11 

6-8 

21 



8 p 

C 

S-11 

6-8 

21 


if Represents over 9.)% of the demand. See bottom of left 
column for meaning of abbreviations. 


Double-Filament Mazda Head Lamps 
The purpose of this lamp is to dispense with two lamps in 
the head lamps, and thus do away with the separate ''dimmer,** 
or auxiliary head lamp. 


The No. 1158 double filament lamp is used on Ford cars for 
head lamps. It is a pa.s-filled Mazda C built in the Sll type 
bulb. It has a corrugated glass 
bulb and is a 6 8 volt lamp. 
One filament is a c.p. serving 
os a “dimmer” light, and the 
other is ax c p. serving as 
a bright head lamp. It has a 
DC base. Both filaments pass 
through the focal area of the 
reflector. (This tyi^ lamp is 
also made sjpecial with 21 c.p. 
and 6 c.p.; also 32 c.p. and 6 c.p. filament and with a D.C. base.) 



Circuit diagram is shown in Fig. 6, an explanation being as 
follows: Two wires are used for connecting to the lamp socket 
from switches. (A) and 9) are terminals of the base and are 
insulated; (C) is grounded. 


Referettoe to Ford ears applies to the model See Supplementary Index "Maada Lamps” for 1935 list. 
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When the 1 cjp. Element is used, the circuit is through (B) 
insulated, and (C) grounded, and the switch is connected on 
terminal 2. 

When the 21 c.p. Blament is used, the circuit is through (A) 
insulated, and (C) grounded, and the switch is connected on 
terminal 1. 

The No. 1110 double filament lamp is used on several popular 
makes of cars for head lamps. It is a gas<fiUed Maxda C ouilt 
in the 811 type bulb. It has a corrugated glass bulb and is a 
6~8 volt lamp with DC base. 

Both filaments are 21 c.p. and each take 2.81 amperes. Both 
filaments are out of the focal center of the reflector. One is 
above this center and the other is below, there being a 9/64^* 
separation between the filaments. 

The lower filament is used as a long>range driving light, and 
being below the focal center, it tends to bend the li^ht rays up¬ 
ward. The upper filament is a courtesy light which is used when 
passing another car, and, being above the focal center, depresses 
or bends down the light raya for a short distance which keeps 
the light out of the eyes of the passing driver and yet gives a 
safe driving light. 

Mazda Lamps for Electric Vehicle Service 
There are only two lamps listed for electric 
vehicles as follows: 



Pmitiom 

Maida 

Both 

Volta 

Cp. 

no 

R-I 

B 

G-10 

40-44 

6 

1150 

H-St 

c 

8-11 

40-44 

21 


Meaning of Abbreviations of Mazda 
Automobile Lamps 

The abbreviations used with the lamps, such as 
*‘Gr-6/* and ‘‘S-11/^ refer to the shape and 

size of the bulb. 

For instance, indicates that the bulb is 

round or globular; 6 means that many eighths of an 
inch, or 6/8" or 3/4" diameter. "G-8" would be a 
round bulb, 8/8" (or 1") in diameter. 

Where the designation "S~l 1" apoears, the “S" in¬ 
dicates "straight side," and the 11 designates the di¬ 
ameter in eighths of an inch, or 11/8 = 1 H" diameter. 

Formerly all of the bulbs were round, but now 
only some are round, such as "G-6" and "G-8." 
The other bulbs are pear shaped and designated as 
"S." They are not really straight, but this term is 
used in order to distinguish them from the round bulb. 

Where figures appear imder the “voltage” of the 
lamp bulbs, as or "12-16," this means that 

the lamp is intended for electric systems using a 
6-volt battery, but will stand a voltage up to 8 volts 
for a small period of time, as it is designed to operate 
at a voltage of 6.35 volts for maximum efficiency, 
The lamp sometimes gets this—or near it—when 
the generator is charging the battery, as the generator 
voltage is slightly higher than the battery voltage. 

The "12-16" lamp is for a 12-volt system, such as 
a Dodge, and the lamp is capable of withstanding a 
generator voltage as high as 16 volts for a small 
period of time. It is designed to operate at 14.5 
volts for maximum efficiency. 

Lamp Bases 

There are four types of these: (1) double-contact 
bayonet candelabra: (2) single-contact bayonet 
candelabra: (3) candelabra screw base; (4) minia- 
tiire screw base. Each of these is shown in the illus¬ 
trations. 

The lamo base is that part which is fitted to the 
end of the bulb and fits into the socket. Only two 
of the tvpes mentioned above are in general use for 
automobile work: the meaning "single 

contact," and the “D.C.," meaning "double con¬ 
tact." The “S.C." is used most. 

The double-contact base (D.C.) (Fig. 7) has two 
contacts (note the top) insulated from the metal 
base. These contacts are connected with the ends 



Fig. 7 Fig. 8 Fig. 9 Fig. 10 


of the lamp filament; and when connected to the 
socket they make contact in the socket with the 
circuit. The "D.C." base and socket are used only 
for a "two-wire insulated" system of wiring. 

The smgle-contact base (S.C.) (Fig. 8) has one 
contact in the center which is insulated from the 
metal base. One filament of the lamp connects 
with this center contact, and the other end of the 
filament connects with the metal base. When 
placed in the socket the center contact connects 
with an insulated terminal in the socket, which con¬ 
nects with the single insulated wire of the light cir¬ 
cuit, and the rest of the socket and outside part of 
the base are grounded. The "S.C." base and 
socket are used only for the "single-wire, grounded" 
system of wiring. 

The words "Bayonet” and "Candelabra,” which 
appear in the tables to designate the type of base, 
are explained as follows: 

Bayonet base: The "Candelabra" screw type 
base (Fig. 9) was originally used on miniature lamps, 
but owing to the vibration of the automobile, the 
lamps would loosen. A type of base was then 
designed as sho^vn in Figs. 7 and 8, the single contact 
(Fig. S') being used most and arranged as shown in 
the illustration (Fig. 11). The base (B) is thrust 
into the socket (S) through slot and is then given a 
turn or twist which locks (T) in place. The thrust¬ 
ing effect was what gave the base its name: "bayo¬ 
net type." The word "candelabra" is also used 
with the word "bayonet," the candelabra base 
originally was a screw type, as shown in Fig, 9. 



Fig. 11. (B) is the base, S. C. Type. The tip (T) locks in 

the opening of (S). Contaet is riuicio by (C) at (H), which 
conducts the current from (W) to one end of the filament, back 
to the grounded base, thence to ground (G), or to (Wl) which 
is grounded. (I) is insulated from the socket (S), and (C^ is 
insulated from the base (B). 

The candelabra screw base (Fig. 9) is not used for 
autornobile work, because of the vibration. This 
type is often used on trouble lamps, flash lamps, etc. 

The miniature screw base shown in Fig. 10 is a 
smaller size, used principally for decorating purposes. 

Lamps must be selected according to the type of 
sockets used on the car. On a single-wire grounded 
system, use an "S.C." base. On a double or two- 
wire system, use a "D.C.” base. 

Head Lamp Adjustment 

The light you get on the road will depend on the 
candle power you get from the lamp in the reflector; 
on the focus or adjustment of the lamp in relation to 
the reflector; and on the direction in which the 
headlamp itself points. 

Every device designed to prevent glare and properly dla- 
tribats the light from head lamps is entirely dependent upon 
the proper focal position of the bulb in relatTon to the refleotor 
and the proper inclination of the beam of light itMlf by adjiut- 
ment of the head lamp. 
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Different Focusing Adjustments 

Getting the lamp bulb in the proper relation to 
the reflector to give the best light on the road is 
called ^'focusing/* All headlamps are provided 
with some means of moving the lamp bulb back and 
forth along the center line of the reflector, which 
line is called the axis. The four t 3 npe 8 of adjust¬ 
ments (Figs. 12, 13,14 and 15) shown, should cover 
practically all of the headlamps used. 



Fig. 12 Fig. 13 Fig. 14 Fig. 15 


Fig. 12 has an adjusting screw or knob near the center, on t>ie 
rear of the headlight shell. The lamp bulb is moved forward by 
turning the screw or knob (1) to the left, and backward by 
turning it to the right. 

Fig. 13. The lamp is held in place by a ratchet device (2). 
The Tamp in moved forward or back by grasping the bulb and 
either turning the bulb to the right or pressing it to one side 
or the other to disengage the ratcliet, and then pulling or push¬ 
ing the lamp in its socket to the next notch in the ratchet. If 
the lamp does not move easily, remove the reflector and see 
how the ratchet works. 

Fig. 14. The adjustment is made by turning the large screw 
(3) in the rim of the headlight front just at the edge of the 
reflector. Bv turning this.screw to the right, it will move the 
lamp forward in the reflector. Turning it to the left moves it 
backward in the reflector. 


The *<door” to the headlamp on various makes 
may be fastened on in one of several ways. There 
may be a hinge at the top and a screw clamp at the 
bottom, or the hinge may be at one side and the 
clamp at the other. If no hinra shows, and the 
*‘door^^ overlaps the shell of the headlamp, the 
'^door^' can probably be removed by pressing it in, 
and at the same time turning it to the left, as de¬ 
scribed above. 

In some headlamps, the glass is held in place by a 
retaining spring, which slips in between the head¬ 
lamp shell and the glass. 

In other headlamps, the rim which holds the glass 
is held up against the shell by a band which fits over 
shoulders on both rim and shell, and is drawn up by 
a screw at the bottom of the headlamp. 

Tilting Reflectors 

On some makes of lamps the reflectors are 
arranged so that the reflectors can be tilted. One 
method is as shown in Fig. 18, and another (Fig. 19). 
There is also an electric method (not shown). 

Bellows for Tilting the Reflector 

The operation of the reflectors (Fig. 18) is con¬ 
trolled by a small three-way valve located on the 
in.strument board, the partial vacuum created in 
the engine by the suction stroke of the piston being 
utilized to exhaust the air from the metal bellows 
connected to the reflectors when it is desired to 
illuminate the road for a long distance. 


Fig. 15. The lamp is held in place by a sot screw (4) in back 
of the reflector. Wlien the set screw is loosened, tlie lamp 
may be moved backward or forward. The set screw must be 
tightened securely to bold the lamp in place. 


Examples of Headlamp Adjustments 

Observe the two methods of adjustment (Figs. 16, 
17); also the manner in which the door or rim i.s 
removed, etc. 



To removo the door (Fig. 16): Press in hard 
against the rim of the lamp, and twist in a counter- 
CKKjkwise direction. The same applies to Fig. 17. 

To replace bumed-out bulbs: Remove the door; 
then remove the bulb by pressing it into the socket 
and twisting it one way until it is released from the 
catch. See Index, for lamp sizes for various cars. 

If a lens break8» and a new one has to be ordered, 
the name and size will usually be found moulded into 
the lens. 


When it is desired to lower the reflectors to their 
tilted, or normal, position, the handle is turned to 
the letter (L) on the dial, which breaks the communi¬ 
cation of the bellows with the engine and allows air 
to enter the bellows through a port in the valve. 
Communication is maintained between the inside 
of the headlights and the engine by O.D. 
annealed copper tubing, and between the end of 
the tubing and the bellows by rubber tubing, in 
order that reflector unit may be easily removed. 



Fig. 18. Operation of tilting reflectors, above; The 

bellows has the appearance of a coil spring, and is just back of 
the center of the reflector. The bellows ex^nds and pushes 
the reflector forward at the top, giving the local point of the 
lamp a deflection of five de^ees. This is what happens with 
the control lever at (L): When the lever is at fH), the bellows 
contracts by action of the engine piston and thus deflates the 
bellows and pulls the reflector back at the top, giving to the 
focal point of the lamp an elevation of five degrees. 

A check valve is placed in the vacuum line between 
the three-way valve and engine to prevent a quick 
change to the tilted position when the throttle is 
opened quickly. A cut-off valve is provided to 
render the sjrstem inoperative from the driver^s seat 
when necessary. 
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If the ■ystem should become inoperative at any time* it may 
be the result of a break in the line, a leaky connection, a break 
in the rubber tube connection to the bellows, or the three-way 
valve may have become dry, permitting air to leak in, destroy¬ 
ing the vacuum. The thr^way valve may be taken apart for 
inspection and lubrication. Care must be used in reassembling 
not to disarranire any of the parts. Use a small amount of 
commercial vaseline for lubrication. 

Mechanical Shifting Method of Tilting the 
Headlamp Reflectors 

The reflectors are pivoted, in order that they may 
be tilted by means of a button on the instrument 
board connected with an arm (A) projectingfrom the 
bottom and connected with the reflector ^). The 
lever pulls the reflector down (as indicated by dotted 
lines), thus tilting the reflector (Fig. 19). 



Fig. 19. Tilting reflector as used on model V-63 Cadillac 

The advantage of tilting headlights is explained 
as follows: 

When there is a clear road ahead, the illumination 
of the road for a distance is desirable. Thus the 
reflector is so focused that the light is projected 
ahead for the greatest distance. 

If a vehicle is approaching in an opposite direction, 
the reflector (R) can be tilted down by movement ot 
the lever on the steering column connected to the 
arm (A), thus tilting the reflector at an angle as 
shown in the dotted lines. This deflects the ravs 
below the level of vision of the occupants of the 
approaching ca^ and at the same time increases the 
illumination in front of the car, where it is needed 
most. 

Reflectors: Principle of 

A parabolic type of reflector, made of metal with a 
polished silver surface, is used in most head-lamps. 

If a lamp were used without a reflector, the light 
which leaves the lamp filament would be thrown in 
every direction (Fig. 20). 

When a reflector is used^ the li^t from the lamp 
filament is concentrated all m one direction (Fig. 21). 
See also ‘^Candle power^* (page 432). 



Fig. 21 


A ray of light is the li^t which falls on any one 
point of the surface of the reflector, and is sent off 
xrom that point. 

A beam is the total mass of light rays leaving the 
opening in the reflector. 

One of the fundamental laws of lij^t is, that the 
angle at which light leaves a surface is the same as 
the angle at which it strikes the surface. By refer¬ 
ring to Fira. 22, 23, and 24, the angles wluch are 
made by the rays of light leaving the surface of the 
reflectors at (Ef), (M), and (N) will be seen to be 
the same as the angles made by the rays of light 
striking the reflector at the same point. The andes 
at which the rays strike the reflector are called 
‘‘angles of incidence.” and those leaving the reflector 
are called ‘‘angles of reflection.” 



Fig. 22. Straight beam. Fig. 23. Spreading beam. 

The distribution of light leaving the opening of 
the reflector when lamp filament (O) is at the focal 
point (X) of the reflector is shown in Fig. 22. The 
rays wnich start from point (X) and strike the reflec¬ 
tor at (H), (M), and (N) must be reflected parallel 
to each other to make the reflecting angles equal the 
striking angles. This gives a c>^lindrical or “straight 
beam.” The beam is theoretically the same size 
(XY, Fig. 22) throughout its entire length. A 
“straight beam” gives a verv narrow streak of light 
down the center of the road, like a spotlight; but 
no light is thrown to the side of the road. 

The form of beam leaving the reflector when the 
filament (O) is back of the focal point (X). The rays 
spread or diverge from one another, and form a 
‘^spreading beam,” with its narrowest point at the 
opening of the reflector (XY). Note that the light 
rays which leave the headlamp at a rising ande are 
those which come from the upper half of the reflector. 



Fig. 24. Crossed beam. 


The effect of bribing the filament (O) ahead of 
the focal point (X) is shown in Fig. 24. This forme 
what is termed a “crossed beam?’ Note that the 
light rays which leave the headlamp at a ‘^rising 
angle” are those which come from the lower half of 
the reflector. 


Fig. 20 
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Atiti*Glare Devicea 

In most states, laws are being enforced to prevent 
glare. The light which produces glare is that part 
which leaves the headlamp at a ^^rising angle” and 
so never hits the road, but does hit the eyes of 
approaching drivers or pedestrians. These rays 
may come from either the top or bottom of the 
reflector, depending upon the position of the lamp 
in the reflector. 

Methods for Reducing Glare 

(1) By using a very low candle-power lamp, or dim¬ 
ming the headlamps; using whiting semitrans¬ 
parent paint, or colored glass. Low-candle- 
power lamps reduce the brilliancy, and colored 
glass or paint absorb part of the light and reduce 
the lighting effect desired, and are unsatisfactory. 

(2) By tilting the reflector down enough to bring 
the upper edge of the beam below the average 
^e level (42 inches is the usual legal limitj.i 
The distance along which the road will be lighted 
is very much shortened. If the reflector can be 
tilted back to normal position, as shown in f^gs. 
18 and 19, then the distance will be greatly 
increased. 

(3) By diffusing the light by means of ground glass, 
office-partition glass, or by a specially designed 
‘^diffusing” lens, having its surface covered by a 
la^e number of small lenses or pyramids. With 
diffusing lenses there is a tendency to glare if 
the candle power of the lamp is sufficient to light 
the road, as the light is thrown in all directions. 

(4) By using ^^deflecting lenses” which bend or 
deflect that part of the beam which leaves the 
headlamp at a rising angle and direct this part 
of the beam back to the road level. Devices of 
this kind have the advantage of being able to 
limit the glare without cutting down the distance 
along which the light will be thrown on the road. 
Some of the deflecting lenses which aie con¬ 
structed so as to affect all of the light leaving 
the headlamp make it hit the road nearer to the 
car than it would with clear glass, and are not 
desirable. 

Classification of Some of the Anti-Glare 
Lenses 

In the accompanying illustration. A, B, C, and D, 
are “diffusing” type lenses. As these devices 
scatter the light in every direction, the adjustment 
of the headlamp has little effect on the road illumina¬ 
tion. Both the light and the glare will be a little 
stronger if the focus is for a straight beam. 



A B 0 D 

A, Warner: Both aides of glass covered with small lenses,* 
adjust focus for straight beams for best lighting. 


^ The most common **glare height*’ regulation in regard to 
headlamps is that, at a point 75 feet or more ahead of the car, 
the oonoentrated beam from the headlamp shall not rise more 
than 42 inches above the road level, when the car is standing on 
a lev^. In the latest headlamp regulations, the height nas 
been raised to 60 inches from the road surface, and the Intensity 
of the Ught is limited to a maximum of 800 candle power above 
this point. 

• See page 442 for Bauech and tomb lena. 


B, Prismolite: Front of glass covered with small pyramids 
except small spot near center; adjust focus for straight 
beam. 

C, Morelight: Front of ^lass covered with short cylinders, 
arranged in circles; adjust focus for straight beam. 

D, Stewart: Cup fitting around bulb; outside covered with 
small lenses: inside with ribs; adjust for straight beam. 

F, G, H, I, shown below, are “deflecting” type of 
lenses, which are intended to be used with a straight 
beam. In making adjustments, adjust in accord¬ 
ance with directions for plain glass adjustment, 
page 438, except that the lamp must be moved to 
the point in the reflector which pves the smallest 
point of light on the screen or wall, instead of making 
the spot 3 ft. in diameter. 



F OBI 


F, Patterson: HorizonUl jprisms deflect rays of light down¬ 
ward on the road, bringinjs entire light below paralld of the 
headlan^. The cylindrical services on the hack produce 
a spread of light over the entire road. Adjust focus for 
straight beam. 

G, Conaphore: Horizontal prisms throw light on the center of 
the road; cylinders in the center throw a soft light along 
the sides of the road. Adjust for straight beam. 

H, Macbeth: Horizontal prisms throw light on the center of 
the road, and cylinders on the inside spread the light to the 
side of the road. The hood at the top outs off the light 
from that part of the lena. Adjust for straight b^m. 

I, Hoioph^e: Circular prisms at bottom throw light on the 
roM and give quite a spread. Horizontal prisms and verti¬ 
cal cylinders at the top throw diffused light along the sides 
of the road. Adjust for straight beam. 

J, K, L, M, are “deflecting” type lenses designed 
to be used with a spread or crossed beam, depending 
on whether a part of the lens which bends the glare 
rays down is located at the top or bottom of the lens. 
The focus is adjusted to give a beam having some 
spread. 



J, Roadlighter: A deflecting type of lens. Adjustment is for 
a spreading beam. 


K, Osgood: Honiontal prisms on the back of the lens throw 
light down on the road. The cylindrical section on the 
center of the front of the lens is intended to add to the 
spread of the light. Adjust focus for spreading beam. 

L, L^s dcAector: A deflecting device. The oomigated 
reflector is placed below the lamp and changes the of 
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the Hght etrildnc the reflector so that all the rayn are sent 
down on the road. Adjust focus for crossed rays. 

M, Fractor: A deflecting device. The prisms on the glass cup 
which is placed below the lamp change the angle of the light 
strikizig the reflector, so that all of it is sent down on the 
road. Adjust for crossed beam. 

With any of the deflecting devices it is best to 
make the adjustment for either spread, crossed, or 
straight beam, while the plain glass is still in place 
in the headlamp.' 

Note: State headlight laws do not require or sp^ify types or 
makes of lens, but in most states they specify a distribution of 
light which cannot be met by a diffusing lens and which can 
only be met by certain types of deflecting lenses. 

An Ideal Light 

An ideal light is one which will meet the following 
requirements: (1) sufficient light to illuminate the 
road such a distance ahead that the driver would 
have ample tme to stop before reaching an object, 
and so that it would nave penetrative powers in 
dust and fog; (2) very bright light at the edge of 
the road and. close to the car so that the road could 
be clearly seen and followed in spite of glare from an 
approaching car; (3) full width of the road from fence 
to fence lighted for at least 200 feet ahead of the car. 



. 25. One make of lens designed to meet these conditions 

is shown. This illustration was furnished by the manufacturers 

who claim that this leas 
meets the ideal requirements mentioned above and have cor¬ 
roborated the statement with a photograph of the lens iif use. 
Note that the prisma in the lower half of the lens (see J, page 
437) concentrate the distance light, at (A). The diagonal 
prisms in the upper half of the lens bend the light, which would 
otherwise cause glare, to light the sides of the road from fence 
to fence OB), and give the bright light on the edge of the road 
as shown at (CC). 

How to Focus Headlight Lamps 
In order to secure the best lighting effects, head¬ 
light or spotli^t lamps should be carefully adjusted 
in their reflectors every time new lamps are inserted, 
or, better still, at regular intervals. 


light are obtained. The headlamps should then be 
so set that the centers of these s^ts coincide with 
the marked points on the wall 



The appearance of the spot from a well-focussd 
headlamp is shown in Fig. 30. 

The spot from the same headlamp when the bulb 
is either drawn too far back into the reflector or not 
far enough, i.e., is behind or ahead of the focal point 
(either condition produces a similar effect), is snown 
in Fig. 31. 

The same effect as shown in Fig. 30 is shown in 
Fig. 31, except that the glare-reducing lenses are 
now supposed to be placed in the lamp door. The 
illustration in Fig. 32 shows how the upward rays 
of light are turned down below the horizontal. 

What acttudly hapoens to the light rays from the 
light source in a parabolic reflector^ such as is gener¬ 
ally used for automobile headlamps, is shown in ^g. 33. 



A‘rB^«T4T WUU «tflT-$WAnHT BEAM ^ KNlhft rOUmMfSnCAflVBUN 

Fig. 3.3. Hearn character- 
***^ istica of parabolic reflectors 

_ with ,light sources in three 

g'rMMwrwriDifrwfcc*>*rT.ct«iif»*i positions. 



When that source is as shown at (A), (Fig, 33) 
the lamp bulb is at the focal point of the reffector. 
When the source is in position (B), the lamp bulb is 
behind the focal point. When the source is in posi¬ 
tion (C), the lamp bulb is ahead of the focal point. 

Position (A) is the correct position for the lamp 
filament, and produces the smallest spot of h^t, or 
the most highly concentrated beam, as in Fig. 30. 

When focusing headlamps with plain lenses, adjust 
to get the result shown in Fig. 3(j, 


relgrou 

preferably 50 feet, firom a flat vertical surfac^ such 
as the wail of a house, a garage, or a fence. For an 
automobile, two points shoiild be marked on the 
wall the same distance apart and at the same, or 
slightly less, height above the ground as the centers 
of the headlamps on the car. The cover glasses of 
lenses should bo removed from the headlamps and 
the beams (preferably one at a time) trained on to 
the marked points on the wall. The lamps should 
then be adjusted in the reflectors by means of the 
focusing devices until the smallest possible spots of 


> Addrcicec of some of the lent rntpufacturen: 

The Warner-Pattenoa 914 So. 
Mioh. Ave.,Chioago; Macbeth, by Maobetb-Evana Qlaae Co., 
Pittaburg. Pa.: Legalite, by The Legalite Corp., Boeton, 
Mata.: Sun Ray, by Standard Corp., Ck)lumbu8, Ohio; 
CoMpnore, by Corninf Qlaae Worka, Corning, N.Y.; Holophane, 
^ Holopfa^ Olaaa^., New York City: Bautob A Lomb by 


Lights on the Road, C.P., and Lamp Brackets 

In some states the law requires that headlamps 
be tilted so that the brightest part of the light 
strikes the road about 50 to 75 feet ahead of lamp. 

U lamp brackets cannot be tilted bv loosening 
the clamp bolts, then use a large monKey wrencG 
and bend cold (if of wrought iron or sted). If of 
malleable iron, thev cannot be bent at sdl, and the 
only course is to fife the holes larger and to wedge. 
One can tell steel or wrought iron because it mes 
soft, and malleable iron is l^d, brittle, and uneven 
castings. 

In tome states the headlamp bulba must be of sniBdent 
candle power to reveal objects SCO feet ahead, but the candle 
power of a lamp bulb must not exceed 36 o.p. for the diffusing 
lens etched or ground; 32 o.p. for the diffusing type le ne 
which are moulded (such as A, B, and C, page 487), and 21 o.p. 
for the deflecting type lens. 

In some states the law requires lights to be dimmed when 
paMing vehicles going in oj^ite direction on highways at 
nidat, and 6 o.p. dim, and 21 o.p. bright lights are generally 
used. Write to the Secretary of your State and obtam a cosf 
of the atat# automobile lawa. 


_ioal Co* Roofaestsr, il.Y. 

instruetion has not bM revised for some time. 

NOTE: Instead of movina the lamp to adjust the focus, the beam is now ‘‘aimed". Bee Note, page 481. 
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Focal AdtJustment for Different Leneee 

There are three general types of anti-glare or 
glare-reducing lenses: 

(1) The diffusing type, as A. B, C, and D, page 437, 
which requires a focal adjustment for a^^straight 
beam/^ or where the lamp filament is at the focal 
point, as shown in Fig. 22, page 436. 

(2) The deflecting type of lenses which require a 
focal adjustment for a ^'strai^t beam,” the 
same as the diffusing type, are F, G, H, and 1, 
page 437. 

(3) The deflecting type of lenses which require a 
focal adjustment for a **crossed beam,” as in 
Fig. 24, page 43^ where the filament is ahead of 
focal pomt, are J, K, L, and M, page 437. 

Therefore, when fitting lenses of either of these 
t)rpe8, it is necessary to adjust the focal point 
accordingly, after first making the adjustments with 
the lenses removed, as shown in Figs. 30 and 31. 

When a “diffusing” type of lens is used it makes no 
difference whether you have a crossed beam, a 
spreading beam, or a straight beam, except tnat 
where a straight beam is used there will be less dif¬ 
fusion, and consequently a stronger light ahead of 
the car. 

When a “deflecting” type of lens is used it is 
absolutely necessary to know whether it is intended 
for use with a spreading, a crossed, or a straight 
beam, before the focus can be made to insure satis¬ 
factory results. Therefore the manufacturer's 
instructions should be followed carefully. 

If that part of the deflecting lens which is designed 
to bend the “glare rays” down towards the road is 
located in the upper hall of the lens, a “spreading 
beam” must be used; if located on the lower half, a 
“crossed beam” must be used. 

If the device is made of prisms having a uniform 
anrie on both upper and lower halves of the device, 
a ^^traight beam” must be used. 

Checking Lamp Adjustment 

To find out whether the lamp is set for a “spread” 
or a “crossed beam” pass a screen, such as a piece of 
board or paper, down in front of the headlamp. If 
the shadow caused by the screen moves up as the 
screen moves down, the filament of the lamp is in 
front of the focal point (Fig. 34), and you have a 



Fis. 34 


“crossed beam.” If the shadow moves down with 
the screen, the lamp is set for a “spreading beam.” 

Another method of testing whether the light is a 
crossed beam or a spreading beam: Let the light 
from the headlight shine on a wall or screen 10 or 
15 feet ahead of the lamp. Then move the lamp 
bulb back in the reflector. 

If the spot on the wall mx)ws larger as the lamp 
bulb is moved toward the oack of the reflector, the 
lamp is adjusted for a spreading beam and the fila¬ 
ment is back of the focal point. 

If the spot on the wall grows smaller as the lamp 
is moved oack towards the reflector, the adjustment 
is for a crossed beam, and the filament is ahead of 
the focal point. 

If the ^ment is moved from as far back in the 
reflector as it will go, to a point as far ahead as it 
will go, you will that the spot of light ?rill first 


grow smaller and then grow lai^, as the filament 
passes the focal point. The pomt where the spot 
IS smallest is the point where the filmnent is prac¬ 
tically at the focal point (X), and the adjustment is 
for a straight beam. 

These tests are, of course, made with plain lenses. 

To Qean ReflecUnr 

Do not forget that dust or dirt on the reflector or 
on the glass lens may cut down the li^t on the road 
by more than half. The reflectors of head and side 
lamps are plated with pure silver. 

To clean reflector, use a venr soft, clean cloth, or 
powdered dry rouge and a chamois skin, without 
using pressure and mb in a circular motion. Never 
rub a reflector with a cloth or chamois sldn which is 
covered with dust or grit. It will scratch the reflec¬ 
tor and ruin it for service. 



Fig. 35 


If a reflector becomes tarnished or scratched, take 
it to a silver plater and have it buffed. It cannot 
be properly polished in any other way. An improve¬ 
ment can be made, however, where reflectors are 
tarnished, by moistening the rouge with alcohol 
and applying with a soft chamois. Do not use the 
chamois for any other purpose. Puts pomade 
applied with a very soft, clean chamois may also 
be used. 

To Clean the Glass Lens. 

Absorbent cotton, dipped in alcohol and lightly 
rubbed in a circular motion over the surface, will be 
found efficient. See also page 646 for cleaning 
glass, polishing nickel and brass, etc. 

Dimming Headlights 

There are four methods for reducing the brilliancy 
of headlights, which is required by law in most cities. 

One method is to use resistance wire which is in 
series with the circuit, as shown in the Lexington 
(Fig. 8, page 426). See also Fig. 14 of Hudson, page 



Fig.^ 


To va^ the intensity of the headlights when the 
dimmer is in circuit (Delco Hudson system) is merely 
a matter of shortening the path of the flow of current 
(the dimmer “resistance” wire. Fig. 36), which can 
be d 9 ne bv tying one coil together. This will make 
considerable difference. 

To do this, it is necessary to remove the switch. Hemove the 
four bolts passing through the housing at the back of the switch. 
The housing will then come apart. Remove No. 1 wire which 
conneote with the generator, before dismantling the switch, 
othorwiae a short circuit will result. 
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Another method (seldom used) is to have the 
switch connections so arranged that the two head¬ 
lights which are always connected in parallel will be 
connected in series, thus reducing the voltage of 
each lamp one-half. 

For instance, if the two lamps are connected in parallel on a 
C-volt circuit, each lamp would get 6 volts. If connected in 
series, each lamp would get 3 volte, thus dimming lamps. 

The method in general use is to use auxiliary 
headlight bulbs (also called dimmer bulbs). They 
are placed in the headlamp>s in addition to the regular 
headlight bulbs. See Olds diagram, page 402, and 
note Qiat (5) are bright headlight bulbs, usually 
21 c.p., and (6) are dim, or auxiliary headlight bulbs 
of 2 c.p. See also pages 400 and 407. 

In some states the law requires that lights be dimmed when 
passing vehicles on the highway at night, and 6 c.p. auxiliary 
and 21 c.p. bright headlight bulbs are generally used. 

Headlamps also come equipped with three lights: parking 
tights (2 c.p.), driving lights (2l c.p.), and bright ll^ts (32 c.p.). 

All three are in each neadlamp, and are operated by movement 
of the switch lever, so that either set of lights can be used. 
Fira. 6, 6, 8 in the Packard diafirram, page 407, show the three 
lights in each headlamp and switch connections. The driving 
and parking lights are not in focal point of reflector. 

A double-filament lamp bulb (Fig. 6, page 433) 
is another method of dimming. These bulbs can be 
had in 2 c.p. and 21 c.p., also 6 c.p. and 21 c.p. 

A headlamp lens can be frosted with ep^m salts dissolved 
in a teacup ofwater and then used on the inside of the headlight 

GAS LIGHTING 

Gas lighting is now seldom used,^ but it is ex¬ 
plained here for the benefit of the reaaer. There are 
two methods of supplying the acetylene gas to the 
gas burners. One method is by means of a carbide 
gas ^nerator, and the other by means of a tank con¬ 
taining compressed .acetylene gas. The method 
whereby the is supplied to the gas jet by a gas 
generator is shown in Fig. 37. 



Fig. 37. Showing how small copper tubing and rubber 
tubing connects from generator to lamps. Note that the rub¬ 
ber tubing connected from the copper tubing to the lamp drops 
in a curve. This places the rubier tubing at the lowest point. 
The gas condenses and turns to water, and the water clogs the 
pipes and gas tips. If this rubber tubing is disconnected occa¬ 
sionally, the condensed water wiU drain out. 

It is always necessary that the line or leads from the gas 
generator to the lamps be on as much of an incline as possible. 
In fact, a draincock could be placed at the lowest point to 
advantage. Pipes to each lamp should be independent if 
possible. 

There are two types of gas or carbide generators: 
the “drip^^ type, and the ‘'automatic^^ type. 

With the principle of generation, the water 

iis usually arranged to drip directly on the carbide, 
and the amount of gas formed is regulated by a tap 
which allows more or less water to come in contact 
with carbide (Fig. 38). 

A modification of this system allows the water to 
drip down a perforated metal tube, surrounded with 
carbide, and thus the water gradually soaks through 
the carbide. 

i The Prest^Lite gas tank is used considerably for truck 
and motorcycle lighting and automotive shop use, such as 
soldering, brasing, etc. 


glass, where it is allowed to evaporate. This produces a diHuH 
mg type of lens which, however, in some states is prohibited. 

A •‘Spot-Light’’ 

The spot-light is a type oi lamp which can be 

E laced on the wind-shield, and turned in any direction 
y hand. Where a great deal of night driving is done, 
or where a cross-country trip is made, a spotlight is 
of great convenience. It is fastened close to the 
driver^s hand, and can be directed at any spot desired. 

Adjustment is for a **straight-beam,” with the filament 
exactly at focal point. On the Fyrac spotlight (madeby Fyrao 
Manufacturing Co., Rockford, ill.) there is a screw back of 
reflector in the neck. Loosen screw and slip reflector backward 
or forward on tube until a bright small clear spot appears. 
There is a point in the focusing where several black spots 
appear; focus so that the black spots are eliminated. 

Spot-lights are prohibited in some states, and in others the 
law requires that the light be thrown on the ground, not more 
than 60, 75, or 100 feet ahead of the car, and it must not be 
directed in the faces of persons approaching. 

Electric bulbs used with spot-l^ts are usually of the 
nitrogen type, and 21 and 32 c.p. The limit allowed in some 
states is 21 c.p. 

Stop Light 

In most states the law requires that a stop light 
be placed at rear of car so that a red or yellow light 
be flashed when slowing down or stopping. This 
light is usually operated by a switch connected with 
foot-brake peaal. The lamp is usually 21 c.p. See 
Nash diagram, page 402, and Packard, page 407, 
showing circuit. See also page 654. 

(ACETYLENE) 



Fig. 38. Explanation of the “drip” type of carbide genera¬ 
tor; The tank (E) being filled with water at (D), the water 
saturates the cotton wick (H) in the tube (T) and the valve (F) 
being t urned on, i t drops into thesereen tube (L) .passing out of the 
holes at the bottom. As it comes in contact with the carbide, it 
forms which passes out at the top of the generator through 
pipe. The unused carbide held in the cage is separated by 
the screen in the bottom, and the dust or used carbide falls to 
the bottom (T) perfectly dry. Consequently the charge is 
always fresh while it lasts and is ready to light or extinguish. 
Cleaning simply means emptying the dry dust at the bottom 
and refilling the cage with carbide, and the tank with water. 
To shut off the light turn the valve (F) off. (F) being a two- 
way valve on the side (not lettered), the gas then contained in 
the generator passes out of the two-way valve into the air, thus 
insuring perfect safety. 

Fig. 39. The automatic type of generator: In some respiects 
this 18 simpler and gives a better regulation of the gas, but it 
does not seem to be always reliable. 

The operation is as follows: The carbide is contained in a 
bell or cnamber with perforated sides and bottom, to admit 
water freely. This bell has a suitable outlet for the gas. It is 
supported inside an outer vessel or tank to bold the water. 
Immediately the water comes in contact with the carbide, gas 
is generated and, if the supply tap (A) is open, this gas will x>a8S 
on to the lamps. Shoula the tap be closed, the preeeure 
exerted by the gas then acts inside the bell, and drives the water 
away from the carbide. 

Should the generation of gas still continue, it will force its 
way through the water and escape into the atmosphere, through 
a small vent hole (L), so that no dangerouui pressure can develop 
within the generator. 

It will be leen that an automatio regulation of the gat it 
thereby obtained, beoause immmediately tlUt more ie Mng 
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generated than oan be need, the water is driven away from the 
carbide, but as soon as there is a demand for more gas the pres¬ 
sure inside the bell falls and water re-enters. 

The gas outlet pipe and cotton wool or horsehair filter, whence 
the gas reaches the top. or to which the tubes are connected to 
the lamps is shown at (AA). 

A gas bag is provided on the gas outlet pipe inside the 
generator to steady the pressure. 

The carbide container lifts out of the tank by unscrewing the 
nuts (DD). 

The tank is filled from the aperture (K), in the plug of which 
is a small vent acting as a safety valve. In this, as in other 
forms, the gas oan be turned on and off any number of times 
till the carbide is all used up. 


Gas Burners—Also Called Gas Tips 

The gas burner is made up in various styles, and 
consumes from .25 to 1.5 cubic feet of gas per nour. 
By referring to Figs. 40 and 41, the reader will 
observe the construction. 



Fig. 40 Fig. 41 Fig. 42 


Fig. 40. Interior of a gas tip or acetylene burner. Tips 
are generally made of lava. Two small holes are in each end, 
only one of these being discernible to the eye. ^ The hole, how¬ 
ever, which becomes clogged is the small hole inside the large 
one. 

Fig. 41. Showing end and side view of the flame when 
burner is in good order. Fig. 42. Showing how to clean a gas 
tip. 

If acetylene gas was used with an ordinary jet, it 
would have a yellow tint, but the oxygen drawn into 
the tip through the large hole raises the temperature 
of the flame to a point where a white olaze is 
obtained. It is therefore necessary that the smaller 
hole in the burner be kept clean. 

If the flame is yellow and dim, the lack of oxygen 
is probably the cause, or the pipe line needs blowing 
out, or the generator needs cleaning. 

If the independent generator is used, it is impor¬ 
tant that all parts be perfectly clean and fresh caroide 
be added daily, using whatever quantity is required. 

The averse gas tip consumes one-half foot of ga.s 
per hour. Gas tips are made in standard sizes as 
toUows: foot; foot; ^ foot, and 1 foot. 


Lighting the Gas 

The usual method for lighting the gas is to turn on 
the gas at the generator or tank, and to light the 
gas at the burners with a match. 

Another method is to turn on and light the gas 
from the seat. This is accomplished by a valve and 
electric spark (Fig. 43). 




Fig. 43. Lightinff the gat by an electric gpgrk; Thiseyatem 
eona&ta of a apedal valve and twitch placed on the daeh-boi^ 
(D), a high-tenaion coil (C), and a special gae lighting attaoh- 
BMat abowa in tbe out. 


The connections are as follows: The gas tank is piped to the 
valve and connected to a union under it. After gas passes 
through the valve it is then carried to the lamps. A wire runs 
from switch to coil and from there through primary winding te 
battery; through battery to ground. 

An attachment (Bl) is placed on each gas tip to be lighted. 
When lever (L) is pressed down, this opens the gas and abo 
makes a temporary electric contact, and a spark jumps across 
points (S) and lights the gas. An ignition battery or dry celb 
will do thb work. 

Non-Freezing Solution for Gas Generators 

Use plain alcohol in the proportion here given. Alcohol is a 
fuel, but not explosive. It will, therefore, probably give a 
slightly stronger gas than water, and for this reason less will 
be required. Do not use glycerine, as this is an explosive. 

Percentage of alcohol to water: At 18 degrees, 10 per cent; 
at 5 degrees, 20 per cent; at —2 degrees, 25 per cent; at —9 
degrees, 30 per cent; at —15 degrees, 35 per cent; at —24 
degrees, 40 per cent. Note: The—in front of the figures are 
minus signs, meaning below xero. 

Carbide—Used in the Generators 

The chemical formula for Acetylene is C 1 H 2 (i.e., a 
compound of carbon and hydrogen). It has a char¬ 
acteristic pungent odor—^which at once gives 
evidence of any leakage—and is a poison if inhaled 
in any quantity. 

Approximately one pound of good quality calcium 
carbide will generate six cubic fet of acetylene gas. 

It can readily be liquified or compressed, but in this 
state it is highly explosive, and its use finds no favor 
in this country. What is known as dissolved 
acetylene, however, is safe. 

The gas in a moist or impure state attacks copper or brass, 
forming acetylene of copper, which is exceedingly explosive; so 
much so that it will go off by slight friction or a blow. This 
accounts for the small explosions that are sometimes experienced 
when cleaning a generator. 

The Pressure-Gas (Acetylene) Storage Tank 

This tank is used instead of a gas generator, and 
is charged at the factory. When the tank is 
exhausted it is taken to the local agent and 
exchanged for a fully charged tank. 

The gas used in the tank is acetylene gas. made ■ 
from carbide—the same kind of gas used in a 
generator. Fig. 44 illustrates the Prestolite gas 
tank. The amount of gas in the tank is indi¬ 
cated by the pressure gauge. In this way the motor¬ 
ist can tell the quantity of gas in the tank. A key 
opens the valve which allows only a low pressure of 
gas to feed the lamps. 

Piping of gas from gas tank to lamps is similar to 
that used with generator. 

The Prestolite ^as tank is made in three styles: 
Style E, which weighs 23 lbs.; style B, 30 lbs., and 
style A, 50 lbs. 

The pressure inside the tank (£) is based on a 
pressure of 15 atmospheres, or about 60 cubic feet 
of gas, which will supply gas for two J^foot burners 
for 50 hours. 
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The tank should be placed on the oar in such a 
way that it can be ea^y removed. The running 
board is a convenient place. Always place the 
tank top side up. 

Preatolite Gas Tank Pointers 
Prestolite gauges, how to read them: Several 
styles of gauges are used. Some register in atmos¬ 
pheres, some m pounds and some in both (see Figs. 
45, 46, 47). If you wish to determine the number 
of pounds of pressure in your tank, reading from a 
gauge showing only atmospheric pressure, multiply 
the number of atmospheres shown by 14.7, which is 
the number of pounds to which one atmosphere is 
equal. The result will give you the number of 
pounds of pressure in your tank. All atmosphere 
gauges are marked ''ATM.*’ An atmosphere equals 
14.7 lbs. at sea-level. 



Fig. 45 Fig. 46 Fig. 47 


Fig. 45. Gauge reading in atmospiiorcs. 

Fig. 46. Gauge reading in pounds. 

Fig. 47. Combination gauge reading in pounds and atnios- 
pheres. 

Prestolite tanks are charged to a pressure of 225 
pounds (equal to approximately fifteen atmospheres) 
at 65® Fahrenheit. If the temperature of a tank be 
increased 10® to 20® F., the pressure will be raised 
25 to 50 pounds. If the temperature be lowered, 
the pressure will be reduced in about the same ratio. 
This accounts for the rapid fall in the gauge pressure 
when a tank is taken from a warm garage mto the 
cold air of the street. Change in temperature does 
not affect either the quantity or the quality of the 
gas. Consequently, when the outside temperature 


is 65® P., a properly filled Prestolite tank will show a 
pressure of about 15 ATM (atmospheres) when 
using the atmospheric type of gauge^ and 225 
poimds when using the gau^ reading in pounds, 
while the gauge showing ooth pounds and atmos¬ 
pheres will indicate a pressure of 221 pounds, or 15 
ATM, with corresponding variations accoroing to 
the outside settled temperature, despite the fact that 
the first two mentioned gauges show a capacity of 
40 ATM and 500 pounds, respectively. 

Where to look for leaks* Rub soapHtuds along the pipe lines 
and over all joints and connections. Do not use a match any 
more readily than you would use one to hunt for a gas leak in 
your cellar. 

The following may be the source of a leak: (1) union where 
attached to tank; (2) rubber hose connecting union with brass 
luping of car* (3) joints where rubber hose connects with union 
and with piping of car; (4) joints, T’s, or crosses where piping 
branches; (6) where rubber hose connects piping with lamps; 
(6) part of lamp to which burners are attaoned; (7) any point 
on piping where there is a liability of chafing. 

Sizes and capacities of Prestolite tanks: "A"—22 inches 
long, 7 inches in diameter; contains 70 cubic feet of gas. 

Using two 1 2 -ft. burners, 70 hours lighting 

Using two H-ft. burners, 66 hours lighting 

Using two ^-{t. burners, 46 hours lighting 

“B”—20 inches long, 6 inches in diameter; contains 40 oubio 
feet of gas. 

Using two H-ft. burners, 40 hours lighting 

Using two H‘ft. burnMS, 32 hours lightin'j' 

Using two burners, 26 hours lighting 

*'E”—16 inches long, 6 inches in diameter; contains 30 oubio 
feet of gas. 

Using two Ji-ft. burners, 60 hours lighting 

Using two burners, 30 hours lighting 

Oil Lighting 

Inasmuch as electricity for lighting is now the adopted stand¬ 
ard, and is almost universally used, it is hardly worth while to 
deal with the kerosene oil lamp. The oil lamp, when used in 
place of electric lights, is generally placed as a tail or rear lamp, 
to illuminate the license number and as required by law for 
protection of the fire department. 

The brilliancy of oil lights can be improved by using a hard 
wick and placing cotton in the bowl of lamp. Then use gasoline 
or half gasoline and light cylinder oil instead of kerosene. 


BAUSCH & LOMB LENS FOR AUTOMOBILE ELECTRIC LAMPS 


The diagrams (Fim. 1 and 2) illustrate the path of light from 
a lamp fit^ with the Bausch & Lomb deflecting type of lens. 



The illustration in Fig. 1 shows a horizontal cross^otion 
and how the vertical cylinders (placed in front and rear of lens) 
throw or spread rays outward sufficiently to illuminate a lateral 
area of about 50 feet at a distance of 100 feet. 

Note: The word "flinders** used above refers to the flutinira 
which are in both the front and back of the lens. The whole 
lens is in reality a **prism,** and in this example it is somewhat 
At the Bottom than it is at the top. 

The itlttstration in Fig. 2 shows a single or solid vertical 
prism which deflects the light downward, or below the leVel 
prescribed by law. 

In order to secure maximum sati^action from these lenses 
it is neceMwy to adjust them properly, and this is explained 
•8 follows: 

The adjustment of a lamp consists in moving the lamp bulb 
forwiurd or backward (see pages 435, 436). Some lamps have 
external i^ustments whereby the adjustment can be made 
with the lens in place, and others where the lamp door must be 
opened. Adjustment should be made each nme the lamp 
bulbe are chwged. 

For adjustment with the leos la the lamp, have the light on a 
wiQ 26 or 60 feet away. Cknrar or disoonneot the other light. 


Cut out a circular piece of light-weight cardboard as in 
Fig. 3, with holes in it Ji” in diameter and 4H" from center to 
center of holes. Hold it in front of the lamp so that the centers 
of the two holes in the card lie in a vertical line as shown. 

If the bulb is properly set (focused or adjusted), the light on 
the wall will appear as one solid band, as shown in Fig. 4. 

If the lamp bulb is too far away or too close from the reflector, 
two bands will appear, and the lamp bulb should be movea 
forward or backward until a single band is obtained as shown 
in Fig. 4. 



For adjustment with lamp doors open, which is necessary 
when the adjustment is inside of the lamp, the same pro¬ 
cedure is followed. If the lamp bulb is properly focused with 
the reflector, a solid spot or patch of light appear, as shown 
in Fig. 6. 

If the lamp bulb is not properly focused, two Images or spots 
will appear, ynd adjustment of the bulb should be made until 
only a single patch of light appears, as in Fig. 6. Tliis adjust¬ 
ment is for a straight beam. 


Next, place the lens in place in the door and then elose it, 
and see if the adjustment is now as in Fig. 4. 

The tilting of the lamps should be made in aooordanoo with 
local requirements. 

^ ^^ufaoturers are Bausoh A Lmnb Optical Co., 
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SIGNAL ALARMS 


Th6r9 are a variety of devices properly designated 
as signal alarn», including: bells, bulb horns, elec-* 
trie Korns, exhaust whistles, compression whistles, 
etc. 


In the early days the mechanical electric bell, 
operated by the foot, was the applied method for 
warning the pedestrian—although possibly this was 
not necessary, as the cars in those days made suffi¬ 
cient noise to give warning a block ahead. 

Then came the bulb horn, but the old-style bulb 
horn has about seen its day. It is seldom used, 
because of its difficult method of bulb operation ana 
because of a tendency to get out of adjustment at 
the reed. 


The compression whistle is the type shown in 
Fig. 1. It is desirable for use where there is no 
battery, or where the battery is not of sufficient size 
to operate an electric horn, or where it is desired to 
save battery current. It is screwed into the 
cylinder instead of into the relief cock. The pres¬ 
sure is obtained from the compression in the cylinder. 



The exhaust horn or whistle (Fig. 2) was used ex¬ 
tensively at one time, but is now seldom used. It 
is connected to the exhaust pipe by means of a 
valve which is opened and closed by a foot pedal 
connection, which when depressed admits the exhaust 
gases to the horn. See Index, for “Fitting an 
exhaust horn.” 


The Electric Horn 

The electric horn is the most popular type, and is 
classified under two types of general construction: 
(1) vibrating type; (2) motor type. 


The Vibrating Type of Electric Horn 


The vibrating type of electric hom produces a 
sound resulting from the action of a vibrating arma¬ 
ture (B) (Fig. 4) magnetically operated by the 
magnet cores (R). The vibrations are transmitted 
through rod (A) to a diaphragm (D), thus producing 
a sound which is greatly ma^iifi^ by havmg a horn 
or trumpet attached as in Fig. 4B. 



The electric circuit is to (P). from (•|-).of the battery (or 
Kf'nerator), throu^^h the blade, through platinum iridium pointe 
(E and C), through armature (B), to lower coimectiou (G) of 
the lower magnet coil, through the upper coil, to (H), to the 
push-button, to the (—) connection of the battery. When 
the push-button is depressed, the circuit is closed, ana armature 
(B) IS drawn to coil (R), striking against rod (A). The moment 
this occurs, the circuit is opened and armature (B) ia released; 
thus contact is made again at the points (E and C). and the 
armature vibrates back and forth as long as the pu^-button 
closes the circuit. The action is similar to that of a vibratiz)g 
type of ignition coil or electric belL The consumption is 
from 4 to 6 amperes. 


The hand-operated hom (Figs. 3, and 3A) is not 
altogether desirable because it is operated by hand at 
an mconvenient place. It is usually placed too 
near the driver, whereas it ought to be nearer the 
front of the car. 



KANO 

ACTUATCO 


Fig. 3 Fig. 3A 

Fig. SA. Klaxon type 3, hand-actuated horn. Klaxon S-3 
type is aiimlar, except tnat it has a vertical push rack. 

The hand-aotuated horn is operated by pressing on the knob 
(H) (Kg. S) oonnected with a toothed rod (R), thus actuating 
gear (^. This type of horn is used extensively on motor 
trucks. 

Hom brackets for automobile use, as shown in Fig. 3B, are 
arranged so that the horn can be mounted at different an^es. 
(M) and (83) are for motor-boat use. American Electric Co., 
Chicago, su] 2 imeo the brackets. 

Handles for hand-actuated horns (Fig. 3C) can be had of 
some of the hom manufacturers. They are suitable for loog- 
oontinued blasts when used on boats. 



Fig. 8B Fig. 80 


Points (EC) should be of iridium platinum, otherwise they 
will wear down and stick. (On the Bosch horn a condenser is 
connected parallel to the breaker points.) 

Adjustment is made by adjusting the rod (A) (Fig. 4) 
in relation to (B), to obtain a greater or less number of 
vibrations, which increases or 
decreases the sound trans¬ 
mitted through diaphragm 
(D). Thia adjustment on 
Fig. 4B is made by screwring 
(S) in or out writh current on 
until the sound is as desired. 
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The Motor Type of Electric Horn 


Fitting an Electric Horn to Car 


The motor type of electric bom also produces a 
sound transmitted through a diaphragm, but in a 
manner different from that of the vibrating type. 



Fig. 5. Motor type of eleotrio horn. 


Construction: An electric motor (M) (Fig. 5) of 
small size is enclosed in one end of the horn. On 
the right end of the armature shaft a case-hardened 
steel-toothed wheel (W) operates against a case- 
hardened steel button (B) securely attached to the 
metal diaphram (D) (see also Fig. 6 ). The sound 
produced by the wheel (W) operating against (B) is 
transmitted through the diaphragm (D) and ^atly 
magnified through the horn which encloses the dia¬ 
phragm. 

The intensity of this sotmd can be increased or 
decreased by moving the armature shaft so that (W) 
will make closer contact with (B) to increase the 
sound, or so that they will back away from each 
other, to reduce the sound. 

This adjustment is made by loosening the lock¬ 
nut (A) and screwing the adjusting screw (S) in or 
out, which moves the armature, as e^lained above. 
Do not adjust too tight at (B) and (w). 

The motor is a series-wound motor. Note the 
field-windings (shown in section), also the armature 
and brushes and the commutator on which the 
brushes rest. 


When fitting the electric horn to a car, the horn 
should be placed on the opposite side from the 
driver and as far away in front of the car as possible. 
The reason for this is that the noise is then away 
from the occupants of the oar, and the signal is 
placed where it is most effective, usually under the 
nood, to the front. Being under the ho^, it is pro¬ 
tected from water when car is washed, and from rain. 

Klaxon Electric Motor Horn^ 

The Klaxon 

principle of construction is 
that explained in Figs. 5 and 6 . Several different 
types of Klaxon horns are manufactured. ^ 


Ivlaxon horns are made for various voltages. If 
the battery is a 6 -volt battery, the voltage of the 
horn should be 6 to 8 volts. Dry cells can be used 
if necessary, about 6 to 8 dry cells being required. 

The amperage, or current consumption, is fixed 
for each size horn see under illustrations. 

To adjust Klaxon 20L (Fig. 8 ): Loosen the lock- 
nut (A), and start the current by pressing the push¬ 
button. While it is sounding, twist the motor case 
until no sound is heard except the buzzing of the 
motor. Continue twisting, in either direction, until 
the note is loud and clear. When the note is as 
desired, tighten the locknut. 



Fiff. 8. Klaxon 20-L luea 7 amperes. It is a large, deep- 
toned horn; Fig. 0. Klaxon 12L uses 8 amperes. A medium- 
sized type; also a deep-toned horn; Fig. 10. 

Klaxon-d uses 5 amperes; Klaxette, (not shown) 3 amp. 



P 

Fig. 7 



Fig. 7A 


Fig. 6. Explaining how the wheel (W) actuates CB) on the 
diaphragm, axid thus produces the sound. 


To adjust the Klaxon 12-L and Klaxon -6 (Figs. 9 
and 10): Loosen the screws and remove cover. 
You will find a locknut (A) (Fig. 5). While the 
motor is running adjust screw (S) until the note is 
as desired. This action forces the armature shaft 
with its wheel (W) against the button (B). Replace 
cover and tighten screws. 

Care of Electric Horn 

Clean and lubricate commutator once a montht 
as follows: With a dry cloth wipe the commutator 
clean. Apply a little vaseline with a clean cloth. 
Use thin oil in winter. Apply this to the com¬ 
mutator. The slightest film is all that is necessary. 
Every three or four months a little vaseline should 
be applied to the toothed wheel (W). Oil the 
shaft bearing once a month. 


Fig. 7. A “two-wire system’* horn circuit. 

Fig. 7A. A “single-wire grounded-retum’* bom circuit; the 
frame is used as a ground or return. 

The circuit is from ( 4 *) of battery (or generator) 
to ground, to one end of the field-winding, through 
the two field-windings to one of the brushes, through 
the armature, out the other brush, through push¬ 
button (P) (Fig. 7A), to (—) of the battery or 


iThe motor t 3 rpe electric horn is no longer used on passenger 
oars. The ▼ibrator type is in general use. 

A typical vibrator type horn installation, employing two 
horns; one with a low pitch blended with another horn with a 
high pitch, producing a sound similar to an air born, is shown 
in wiring diagrams pages 1151-1, J. 

Horn Relay, a magnetically operated switch remotely con¬ 
trolled by horn button on steering wheel is generally used, as 
shown in these diagrams. Purpose of relay is to overcome 
voltage drop as explained in footnotes 5 and 3, page 655. 
"^en a horn blowa continuoualy, usually due to a ground, 
disconnect the “hot wire" at relay. 


0 Biierator. 


f Electric Auto-Iite 
Jaoksra, Mich., 
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On the Klaxon 2(>-L, oil once a week through oil 
hole (O) (Fig. 8). Give two drops of ‘^3 in 1*^ oil. 

If the horn starts with the right tone and suddenly jumps 
to a higher pitch or screech, it indicates too light a contact 
between rotor and diaphragm. This can usually be remedied 
by tightening screws (6). 

If the tone falls off, look to voltage of battery first, then 
to adjustment, then to lubrication, and clean and lubricate 
commutator. 

Electric Horn Adjustments 

^ an example, the North East electric horn 
(Fig. 11) will be used. 

Tone adjustment: First be sure that the horn 
needs adjustment; trouble may be due to other 
causes (see “Troubles”). Adjust by turning the 
tone adjusting screw slightly in or out, as the case 
may require. 

The speed at which the motor can revolve is also an important 
factor in producing a loud clear tone—this is dependent upon 
the condition of the motor and horn. 

When replacing diaphragm, always fit a new gasket on each 
side. Tighten nuts and bump horn (projector end down) on 
soft felt or waste, then draw up slack by again tightening ntits. 

Horn Trouble Diagnosis 

Tone irregular or weak: (1) battery weak; (2) loose connec¬ 
tions at switch, horn, or grounded connection, or ground or 
partial open circuit; (M) diaphragm screws or nuts loose; 
(4) bearings need oil; (5) brushes gummy or worn, not making 
good contact; (6) armature thrust spring too stiff or weak; 
(7) out of adjustment. 


Horn fails to operate: (1) battery weak: (2) ground or open 
circuit in wiring, button, or horn; (3) brushee not making good 
contact; (4) fidd-coil lead broken; (5) armature binds; (6!) 
ground in brush-holder, field coil, or armature; (7) open oi 
short circuit in armature; (8) out of adjustment; (0) oil on 
commutator. 

Horn blows continuously: (1) horn switch or button stuck; 
(2) short circuit in horn button or wiring; (3) ground in horn 
or in wiring between horn and button. 

For testing electric horn, see pages 453, 451, 485. 



Fig. II. Sectional view of the North East electric horn. 


SPEEDOMETERS AND ODOMETERS 


Purpose of a speedometer: The speedometer for 
automobiles is an instrument for measuring and 
indicating—in miles per hour—the exact speed at 
which a car is being driven. The number of miles 
per hour shown at tlie dial of the speedometer is the 
actual speed at which the car is traveling at the 
instant of indication. For this reason the numbers 
shown constantly change as the car is driven faster 
or slower. 

Necessity of a speedometer: A speedometer is 
necessary in testing a car, to learn its speed capabili¬ 
ties under various conditions: in order to time trips 
over various distances, or to avoid violation of the 
speed limit laws, the penalty for which is arrest and 
fine. 

Purpose of an odometer: The odometer (com¬ 
bined with the speedometer) is an instrument for 
measuring and recording—in miles and tenths of 
miles—the distance a car travels in making a trip. 
It also records the entire or total distance traveled 
during an entire season. 

Necessity of an odometer: The odometer is usu¬ 
ally embocued in the same case with the speedom¬ 
eter. It is necessaiy in auditing the cost of oper¬ 
ating and maintaining a car. It enables the owner 
to tell how much gasoline is used per mile; how 
much his tire expense per mile amounts to; how 
much mileage he gets out of his car. Thus it 
enables the owner to make comparison of the cost 
of operating and maintaining his car, with the cost 
of operating and maintaining a car of another make. 
The recorcEng and resetting features of the trip- 
register part of the odometer are a necessity in fol¬ 
lowing a guide book when touring. 

Speedometer Principles 

The magnetic nrinciple (Fig. 1), as employed in 
Stewart-W^ner instruments, utilizes a revolving 
magnet positively driven from ^e car wheel or 
other part. The magnet exerts its influence on a 
metal part which is separated from it by an air 


gap, which in turn is connected with the indicating 
mechanism. The metal part is generally aluminum, 
as the inertia of the part must be kept as low as 
possible to make the speedometer quickly sensible 
to speed changes. A feature of the magnetic design 
is that the travel of the dial bears a direct ratio to 
the speed of travel of the magnet, and in order to 
compensate for changes in the drag, due to temper¬ 
ature differences, a compensating unit is fitted. 



Fig. 1 Fig. 2 Fig. 3 Fig. 4 


The four principles of speedometer operation: magnetic, in 
which a revolving magnet exerta its drag on the dial; centrif¬ 
ugal, in which revolving weighta supply the energy due to 
centrifugal force; air, in whicn a current of air flows against a 
vane carrying the dial, and liquid, in which a column of liquid 
is lifted a height proportional to the speed of the pump drive. 

Centrifugal control (Fig. 2), as utilized in speed¬ 
ometers, is very much the same as that on a fly-ball 
engine governor. Standard, Johns-Manville, Sears- 
Cross, Corbin-Brown, Hoffeker and Garford use 
this principle. Weights are mounted on the revolv¬ 
ing shaft by bell crank levers which allow them tc 
travel farther from the axis of the shaft as the speed 
of the drive increases. The centrifugal force of the 
weights increases as the square of the velocity of 
the shaft, meaning that at four times the speed the 
force doubles. 

This tendency of the weights to fly from the axial 
center of the shaft under the influence of centrifu^ 
force furnishes the basis of the indicating needle 
movement. An ingenious feature in centrifugal 
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deedm is that although the movement of the weights 
would naturally vary as the square of the speed, the 
levers or cams TOveming the movement are so omcu- 
lated that calibrations on the dial are uniform, or 
nearly so. Another feature which is carefully 
watched is the balance of the weights. The gover¬ 
nors are made very sensitive, so that even at low 
speeds the correct rate of travel may be indicated. 

The air principle (Fig. 3) is an instrument which 
calibrates an air current and translates the result 
into miles per hour. The air circulator (A) consists 
of two intermeshing aluminum gears housed in a 
chamber in which there are two openings, one from 
the outside and away from which the gears rotate, 
the other opening conducting the air into the speed 
dial chamber where the air is directed against a 
light vane attached to the inside of the speed dial. 

The speed dial is an inverted aluminum cup (C) 
mounted on a pivot set in jeweled bearings. The 
amount of air directed against the^ vane in the 
speed dial is governed by the speed at which the air 
circulator (AT is driven by the flexible shaft. The 
speed dial, when the car is at rest, is held at zero by 
the action of a nickeled steel hairspring. 

The liquid or hydraulic principle (Fig. 4): One 
instrument, the Veeder, which employs the hydraulic 
system, uses a centrifugal pump which is connected 
with the drive and which lifts a liquid to a height 
proportionate to the speed of the drive. The tube 
m which the colored liquid is lifted is calibrated to 
register speed. See illustration. {Motor Age.) 

Speedometer Drive Methods 

Front wheel drive: The speedometer can be 
driven from the front wheel (Fig. 5), or off the pro¬ 
peller or transmission shaft, as in Fig. 6. The usual 
plan is to drive with gears. 



Fig. 6. Drive from front wheel. 


Transmission drive: Instead of placing the speed¬ 
ometer drive on the front wheel, which has been 
the standard former method, it is now <iuite often 
placed just in the rear of the transmission, on the 



Hg. e. SUwsrt ipeedometer, propeller^haft drive. 


transmission main shaft. Fig. 6 shows how the 
driving is attached to the front of the forward 
universal joint. The swivel joint and gear section 
are cl^rly depicted. Other manufacturers are now 
adopting a set of gears inside of the transmission 
case, to drive the speedometer shaft. 

The speedometer flexible shaft is shown in Fig. 7. 


r TO SPEEDOMETER 



Fig. 7. The speedometer flexible shaft (Waltham, as an 
example) is made up of a series of links (L), which are held in 
position by a series of steel collars (M). The links (L) are 
covered with flexible tubing fT). The illustration shows the 
flexible shaft together with other fittings, including swivel and 
angle joints. 

Ratio of Gearing 

The ratio of gears for a speedometer when driven 
from front wheels is found by doubling the diameter 
of the tire. This gives the number of teeth neces¬ 
sary in the large driving or road wheel gear. For 
example, a 30 x 4 tire would require a 60-tooth gear, 
etc. Driven pinions (small) on all Stewart-Wamer 
speedometers, for front axle drive, have the same 
number of teeth, viz., 16, and drive through a 2H 
to 1 swivel-joint reduction. 

The gear reduction in the swivel joint is mounted 
close to the driven pinion, as shown in Figs. 6 and 7. 
When installed on the left-hand wheel, a swivel joint 
is used which reverses the direction ol rotation. 

Calibration: The Stewart-Warner speedometer 
flexible shaft travels 1,009 revolutions per minute 
when the car is traveling 60 miles per hour. 

On all Stewart speedometers the space between the main gear 
(1, Fig. 5) and the pinion gear (2), should be 1/16^'. Also note 
that the main gear should have twice the number of teeth that 
there are inches in the diameter of the tire. 

When tires are changed to oversize, the oar should be taken 
to the speedometer service station and gears changed. 

Speedometer Care and Troubles 

The following matter refers to the Stewart speed- 
onieter, some of the instructions and illustrationF 
being taken from the Studebaker instruction book 
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Resetting odometer: Pull out the tn'i) odometer, 
resetting the plunm (Fig. 8), after which turn to 
right or left as mudi as necessary to show the fibres 
you desire to have appear. After resetting the odom¬ 
eter, do not fail to push the resetting plunger in as 
far as possible, or else the trip odometer will not 
renter. The speedometer is a very delicately 
adjusted instrument, and must be handled carefully 
to insure continued satisfactory service. 



Lubrication: Do not attempt to lubricate the 
speedometer head imder any circumstances. 

To lubricate the shaft, disconnect m>per end tip, and pull 
chain out of casing from lower end. Cover the lin^ liberally 
with Stewart Lubricant, and insert lubricant which can be 
obtained of Stewart service stations or Stewart-Warner Corp., 
Chicago, Ill. 

Speedometer Troubles 

If the speedometer is not operating satisfactorily, 
look over the installation and see if it is in accordance 
with the following instructions: 

Flexible shaft connection: Make sure that the 
clutch in the flexible shaft enters the slot in the neck 
of the speedometer (shown in Fig. 9, “Flexible Shaft 
Connections^. The sliding bar on the other end of 
the flexible shaft enters the slot in the driving shaft 
at transmission. 


Speedometer Adjustments 

Dial vibration results in failure to indicate speed 
and mileage. Noisy instruments are caused by any 
of the following: 

1. Loose union connection between speedometer and 
flexible shaft connection. 


2. Loose union connection between driving shaft at 
transmission and flexible shaft. (These unions 
on flexible shaft should always be kept as tight 
as possible.) 

3. The flexible shaft may be bent at a sharp angle. 
This condition causes the shaft at times to bind, 
wiftking the dial unsteady. 

4. The worm gear and pinion at the drive end may 
be either medied in part only or entirely out of 
mesh, due to speedometer pinion gear sleeve at 
the rear of the transmission being loose. The 
shaft should be shoved in the housing as far as 
possible, and the nut tightened. 

5. The flexible shaft may not be well lubricated, 
which causes erratic shaft movement and 
unsteady indication. The manufacturer has a 
special grease for this purpose. 

6. Tbe ohidn in the flexible shaft may have broken. 
If eo, it can be quiddy repaired by replacing the 


broken link. If the chain breaks, unscrew both 
shaft connections and remove the chain from the 
outer casing. Then repair the break by hooking 
into place a new link—a very simple operation— 
replace the chain^ and screw both shaft ends into 
place. Extra links may be obtained from 
Stewart-Warner Corporation branches or service 
stations at a nominal cost. 

When speedometer pointers vibrate, look for 
loose unions, connection, flexible shaft bent too 
sharp, lack of lubrication, g^rs not properly meshing. 

Failure to indicate speed: Look for the same 
causes as above; also for a broken link in the shaft. 

Noise may be due to lack of lubrication or any of 
the causes described above. 

Checking a Speedometer 

A simple test 

is shown in the table below, and 

is as follows: 

When the drive is from the front wheel, jack up 
the wheel. A chalk mark is then placed on the rim 
of the wheel, and the wheel is turned as fast as pos¬ 
sible. 

At a signal, one person reads the speedometer, and 
another counts the revolutions for one minute, as 
timed by a stop watch, or the second hand ot a 
watch. The number of revolutions of the wheel, 
and the speedometer reading at the start and finish 
are noted. (By adding the two speedometer read¬ 
ings, and dividing them by two, the average speed 
as recorded by the speedometer is determined.) 



Fig. 10 


The actual speed may be obtained from the chart 
in Fig. 10. Supposing the revolutions in the minute 
to have been 94^ a horizontal line is followed until it 
meets the slantmg line representing the diameter at 
the front wheel, assume it to be 34". Dropping 
down vertically, the speed is seen to be 9.6 miles per 
hour-^which should correspond to the speedometer 
readings. If carefully xi^e, this test is quite 
accurate, and requires little time. 






INSTRUCTION No. 40 

ELECTRIC PARTS OF A CAR: Preliminary Instructions for Locating 
Troubles of the Electric System 

DIVIDING THE ELECTRIC SYSTEM INTO PARTS AND TROUBLES THAT COULD OCCUR 


Before it is possible to diagnose properly, or to 
test for any trouble in the electric system of a car, 
it is first necessiy to know the fundamental principles 
underlying all the parts, their location, and the 
relation of one part or another. 

The fundamental principles of all parts of the 
electric system have been dealt with m preceding 
instructions. We shall now deal with the division 
of the parts, the troubles that are likely to occur in 
each part, together with the effect that these may 
have on some other part, and also with the devices, 
instruments, and tools necessary to locate troubles 
and to remedy them. 

Electric troubles may be in the external parts, or 
in the internal parts. If trouble occurs in the igni¬ 
tion syst-wn, then the point to be^ at would be 
the source of electric supply of the ignition system, 
tracing through the external parts of this system. 
Then if the trouble is not located, the test should 
extend to the internal parts, such as the winding of 
the ignition coil, the condenser, etc. The same pro¬ 
cedure would apply to the starting motor, the 
generator, the battery, the cut-out, etc. 

Hence the necessity of dividing the electric sys¬ 
tem into component parts and testing the circuits 
of each part, and at the same time considering the 
relation of that part to some other part. In other 
words, intelligently to diagnose electric troubles 
requires a knowledge of the fundamental principles 
of all the parts and their relation to each other. The 
importance of separating the parts,, in order def¬ 
initely to be able to locate the trouble is the point to 
consider in this instruction. 

If we separate the electric system of a car into its 
main external parts, we have: 

1. The storage battery. 4. The wiring system. 

2. The generator. 5. Dash ammeter. 

3. The starting motor. 

(1) Storage Battery 

If we take the storage battery and divide it into 
its component and internal parts, we have: 

(a) The storage battery plates, 

(b) The storage battery separators. 

(c) The storage battery jars. 

(d) The storage battery electrolyte. 

(e) The storage battery connectors and lugs. 

(f) The storage battery ground connection, 

(g) The storage battery terminals. 

Any of the parts of a storage battery mentioned 
above could cause trouble, such as plates being 
internally short-circuited, separators becoming 
rotted, jars leaking, electrolyte falling below the levd 
of the plates, connectors or lugs not being burned 
properly and thus making poor contact or open cir¬ 
cuits, ground connection loose, and making poor 
contact or open circuits, and terminals also. 

The construction, care, troubles, tests, and repairs 
of storage batteries are treated under the storage 
battery subject. 

UttiallF, when Automotiye electrical trouble! occur, the bat¬ 
tery ia t^ed firat (the source of elecl^cal supply). If in good 
eondition. then attention is directed to the current-consuming 
devices. If not in good condition, then the next step is to 
determine if the trouble is due to duolmrged or dMeotive 


battery. Tests on pages 645-653 will determine this. If 
discharged, then the next step is to determine if the discharged 
condition is due to the generating system, or excessive current 
consumption, and thus step by step to locate the cause of the 
trouble. 

(2) Generator 

If we take the generator and divide it into its 
component and internal parts, we have: 

(a) The field poles and frame. 

(b) The shunt-field windings. 

(c) The regulation of the shunt-field winding circuit. 

(d) The armature 

(e) The commutator. 

(f) The brushes. 

(g) The cut-out. 

Any of the parts mentioned, if defective, would 
interfere with the proper operation of the generator, 

for instance: 

(a) The field poles, if loose where they are held to 
the frame by screws, would probably result in 
damage to the armature. The proper clearance 
between the ends of the field poles and the arma¬ 
ture is a point to consider. 

(b) Field windings, if grounded with the field pole, or 
if one coil is grounded with another, or it short- 
circuited, would either carry no current at all, or, 
at best, a weak current. 

(c) The regulation system, such as the electromag¬ 
netic ‘‘voltage regulator,” or the “current 
regulator,” may not be properly adjusted. 
These relators are usually connected with the 
shunt-field winding of the generator, and if not 
properly adjusted, they would permit too high 
or too low an output of the generator. 

Furthermore, the regulator windings may be 
open-circuited or short-circuited, thus necessi¬ 
tating a test of the windings. Or the points of 
the regulator may be burned together and fail to 
open, or the resistance, usually connected with 
the points, may be burned out. 

If the regulation is of the “third-brush” type, 
the brush may not be seating properly, or the 
brush may be worn too short, or there may be 
poor connection of the brush with the wire con¬ 
necting with it, or an improperly adjusted brush. 

All or any one of these troubles in the regulation 
system would prevent the shunt-field winding 
from building up lines-of-force properly and 
would thus anect the output of the g^erator. 

(d) The armature troubles are principally either in a 
short-circuited or in a groundecl armature coil; 
that is, one wire may be shorted to another wire 
internally of the armature, or one wire may be 
grounded with the core of the armature, or there 
may be open circuits, where the wire is broken, 
or loose at the commutator. 

(e) The commutator gives more trouble than any 
other part of the wnerator. Eighty percent of 
the generator troubles are indioatea by the con¬ 
dition of the commutator. 

A commutator blackened over its entire sur¬ 
face indicates too much grease and carbon dust, 
^ugh commutators require tuning down in a 
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lathe or being sanded. Mica insulation, which 
is placed between each commutator segment, 
will protrude in time, as the copper, being soft, 
wears. As a consequence, the mica protrudes 
and prevents the brushes from malung good 
contact, thus causing arcing at the brushes 
which, in turning, burns the commutator. 
There are other causes of commutator troubles, 
such as loose segments, loose wires to sements, 
etc., all of which will be taken up farther on. 
Oil should never be placed on a commutator. 

(f) The brushes are a source of trouble, principally 
when they fail to make good contact, when there 
is improper spring pressure, when the brushes 
are stuck in the brush-holder or are worn short, 
when the brush-holder is loose or when there are 
loose connections. All these affect the operation 
of a generator. When new brushes are fitted, it 
is important that they be seated to the curvature 
of the armature (explained farther on). 

(g) The cut-out has two windings: a 'Voltage wind¬ 
ing’' and a "series winding.” The voltage fine 
wire winding connects across the main circuit 
of the generator. In some instances the cut-out 
points burn together and permit the current 
to flow back through this fine wire winding, 
which burns it out. 

The cut-out series winding is connected in 
series with the charging circuit from the genera¬ 
tor to the battery, and is a larger wire. It sel¬ 
dom burns out, but may become short-circuited, 
or open-circuited. The windings can be testea 
for open circuits, short circuits, and grounds, 
just the same as the generator field-windings, 
the armature coil winoings, and the regulator 
windings; explained farther on. 

The cut-out points sometimes stick together, 
thus permitting the battery to discharge back 
through the generator, which is usually indi¬ 
cated in the ammeter on the "discharge” side. 
This necessitates cleaning and adjusting points. 

(3) Starting Motor 

If we take the starting motor and divide it into its 

component and internal parts, we have: 

(a) The field poles and frame. 

(b) The field windings: straight "series” or "series 
parallel.” 

(c) The armature. 

(d) The commutator. 

(e) The brushes. 

(f) The bearings. 

(g) The starting switch. 

(n) The ground connections. 

(a) Field pole troubles are not common, but it is 
well occasionally to tighten the screws holding 
field poles to the frame, with a screwdriver. 

(b) The field windings, like the generator field- 
windings, can be tested for open circuits, short 
circuits, or grounds, explained farther on. 

(c) The armature troubles of a starting motor are 
usually due to the bearings giving way and 
permitting the armature to strike the pK)le pieces, 
thus injurmg the armature windings. 

The armature windings can be tested for open 
circuits, short circuits, and grounds, in the same 
manner as a generator armature, as will be 
explained farther on. 

The armature shaft is sometimes bent or 
twis^, because of the back firing of the ^gine 
and hard strains. How to test and straighten 
fh\ti ia explained farther on. 


(d) The commutator on starting motor is subjected 
to a great amount of current passing through it. 
Thus if it is roughened, it should be turned 
down in a lathe. It is seldom that the mica 
protrudes, as in a generator commutator, 
because the starting motor is not used as much 
as the generator. Ix)ose wares from the arma¬ 
ture coils to the commutator segments some¬ 
times come loose and require soldering. 

Brush troubles on a starting motor are usually 
due to poor contact on commutator, or to loose 
brush-holders. Brushes should seat properly. 

(f) Bearings of a starting motor are usually plain 
bronze bearings which may become worn from 
the lack of oil and long service. Thus when a 
heavy charge of current (150 to 300 amperes) 
passes through the armature and the field- 
windings, as the armature revolves, it is forcibly 
drawn to the pole pieces^ since the air-gap or 
clearan(;e is very slight, with the result that the 
armature strikes the pole pieces and damages 
them. This usually necessitates a new arma¬ 
ture and end-plates with new bearings. 

(g) Starting swritch troubles usually result from poor 
connections, loose parts, or burned contacts. 

(h) The ground connection from battery to frame, 
which is a part of the starting circuit, shoula 
occasionally be examined. If not properly made 
w hen first installed, the connections wall corrode 
and cut down the current supply, not only to the 
starting motor, but to all of the other circuits. Vi¬ 
bration often causes this contact to become loose. 

(4) Wiring System 

If we take the wing system and divide it into its 

various circuits, we have: 

(a) The starting-motor circuit. 

(b) The generator charging circuit. 

(c) The ignition circuit. 

(d) The lighting circuit. 

(e) The horn circuit. 

(f) The ground connections. 



Fig. 1. Diagram of a Remy ©lectrio system as an example. 
The object of this diagram and the explanations is to point out 
where to start when tracing different circuits in order to locate 
troubles intelligently. Note the arrow points. 

Single arrow: starting-motor circuit. 

Two arrows: generator charging circuit. 

Three arrows: ignition cirouit (primary). 

Four arrows: headlight circuit. 

Five arrows: tail-light circuit 
Six arrows: horn drouit. 

Seven arrows: cowl-light drouit. 

Single arrow to the side of wires: secondary ignition circuit. 
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Where to Start Tracing When Trouble Occurs 

(a) The starting-motor circuit: The circuit in 
this example would start from (+) of the battery, 
thence to the starting switch, to the motor, to 
^und, to (—) ground of the battery, as shown by 
single arrows on the wires. 

If the (+) terminal of the battery is grounded, then the 
starting ot the circuit would be at the grounded (+) terminal 
of theoatt^, to the (+) grounded brushes of the starting 
motor. 

The parts included, therefore, in the starting- 
motor ciroiit are the battery, the hea\y wire, the 
starting switch, the motor field-windings, the 
brushesj the commutator, the armature, the ground 
connection of the motor, and the ground connection 
of the battery. 

(b) The generator charging circuit: The point 
at which to start in the examine (Fig. 1) is with the 
(+) brush of the generator, to the cut-out series 
winding, through the closed cut-out i>oints, to the 
ammeter, as shown by two arrows on the wires. 

If the (+) brushes are grounded, then the (-f) terminal of 
the batt«y would also be grounded, and the start would be 
from the (+) grounded brushes, to the (+) grounded battery 
terminal, thence to the starting switch, where the main charging 
wire usually connects, to the ammeter. 

Thus the parts of the generator main charging 
circuit inclucie the generator armature, the brushes, 
the cut-out, the ammeter, the connection to one 
side of the starting switch, the battery, and the bat¬ 
tery groimd connection. 

Troubles which are common in this circuit are 
open circuits, grounds, short circuits, and poor con¬ 
nections; and the poor connections would include 
poor brush contact, loose terminals, and loose or 
corroded battery terminals and ground connections. 
It is very important that the third brush of a third- 
brush-regulatcd generator be properly seated. 

(c) The ignition circuit takes its current from 
the battery, at switch connection (B), when the 
en^e is first started, or when it is running slow. 
When the engine is speeded up, the generator 
generates sufficient voltage to charge the battery, 
and the current for ignition is then taken from the 
generator at switch connection (G). 

In the example shown in the illustration (Fig. 1) 
the (—) terminals are grounded; therefore the start 
for tne ignition circuit is at the (-f) terminal of the 
battery or at the (+) terminal of the generator, to 
the switch at or (G), to (I), to the resistance unit 
on the coil, through the primary winding, to (T), 
to the contact-breaker, to ground (G), to the (—) 
ground of the battery or generator. 

If the (+) terminal of the battery and generator are grounded, 
then the start would be from (+1 of the battery or generator 
to the grounded terminal of the contact-breaker. 

The ignition circuit is divided into two circuits, 
the primi^ low-tension circuit and the secondary 
high-tension circuit. 

The prinuOT or low-*tension circuit includes the 
ignition switch, the ignition resistance unit, the pri¬ 
mary wind^ and the contact-breaker, ana also the 
oondenser, wnioh is idways placed across the oontact- 
breato points. 

The condenser is sometimes placed in the coil, and 
sometimes on or in the contacMreaker housing, but 
in every instanoe it connects across the contact- 
breaker points. 

The resistance unit is sometimes placed on the coil 
and sometimes on the oGntaot-breoker housing, and 
is always in series with the primary circuit. 


The secondly circuit is an independent circuit, 
termed the ^^hi^-t^ion’' circuit. It starts with 
the second^ winding in the coil, through a ver}' 
heavy terminal, thence to the center of the distribu¬ 
tor, to the rotor^ thence to the segments or points, 
where it is distributed to the spark plugs in their 
regular firing order, thence to ground, to the 
grounded terminal of the secondary. 

The parts therefore include the secondary wind¬ 
ing, the distributor, and the spark plugs. 

The primary ignition cir^t usually takes its cur¬ 
rent supply from the switch (if (—]) terminal is 
grounded). Note in the diagram that the connection 
to the switch is from the ammeter. If the batter>' 
supplies the current, then the current must pass 
through the ammeter on the “discharge” side, 
whereas^ if the generator supplies the current, it is 
taken direct at switch terminal (G), and thus does 
not pass through the ammeter. 

Troubles which are common with the ignition 
circuit are: open circuits, grounds, short circuits, 
poor connections, both externally and internally of 
the coil, also burned-out resistance units, loose con¬ 
denser connections, defective or short-circuited 
condensers, incorrect adjustment of contact-breake*' 
points, burned or pitted points, incorrect timing or 
opening of points of contact-breaker, defective dis¬ 
tributor, incorrect spark-plug gap, leaky spark plugs, 
fouled spark plugs. 

(d) The lighting circuit includes the headlight 
circuit, the dimmer or auxiliary light circuit, the 
tail-light circuit, the cowl board or instrument light 
circuit, and, in a closed car, there will probably be a 
dome light and tonneau light. In this example a 
dimmer resistance is thrown in series with the head¬ 
lights to dim the headlights. If switch connection is 
made at (5) (Fig. 1), the dimmer resistance is in series 
with headlights. If connection is made at (4), the 
dimmer is not in circuit, and headlights are bright. 

The lighting circuit starts at the ammeter (1), to 
switch 03)»if the battery supplies the current, and 
from the switch at (G) if the generator supplies the 
current; that is, on the assumption that the (-) 
terminal of the battery and generator are grounded, 
which they are in the example shown on page 449. 

If the (+) terminals are grounded, then the circuit would 
start from the (+) ground of the battery and generator to 
ground of the lamps. 

If current for lights is taken from the battery, the 
current in the example (Fig. 1) (and on many otW 
systems) must pass through the ammeter (2) to (1), 
and thus it shows “discharge.” 

If current is being taken from the generator for 
lights^ it is taken from (G) on the switch for the 
headh^ts, and one side of the ammeter (1) for the 
other Ughts, but does not usually pass tmough the 
ammeter. 

The current passes through ammeter, however, 
from (1) to (2) (or in the opposite direction to that 
in which it pas^ when the oattery was disohargme). 
When the ^erator is charging the battery the 
needle will inow ^'charge.” 

If the (+) of the better^ and generator are grounded, then 
the start would be from this ground to the ground of all Ught 
circuits, as shown in Fig. 8, page 428. 

Either a fuse (page 426, Fig. 8), or a circuit- 
breaker (see Delco system; Fig. 15; para 392) is 
always placed in the lightmg circuit. A fuse or 
circuit-breaker ie seldom m auy of the other drouits 
except the bo^ which always has a fuse or drouit- 
breaker in seriee with the drauit. 
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Troubles which are common in the lighting cir¬ 
cuits are open circuits, grounds, short circuits, poor 
connections, burned-out bulbs, and blown fuses. 

If all of the l^ts fail to bum, the indications are 
a blown fuse. Therefore the first place to look is at 
the fuse; if the fuse is not blown, then an open cir¬ 
cuit exists. 

If only one of the lights fails to bum, the indica¬ 
tions are that the bulb is burned out or an open cir¬ 
cuit exists on that line. 

If the ammeter shows ‘^discharge” with all 
switches off, then the indications are a ^^ground.” 
If the discharge is heavy, a short circuit in the wiring 
exists at some pointy and the fuse should “blow^’ if 
there is one in the circuit. 

When troubles of this nature occur, the trouble 
should be located before a new fuse is installed. 

(a) The horn circuit is usually taken from the 
ammeter (1), in the same manner as described under 
the subject of lights. A push-button is usually 
placed in the top of the steering column. A fuse is 
always connected in the horn circuit, or else in the 
circuit-breaker circuit, as on Delco systems. 

Troubles of the horn circuit are open circuits, 
grounds, short circuits, push-button defects, ana 
also troubles internally of the horn. See Index for 
‘'Electric horns.^* 

(/) Grounded connections: By referring to 
Fig. 1, and to Fig. 8, page 426, and to all other 
wiring diagrams of the single-wire, ground-return 
systems^ it is to be observed that the grounded 
connection of the battery not only serves for the 
generator charging circuit, but is also a return path 
or lead for all circuits. Hence the imixirtance of 
seeing that this and all ground connections are tight. 


(5) The Dash Ammeter 

The dash ammeter might more properly be termed 
the cowl ammeter, as it is placed on the cowl or 
instrument board of the car. 


The purpose of this instrument is to indicate the 
amount of current passing from the generator to the 
battery, and indicates on the "charge’^ side of the 
zero (0) of the ammeter. 


When current is being taken from the battery for 
lights and ijpition (not for the starting motor) the 
current is from (2) to (1). and the needle ot the 
ammeter indicates on the '‘discharge’^ side (see also 
pa^ 334). Thus it is clear that if the ammeter 
shows “dischar^^' when it should show “charge,’^ 
or if it shows “discharge” when all switches are off, 
it indicates something is wrong. This subject is 
treated on pages 471 and 472. 


On some cars, for instance the Franklin, an indi¬ 
cator is used instead of an ammeter. This device 
indicates when the battery is “discharging” or being 
"charged.” Unlike the ammeter in one respect, 
although it serves the same purpose, it can be placed 
in the circuit of the battery to the starting motor. 
Owing to its construction, it will show “charge” or 


“discharge” on 2 amperes of current, yet it is capable 
of withst^ding 300 amperes and any voltage. The 
ammeter, however, is universally u^. 

If the ammeter should be connected wrong, or if 
the battery is connected wrong^ the ammeter needle 
will read in the opposite direction. 

The point to note is this: Usually the ammeter is 
the point from where the ignition, lighting circuits, 
and horn derive their source of electric supply for 
either the battery or generator, and that the current 
runs thence to the switch. 

Summary 

The various parts and circuits of the electric sys¬ 
tem have now been fully dissected. The reader 
should bear in mind that the only successful method 
of diagnosing electric trouble is to locate the circuit 
or the part the trouble is in, and to eliminate one 
possible cause after another, imtil the probable 
cause is arrived at. We could fill this book with 
an enumeration of possible troubles, their cause and 
remedy, but the simplest method is to learn the 
fundamental principles of each part, the circuits, 
and the relation of one circuit and part to another, 
and then to think —and to use intelligent thought 
before deciding, or even starting to locate a trouble. 

When making tests, first determine which one of 
the parts or circuits the trouble is in, and then test 
that part from the beginning to the end. 

For instance, if the generator fails to show 
“charge” on the ammeter, start at the (+) of the 
generator, then the fuse (field fuse), then the cut-out, 
then the circuit. If the fuse is blown, there must be 
a short circuit. Find the cause. 

If lights fail to bum, first examine the lamp-bulb 
to see if it is burned out; if not, then the lamp-socket, 
then the fuse; then start at the switch, and then 
test the wiring. If the fuse is blown, find the cause. 

Points to Remember 

Remember this same principle applies to a two-wire system. 

Remember that when a fuse-block is used in a circuit, the fuses 
are merely cut into each circuit, which will melt and open 
the circuit if a anre or part becomes short-circuited. The caiise 
of the “blowing” should always be learned. 

Remember that a fuse is never used in the starting-motor 
circuit, but a fuse is used in the field-circuit in nearly all third- 
brush regulated generators. If the fuse is blown, the generator 
will not generate current. Also remember that the ammeter 
is never connected into the starter circuit unless it is connected 
with a “shunt.” 

Remember that the cut-out is often placed integrally with 
the generator. For instance, on the illustration, page 364, 
the cut-out is in the generator housing and is connected inter¬ 
nally with the generator. 

Remember that the regulation of the output of a third-brush 
generator docs not have a separate mechanism to regulate the 
current, and that it is important that the third-bru^, as well 
as all other brushes, should be properly seated to the commuta¬ 
tor. 

Remember that a generator which has a voltage regulation 
system does have a mechanism called a “voltage rei^ator,” 
which controls the output. 

Remember that a Wiring Diagram Book will tell you just 
what kind of a regulation system a generator has, and will also 
show the external and internal oirouits. 


OPEN CIRCUITS, POOR CONNECIIONS, GROUNDS, AND SHORT CIRCUITS 


Throughout the preceding instructions, frequent 
reference is made to the suojects in this heading. 
We fthftH now analyze the meaning of these and their 
relation* In fact, practically all of electric troubles 
are due to open circuits, poor connectioi^, grounds, 
or short circuits in some p^ of the electric system. 


Open Circuits 

Open circuits, as the name indicates, is a point 
where any part of a circuit is opened. It is an 
incomplete circuit, and thus it does not offer a pas¬ 
sage for the Guri^t. 
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Low-tension (voltage) direct currant is used in all 
circuits of the automobile^ except in the secondary 
i^tion circuit, which is an inde^ndent circuit of a 
high tension. The secondary circuit, however, is 
dependent upon the low-tension primary circuit for 
its existence. 

In order that electricit]^ may flow, it must have 
a complete circuit to flow in, even though it is not a 
copper path all the way. For instance, the steel 
frame of the car can be, and is, used for a part of the 
path. 

Electricity starts at the positive or (-f) terminal 
of the generator or battery, and returns to the nega¬ 
tive or (—) terminal. 

Thus if the circuit or path is open, the low-tension 
current cannot pass or jump across a gap, and this is 
termed an ^‘open circuit.’* 

Causes of open-circuits may be said to be loose 
connections or blown fuses, broken wires, or the 
fact that brushes on the generator or motor do not 
make contact; also open circuits may occur at the 
commutator where the armature coils are soldered 
to the commutator segments, or possibly on the 
armature coils themselves, or in the field windings, or 
in loose or poor connections at the battery or ground 
wire. 

Indications of open circuits are: Lamps failing to 
light, ammeter fading to indicate ^^charge” or “dis¬ 
charge,” the starting motor failing to start, absence 
of spark at the spark-plug points. In fact, an open 
circuit could exist in any one of the circuits, but sel¬ 
dom in all circuits at one time; hence the importance 
of knowing the different circuits and their relation 
one to the other. 

There are several methods of testing for open 
circuits, all of which will be explained farther on. A 
few pointers are given below. 

If any one lamp fails to light, it indicates an open 
circuit m that line. “Blown” fuses, a broken lamp 
filament, or a broken lamp wire may be responsible. 

If all lamps fail to light when the engine and 
dynamo are speeded up, the open circuit is most 
likely located between the battery and the d 3 mamo, 
or between the dynamo and the lighting switch. 

The *T>lowing” or melting of a fuse opens the 
circuit and disconnects from the system the short- 
circuited wire which caused the fuse to blow. There¬ 
fore the cause should be located, before replacing a 
fuse. 

An open circuit that often occurs, and that is diffi¬ 
cult to find, is a broken wire inside of the insulation 
of the lighting wiring. The easiest way to find the 
break is first to determine which one of the wires is 
open and then temporarily to run another wire in its 
place and note if it remecfies the trouble. 

Testily current flow: Whether or not current is 
flowing in a given circuit may be determined by 
removing one of the wires forming the circuit, and 
then touching it to its terminal. If a spark occurs, 
current is passing through the line. 

Loose and Poor Connections 

It is also well to notice the close relation of open 
circuits and loose connections. If connections are 
poorly made, but not completely loosened from 
the terminal, then there will very likely be an 
“intermittent open circuit,” that is, the circuit will 
be complete at times, and at times open. 


Grounds 

There are two kinds of grounds: one which is 
intended to ground the circuit, as from the battery 
to the frame of the car, and one which is not intended 
to ground, but does so for various reasons. It is 
with this latter ground that we shall deal here. 

In speaking of an intended ground^ bear in mind 
that it has no connection whatever with the ground 
or earth. It is merely a term used to indicate that a 
part of the circuit is connected to some metal part 
of the car, thus saving the necessity of using two 
wires for a circuit. 

Wires that are grounded, but not intended to be 
mounded, can be the result of numerous causes. 
For instance, if the insulation on one or more of 
the armature coils is in such a condition that there 
is a leak of current through the insulation to the 
metal core of the armature, it would be termed 
“grounded.” 

Or if two wires are oil-soaked and close together, 
and if they leak current from one to the other, the 
circuit may not be completely short-circuited, but 
it will be “grounded,” and thus reduced in value, 
owing to the leak, which results in a weak current 
supply. 



Another example of a ground is shown in Fig. 2, 
where a two-wire system from a battery is shown 
connected to two lights. If the wire was grounded 
to the frame at (A), the current could still flow to 
the lamps. Therefore, a “ground” might be termed 
an electrical “leak.” 

Short Circuits 

A short circuit means that two conductors of cur¬ 
rent are in metallic contact when they should not be. 



Fig. 3. A short circuit with wires which are supposed to be 
insulated from the frame. 

For example, on a two-wire system, as in Fig. 3, 
if one wire was “mounded” to the frame of the car, 
as at (A), and the other wire of the circuit was' 
grounded at (B), a “dead short circuit” would be 
the result, and the lights would not burn at all. The 
path of the current from the battery would be 
shortened, and as electricity takes the path of least 
resistance,* it would flow freely through the frame of 
the car instead of through the lamps, which are of 
higher resistance. The result would be that the 
battery would discharge at a very high rate. In 
fact, the effect in this instance would be the same as 
connecting a wire across the terminals of the battery, 
and unless the wire was of very large size, it would 
get very hot, or bum into and thus damage battery 
mternally. For this reason fuses or circuit-breakers 
are used in some of the circuits such as the lighting 
and horn circuits, which are longer and are more 
exposed, and nearer to the frame, to dampness, eta 


* Sm footnote, p. 287. 
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Fig. 4. A short circuit where one wire is insulated and 
the other grounded. 

An example of a short circuit on a single wire or 
grounded return system of wiring is shown in Fig. 
4. Under these conditions we should have the 
same result as in Fig. 3. 

Note, for instance, that the circuit (when not 
short-circuited) is from the positive terminal of the 
battery, to the grounded connection to the frame, 
to the grounded connection at tlie end of the frame 
(which is intended), through the lamp, to the nega¬ 
tive terminal of the battery. 

Suppose the wire, as shown, becomes short-cir¬ 
cuited or in contact with the frame at (A): the 
result is that the path is shortened and the current 
would flow from the positive terminal of the battery, 
through the ground connection, to the frame, 
through the wire in contact with the frame at (A), 
to the negative of the battery. Thus the current 
is short-circuited and would not pass through the 
lamp, since the easier path is through the wire where 
it makes contact with the frame. The effect on 
the battery would be the same as placing a wire 
directly across the battery terminals, which would 
be termed a ‘‘dead short circuit” across the battery 
terminals. 

Indications of Grounds 

If there is an ammeter on the car, it will show a 
“discharge” with all switches off. The needle 
should stand at “0“ when all switches are “off.” 

Lamps when turned on will burn dimly, in case of 
a ground. 

TESTING ELECTRIC 

Testing horn circuit: Test with ammeter, using 
30 ampere shunt (Fig. 6). Adjust horn to take 
least amount of current. The average horn takes 
from 3 to 8 amperes, depending on size. If am¬ 
perage is very nigh, it is probably due to dry or 
dirty bearings, commutator, brushes, or snort 
circuits or grounds internally (see also pages 451, 
485, for other tests, and page 445 for “Horn trouble 
dia^osis”). 



Fig. 6 


Testing Horn Motor 

Use a test light and look for indications as men¬ 
tioned below. Before making test, disconnect 


Testing for a ground is made by several different 
methods, but if the ammet^ shows “dischar^” 
with the switches “off,” then it is a matter of findung 
which wire is grounded. This will be explained 
farther on. 

If there is no ammeter on the car, and a CTound is 
suspected, then turn all switches “off” and discon¬ 
nect the wire at the terminal of the battery (as in 


SPARK 



Fig. 5. One method of testing for a ground. 

Fig. 6), and strike the terminal in quick succession* 
If a spark occurs, even though very slight, it indi¬ 
cates a “ground.” Grounds will cause the battery 
to discharge. The rate of discharge will depend 
upon the intensity of the ground. 

Indications of Short Circuits 

If there is an ammeter on the car, the needle will 
probably go to the limit of the scale on the “dis- 
charge“ side. 

Fuses will blow repeatedly. 

If a short circuit exists in the starting-motor cir¬ 
cuit, it will probably be indicated by the wires get¬ 
ting very hot, and the smell of burned insulation can 
be noticed. In fact, a “dead short circuit” would 
cause the insulation to bum and smoke. This 
would seriously injure the battery internally if per¬ 
mitted to continue for a long period of time. 

As previously stated, grounds, short circuits, and 
open circuits may exist in any part of the circuit, 
even to the armature and field-windings. The 
indications and appropriate tests will be taken up 
in their respective order farther on. 

Before taking up the subjects of electrical tests 
and tools and devices to test with, a Digest of 
Troubles will be given in the next instruction, 
which is to be used as a reference. 

HORN AND CIRCUIT 

wires from bora terminals (see Fig. 11, of the 
North-East horn, page 445). 

Testing for ground in brush holder or field coil: 

(1) insulate brushes from commutator (in grounded 
type, remove ground connection first); (2) test from 
each brush holder to frame. Light indicates a 
ground. 

Testing for ground in armature: (1) insulate 
brushes from commutetor; (2) test from commuter 
tor to frame. Light indicate a ground. 

Testing for short circuit in armature: (1) use a 
growler (see page 499). 

Testing for open circuits in field coils: (1) insulate 
brushes from commutator: (2) test from positive 
terminal to positive brush nolder and from negative 
terminal to negative brush holder. Failure of 
test light indicates open circuit between parts 
tested. 





INSTRUCTION No. 41 

DIGEST OF TROUBLES: Electrical Troubles; Engine Troubles 
Miscellaneous Troubles 

MAKING A DIAGNOSIS 


Diagnosing automobile troubles requires thought 
and reasoning. If a person understands the princi¬ 
ple and construction of the various parts of a car 
and one of the hundreds of possible troubles occurs, 
then simply reason it out; ask yourself what the 
trouble is. what could cause that trouble, and why 
the trouble is there. Find out if it is ignition, car- 
buretion, cooling, or just what the trouble is, ^d 
then figure it out the b^t you can before proceeding. 

It is of little use to turn the engine over and over 
by the starting handle or by means of the engine 
starter, in an effort to get it going. If the en^e 
will not start with a few turns, the chances are that 
there is something radically out of order, requiring 
intelligent attention. With the carburetor giving a 
correct mixture, the ignition system affording a hot 
and effective spark, and everything else apparently 
all right, it should oe as easy to secure an explosion 
on the second stroke as on the sixtieth. So if the 
engine will not start with the second or third 
attempt, it is not likely to start ^th three or four 
hundred attempts; consequently it is better to find 
out the cause of the trouble than to turn the engine 
over indefinitely and run the battery down. 

To Make an Engine Run Two Things 
Are Essential 

Always remember; when diagnosing troubles, 
that there are two essentials to the running of an 
engine: first, gasoline; second, a spark. 

The gasoline must reach the inside of the cylin¬ 
ders, and the spark must be there at the proper time 
to i^te the gas. If you have both, something is 
bound to happen, even though it is but a single 
explosion. 

Next, remember that even though you have a 
spark and gasoline—^the engine will not run properly 
if the gas does not enter the cylinder at the right 
time ^^and stay there,’’ and be m a proper gaseous 
form. 

The gas cannot be ignited regularly if there is not 
a good, hot spark at the correct time. 

Next, remember that if an engine is not properly 
lubricated and cooled it will heat. If the engine is 
too cold, heat must be applied for proper carbure- 
tion. 

'Therefore, speaking generally, we find that most 
troubles are found to originate in ignitioni carbure- 
tion, and lubrication. 

If trouble occurs, first find which of the three 
headings the trouble comes under and then reason it 
out. 

'The object of this digest or condensed account 
of troubles and remedies is simply to give you an 
idea of what would be likely to cause certain troubles 
and what would be likely to remedy them. The 
leader will then decide which one is most probably 
the trouble coiifixmtiBghim» aaclif he doesnot Imow 


the meaning of certain a<^ustments called for, he will 
then turn to the Index, find the subject mentioned, 
and read up on that subject. 

Systematic Trouble Hunting by a Process 
of Elimination^ 

In dealing with engine troubles, one should always 
try to figure out the possible cause of a trouble 
before starting to adjust something that does not 
need adjusting. 

An adjustment never should be changed without 
a knowledge of why the change is made, the effect 
the change should have, and how to restore the 
mechanism to its original adjustment. 

If one will first reason out the probable causes 
of a trouble, the real cause can be quickly located. 
For instance, if a single lamp fails to burn, you will 
know that the trouble is not in the battery or the 
generator if all the other lamps bum. Therefore 
the cause must be in that particular lamp, in the 
socket, or in the wiring of that particular lamp. 

Similarly, if the starting motor fails to start the 
engine, yet you know that it is turning the engine 
crank shaft, and your lights burn brightly, you 
would not look to the battery for the trouble, but 
you would know that the trouble must be with the 
Ignition or carburetion. It is then a matter of 
applying the process of elimination—^that is, test 
each of the remaining probable causes until the final 
cause is the only one left. 

When the possible cause of trouble cannot be 
imadned, then begin with a careful examination of 
all the features of the engine that are likely to give 
rise to the trouble. 

If nothing out of order is found, then begin test¬ 
ing out the various features, beginning ^ith the 
easiest and most accessible^ and thoroughly com¬ 
plete each test before startmg on another possible 
cause. 

For example: If your ignition system is suspected, 
the easiest thing to test would M the spark plu^. 
First find the faulty plug; then proceed from tne 
spark plugs to the wiring between the plug and the 
(ustributor; then examine the battery connections, 
the switch connections and. last of all, the adjust¬ 
ments of either the timer, the coil, or the magneto. 

Do not examine a spark plug and then leave it 
and try a few carburetor adjustments, and later 
come back for another spell of tinkering with the 
ignition, etc. 

If you suspect the ignition system, go to it from 
beginning to end in a systematic manner be^re 
proceeding with the carburetor, and likewise with all 
other parts. 


* Se« Index for "Digeet of lighting troubles’' and see Index 
for “ Storage battery troublea ” and ” Tire troubles,” as well as 
for eubordmate eubjeota involving “ troublea." See alao pagat 
512 to 519. 

464 



DIGEST OP TROUBLES 


465 


DIGEST OF GENERATOR TROUBLES^ 


When troubles occur in the electric syutem of a 
car, remember that the electric s^tem is divided 
into four parts: the Hghting circuity the generating 
circuity the starting-motor circuit, and the 4?dtion 
circuit. The idea is then to determine in wfich of 
the circuits the trouble is^ and then to test it from 
beginning to end, as previously explained. 

The troubles and the indications and causes of 
generator troubles can be classed under two heads: 
those which are due to mechanical defects and those 
due to electrical defects. 

Mechanical Generator Troubles 
Indications: Noise; low current generated, or no 
current at all. 

Causes: (1^ Broken bearing (examine by turning 
armature by hand. If it sticks or turns hard, look 
to ball beann^ and replace); (2) loose driving gear 
or pinion (if loose, key to shaft); (3) armature off 
center (may be due to loose pole pieces. See that 
the screws with counternsunk heads on outside of 
generator are tight); (4) shaft bent (this is more 
common on starting motors than on generators. A 
new armature is required if shaft is bent); (5) 

commutator burst (when this happens the brushes 
and brush-holders, etc., are also damaged. A new 
armature, brushes and brush-holders are required). 

Electrical Generator Troubles 
Electrical troubles can be classified as: (a) open 
circuits; (b) grounded or short circuits; (c) defective 
regulation system; (d) defective cut-out. 

(a) Open-circuit indications would be a low current 
g^erated, or none at all. 

Causes: (1) Brush connections poor; (2) 
brushes stuck; (3) brushes worn too short; (4) 


brush spring broken, with consequently no 
spring pressure to hold brush to commutator; 
(5) dirty commutator; (6) if the armature is 
open by connection bemg loose at commutator, 
or owing to a broken coil, it would cause intense 
blue sparking at commutator and flattened 
commutator Ears; (7) field coils, if open, will 
show no current at all, or if partially open, a low 
current generated. 

(b) Ground or short circuits may be (1) at main 
terminals; (2) at brush connections; (3) at brush 
holders; (4) armature, if short-circuited, will 
cause excessive heating of armature, burned 
insulation, and low current: (5) field coils, if 
short-circuited, will cause field coils to heat and 
low current to be generated; (6) commutator, if 
short-circuited, will produce no current at all, 
or a low current output. 

(c) Regulation: In this instance we shall deal with 
the ^‘third-brush'^ system of regulation. If a 
“voltage-regulated^^ system is used, see Index. 

Indications will be that the charging current 
is too low or too high, and does not remain con¬ 
stant at high speeds. 

Causes: (1) Incorrect setting of third brush; 
(2) brush not sanded in; (3) spring pressure on 
brush not suflicient. 

(d) Cut-out remaining open at all times: Result 
will be: (1) no current to battery; (2) generator 
will get very hot; (3) generator will Bum out. 

(e) Cut-out renmining close^ a^all ^^ult 

generator at about^20 amperes %n the For^), 
when the engine is not running or not running 
fast enough. This will discharge the battery. 


GENERATOR TROUBLE CHART 
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DIGEST OF STARTING-MOTOR TROUBLES* 


Starting-motor troubles, their indications and 
causes may also be classified under two heads: 


1 The'‘Generator Trouble Chart'* ie reproduced here through 
oourteiy ot the Scrvioe Station Equipment Co. 

>The **Motor Trouble Chart** (page 456) le reproduced 
through eourteey of Swviae Station Equipment Co. 


those which are due to mechanical defects and those 
due to electrical defects. 

Mechanical Starting-Motor Troubles 

Indications: Excessive current draw, slow crank¬ 
ing or complete failure to crank, and excessive noise. 
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Causes: (1) Worn bearings; (2) shaft bent; (3) 
commutator burst; (4) loose pole-pieces; (5) broken 
Bendix drive system; (6) armature off center (may 
be due to loose pole-pieces, in which case tighten 
screws). 

Gummed oil on Bendix drive: It sometimes hap¬ 
pens that oil has come in contact with the Bendix 
drive shaft and becomes gummed, thus preventing 
the drive pinion from moving to its position and 
engaging the fly-wheel gear. This condition can be 
remedied by squirting some gasoline with an oil gun 
upon the Bendix drive shaft through the opening at 
the rear of the starting motor. 

Electrical Starting-Motor Troubles 

Electrical troubles are classified under (a) open 
circuits; (b) ground or short circuits. 

Open-circuit indications would be suggested by 
low current or no current, and by failure of starting 
motor to operate. If a partially open circuit is 


found to exist, the current draw will be low and 
cran^g slow. 

Open-circuit causes: (1) Brush pigtails loose; 
poor brush-spring pressure; brushes too short; 
dirty or burned commutator (2) armature com¬ 
mutator blue sparking, or flattened commutator 
with slow cranking; (3) fields open; (4) starting 
switch open; (5) loose connections at battery, 
ground, or switch. 

Ground or short-circuit indications are excessive 
current required, no cranking, or slow cranking. 

Grounds or short-circuit causes: (1) Shorted 
fields cause excessive current and slow cranking; 
(2) armature shorted causes excessive current, 
burned insulation, slow cranking; (3) commutator 
shorted causes excessive current, no cranking; (4) 
when the brush rigging is shorted, the causes may 
be in the main terminal, in the brush holders, or the 
pigtails may be loose. 
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STORAGE-BATTERY TROUBLES 

This subject is treated under the discussion on the See also. Instruction No. 48: “Testing Storage Bat- 
“Storage Battery.^^ See Instruction No. 49: “Digest teries.’^ 
of Storage Battery Troubles; ExtemaJ and Internal,^’ 


LOCATING TROUBLES OF THE ELECTRIC SYSTEM IN GENERAL 


In addition to the electrical troubles enumerated 
above, the following data, graphically presented, 
will assist in quickly locating troubles in the electric 
sjrstem. 

Assume That Battery Is Fully Charged 

Trouble: Motor will not crank engine. 

Possible causes: 

1. Bendix drive or starting mechanism out of order. 

2. Engine too stiff. 

3. Open circuit in wiring. 

4. Groimd in wiring. 

6. Defective starting motor. 

6. Broken or loose wiring connection in starting- 
motor circuit or ground. 

7. Starting switch does not close, or contacts 
burned out. 

8. Open circuit internal to the motor: field, arma¬ 
ture, or brush rigging. 


9. Ground or short in motor: field, armature, or 
brush rigging. 

10. See Motor Trouble Chart, under “Electrical 
Troubles.” 

11. See Motor Trouble Chart, under “Mechanical 
Troubles.” 

Assume That Battery Is in a Discharged 
Condition 

Trouble: Battery not being charged at proper rate. 
Possible causes: 

1. Generator not working properly. 

2. Generator charging at a low rate, or not at all. 

3. Open generator circuit. 

4. Grounded generator circuit. 

6. Defective cut-out; will not close. 

6, Broken or loose connection on generator line. 

7. Shorted or open coil in cut-out windings. 
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8. Cut-out contact points defective, or improper 
spring tension. ^ 

0. Low charging rate. 

10. Third brush not set properly* 

11. No charging current. 

12. Generator may be new, or perhaps has been 
operated for some time with neld fuse removed. 
Field can be excited by momentarily connectmg 
one side of the fuse clip with the metal part ot 
the generator when the engine is running slightly 
above idling speed. 

Trouble: Battery being charged at proper rate, but ] 
will not hold charge. 

Possible causes: 

1. No water over plates. 

2. Battery has internal or external ground. 

3. Excessive use of current in starting and for 
lights; very little day driving with lights ofif; 
mostly night driving with lights on. 

4. Cut-out stuck. 

5. Wiring defective. 

6. Added electrical equipment using too much cur¬ 
rent. 

7. Bulbs with too high a candle power. 

8. Bulbs old and using too much current. 

9. Stiff engine, using excess current, especially 
during cold weather. 

Starting-Motor Trouble Tests 
Trouble: Motor will not start: 

Ttun on the lights and try the starter. If the 
lights do not dim, then the battery is probably 
charged, as the condition of the battery is the first 
thing to test when the starting motor does not 
operate. Then examine: 

(1) For an open circuit in the starting switch. 

(2) For an opfen circuit at the motor terminals. 

(3) For an open circuit at the ground connection 
to the frame of the car. 

(4) The commutator; examine, and see if glazed. 

(5) The brushes; see if they are bearing on the 
commutator, and if they are seating properly. 

(6) The brushes; remove and inspect—they may 
be worn* or stuck, or one of the brush-holders 
may be loose. 

(7) The brush material; it may be of too high a re¬ 
sistance. 

Trouble: If the ammeter shows no reading when 
lights are switched on; if the starting motor 
M^s over spasmodically or not at all; or if the 
lights do or do not dim when the starting button 
is depressed, examine the inside of the motor 
as foUows: 

(1) For a short circuit in the field or armature coils. 
This will cause the lights to dim, or the am¬ 
meter will show no reading when the starting 
switch is closed. The ammeter referred to is 
in the lighting circuit, not the starting-motor 
circuit.) 

(2) For an open circuit in the armature where the 
coils are soldered to the commutator segments. 
(This will cause the motor to kick o^er spas¬ 
modically or not at all.) 


Next, check the external motor circuit: 

(1) To the frame. (If open, slow cranking or none 
at all will result.) 

(2) To the switch. (If open, the lights will not 
dim; if grounded, the lights will d£n excessively 
or the ammeter will show no reading when the 
starting switch is closed and lights are turned on.) 

(3) To the battery. (Same indications as 2.) 

Trouble: Starting motor starts, but not enough to 
turn engine over; 

(1) Crank the engine by hand to see if it is unusu¬ 
ally stiff. 

(2) K the engine will not start readily by hand 
cranking, then look for engine trouble. 

(3) Bendix drive may be stuck, or there may be a 
broken Bendix spring. 

Next, if the engine, the imition, the carburetion, 
etc., are in order, then look for: 

(1) Poor contact at battery terminals. 

(2) High resistance contact at brushes. 

(3) Poor connection between brush and shunt-field. 

(4) Poor connection between brush and brush* 
holder. 

(5) All brushes not bearing on commutator. 

(6) Brushes stuck in brush-holder. 

(7) Grounded brush-holder. 

(8) Loose ground connection (if car has a ground- 
return system). 

(9) Battery below cranking capacity. 

(10) Open circuit in armature coils. 

Next, disconnect battery, and make a temporary 
connection to a fully charged storage battery. 
If the starting motor will then turn the engine 
over, the battery in the car is at fault. 

Test storage battery with hydrometer. If the stor¬ 
age battery is low. look to the generator. 
(Note. Always make a hydrometer reading 
before adding distilled water. See “Storage 
Battery'^ instruction.) 

If battery is low or lights are dim, test out the 
ampere charging rate of the generator. (Do 
not rely upon the ammeter on the car.) 

Trouble: Lights and ignition are cut off entirely 
when the starting switch is depressed. 

(1) Starting switch may be loose, where the wire 
connects from one side of the starting switch 
to lead to the ammeter, ignition, and lighting 
switch. 

(2) A short circuit may exist at the switch, which 
will short this circuit. 

Generator Trouble Tests 

The following will explain where to test a genera* 

tor for open circuits, short circuits and grounds. 

Test for open circuit in: 

(1) Generator terminals. 

(2) Battery connection. 

(3) Ground connection to car frame (if oar has a 
grounded return system). 

(4) Fuse. 
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(5) '^Cut-out'* or ignition and lighting switch. 

(6) Field windings and armature coils. 

Test for short circuit in: 

(1) Generator itself; field windings and armature 
coils. 

(2) In external wiring. 

Examine brushes and commutator for: 

(1) Pitted or burned segment surfaces and brush 
seats. 

(2) Dirty or glazed commutator, high wired, rough 
commutator. 

(3) High resistance contact at brushes. 

(4) Worn-out brushes. 

(5) Poor connections. 


(6) Brushes not bearing on commutator (faulty 
spring or holder). 

Examine generator for: 

(1) Worn bearings causing unequal air-gap. 

(2) Reversed polarity. (Storage battery is some¬ 
times reversed in position in car.) 

Examine regulator and cut-out for: 

(1) Dirty or pitted contact points. 

(2) Contacts out of adjustment. 

(3) Regulator cuts out too soon or not soon enough, 
owing to gummed mechanical parts. 

(4) If in a third-brush regulation, see brush coimec- 
tion or look for defective mechanism. The third 
brusli failing to seat properly is a common cause 
of an open circuit and a low charging rate. 


DIGEST OF ENGINE TROUHI.ES: CAUSE AND REMEDY^ 


Ordinary engine troubles are generally of three 
kinds: 

(1) Engine will not start. 

(2) Engine starts but misses. 

(3) Engine starts and runs regularly but has no 
power. 

The following matter refers principally to ignition 
and carburetion troubles. 

ENGINE FAILS TO START. 

(1) Lack of gasoline: See that there is gasoline 
in the tank and that the shut-off cock is open. 
Make sure that gasoline is flowing to the car¬ 
buretor by priming or pushing down the 
carburetor float. If the carburetor is too 
fuU, the gasoline will drip. If the carburetor 
is not full enough, look for a stoppage in the 
gasoline pipe and see that the vent hole in 
the tamk cap is open. 

(lA) Carburetor needs priming: Either prime 
carburetor or close air intake valve. 

(2) Poor mudlty of gasoline: Some of the gaso¬ 
line offered for sale is of such poor quality 
that it will not vaporize when the engine is 
cold.* The gasohne may contain water, 
which will freeze in cold weather and clog 
the gasoline pipe. Old or stale gasoline may 
{dso cause difficult starting. 

(3) Too much gasoline: The cylinder may be 
flooded with gasoline; the spark plug may be 
soaked. Open the relief cocks, cut off the 
throttle, and crank the engine until the 
excess is eliminated and an explosion occurs. 
Then close relief cocks, open throttle only 
partially and try cranking again; engine 
ought to start. Float may be loose; or a 
grain of dirt may be under the needle valve. 

(4) No pressure in fuel tank: If the system is a 
pressure fuel system, then use the hand pump 
and try primmg carburetor. See that the 
gasoline tank filler cap is tightly screwed on. 

(5) Lack of ignition current: If battery igrition, 
see if battery is strong. Remove one of the 
spark-plug wires and hold it about away 
from plug and terminal, and see if the spark 


I See "Diceet of lighting Troubles,** and ''Storage Battery 
Troubles.” 

* Very oommon in cool weather. See Index under ”Carbur»’ 
tion troubles.** 


jumps the gap when the en^e is cranked. 
If there is no current at all, then look for 
broken or loose wires at the switch and on the 
battery and the battery ground connection; 
Also on the connections on the coil and dis¬ 
tributor and timer. If the spark is very 
weak, then look to the battery and test coil 
and the ignition resistance unit and the 
condenser. 

(b) If starting motor fails: See Index under 
^^Starting motor fails to start.’’ 

(7) Spark plugs: Spark plugs may have become 
sooted from over-lubrication, or if they have 
seen considerable usage the points may be 
burned and corroded. If water has been 
splashed on the engine when it was hot, the 
porcelain of the plugs may be cracked. See 
that the sparking points are perfectly clean 
and that the gap does not exceed .020" to 
.031". 

ENGINE STARTS BUT MISSES. 

(8) Carburetion adjustments: If on a cold day 
and engine has just been started, wait a few 
minutes for en^ne to warm up—closing air 
intake. 

If missing still occurs, with popping back 
or ^^sneezing," this indicates that the mixture 
is too lean; mve the needle valve of the car¬ 
buretor a sli^t opening until the ennne runs 
smooth. If no needle valve is provided, give 
less air in the auxiliary air valve. 

(9) Ignition: If missing continues after engine 
is wanned up, and more gasoline is fed as 
directed in (8), examine the spark plugs and 
test as suggests in (7). We^ battery may 
be the cause, if coil and battery ignition. 

ENGINE STARTS, BUT “POPS” AND 

“SNEEZES” IN CARBURETOR. 

(10) Carburetion: See Index under “Carburetion 
troubles." 

ENGINE STARTS, BUT WILL NOT PULL. 

(11) Carburetion: See (8); or there may be an 
over-rich mixture. This would be indicated 
by black smoke. 

(12) The valves: May be leaking, and there 
might be poor compression. 

(13) Ignition: The spark may be weak. This, 
however, would be indicated by missing. 
Test battery. 
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ENGINE RUNS REGULARLY FOR A FEW 
MINUTES AND THEN STOPS. 

(14) Carbiiretion: In cold weather this is more 
liable to occur until engine is warm; give 
slightly more gasoline by closing air valve 
(if one is provid^); gasolme may not be flow¬ 
ing freely to carburetor. Prime carburetor 
and see if it drips. There may not be 
enough gasoline; closing air vulve will deter¬ 
mine. May be too much gasoline (see 3). 

(15) Ignition: Battery may be weak. Ignition 
may be retarded too much. It there are 
two systems of ignition, try the other one. 

ENGINE STOPS SUDDENLY. 

(16) Carburetion: Lack of gasoline. Stoppage 
of gasoline pipe (prime carburetor, ana if no 
gasoline, examine tank, then fuel strainer). 
See (73). 

(17) Ignition: Loose wire. Short circuit, loose 
switch connection. If magneto ignition, 
switch to coil and battery. Weak battery. 
Points of interrupter may be closed by pit¬ 
ting. 

(18) A sudden stoppage is almost always due to 
ignition trouble, for gasoline trouble will stop 
engine slowly. 

ENGINE STOPS SLOWLY WITH MISFIRING. 

(19) Carburetion: See (16). The needle valve 
sometimes jars itself closed. 

(20) When an engine stops slowly, the explosions 
becoming weaker and weaker until they 
cease, it is likely due to gasoline trouble. 
The fault will be found in the failure of the 
mixture to reach the cylinder. (See 73.) 

(21) Ignition: Batteries exhausted; plugs fouled 
through over lubrication, 

ENGINE LOPES OR LOADS UP. 

(22) Carburetion: When the engine slows down 
irregularly, speeding up and then slowing 
down agam as though fit ted with a governor, 
and if throttle be closed further in order to 
slow down more, engine stops. Air has 
leaked in between carburetor and cylinders. 
Examine gaskets around the joints of inlet 
pipe or where carburetor is attached to in¬ 
take manifold. Too much gasoline will also 
cause ‘‘loping.’’ Cut down on the carbure¬ 
tor gasoline feed. 

(23) Ignition: The spark may be set too far 
advanced. If this is the case, loping is likely 
to occur when spark is fully advanced. 
Therefore test the time of ignition. 

LACK OF FLEXIBILITY. 

(24) Carburetion: This trouble is almost exclu¬ 
sively a carburetor fault, and is due to the 
fact that the auxiliary air intake is so con¬ 
structed that it furnishes an abundance of air 
on high speed, and is not sensitive enough on 
low. When the throttle is nearly closed the 
engine stalls; or when the throttle is suddenly 
opened there is no “wt aw^ay,” because* the 
auxiliary air inlet valve allows an inrush of 
air forming a mixture good enough for high 
speed running, but too weak for *‘pick up” 
purposes. This calls for careful ac^ustment 
of the auxiliary air valve and gasolme needle 
valve* or for more gasoline. 


ENGINE MISSES EXPLOSION. 

(25) Defective or dirty spark plug: With the 
engine running idle, short-circuit the spark 
plugs one at a time by touching a screw¬ 
driver from the metal of the cylinders to the 
terminals of the plugs. (S^ page 238.) 
This prevents the plug from firing, and when 
one is short-circuited—that makes no differ¬ 
ence in the running of the engine—you have 
probably located the plug at fault. If the 
spark-plug wire is properly connected to the 
(fistributor, either clean or install a new plug 
in place of the one that has been found defec¬ 
tive. If a vibrator coil, see page 222 (also 
see 17). 

(26) Spark-plug gap too wide: The distance 
between the spark-plug points should not 
exceed .025". (See 7.) 

(27) Examine interrupter points. Weak battery. 

(28) Too lean a gasoline mixture: If the engine 
misses with a popping noise in the carburetor, 
the indications are that too much cold air is 
being admitted through the air-reflating 
valve; the carburetor jets have oecome 
clogged with dirt, or there is a partial stop¬ 
page somewhere in the gasoline pipe connec¬ 
tions. See that carburetor intake header 
gaskets are perfectly tight, and do not admit 
air, which would thin the mixture. 

(29) Look for gasoline trouble: Dirt in gasoline 
tank over outlet; dirt or water in carburetor; 
float leaking; jet in carburetor clogf d up; 
supply oock loose; inlet valve stiSdng or 
leak in inlet pipe; weak exhaust valve spring; 
may be a leak of air in inlet pipe. 

(31.)) If the engine misses, and the following explo¬ 
sion is accompanied by an explosion in the 
muffler, ignition is at fault, for the charge has 
reached the cylinder correctly, but has been 
exhausted without being exploded. 

ENGINE MISSES ON HIGH SPEED. 

(31) Ignition: Weak battery (if coil and battery 
ignition). If the engine misses at high, but 
not on low, or on a hard pull, then it is evi¬ 
dent the spark plugs are in proper order but 
the contact-breaker needs adjusting. 

A word of explanation on this: the engine 
may fire all right at lesser speeds, because the 
speed is slow enough and the contact is long 
enough to allow the coil to build up, but at 
high speeds the time of contact is so short 
that the coil does not have sufficient time to 
build up, thus indicating that the contact- 
breaker gap is too wide. See pages 296-303. 

Try switching to the other ignition sys¬ 
tem, if a dual system is provided. This will 
determine which ignition system is at fault. 

The coil may be defective internally, in its 
winding, or the resistance unit or condenser 
may be defective. Sec Index for “Testing a 
coil.” 

(32) Carburetion: The carburetor may have been 
adjusted for slow speed, but requires more 
gasoline on high spee<L or it may be getting 
too much gasoline. Proper adjustment of 
carburetor ought to suffice. 

ENGINE MISSES ON LOW SPEED. 

(33) Ignition: If magneto ignition, the cause may 
be the slow spei^ of magneto, and weak our- 
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rent generated. advancing the spark 
more. Also examine the interrupter points. 

Examine spark-plug points (see 7). If not 
remedied, try switchmg to the other system 
of ignition. If missing still occurs, there are 
two other points to consider: loose connec¬ 
tion. or a broken-down coil, if one coil is 
used for both systems, such as a low-tension 
magneto. 

(34) A spark plug may be fouled: It has been 
known that often a bad plu^ will not cause 
missing at all speeds, but will miss at high 
speeds. 

1^35) Carburetion: Mixture at fault—readjust 
slow-speed adjustment. The float may be 
too low, giving over-rich mixture. 

(36) There may be a leak in the intake pipe: This 
is a very common cause for missing at low 
spe^, and is best detected by allowing the 
engine to run at the missing speed. Take a 
squirt can full of gMoiine and squirt around 
all the intake pipe joints. If you detect any 
difference whatsoever in the running, there is 
a leak. The remedy is obvious. 

ENGINE MISSES AT ALL SPEEDS. 

(37) Ignition: Defective spark plug (see 7 and 25). 
Loose connection. Weak battery. Loose 
switch parts. Broken wire. Slight short 
circuit. Detective coil, ignition resistance 
unit or condenser, pitt^ or incorrectly 
adjusted breaker points. 

(38) Carburetion: See Index under ^‘Carburetion 
mixture.*^ 

ENGINE DOES NOT DELIVER FULL 

POWER.1 

(39) Compression: Leaky exhaust valves, scored 
cylinder, worn or loose rings, cause loss of 
compression. Timing of valve may be wrong. 
Exhaust and inlet may not open at correct 
time. See Index, under “Cnecking vadve 
timing,” “Valve grinding,” “Valve clear¬ 
ance.” Weak inlet or exhaust springs. 
Examine cams for wear. 

The spark plugs will indicate condition of 
engine, as follows: If the end of the spark 
plug is oily it indicates too much lubricating 
oil or leaky piston rings. If black soft soot, 
like that which accumulates in a lamp chim¬ 
ney, this indicates that too much gasoline is 
bem^ fed to the cylinder through intake, 
causing too rich a mixture. This may come 
from improper carburetor adjustment or an 
air leak m mtake manifold. If the ends of 
the plugs are oily and sooty, this would indi¬ 
cate that the valves leak, as this pprmita 
burned gases being drawn into the mixture, 
which would result in poor combustion ana 
lack of pressure in cylinder, which would per¬ 
mit oil to pass and foul plug. 

(40) Carburetion: Too rich a mixture (see Index 
under “Carburetion mixture.” 

(41) Overheating of engine: Lack of oil. Circu¬ 
lation system defective fsee Index under 
“Engine overheats; cause of.” 

(42) Ignition: Timing of ignition may be wrong— 
set too far retarded or too far advanced. 
Weak ignition. Defect in distributor. 

8m Indas undar “Kngi—. Whv It Loaea Power.** 


(43) Miscellaneous causes: Dragging brakes, 
leaky piston rings, lack ofl^rioation. 
'Hght bearing. Flat tires. If new piston 
rings fitted, they may be not fully set. Use 
plenty of oil. 

ENGINE OVERHEATS.! 

(44) Valves: The exhaust valve may not open 
early enough to permit the burned gas to 
pass out. 

(45) Carburetion: Too rich a mixture (see Index 
under “Carburetion mixture”), or driving 
with throttle open too far and spark retarded 
too much. 

(46) Imtion: Running on retarded spark invari¬ 
ably causes heating. Test the ignition tim¬ 
ing. 

The spark lever should be raised up or 
advanced as far as possible at all times with¬ 
out causing the engine to knock. See Index 
“Spark control and over-heating.” 

(47) Lack of lubrication: Examine the oiling 
system. 

(48) Cooling: Constricted water circulation; ex¬ 
amine the water circulation and pump. 
Under-sized radiator. 

(49) Carbon deposit: See Index under “Relation 
of carbon deposit to lubricating oil.^’ 
Choked exhaust. 

(50) Slipping fan belt: Tighten the belt. 

(51) Brakes dragging: Examine the brakes with 
rear wheels jacked up. 

(52) Bearings: If engine is new or just over¬ 
ruled, the bearings may be too tight. Put 
in plenty of oil and run the engine until 
loosened up. 

(53) Driving too long on low gear: This is bad 
practice and should be avoided. 

Note. Refer to page 148 and note the 
“motqmeter.” This is an excellent device 
to assist in diagnosing overheating troubles. 
Overheating is always manifest when engine 
begins to run slow and pounds. 

ENGINE KNOCKS. 

(54) Ignition: The most common knock is the 
ignition knock, caused by too much advance 
of spark. Back lash in timing wheel teeth. 
See Index for “Knocks.” 

(55) Bearings; The connecting rod or mnin bear¬ 
ings. m^ be loose. Lubrication may 
poor. (See Index for “Testing,” also “Tight¬ 
ening bearings.”) 

(56) Carbon deposit: This is also a frequent 
cause of knocking; see Index for “Carbon 
troubles.” 

(57) Loose or worn pistons: Will cause a “piston- 
slap.” See Index. Loose piston pm also 
causes knocks. 

(58) Carburetion: Too rich a mixture will cause a 
gas knock. 

(59) Engine overload on hill: Shift to lower speed. 

»Whra the encine overheate by steaming, owing to froeen 
water, f^l the radiator at bottom. If it is frosen; if 
warn, then the circulation is right, and the trouble it due to 
lack of water or something else. See also pages 164, 160, 163. 
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ENGINE WILL NOT STOP WHEN 
SWITCHED OFF. 

(60) Ignition: If firing is regular, the switch is de¬ 
fective. If firing is irregular, pre-ignition is 
the cause. Caused by poor oil. This carbon 
hardens and becomes red hot, hence ^^pre- 
ignition.** (See Index under ‘^fte-ignition.**) 

DIGEST OF ENGINE AND CHASSIS 

ENGINE RUNS WELL, BUT CAR DRAGS. 

(62) Clutch is probably slicing: The spring 
needs tightening. If leather-faced cone 
t}^e, too much oil on the leather. Clean 
with gasoline squirted on with an oil gun. 
If this does not hold, use Fuller*s earth Oast 
resort). If multiple disk type, clutch spring 
at fault or plates worn. 

A slipping clutch is detected by the engine 
speed not conforming with speed of car when 
throttle is opened. This ratio between car 
and engine is soon learned by experience. 

Brakes may be dragging. See test, page 
838. 

CLUTCH DRAGS. 

(63) If cone t 3 rpe: The clutch may not clear the 
flywheel when thrown out. If multiple 
disk type, the oil may be too heavy and 
sticks to plates. 

CLUTCH GRABS, OR IS FIERCE. 

(64) If cone type: Leather too dry. Clean with 
gasoline (see 62); then put on castor oil or 
neats-foot oil to soften. 

If multiple disk, use lighter oil after clean¬ 
ing. Spring may be too tight (see repair 
subject, *‘Care of clutch,** and Index under 
“Borg & Beck clutch**). 

CLUTCH SLIPS (Ford) 

(65) See Ford instruction and Index. See also 
(62). 

CLUTCH BRAKE WORN, CAUSES 

TROUBLE IN SHIFTING GEARS 

(66) See Index: “Borg & Beck, single-plate 
clutch.** 

OIL ON CLUTCH LEATHER (cone type). See 
Index ^^Clutch repairing.** 

(67) Cause: Too much oil in crank case—oil 
works out of engine bearing. 

ENGINE BACK FIRES IN MUFFLER. 

(68) Ignition: Usually occurs when coasting 
with spark off and retarded, and suddenly 
throwing on switch, thereby firing charges 
which have entered muffler unfired. 

(69) Carburetion: Mixture too weak to fire, or 
mixture right but sparking wrong. One 
cylinder missing fire and pimping explosive 
charges into muffler which igmtes from heat 
of the next exhaust charge. Missing of 
ignition, valves leaking. Gasoline supply 
failing. 

Remedy: (1) Examine as in sections (25) 
to (30); particularly see if the plug points are 
too far apart« (2) See that all o>imders are 
firing re^pilarly. (3) Adjust carburetor. 
(4) See if plenty of gasoline is in tank. 


Stop engine by closing throttle, and as 
soon as the engine cools, locate the cause. 

(61) Miscellaneous other causes: Overheating, 
as explained from (44) to (53), may be the 
cause. 


TROUBLES: CAUSE AND REMEDY 

CRANK CASE BECOMES VERY 

HOT AND ENGINE WEAK. 

(70) Cause: Serious leak of exploded gas past 
piston ringsj rings worn or broken; crack 
m head of piston; piston pin loose in piston 
and allowing gas to escape along bearing. 
See Index under “Testing piston nng leaks. 

OVERHEATING OF EXHAUST PIPE 

AND MUFFLER. 

(71) Cause: Carburetor trouble; over-rich mix¬ 
ture; valves out of time; very late spark; 
running too long on low gear; usii^ too 
much gas; exhaust throttled; insuflScient 
lift on valve or choked muffler. 

This condition is the result of the mixture 
not being completely bunied in the combus¬ 
tion space, but continuing to bum in the 
exhaust pipe and muffler. 

A mixture that is too rich or too poor, 
usually the former, will bum slowly and will 
still be burning during the exhaust stroke. 

If the exhaust valve opens too soon, the 
charge will escape before it has done its 
work. 

Very late ignition will not give enough time 
to permit the charge to be burned before 
the exhaust valve opens. 

ENGINE MAKES AN UNUSUAL 

HISSING NOISE. 

(72) Cause: Spark-plug porcelain broken; joint 
between engine and exhaust pipe loose; 
exhaust pipe cracked; compression cock 
worked loose; spark plug not tightly screwed 
into cylinder; valve caps may be loose; 
cylinder head may be loose. Probabilities 
are that the exhaust pipe or a spark plug is 
loose. 

GASOLINE FAILS TO REACH THE 

CARBURETOR. 

(73) Cause: Gauae strainer in base of carburetor 
choked; obstruction in the supply pipe: air 
lock at a bend in supply pipe; pressure leak¬ 
age from tank, or, if a gravity tank, it may 
be air-bound; floating obstruction in gasoline 
tank covering the gasoline outlet; gasoline 
pipe near exhaust pipe causing a vapor lock; 
vent hole in filler cap clogged. See Index: 
“Vacuum-tank troubles.** 

CONTINUAL EMISSION OF SMOBl. 

FROM MUFFLER. 

(74) Cause: Engine veing over-lubricated. Re¬ 
adjust lubrication to give^a slower rate of oil 
flow. The emission of black smoke indicates 
that the carburetion is too rich. Piston 
rings leak. Cylinders may be “scored.** 
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CRACK IN CTLINDBR. 

(75) Effect: Water in combustion chamber or in 
crank chamber; air bubbling through radi* 
ator on pulling engine over compression. 
(See Index.) 

CARBURETOR DRIPS. 

(76) Cause: Float-valve mechanism out of order. 
RTftmin e float and reseat the float needle 
valve. Usual cause is dirt under needle 
valve, or float set too high. (See also Index.) 

ABNORMAL NOISE FROM 

TRANSMISSION GEAR. 

(77) Cause: (Other than unskillful changing of 
the gears)—want of lubrication of gears in 
change-gear box or bevel drive on back axle; 
pinions damaged; teeth broken or worn 
down; nut loose in gear box and foulinjg 
gears: clutch drum or flywheel loose; uni¬ 
versal joints on transmission shaft badly 
worn or damaged: bearings in gear box 
worn, allowing shafts to rock about; sliding 
memoer of clutch out of aligpment with cone 
(sets up harsh ^ting nois^; wear of jaws of 
positive clutch in gear box. 

SQUEAKS AND SIMILAR NOISES. 

(78) Cause: Fork actuating the clutch throw-out 
collar needs lubrication; one or more bear¬ 
ings overheating and want of lubrication; 
one or more of the brakes partly on; bear¬ 
ings of spring shackles want lubricating (on 
some cars the spring ends work in a slide, 
which requires occasional lubricating); valve 
steins running dry in the guides. Fenders 
and hoods are usually the cause of most 
noises. Spring leaves require lubrication 
between them. Spokes in wheels loose. (See 
pages 3 and 1138); rim bolts loose, producing 
rim squeaks (see page 610). 

A ratUinx noise can often be traced to the h"bod 
where it rests on its seat. Strips of rawhide or other 
anti-friction material should be installed to prevent 
any squeaks or rattle. 

Brakes squeaks may be due to causes such as ex¬ 
posed rivets (re-rivet or reline); eccentric drum 
(true up drum on lathe); eccentric brake band (true 


up band); points of band touch first (bend out points): 
glased or hood lining (reline. OlaM lining should 
not be treated with compounds as the oure is only 
temporary); unequal brake adjustment (adjust 
brakes); loose rear anchor bolt (tighten or replaoe): 
band frosen on rear anchor (lubricate so that band 
moves freely)' scored drums (renew or refinish drums); 
metal or nit imbedded (remove); imperfect rounding 
of bands (round to equal clearance—^usefeeler gauge). 

Brakes chatter: This may be due to such causes 
as weak rear springs (cannot be cured except by adding 
extra leaves or stronger springs. Install hard lining. 
On some oars with weak rear springs and strong 
leverage chatter will result just before the oar comes 
to a stop. Decreasing the leverage by some method 
helps in certain cases); loose rear anchor bolt (tighten 
or replace); worn rear anchor (build up by brasing 
or shim); loose dust shield and brake supports 
(re-rivet); lining loose on rivets (relins); eccentric 
arum (turn drum); weak release springs (repUoe with 
stronger spring or insert washer below it to increase 
tension^ This material on brake troubles is from 
Silver published by the Raybestos Company, 
Bridgeport, Conn. 


LUBRICATOR STOPS WORKING. 

(79) Cause; Oil pipe choked; feed nipples choked; 
pump sh^t may be broken^ usually due to 
clogged pipes—may need pruning; loose con¬ 
nections. 

OIL-FEED GAUGE DOES NOT 

SHOW FLOW OF OIL. 

(80) See if oil in crank case. Clean strainer. 
Air leak. Examine pump and pipe connec¬ 
tions. Oil may be too cold to flow (sey>age 
164). Oil pump may need priming. When 
testing an oil-feed pipe for an air lecdc, 
remove and test with air pressure, submerg¬ 
ing pipe in water to make the test. 

OIL LEAKAGE FROM ENGINE. 

(81) Cause: Bearings badly worn and passing 
out bearing journal; gaskets not tight; 
screws loose; crank case flooded with oil 
(lubricator working too rapidly); cap screws 
holding lower crank case not tight; gaskets 
leaking. 

For ^‘Ignition troubles," *‘Maonrto troubles," 
” Carburetor troubles," *'Startinff-motor troubles, ' 
"Cooling troubles," "Qeneroior troubles,’ "Carbon 
troubles,’* '*Storage-baUeru troubles,’ "MiBcellaneout 
repairs and adjustments,’’^ "Ttr troubles," "Lighting 
troubles," see Index. 
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DYKE’S TROUBLE-SHOOTING CHARTS: Relation Between Ignition and 
Carburetion; Ignition Trouble-Shooting Chart Explanation and Key; Fuel 
and Carburetion Trouble-Shooting Chart Explanation and Key; Generator, 
Battery, Cut-Out Trouble-Shooting Chart; Starting-Motor Trouble- 
Shooting Chart. 

RELATION BETWEEN IGNITION AND CARBURETION 


For an engine to start easily, pull at low speeds, 
and develop maximum power at high speeds, three 
major factors are necessary as follows: 

1. A good spark 

2. A combustible mixture 

3. Good compression 

1. A good spark is a hot, voluminous, and intense 
spark, as explained on page 286. 

To insure a good spark, the primary, or low- 
tension circuit (shown in black and dark shade on 
the ignition chart, page 462-D) and the secondary, or 
high-tension circuit (shown in red) must function 
firoperly. The cause and effect of either circuit 
not functioning properly can be determined by refer¬ 
ring to tile Ignition Chart Key, page 462-K. 

2. A combustible mixture is a mixture of gasoline* 
vapor and air in the proper proportions (usually 
14 to 17 parts air to 1 of gasoline by weight) which 
is drawn into the cylinder. It is the heat (which 
is energy) from combustion which expands the gas 
between the head of the cyliri(l('r and piston and 
produces pressure on the head of the piston. The 
more combustible the mixture and the hottc.T the 
spark, the greater the exi^ansioii and pressure, 
because more h(;at is produced in a given time an<l 
all of the charge is burned. 

3. Good compression applies to the mixture being 
compressed in the cylinder as the piston ascends on 
its compression stroke, and the power produced 
depends upon the amount of presssure which is 
exerted upon the piston head. The more highly 
tiie gas is compressed, the more qui(!kly and <*oin- 
j)letely it will burn. (lood compression is dependent 
upon the combustion chamber being air tight at this 
time. Factors which would prevent good compres¬ 
sion are: loose or worn piston rings, leaky valves, 
scored cylinders, air leaks at spark plugs, valve guides, 
valve stem bushings and cylinder head gaskets, ami 
last, but not least, proper ojiening of the valves, 
termed valve timing. 

The volumetric efficiency of an engine refers 
to the quantity of gas drawn into the eylinder; thi* 
greater the quantity, the greatiir the compression 
and power. Consequently, if the valves do not 
open and close at the projicr time, the volumetric 
efficiency is correspondingly less, as is also the 
mean effective pressure (see page 765). Compres¬ 
sion pressure is an important factor, but there is of 
course a limit. The only reason all engines are not 
of the high-compression tyi)e is that such engines 
are likely to self-ignite, detonate, or pre-ignite the 
mixture and cause knocks. 

Relation of Spark, Mixture, and 
Compression 

It is thus clear that a close relation exists be¬ 
tween the following factors that determine the power 
efficiency of an engine, assuming that the mechanical 
features, such as proper bearing adjustment, cooling, 
and lubrication are correct: 

(a) A good spark, correctly timed. 

(b) A combustible mixture, which enters the 
cylinder at the correct time, 

fc) Good compression, with valves properly timed. 


If we should have a good spark and a non-^ 
c!ombustible mixture, or a combustible mixture and 
a weak spark, the effect is a loss of power. 

Likewise if we have a good spark and a com¬ 
bustible mixture and poor compression, the effect 
is a loss of power. 

Likewise if we have a good spark, combustible 
mixture, good compression and the spark occurs too 
early or too late, the effect is a loss of power. 

Likewise if we have a good spark occurring at the 
correct time, a combustible mixture, good compres¬ 
sion, blit the valves do not open at the correct time, 
the effect is a loss of power. 

If, however, we have a good spark at the correct 
time, a combustible mixture entering the cylinder 
at the correct time, and good compression, the result 
is rapid flame propagation, or spread of the flame 
(see pages 290, 304j, and a maximum of power. 

The three chief factors which make rapid flame 
propagation possible are a good spark, combustible 
mixture and good compression. 

If the spark is weak and the mixture non- 
eombustible, the flame propagation will be slow, 
with the result that a greater portion of the mixture 
will pass out of the (‘xhaust valve port unburned, 
or into the crank ease, diluting the lubricating oil, 
with the result of a greater loss of i)owcr as well as 
of fuel. 

We have defined the meaning of a good spark 
(page 286) and rapid flame propagation (page 290). 
We will now consider the combustible mixture, 

which is a very iiiqiortant factor. 

Factors Which Hclfi Produce a Combustible 
Mixture 

We stated under 2 above that a combustible 
mixture of gasoline vapor and air in the proper 
proportion was desired, d'horefore, the point now 
to consider is how to obtain this vapor and air in 
the proper proportion. We cannot measure it. 
Ilow, therefon^ are we going to h*!!? There is no 
method of det(*r]nining this aeeuratA*ly, outside of a 
laboratory; therefore we must depend upon the 
adjustment of the carburetor. But first it is well 
to mention the fact that all other factors should 
lirst be checked as follows: 

First, sec that there is a good hot spark, which of 
course includes the battery being in good condition. 

Second, see that the ignition is properly timed 
(see pages 301-303, 232). 

Third, see that the internqiter points make a 
smooth, firm contact and that they are adjusted 
properly. 

Fourth, see that the compression is good (see 
pages 765, 767). 

Fifth, vsec that the valves are opening and closing 
properly by checking the valve timing (see page 
67), and also by cheeking the valve clearance 
(see page 775). 

Sixth, adjust the carburetor when the engine is 
warm. Make the adjustment both with the enmne 
idling and at high wspeeds. See Index for “Car¬ 
buretor adjustments.’^ 
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The chief factors in producing a combustible 
lUixture are gasoline vapor and air. The air absorbs 
the gasoline vapor like a sponge absorbs water, but 
if the gasoline is not vaporized, the air cannot 
absorb it ra})idly enough. Gasoline vapor depends 
upon the heating of the gasoline and the quaht}^ of 
the gasoline. The present-day gasoline requires 
heating, eispccially during cold weather, and this 
can be accomplished by quickly heating the engine, 
or heating tlie air drawn into the carburetor, or 
heating the mixture as it is drawn from the car¬ 
buretor, or a combination of all three methods, 
so that it will give off a vapor which will more 
readily he absorbed by the air, or will more readily 
mix with the air. 

The engine can quickly be heated by covering the 
radiator to prevent cold air being drawn thnmgh 
the radiator core until the motometer indicates 
about 150° and by means of a water thermostat 
(page 149), which prevents the water circulating 
until it is heated to about 150° F. See also pages 
149, 150, 105. 

The air drawn into the carburetor can be heated. 

as explained on page 106; the mixture can he heated 
^ methods explained on page 106. Sec also the 
rranklin method (page 142). 

There is, however, a possibility of overheating. 
The mixture entering the cylinder should be heated 
until it is in the first stages of a cool vapor, or, in 
other words, heated until it will enter the cylinder, 
not in a liquid state, but as a vapor. 

Too much heat produces a dry, lean mixture which 
produces a knock, due to detonation, or too sudden 
an explosion, and also to self-ignition due to the 
extremely heated gas and pre-ignition from red-hot 
p^ticles in the combustion chamber, whereas in a 
mixture properly heated, while flame propagation 
should be rapid, the burning of the mixture will take 
place during the time the piston is traveling down 
on power stroke. 

Why More Gasoline on a Cold Day 

On a cold day, when the engine is cold, a very 
large quantity of gasoline must be drawn into, the 
cylinder in order that the engine start at all. This 
is accomplished by closing the air-valve choker 
(page 462-H). The reason for this is the fact that a 
certain proportion of vapor must be in the cylinder 
in order that it can be ignited. Cold gasoline gives 
off a very small percentage of vapor, and that percent¬ 
age is further decreased as the vapor comes in contact 
with the cold cylinder walls, causing it to condense 
back to a liquid state of heavy particles of gasoline 
which is non-combustible. Thus a very great quan¬ 
tity of gasoline is necessary under these conditions. 

The result is that only the vapor is ignited and a 
part of the raw gasoline, or the heavy particles 
drawn into the cylinder, settles in the inlet manifold; 
part passes into the cylinder out the exhaust valve 


in an unbumed state; part also passes down the 
cylinder walls, washing off the oil lubrication, into 
the crank case, diluting the lubricating oil. Thus 
the importance of quickly heating and vaporizing 
the gasoline and the opening of the choker valve as 
soon as it is possible to do so without back-firing. 

Cause of Back-Firing in Carburetor 

Often, when starting, back-firing in the inlet 
manifold and carburetor takes place. This is due 
to an insufficient amount of gasoline to produce the 
proper proportion of vapor (lean mixture), which 
burns slowly, with the result that the flame continues 
until the opening of the inlet valve again at which 
time the flame enters the inlet manifold, heats the 
heavy particles of gasoline, which on the previous 
stroke settled there unburned, and is ignited and 
thus fires back through air ojiening of carburetor. 

To Reduce Excessive Fuel Consumption 

1. Use the “choke** valve sparingly; make economical 
“choker" adjustincnta. For extremely cold weather, when 
fttarting, close the "choker" valve entirely, but open it gradu- 
ally and as quickly as the engine will run without missing 
until fully open. 

For fairly warm weather, close the “choker’] only two- 
thirds of the way, and open as soon as the engine will run 
without missing. (At least 100 per cent more gasoline is 
consumed when the choker valve is closed. A percentage of 
thi.s passes into the crank case thinning the lubricating oil, see 
page 104 and “dilution test’* page 1075.) 

Note: Don’t open throttle too wide in eitlicr case, and retard 
spark. When starting with hand crank in cold weather fully close 
choker with throttle barely open for two or three turns of crank, 
then sot choker i to J open and crank two or three times until 
engine starts. 

2. For extremely cold weather, when starting the engine, 
keep the radiator cover over the entire front of the radiator 

until the motometer shows about 150®. Then place the cover 
on the lower part of the radiator, and keep it there, providing 
the temperature as shown bv the motometer does not rise 
above 170® to 180®. When leaving the ear standing, cover 
the entire front of the radiator (see p. C50; automatic tem¬ 
perature regulator), 

If a denaturcfl alcohol mixture is used as a non-freezing 
solution, the alcohol begins to evaporate readily above 175®. 

3. The “heating of the mixture,** or “heating of the air" 
drawn into the carburetor main air inlet, will reduce fuel 
consumption. 

4. A good hot i^ition spark will cause more rapid flame 
propagation and thus assist in reducing fuel consumption. 
Keep the battery voltage up by keeping the battery fully 
charged, either bv increasing the generator charging rate or by 
having it charged at an outside .source occasionally. 

5. Running on a retarded spark at high speeds consumes 
gasoline, due to part of the unburned mixture passing out the 
exhaust valve, not having time for complete flame propagation. 

6. See that the brakes do not drag (to test, allow the car to 
coast to a Btand.still and see if hot). 

7. Test the compression of the engine. Leaks past the 
pKston rings and leaky valves allow a large percentage of 
gasoline and power to escape. 

8. Avoid unnecessary variation in speed or racing of the 
engine. Strong acceleration is usually obtained by an unduly rich 
mixture, with a consequent increase of gasoline consumption. 

9. Disengage clutch when coasting. 

10 . When approaching a heavy grade, obtain sufficient 
momentum to carry vehicle a considerable distance up the grade 
before making it necessary to change gears. 


IGNITION TROUBLE-SHOOTING CHART—EXPIANATION 


See Index for Principles, Tests, Adjustments, and Repairs. 

The ignition system is divided into two major 
circuits (see page 462-D): (1) the primary low-tension 
circuit (black and dark shade); (2) the secondary, 
or high-tension circuit (red). The secondary cir¬ 
cuit 18 entirely dependent upon the conation of 
the primary circuit. 

Major tests: If the engine fails to stait, try test 
57B. If a good spark occurs, both primary and 
pecondaiy^ circuits are in proper condition, and the 
trouble is in the spark plug, providing the ignition 
ia at fault. 


If no spark at 57B, try test 42T. If a spark occurs at 
42T but not at 57B, the secondary circuit is grounded 
or there is a static leak between spark plug cables 56. 

Now disconnect the terminal of wire 42 from coil 
terminal 41; take a wood handle screwdriver and 
touch its point to ground (G) (of any part of the 
engine), at the same time bringing the metal part 
to within a i" gap from 41, as shown at 4 IT, If a 
spark occurs in test 4IT, but not 42T. the primary 
circuit and the secondary winding or the coil are 
in proper shape, but the secondary circuit is open 
somewhere between 41 to 62. 
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Use of a 6-volt test light in shooting wiring 
troubles: A handy test light may be constructed as 
shown on page 4M, Fig. 10. 

To find an open circuit in a wire lead, disconnect 
one end of the wire lead (the end farthest from the 
batte^); connect one end of the test light to this 
end of the wire and the other end of the test light 
to ground. 

For example, consider testing wire 14 in the igni¬ 
tion chart (page 462-D). Disconnect at 15: attach 
one end of the test light to the free end of 14 and 
the other end of the test light to ground. Turn on 
the ignition switch. If the lamp lights, there is no 
open circuit. If the lamp does not light, connect 
one end of the test light to terminal 20 and the other 
end to ground (wire 14 being disconnected); if the 
lamp now lights, this proves conclusively that there 
is an open circuit or ground in wire 14, but if the 
lamp still fails to light, the open circuit or ground 
is nearer to the battery. 

To test the ignition coil primary circuit to see if 
it is open-circuited, with a 110-volt A.C. test light: 
Place one test lead on terminal 24, the other on 
terminal 20. If the lamp lights, the primary circuit 
of the coil is not open. 

If the lamp does not light, place one lead on 22, 
the other on 20. If the lamp lights, the primary 
winding 21 is in proper shape, but resistance unit 23 
is burned out or open. If the lamp does not light, 
primary 21 is open. 

To test the ignition secondary circuit with a 
110-volt A.C. test light: Place one test lead on 41, 
the other on the grounded base of coil 66. If the 
lamp lights, the secondary is short-circuited, 
because part of the winding is cut out and the 
resistance of the winding is thus decreased. 

If the lamp does not light, try moving the test 
lead by rubbing it on 66. A very faint spark should 
occur, because, if the secondary winding is in proper 
condition, the fine wire winding offers considerable 
resistance. If no spark at all, secondary is open 
circuited. 

Ignition Interrupter Troubles 

Factors which produce ignition missing due to the 
ignition interrupter, as used on the non-vibrator 
coil type of ignition (see page 462-D), are as follows: 

1. Resistance at the points 

2. Sparking or arcing at the points 

3. Improperly set and uneven contact of points 

4. Mechanical troubles 

1. Resistance at the points (10) is caused by 
dirty points, burned, oxidized, or pitted points, or 
poor surface contact of points, all of which tend to 
offer resistance to the flow of the primary current, 
thus weakening the spark (see page 225 for cleaning 
and dressing points). 

Appearance of Tungsten points: A silver nay appearance 
with r>cbbled surface at point of contact is OK, New points 
may show only a small spot, usually near the edge; when in 
this condition do net disturb. If points are blackened, clean 
and adjust. 

2. Sparking or arcing at the points, which pits 
and bums them and increases the resistance of the 
primary current and causes weak or missing spark 
IS due to: (a) points set too close; (b) condenser (18) 
connections loose, or defective condenser (see page 
191 for the reason why the condenser prevents arcing 
at the opening of the primary circuit at the points); 
(c) the secondary winding (40) being shorted, it 
will lack intensity enough to jump the spark-plug 
gap (61), especially at compression, with the 
result that it reacts throu^ the primary circuit, the 


easiest path, and arcs across the interrupter points; 
(d) the spark plug gap being too wide will sometimes 
cause the same effect; (e) spark overloaded, that is, 
a coil or magneto system, designed for a medium 
compression engine, will not produce a spark of 
sufficient intensity or voltage for an extremely high- 
compression enmne. Thus the sT)ark will be over¬ 
loaded, and will react through the primary circuit 
and arc at the interrupter points and cause missing. 
The missing will be noticeable at low speeds with 
hard pulling with the throttle well opened, and at 
high speeds with the throttle well opened, at which 
time the compression is very high. 

3. Improperly set interrupter points means that 
they are either too close or too far apart, or not 
making full-race, flat, even contact. 

Points set too far apart cause missing, probably 
more at high than low speeds because the points 
do not have time to make good contact for the coil 
to build up; thus flame propagation is retarded. 
Contact is broken early with wide points. 

Points set too close together cause missing, 
probably at low speeds more than at high speed. 
Contact is broken late, as cam (9) must travel to its 
highe.st point before making contact with bumper 
(8), or roller. Sparking or arcing occurs at the 
points when set too close. 

Where condensers are placed in a coil at a distance away from 
the interrupter points, the sparking is more pronounced, and 
usually a greater condenser rapacity is provided. In this 
instance the contact points are usually placed farther apart 
When the condenser is defeidivc, as being loose, open, or short- 
oirciiilcd, the sparking will be excessive at points (10) and will 
be blue, and a milky white corrosion will form on the points. 

4. Mechanical troubles of the interrupter are: 

(a) worn fibre (8), or roller on the contact arm which 
does not permit sufficient opening of the points 
and causes late opening; (b) looseness in the contact 
arm due to worn bearing at the pivot pin (6), (c) 
looseness in contact screw or lock nut (11, 16); 
(d) looseness in cam (9), or cain-.shaft bearing, 
permitting wobbling (give the gap slightly more play 
m this instance if not remedied by putting in new 
bearing); (e) lack of sufFudent spring tension (5) for 
good contact at the points. Noisy distributors are 
sometime.s due to wear from lack of lubrication. 
See pages 219 and 307 about grease to be carried in 
lower part of distributor housing of certain types. 

Pointers on Adjusting Interrupter 

Adiustment of interrupter points is made by mov¬ 
ing the adjustible screw on the stationary contaiit 
point (11) in or out. Never bend the arm. 

When setting interrupter points, the main object 
is to set the gap as close as possible just so that it 
does not spark across the points (10), and to have 
a good srnooth and full flat-face surface contact, 
with sufficient spring tension (5) to close the contact 
points firmly so that this contfict will allow time for 
the primary circuit to build up. 

See pages 238, 239 for testing ignition system for missing; 
page 227 for testing interrupter for grounds; page 241 f(*r dis¬ 
tributor troubles; page 232 for testing coils, and pages 2.30, 
231 for testing condenser. 

If the engine will not start, this may be due to 
any cause m the following chart key which will 
prevent a spark occurring at spark-plug points; or 
if the spark is so weak that it tails to ignite the gas 
(see Index for ‘^Carburetion troubles’^ and “Start¬ 
ing motor troubles’0 

The engine missing explosion may be due to any 
cause in the following chart key which will cause a 
weak spark or an irregular spark or incorrectly 
timed spark at spark plug points (61), which of 
course would be caused by a weak battery, genera^ 
tor, defective coil, improperly adjusted contacf> 
points, etc., as given in the chart key. 
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IGNITION TROUBLE-SHOOTING CHART. The chart shows a modern ignition system using a closed-circuit t\T>e of interrupter and a non-^^b^ating type of ignition coil. There are 
two circuits: the prim^ low-tension or voltage circuit shown in black and dark shading, from 3 to 4, to 14, to 20, to 26, to 27, to 32A, to 33, to 3. The seconda^ high-tension or high-voltage 
circuit is shown in red, from 41, to 4o. across gap 53 to 54, through 56, to 57, through 58, through gap 61, through 62, through engine ground 64, to secondary coil winding ground 66, through 
secondary coil wnnding 40, to 41. Note: Although the interrupter is shown separate at the upper left corner, it is a part of the distributor and interrupter shown in c.enter illustration. 
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IGNITION TROUBLE-SHOOTING CHART—KEY 


See Index for principles, tests, adjustments, and repairs. 

1. Battery—Trouble: (a) discharged. Effect (a) 
weak or no primary current. Test (a) test with 
hydrometer, or use voltmeter. See pages 531, 545, 
547. Remedy (a) recharge battery. 

lA. Battery terminal—Trouble: (a) loose; (b) 
corroded. Effect: I'a) low reading at dash ammeter 
when .swit(4i is turned on, weak sjiark or none at 
all; (b) low reading at dash ammeter when switch 
is tunuMl on and interrupter points are together. 
Test: (a) examine; (b) green, yellow, or white 
corrosion appears at terminals. Remedy: fa) 
tightim terminal clamps; (b) clean terminals with 
wire brush, wash with ammonia solution, coat with 
vaseline, and tighten terminals. 

2. Battery cell connectors—Trouble: (a) loose. 
Effect: (a) low reading at dash ammeter. Test: 

(a) examine. Remedy: 0^) burn connectors on again. 

3. Battery groimd connection—Trouble: (a) 

loose; (b) corroded; (c) broken. Effect: (a) 
irregular spark or none at all; (b^ (c) no primary 
( urrent; dash ammeter fails to indicate. Test: (a) 
examine; (b) examine for rust at connection to 
frame; (c) examine for broken wire cable. Remedy: 

(a) tighten bolt, or, if riveted, install new rivet; (b) 
file off corrosion and tighten connection at frame; 
(c) install new ground cable. 

4. Interrupter arm groimd—see 7. 

5. Interrupter spring—Trouble: (a) weak; (b) 
broken. Effect: (a) (b) interrupter points will not 
make firm contact. Test: (a) (b) separate inter¬ 
rupter points with finger, thus feeling spring tension. 
Remedy: (a) (b) install new interrupter spring. 

6. Interrupter pivot—Trouble: (a) worn; (b) 
stu(!k. Effect: (a) wobbly intcrruiiter arm; thus 

)oints do not meet squarely; (b) interrupter points 
ail to close. Test: (a) examine for looseness; 

(b) examine. Remedy: fa) install new breaker 
jilate; (b) dress pivot with fine file. 

7. Interrupter grounded movable contact arm— 
Trouble: (a) wobbly; (b) stuck. Effect: (a) points 
do not meet squarely, and pit; (b) interrupter points 
fail to close. Test: (a) examine for looseness; 

(b) examine. Remedy: (a) install new interrupter 
arm; fb)’remove rust, clean, lubricate. 

8. Interrupter fibre cam contact—Trouble: (a) 

worn too far; (b) loose. Effect: (a) if points arc 
set at correct gap they wall remain in contact too 
long, thus causing pitting; (b) imperfect opening 
of interrupter points. Test: (a) examine, (b) 
examine for looseness. Remedy: (a) install new 
11 lovable arm (7), and ad j us t poin ts; (b) reset clamps 
and rivet or install new ann (7), and adjust points. 

1). Interrupter cam—Trouble: (a) worn; (b) 
wobbly; (c) loose; fdj out of time. Effect: (a) if 
set at correct gap, point will not remain in contact 
long enough; therefore weak spark; (b) timing 
irregular: (c) continually shifts out of time; (d) 
ignition knock if too far advanced; lack of speed 
and overheating of engine if too late. Test: (a) 
examine cam for wear; (b) (c) examine for loose¬ 
ness; (d) check timing. Remedy: (a) install new 
cam; (b) tighten adjusting screw (9A); if this does 
not overcome difficulty, a new cam must be installed, 
or perhaps the timer shaft bearing is worn from 
lack of oil; (c) tighten adjusting screw or nut (9A); 
(d) re-time. 

9A. Cam nut or screw—Trouble: (a) loose. 
Effect; (a) cam shifts out of time. Test; (a) 
examine. Remedy: (a) re-time and tighten. 


10. Interrupter points—Trouble: (a) worn; (h) 
too far apart; (c) too close; (d) pitted; (e) poor 
contact; (f) oxidized (white); ^) uneven; ^h) 
burned or oxidized (black). Effect: fa) wmak 
spark at plugs; (b) engine misses at all speeds; 

(c) engine misses at low or idling speeds; (d) 
engine fails to start or misses at all speeds; (e) 
(f) (g) (h) engine misses. Test: (a) examine to 
see if sufficient amount of tungsten is on points; 

(b) measure gap when points are fully separateil 
and compare with manufacturer’s specifications; 

(c) measure gap when points are fully separated; 

(d) examine surface of points for pits; (e) see that 
surfaces meet squarely; (f) look for milky white 
substance on surface of points; (g) see that points 
line up; (h) see that generator voltage is not too 
high, and test condenser. (Be sure the proper type 
of ignition coil is being used. Cases have been 
known where a coil has been substituted with a 
coarse primary winding, wdiich draws a high amper¬ 
age, thus burning the points. A coil which draws 
over 5 amperes may be suspected). Remedy: (a) 
renew interrupter points; (b) set gap to manu¬ 
facturer’s specifications; (c) set points farther apart; 

(d) dress points on oil stone, and test condenser; 
te) dress points on oil stone intil surfaces meet 
squarely; (f) remove oxide with file or oilstone; 
tost condenser; (g) bend interrupter points to 
line up evenly; (h) remo^^ oxidation with file or 
oilstone; locate open in generator circuit; install 
new condenser. 

11. Interrupter insulated stationary contact— 
Trouble: fa) loose; (b) grounded. Effect: (a) 
engine misses, owing to incorrect gap; (b) no sjiark 
at spark plug. Test: (a) examine for looseness; 
(b) ammeter registers discharge w’hen interrui>tor 
j)oints are open. Remedy: ^ (a) tighten lock nut 
on .stationary contact; (b) reinsulate and clean. 

14. Interrupter lead to coil primary winding— 
Trouble: (a) open; (b) grounded; (c) loose at 15. 
Effect: (a) no ourront in primary; engine fails to 
start; (b) primary current will not be broken by 
int(‘rrupter; battery runs down; (c) irregular 
primary (*urrent; engine misses. Test:' (a) dis¬ 
connect at 15; connect test light, which should 
burn when the other lead is touched to ground; if 
light ^urns from 20 to ground, but not from 14 to 
ground, leatl is open; (b) ammeter reads discharge 
when points arc separated; (c) examine. Remedy: 
(a) fix break in wire or install new wire; (b) instell 
new wire or reiiisulate at bare spot; fc) tighten. 

15. Connection to insulated contact of interrup¬ 
ter — Trouble: fa) loose; (b) grounded. Effect: 
(a) engine misses; (b) engine will not start. Test: 

(a) examine; (b) ammeter registers discharge when 
interrupter points are open. Remedy: (a) tighten; 

(b) insulate. 

16. Adjustment screw for insulated contact (11 )— 
Trouble: (a) loose; (b) grounded, n^t insulated. 
Effect: (a) engine misses owing to incorrect gap; 
(b) no spark at spark plug; battery runs down. 
Test: (a) examine for looseness; fb) ammeter 
registers discharge when interrupter points are 
open. Remedy: fa) adjust to correct gap and 
tighten lock nut; (b) re-insulate and clean. 

17. Condenser lead—Trouble: (a) loose at 15- 
(b) grounded; (c) open. Effect: fa) engine fails, 
to start or misses; interrupter points become 
pitted; fb) same as 16fb); (c) same as 17(a). Test: 

(a) examine for looseness; (b) same as 16(b): (c' 
examine lor break in lead,. Remedy: (a) tighten* 

(b) same as 16(b); (c) solder break in lead. 



462-F 


DYKE’S INSTRUCTION No. 41-A 


18. Condenser—^Trouble: (a) open; (b) shoii>- 
cin’uited internally. Effect: (a) pitting of inter¬ 
rupter points; weak spark at spark plug; engine 
jnihses; (b) primary circuit will not oe broken by 
interrupter. Test: (a) try new condenser (see 
Index lor ^^Condenser test”); (b) disconnect con¬ 
denser leads and test with test light; if light burns, 
condenser is shorted. Remedy: (a) (b) install new 
condenser. 

19. Condenser ground connection—^Trouble: (a) 
poor ground connection. Effect: fa) pitting of 
interrupter points; weak spark at plugs. Test: 

(a) examine for dirt, rust, looseness, or dampness. 
Remedy: (a) clean coimection and tighten. 

20. Coil terminal—^Trouble: (a) loose connection. 
Effect: (a) no primary current. Test: (a) examine 
for looseness. Remedy: (a) tighten. 

21. Coil primary winding—^Trouble: (a) open; fb) 
shorted; (c) water soaked. Effect: (a) no primary 
current; endne fails to start; (b) (c) weak spark 
or none at aD. Test: (a) (b) see ignition coil tests; 
(c) examine coil for moisture. Remedy: (a) (b) 
install new coil; (c) dry out coil. 

22. Coil primary connection to resistance unit— 
Trouble: (a) loose. Effect: (a) no primary current; 
no spark; engine fails to start. Test: (a) examine 
for looseness. Remedy: (a) tighten connection. 

23. Resistance unit—Trouble: fa) burned thin; 

(b) open. Effect: (a) low primary current; engine 
misses; fb) no primary current; engine fails to 
start.^ Test: (a) resist^ce wire appears thin;^ (b) 
examine resistance wire for break, (see also ignition 
coil test). Remedy: (a) install new resistance unit; 
(b) install new resistance unit; in emergency, con¬ 
nect wire 25 to terminal 22. 

24. Coil terminal—Trouble: (a) loose. Effect: 

(a) no primary current. Test: (a) examine for 
looh.eness. Remedy: (a) tighten. 

25. Wire lead—Trouble: (a) open; (b) grounded. 
Effect: (a) no primary current; (b) no current 
through primary of coil; battery runs down. 
Test; (a) disconnect at 24; attach test light from 
wire to ground; if light bums lead is all right; if 
light fails to bum, but will bum from 26 to ground, 
the lead is open; (b) dash ammeter reads excessive 
discharge. Remedy: (a) install new wire; (b) 
insulate from ground, or install new wire. 

26. Ignition switch terminal—^Trouble; (a) open; 

(b) grounded to base of switch. Effect;^ (a) no 
primary current; (b) no current through primary of 
coil; battery runs down. Test: (a) test light will 
not burn from 26 to ground, but will burn from 27 to 
ground; (b) dash ammeter reads excessive dis¬ 
charge. Remedy: (a) clean switch contacts and 
bend to make nnner contact; see that switch is 
turiied on; (b) insulate from base of switch. 

27. Ignition switch terminal—Trouble: (a) open; 
(b) grounded. Effect: (a) no priniary current; 
(b) no current through primary of coil. Test: (a) 
test; light will not burn from 26 to ground, but will 
burn from 27 to ground; (b) dash ammeter reads 
excessive discharge. Remedy: (a) clean switch 
contacts and bend to make firmer contact; (b) 
insulate from base of switch. 

28. Switch handle—^Trouble: (a) loose. Effect: 
(a) fails to turn switch on or off. Test: (a) examine 
for looseness. Remedy: (a) fasten to switch by 
set screw or other means. 

29. Wire lead—^Trouble: (a) open; (b) grounded. 
Effect: (a) no primary current; (b) no current 
thivmgh primary of coil; battery runs down. 


Test: fa) tost light will not bum from 27 to groxmd, 
but will burn from 30 to ground; (b) dash ammeter 
reads excessive discharge. Remedy: (a) install 
new wire; (b) insulate wire from ground or install 
new wire. 

30. Ammeter terminal—^Trouble: (a) loose; (b) 
grounded. Effect: fa) irregular or no primary 
current; (b) no current through primary of coil; 
battery runs down. Test: (a) examine for loose¬ 
ness; fb) examine for ground; ammeter reads 
excessive discharge. Remedy: (a) tighten; (b) 
insulate from ground. 

31. Ammeter terminal—Trouble; (a) loose; (b) 
grounded. Effect: (a) irregular or no primary 
current; (b) no current through primary of coil; 
battery runs down. Test: (a) examine for loose¬ 
ness; (b) examine for ground. Remedy: (a) 
tighten; (b) insulate from ground. 

32. Wire lead—^Trouble; (a) open; (b) grounded. 
Effect: fa) no primary current; (b) no current 
through primary of coil; battery runs down. Test: 

(a) test light will not burn from 31 to ground, but 
will burn from 32A to ground; (b) examine for worn 
insulation. Remedy: (a) install new wire; (b) 
insulate or install new wire. 

32A. Ignition and lighting wire connection with 
battery at starting motor switch—^Trouble: (a) 
loose; fb) corroded. Effect: (a) irregular or no 
primary current; (b) low primary current or none 
at all. Test: (a) examine for looseness; (b) dis¬ 
connect and examine for corrosion. Remedy; (a) 
tighten; (b) file, clean, and tighten. 

33. Battery terminal— Trouble: (a) loose; (b) 
corroded. Effect: (a) (b) same as lA. Test: (a) 

(b) same as lA. Remedy: (a) (b) same as lA. 

40. Secondary winding—Trouble: (a) open; (b) 
shorted; (c) water soaked. Effect: (a) no i^ark 
at plug; (b) (c) weak or no spark at plug. Test: 
fa) (b) see ignition coil tests page 462-C; fc) examine 
coil for moisture. Remedy: (a) (b) instil new coil; 

(c) dry out coil. 

41. Coil secondary terminal—Trouble; (a) loose. 
Effect: (a) may cause missing; Test: fa) with 
engine running; look for sparli at 41. Remedy: 

(a) tighten connection. 

41T. Coil secondary winding test—see major 

tests and explanations page 462-B. 

42T. Coil secondary terminal test—see major 
tests and explanations page 462-B. 

42. Cable lead from secondary terminal to center 
part of distributor—^Trouble: (a) open; (b) 
CTounded. Effect: (a) no secondary current to 
distributor; (b) high-tension current leaks here; 
therefore no spark at plug. Test: (a) test with 
screwdriver: when engine is cranked, spark will 
jump from 41 to ground, but not from 44 to ground; 

(b) examine for worn or rotted insulation. Remedy: 

(a) (b) install new high-tension wire. 

43. Distributor center terminal—^Trouble: (a) 
loose connection. Effect: (a) may cause inissing. 
Test: (a) examine for looseness. Remedy: (a) tighten. 

44. Distributor contact to 46 —^Trouble: (a) loose; 

(b) shorted, owing to dirt or moisture in distributor 
cap. Effect: (a) may cause missing; (b) engine 
misses. Test: (a) examine for looseness; (b) 
examine for dirt and cracks in distributor cap. 
Remedy: (a) if brush type, replace brush and spring, 
otherwise replace distobutor cap; (b) clean dis¬ 
tributor cap; if cracked, replace. 

45. Rotor spring contact—Trouble: (a) pool 
contact with 44; (b) weak tension;' (c) brcikezi 
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Effect: (a) (b) may cause missing; (c) no spark; 
engine fails to start. Test: (a) examine spring 
contact for dirt; (b) examine spring; (c) examine. 
Remedy: (a) clean contact and bend spring 
upwards* (b) bend upwards or tighten screw (S); 
(c) install new rotor 46, or new spring 45. 

46. Rotor—Trouble: (a) shorted; (b) wobbly. 
Effect: (a) no spark; engine fails to start; (b) 
irregular spark. Test: (a) examine rotor for cracks 
and dirt; (b) examine for looseness on distributor 
shaft; may be due to distributor shaft bearing 50 
being worn from lack of lubrication.^ Remedy: 

(a) clean rotor; if cracked, replace with new rotor; 

(b) install new rotor, or rebush shaft if bearing is 
worn, or replace housing. 

47. Distributor cap spring—Trouble: (a) loose; 
(b) broken. Effect: (a) distributor cap wobbles; 
(b) too large a gap between 53 and 54. Test: (a) 
examine for looseness; (b) examine. Remedy: 
(a) bend to tighten; (b) install new spring. 

48. Automatic governor spring—Trouble: (a) 
weak; (b) loose. Effect: (a) spark advances at 
low speed and causes pre-ignition, knock, or kick- 
back; (b) same as 48(a). Test: (a) (b) examine 
spring. Remedy: (a) install new spring; (b) tighten. 

49. Automatic governor spider—Trouble: (a) 
tight; (b) rusty and stuck. Effect: (a) (b) does 
not advance spark; engine will not develop power 
at high speed. Test: (a) (b) examine spider. 
Remedy: (a) (b) clean, loo.scn, and lubric^ate.^ 

50. Distributor-interrupter shaft and bearing— 
Trouble: (a) worn. Effect: (a) interrupter shaft wob¬ 
bles and causes missing. Test: (a) examine. Remedy: 
(a) insbill new bearing and shaft if both are worn.^ 

51. Advance arm clamp screw—Trouble: (a) 
loose. Effect: (a) advance arm shifts to improper 
ignition timing position. Test: (a) examine to see 
if advance arm is tight on distributor. Remedy: 
(a) check ignition timing and tighten screw. 

52. Advance arm—Trouble: (a) improperly set. 
Effect: (a) ignition out of time. Test: (a) check 
ignition timing. Remedy: (a) loosen screw 51; 
reset advance arm 52, and tighten screw (see also 
pages 301, 302 for other timing methods). 

52A. Advance arm hole—Trouble: (a) worn. 
Effect: (a) too much play in ignition rod. Test: 

(a) examine for looseness. Remedy: (a) replace 
arm, or bush hole. 

53. Rotor second^ point—Trouble: (a) 

burned; (b) gap too wide; (c) poor contact with 45. 
Effect: (a) weak spark at plug; engine misses; (b) 
spark thin; engine misses; (c) no spark at all. 
Test: (a) (b) (c) examine. Remedy: (a) install 
new rotor spring; (b) adjust 54 closer to 53 (about 
.010"); (c) install new rotor spring. 

54. Spark plug terminal—Trouble: (a) loose; 

(b) gap too wide. E^ect: (a) may strike 53, or 
have too wide a gap; (b) same as 53(b). Test: (a) 
examine for looseness; (b) same as 5S(b). Remedy: 

(a) install new terminal or new distributor cap; 

(b) same as 53(b). 

55. Spark plug cable terminal—Trouble: (a) . 
loose. Effect: (a) poor contact; irregular spark 
at plug. Test: ^ (a) examine for looseness. 
Remedy: (a) tighten terminal. 

56. Spark plug cable—Trouble: (a) open, (b) 
grounded; (c) static discharge. Effect: (a) irreg- 
ulp or no spark at plug; (b) no spark at plug; (c) 
missing. Test: (a) see major tests; (b) (c) notice 
spark jumping through insulation or bare wire. 
Remedy: (a) (b) install new wire; (c) separate 
wires; if this does not remedy trouble, the rubber 
insulation may be hard and porous; install new wires. 


57. Spark plug cable connection to plug—Trouble: 

(a) loose; (b) spark plug cables not connected 
according to firing order of engine. Effect: (a) 
irregular firing of plug; (b) engine misses, sometimes 
backfires. Test: (a) examine for looseness; (b) 
check cable connections. Remedy: (a) tij^ten; 
i,b) connect properly according to firing order. 

57B. Spark plug terminal test—see major tests 
and explanations. 

58. Electrode—Trouble: (a) cement loose; (b) 
broken; (c) shorted with moisture. Effect: (a) 
irregular firing and air leak; (b) no spark at plug; 
(c) no s])ark at gap 61. Test: (a) hissing sound; 

(b) examine electrode; (c) examine for moisture. 
Remedy: (a) install new porcelain or plug; (b) 
install new porcelain or new spark plug; (c) dry 
the spark plug. 

59. Porcelain—Trouble: (a) broken or cracked; 
(b) carbonized; (c) air leak m shell. Effect: (a) 
spark jumps through crack, termed an electrical 
leak; no spark at 61; (b) short circuits high-tension 
current; cylinder misfires; (c) compression leak; 
loss of power, perhaps misfiring. Test; (a) examine 
plug; (b) examine for carbon deposit; (c) hissing 
sound. Remedy: (a) replace porcelain or spark 
plug; (b) clean with muriatic acid or alcohol; (c) 
tighten lock nut or install new gasket, if of sep¬ 
arable type; if a one-piece type of spark plug, as 
shown in illustration, replace plug. 

60. Spark plug gasket—Trouble: (a) Eiir leak. 
Effect: (a) same as 59(c). Test: (a) hissing sound. 
Remedy: (a) tighten spark plug or instil new 
gasket. 

61. Spark plug gap—Trouble; (a) too wide; (b) 
too close; (c) burned; (d) carbonized. Effect: 

(a) missing at high speed(b) missing at low speed 
and when idling; (c) engine misses; (d) no spark 
at 61. Test: (a) (b) measure gap with thickness 
gauge (should be about .025"); (c) examine; (d) 
examine for carbon. Remedy: (a) set closer; (b) 
set farther apart; (c) install new spark plug; (d) 
remove carbon. 

62. Spark plug shell electrode—Trouble: {s.) 
loose; (b) burned. Effect: (a) gap changes; (b) 
engine misses. Test: (a) examine for looseness; 

(b) examine. Remedy: (a) (b) install new shell or 
plug. 

63. Spark plug shell threads—Trouble: (a) air 
leaks; (b) too long. Effect: (a) compression poor; 
loss of power; (b) preignition causing knock. Test 
(a) hissing sound; bubbles will appear if oil is 
squirted around threads; (b) compare length of 
plug to thickness of cylinder wall; should be about 
the same (see page 235). Remedy: (a) tighten 
spark plug; (b) install proper length of spark plug. 

64. Valve cap into which spark plug is sometimes 
screwed—Trouble: (a) cracked; (b) air leak. 
Effect: (a) (b) loss of compression and missing, 
usually at idling speed. Test; (a) (b) examine. 
Remedy: (a) replace with new cap; (b) tighten 
cap and replace gasket 65, if necessary. 

65. Valve cap gasket—Trouble: (a) valve cap 
not drawn down tight; (b) gasket leaks. Effect: 
(a) (b) loss of compression and missing. Test: 
(a) (b) examine. Remedy: (a) draw valve cap 
tight; (b) replace gasket. 

66. Secondary groimd to base of coil—Trouble: 
(a) open. Effect; (a) no spark at plugs. Test: (a) 
see coil and examine connection from base of coil 
to ground. Remedy: (a) if open in coil, replacr 
coil; clean base of coil and coil bracket. 


' See “NoiBy distributor,” pivge 462-C. 
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FUEL FEED AND CARBURETION TROUBLE-SHOOTING CHART—EXPLANATION 

(See page 462-H) 


The fuel feed system is divided into four major 
oarts: 

1. The vacuum feed (D) from main gasoline tank to 
the upper or vacuum chamber (see page 113 for 
principle of operation). 

2. The gravity feed (14) from lower or gravity 
chamber to carburetor. 

3. The suction line (C) from inlet manifold to 
vacuum tank, 

4. The inlet manifold leading from carburetor to 
inlet valve ports of engine. 

The major troubles which are usually the result 
of defects in the fuel system are: 

1. Engine fails to start. 

2. Engine slows down, larks power, and ba<*k- 
firing or popping o(!rurs in the rarburetor. 

3. Engine stops, with back-firing or jiopping in 
carburetor. 

1. Engine Fails to Start 
Cause of engine failing to start may be lac^k of 
gasoline, due to: (a) no gasoline in tank; (b) choker 
valve (47) not being closed; (c) fuel line clogged. 

Test (a): See if there is gasoline in the main 
gasoline tank (do not depend upon the gasoline 
gauge; it docs not always indicate corr(3ctly). If 
there is gasoline, the next proco<lurc is to see if 
gasoline reaches the float chamber (18A) of car¬ 
buretor, by unscrewing cap (21) and lifting needle 
valve (20), and seeing if gasoline drips at (25A). 
If so, you know that gasoline is reaching the car- 
burcitor, as it must run out of jet (25) in order to 
reach (25A). 

Test (b): If on test (a) gasoline drips at (25A) 
then by closing choker valve (47), by pulling button 
(52) out, the engine should start, assuming that 
ignition is good. 

If gasoline does not drip out at (25A), then open 
drain cock (J) at the bottom of the vacuum tank to 
see if there is gasoline in the lower chamber. If so, 
then the trouble lies between (K) and the carburetor. 

If gasoline does not drip out at (25A) on making 
test (a), then run a wire through (J); if gasoline 
does not then flow, there is i)robably no gasoline 
in the lower or gravity chamber, and the trouble 
is either in the vacuum tank (see chart key), or the 
fuel line is clogged. (See also “Vacuum gauge test,” 
page 1041.) 

Usually, when there is no gasoline in the vacuum 
tank, the first place to look is at the air vent in the 
filler cap (2)^ to see if it is clogged. Next, examine 
strainer (V) m vacuum tank. Next, examine flapper 
valve (H); it may be held open by sediment which 


can be removed bv shaking. Next, see if connec¬ 
tions at unions (5) (7) (8) and union (N) on pipe 
(C) and at (20) are loose; or valves (A) and (B) 
may be leaking. 

Test (c): If pipes are suspected of being clogged, 
remove and blow them out or run a wire through. 

If gasoline drains from drain cock (J), but does 
not drip at (25A) when the float needle valve is lifted, 
then remove the pipe at union (15) and see if gasoline 
runs out of pipe (14); if so, then the trouble is 
either in the carburetor strainer (16) being clogged, 
or the openings, or jets (24) (25) are clogged. 

2. Engine Slows Down; Back-Fires in 
Carburetor 

When the engine slows down, lacks power, and 
popping occurs in the carburetor, it is usually duo 
to lack of gasoline and may be caused by the 
vacuum tank strainer (V), or carburetor strainer 
(IG), or fuel pipes being partially clogged, or air or gas¬ 
oline leaks in the fuel pipe lines (sometimes an incor¬ 
rect v^alve clearance will clause back-firing; see pages 
57-59,61, 118, 765). (See also pp. 1041, 114-115.) 

3. Engine Stops; Back-Fires in Carburetor 

When the engine slows down, lacks power, and 
popping occurs in the carburetor and the engine 
stops, the trouble is likely due to la(!k of gasoline, 
either in the main gasoline tank, to clogged strainers 
(V) or (16), or the vacuum system is out of order 
or there are clftgged or leaky pipe>?, or clogged 
openings in the carburetor. (See also pages 114, 
315, 122, 1(341.) 

Indications that the gasoline supply is less than 
normal are the slowing down of the engine, lack of 
power, and popping in the carburetor. 

Indications that the gasoline supply is completely 
cut off, or that the supply is running out, are first, 
as above; then the engine stops. 

If it is impossible to get gasoline from the main 
gasoline tank to the vacuum tank, draw some gaso¬ 
line from the main tank, either at the drain cock or 
by 7 neans of an oil gun or rubber tube syj)hon, and 
remove plug (W) and put it into the vacuum tank 
(see page 115). This will get the car home or to a 
garage, where time can be taken to locate the 
trouble properly. (See also pages 1041, 115.) 

A simple test, when the engine will not idle 
properly, is to close the choker valve slightly, 
giving the engine more gasoline, and to note if 
this improves the running conditions. If so, cut 
down slightly on the air adjustment; if not, try 
opening the air adjustment slightly. Make this 
test when the engine is warm. 


FUEL FEED AND CARBURETION TROUBLE-SHOOTING CHART—KEY 

(Sec page 462-H) 


1. Gasoline in main gasoline tank—Trouble: (a) 
poor grade; (b) old; (c) no gasoline; (d) leak in 
tank; (e) water in gasoline. Effect: (a) engine 
fails to start or lacks power; (b) volatility lost; will 
not vaporize; engine fails to start or lacks power; 
(c) engine tails to start; (d) fuel consumption 
appears unduly high; (e) popping back through car¬ 
buretor. ^ Test: (a) gasoline smells like kerosene; 
(b) gasoline has very little odor; (c) examine fuel 
tank; (d) examine tank for leak; (e) slightly open 
drain plug in bottom of tank; water will emerge. 
Remedy: (a) refill with good grade of gasoline; (b) 
refill tank with trosh gasoline; (c) fill tank with gas¬ 


oline; (d) solder leak in tank; (e) drain water from 
bottom of tank through drain plug. 

2. Air vent in filler cap of main gasoline tank— 
Trouble: (a) clogged (a common trouble); (b) too 
small. Effect: (a) gasoline will not flow to vacuum 
tank; engine stops; (b) flow of gasoline to vacuum 
tank retarded. Test: (a) examine hole in filler cap; 
(b) examine hole (should be } diameter). Remedy: 
(a) clean out hole; (b) drill out with bs" drill. 

3. Strainer at end of standpipe in main gasoline 
tank—Trouble: (a) clogged. Effect: (a) gasoline 
fails to roach vacuum tank. Test: (a) examine^ 
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Remedy: (a) clean strainer (not all standpipes 
have strainers on them^ in fact, only a few tanks 
have strainers at all in the gasoline tank; the 
strainers are usually in the vacuum tank and the 
carburetor). 

4. Standpipe in main gasoline tank through which 
gasoline is drawn to vacuum tank (upper chamber)— 
Trouble:^ (a) clogged; (b) seam cracked. Effect: 
la) gasoline fails to reach vacuum tank; (b) gasoline 
fails to reach vacuum tank when level of fuel is 
below crack. Test: (a) (b) remove standpipe fmd 
examine. Remedy: (a) remove the obstruction 
with wire or compressed air; (b) solder up crack in 
seam. (This standpipe can usually be removed by 
unscrewing the nut and drawing it out from the top. 
Sometimes rubber from the liller hose gets into the 
tank and is drawn to the standpipe opening, closingit.) 

5. Union and connection—Trouble: (a) loose; 

(b) air leak; (c) clogged. Effect: (a) (b) admits 
air, thus reducing flow of gjisoline to vacuum tank; 

(c) gasoline fails to reach vacumn tank. Test: 

(a) examine for looseness; (b) stjuirt gasoline around 
union; crank engine, and see if gasoline is sucked 
in through union* (c) disconnect union and examine. 
Remedy: (a) tignten; (b) unfasten union, coat with 
soap, then tighten; (c) remove obstruction. 

6. Pipe from main gasoline tank to vacuum tank— 
Trouble: (a) clogged; (b) bent; (c) cracked or 
perforated; (d) frozen, owing to water in gasoline. 
Effect: (a) (b) (c) (d) gasoline fails to reach vacuum 
tank. Test: (a) disconnect at 7 and blow through 
pipe to see if free; (b) examine for bends or kinks; 
(c) disconnect at 5 and 7; have someone hold 
finger over end at 5, then blow at 7 and examine 
for leaks; (d) same as 6(a). Remedy: (a) blow 
out with compresse<l air; (b) install new pipe; (c) 
solder up leaks or install new pipe; (d) remove pipe 
and thaw out in hot water. 

7. Union and connection—Trouble: (a) loose; 

(b) air leak. Effect: (a) (b) le.aks air; gasoline 
fails to reach vacuum tank. Test: (a) examine for 
looseness; (b) disconnect at 8; sc^uirt gasoline 
around 7, and blow at 8; bubbles indicate leak. 
Remedy: (a) tighten; (b) tighten pipe D at 7; 
coat threads of union with soap. 

8. Nut—Trouble: (a) loose; (b) air leak. Effect: 

(a) (b) leaks air; gasoline fails to reach vacuum 
tank. Test: (a) examine for looseness; (b) squirt 
gasoline around 8; crank engine; if gasoline is 
sucked in, a leak exists. Remedy: (a) tighten; 

(b) coat threads with soap and tighten. 

9. Vacuum tank gasket—Trouble: (a) loose, 
causing air leak; (b) torn. Effect: (a) gasoline 
fails to reach vacuum tank; (b) air leak; gasoline 
fails to reach vacuum tank. Test: (a) examine for 
looseness of vacuum tank head; (b) remove vacuum 
tank head and examine. Remedy: (a) tighten 
screws in vacuum tank head; (b) install new gasket. 
Do not shellac (sec page 114). 

A. Vacuum tank suction valve—Trouble: (a) 

leaks; (b) valve seat bushing loose. Effect: (a) 
(b) gasoline is drawn to inlet manifold through pipe 

C. Test: (a) see page 1041, or loosen pipe C at 29; 
remove head of vacuum tank, raise float, and blow 
through pipe C; (b) see page 1041. Remedy: (a) 
have new valve installed at Stewart-Wamer service 
station; (b) tighten bushing. 

B. Vacuum tank air valve—Trouble: (a) leaks. 
Effect: (a) gasoline fails to reach vacuum tank. 
Test: (a) remove head of vacuum tank, lower 
float, stop passage to L with finger, and try to blow 
through air vent. Remedy: (a) have new valve 
install^ at Stewart-Warner service station. 


C. Vacuum tank suction pipe to inlet manifold— 
Trouble: (a) loose at N or at 29; (b) clogged; 
(c) gasoline passing through pipe C. Effect: (a) 
air leak) gasoline fails to reacli vacuum tank; (b) 
no suction; gasoline fails to reach vacuum tank; 

(c) engine loads up. Test: (a) with engine running, 
apply light oil at these points; if oil is drawn 
in, a leak exists; (b) disconnect at N and 29, and 
blow through pipe; (c) see page 1041, or disconnect 
at 29; hold nnger over opening, if engine ceases 
loading up, this is the trouble. Remedy: (a) 
tighten or apply soap to threads; (b) blow oat with 
compressed air; (c) fix valve A or float G. 

D. Same as 6. (See also “Vacuum gauge test,’* 
page 1041.) 

E. Vacuum tank lever to which the two coil 
springs (S) are attached—Trouble: (a) out of order. 
Effect: (a) valves A and B do not operate properly. 
Test: same as A and B. Remedy: (a) take head 
of vacuum tank to Stewart-Warner service station 
for repairs. 

F. Vacuum tank lever operated by springs 
attached to E—Trouble: (a) out of order. Effect: 
(a) same as E. Test: (a) same as A and B. 
Remedy: (a) same as E. 

G. Vacuum tank float—Trouble: (a) leaks and 
fills up. Effect: (a) fails to close A or open B; 
gasoline is drawn through C. Test: (a) examine 
float for leaks by immersing in hot water. See 
page 114. Remedy: (a) see page 114. 

Gl. Vacuum tank float guide rod—Trouble: (a) 
bent* Effect: (a) float sticks, causing same trouble 
as G. Test: (a) examine rod. Remedy: (a) 
straighten. 

H. Vacuum tank flapper valve—Trouble: (a) 
dirt under valve. Effect: (a) gasoline fails to reach 
vacuum tank. Test: (a) plug up air vent; dis¬ 
connect at 13; hold finger over opening while 
cranking engine; suction at 13 indicates H is leak¬ 
ing. Remedy: (a) tap on side of tank to remove 
dirt, or remove upper (chamber and clean. 

J. Petcock for draining or cleaning tank— 
Trouble: (a) clogged. Effect: (a) will not drain. 
Test: (a) open. Remedy: (a) run wire through 
opening. 

K. Outlet of lower chamber or gravity tank to 
carburetor—Trouble: (a) clogged. Effect: (a) gas¬ 
oline^ fails to reach float chamber 18A. Test: 

(a) disconnect at 13: gasoline fails to run out freely 
but will run out of J. Remedy: (a) clean with 
wire. 

L. Space between outer shell and vacuum tank— 
Trouble: (a) air vent clogged. Effect: (a) gasoline 
fails to flow from lower chamber to carburetor. 
Test: (a) remove air vent tube and try to blow 
through it. Remedy: (a) blow out air vent with 
compres.sed air, or run wire through it. 

N. Union—Trouble: (a) see C. 

R. Air vent—Trouble: (a) overflows re^arly. 
Effect: (a) too ri(;h mixture in engine, which loads 
up. Test: (a) examine for overflow. Remedy: (a) 
clean out air vent (2) in main gasoline tank; (b) 
vacuum tank may be too close to hot engine; (c) 
bottom of vacuum tank must be at least 3" above 
carburetor; (d) attach length of tubing to air vent, 
and run up higher under hood. 

S. Two coil springs—Trouble; (a) loose; (b) 
broken. Effect: (a) fb) valves A and B not properly 
operated. Test: fa) (b) see test on page 1041, 
and also examine springs. Remedy: (a) tighten; 

(b) install new springs. 
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T. Outlet passage from upper to lower chamber. 

U. Washer for float guide rod (fibre or metal). 

V. Vacuum tank wire screen strainer—Trouble: 

(a) clogged. Effect: (a) gasoline fails to flow to 
vacuum tank. Test: (a) this is one of the first 
places to examine when vacuum tank fails. 
Remedy: (a) loosen nut 8; remove strainer, and 
clean. (See also “Vacuum gauge test,’^ p. 1041.) 

W. Flushing ^ug—to be used for filling; tank when 
vacuum fails. Kemove and pour gasoline through 
opening; engine can be run to garage by repeated 
fillings. Also used for flushing sediment from H. 
See Sso, page 115. 

Vacuum tank empty—^Trouble: (a) carburetor 
throttle valve 26 openw wide for too long a period. 
Effect: (a) engine receives lean mixture or no 
gasoline. Test; (a) engine misses or gradually 
stops. Remedy: (a) operate engine for a short 
time with closed throttle (see also page 115). 

12. Connection from lower gravity tank—Trouble: 

(a) loose; (b) clogged. Effect: (a) gasoline drips 
out; (b) gasoline fails to reach carburetor properly. 
Test: (a) examine for looseness; (b) gasoline runs 
out of J when opened, but no gasoline in 18A, or 
gasoline flows very slowly to 18A. Remedy: (a) 
tighten; if necessary, coat threads with soap; (b) 
remove connection, and clean. 

13. Union connecting pipe 14 with connection 
12—Trouble: (a) loose; (b) clogged. Effect: (a) 
same as 12(a); (b) same as 12(b). Test: (a) (b) 
examine. Remedy: (a) tighten; (b) remove and 
blow out, or run wire through it. 

14. Feed pipe from gravity chamber to carburetor^ 
—^Trouble: (a) clogg^ or bent at sharp angle; (b) 
cracked seam or perforations; (c) frozen, as a result 
of water in gasoline. Effect: (a) gasoline fails to 
reach carburetor properly; (b) gasoline leaks; (c) 

asoline fails to reach carburetor. Test: (a) gaso- 
ne runs out of J, but does not flow freely into ISA; 

(b) examine for leaks; (c) gasoline runs out of J, 
but does not enter 18A. Remedy: (a) disconnect 
at 13 and 15, and blow out with compressed air 
or tire pump, or straighten; (b) solder leaks or 
install new pipe; (c) remove pipe and thaw out in 
hot water. 

15. Union connection at carburetor—Trouble: 
(a) loose. Effect: (a) gasoline leaks. Test: (a) 
examine for looseness. Remedy: (a) tighten; if 
necessary, coat threads with soap. 

16. Carburetor strainer—Trouble: (a) clogged. 
Effect: (a) gasoline fails to reach carburetor 
properly. Test: (a) gasoline runs out of J, but 
enters 18A slowly or not at all. Remedy: (a) 
remove strainer and clean. 

17. Carburetor float needle valve seat—Trouble: 

(a) sediment collected on seat; (b) out of adjust¬ 
ment; (c) rough; (d) burr on seat. Effect: (a) 
float valve fails to cut off flow of gasoline; fb) 
causes float valve to cut off too quickly or too late; 

(c) (d) float valve fails to cut off flow of gasoline. 
Test: (a) overflowing of gasoline in 18A or at 25A; 

(b) check gasoline level, which should be slightly 
below jet 25; (c) (d) overflowing of gasoline in 18A 
or at 25A. Remedy: (a) remove cap 21 and raise 
and lower valve 20 in its seat several times to dis¬ 
lodge sediment; (b) readjust valve seat by screwing 


* The carburetor used in the chart is the Zenith Model “U” as 
explained on pam 131. In the Zenith carburetor, adjustment 
of the mixture for high specKls is made by means of replacing 
jet with one of another sise. The various adjustments of other 
makes of carburetors are given on pages 117-144. 


in or out (see pages 123, 144); (c) replace with new 
valve seat; (d) remove cap 21 and tap gently on 
float needle valve 20. 

18. Carburetor float—Trouble: (a) hole in it; 
(b) stuck due to mechanism. Effect: (a) fills up 
and sinks, therefore does not cut off flow; (b) 
either will not fill up or will overflow, owing to 
position where float sticks. Test: (a) overflowing 
of gasoline in 18A or at 25A; immerse float in hot 
water, and bubbles will appear at hole. Remedy: 

(a) punch another hole, drain out gjisoline. solder 
hole (see pages 122, 123); (b) examine mccnani.sm. 

18A. Carburetor float chamber—Trouble: (a) 

frozen, owing to water in gasoline; (b) sandholes 
in casting. Effect: (a) gasoline fails to reach engi no; 

(b) gasoline leaks. Test: (a) remove float chamber 
cover, and examine; (b) examine. Remedy: 
(a) thaw out with hot water; (b) renew float 
chamber. 

19. Carburetor float needle valve mechanisi:i— 
Trouble: (a) cuts off too late; (b) cuts off too early; 

(c) stuck. Effect: (a) gasoline level too high; 
engine loads up as mixture is too rich; (b) level too 
low, mixture too lean, engine misses; (c) will cut 
off too late or too early, owing to position when 
stuck. Test: (a) overflowing of gasoline at t8A 
or at 25A; (b) test level of gasoline; (c) examine. 
Remedy: (a) adjust to cause proper level of gasoline 
slightly below level of jet 25; (b) adjust to proper 
level; (c) adjust, or put in new parts. 

20. Carburetor float needle valve—Trouble: (a) 
loose from collar; (b) bent. Effect: (a) mechanism 
fails to operate valve; (b) fails to cut off flov/ of 
gasoline. Test: fa) examine for looseness; (b) 
examine to see if it operates freely. Remedy: (a) 
refasten to collar; (b) straighten. 

21. Carburetor needle valve cap—Trouble: (a) 
binds against needle valve 20. Effect: (a) neodle 
valve 20 fails to admit gasoline or fails to cut off 
flow. Test: (a) no gasoline to engine or overflow¬ 
ing at 18A or 25A; trouble stops when 21 is removed. 
Remedy: (a) straighten 20 or put washers under 21. 

22. Carburetor fuel passage to compensator jet 

((compensator is above 22, p. 462-11; see also p. 131)— 
Trouble: (a) water in gasoline or clogged compen¬ 
sator; (b) compensator jet too large; (c) (compensa¬ 
tor jet too small. Effect: (a) mixture lean, b:ick- 
firing; (b) too rich a mixture on a hard pull t.see 
page 132); (c) too lean a mixture, missing and j( rky 
motion of car on a liard pull (see pages 131, 132). 
Test: (a) unscrew plug below 22 and drain. Com¬ 
pensator may be clogged; unscrew and clean; (b) 
(c) sec page 131. Remedy: (a) (b) (c) see page 132 
and 462-1. 

The influence of the compensator jet is stron>?cst at low speeds 
and hard pulls. A hard pull on high gear on a hill with the 
throttle well open taxes the efficiency of the compensator and 
will readily indicate the correctness of its size. 

23. Carburetor fuel passage to main jet (main jet 
is directly above 23 and is Idg. 25)—Trouble: (a) 
water in gasoline. Effect: (a) mixture lean, back¬ 
firing. Test: (a) unscrew plug below 23 and drain. 

24. Carburetor cap jet. This is an outside cap 
surrounding the sprav nozzles (not clearly shov. n), 
or passages leading from the idling w’ell and com¬ 
pensator jet. Trouble: (a) passages to the side of 
main jet may be clogged. Effect: (a) engine will 
not pick up on accelerating and misses at high sp(ied. 
Test and Remedy: (a) unscrew and clean. 

Note. On the Model “U” Zenith, shown in the cliart, 
and page 131, there are two passages to the side of the main 
jet (not clearly shown), whereas on the Model “L” (older 
model) there is one passage to the side of the main jet. 
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24A. Carburetor choke tube or venturi—Trouble: 

(a) too large: (b) too small. Effect: (a) (b) see 
pages 131 ana 132. 

Bear in mind that when inside diameter of the choke tube 
is increased, more air is admitted and tlie mixture is cor¬ 
respondingly thinned, and vice versa. 

25. Carburetor main jet—Trouble: (a) clogged; 

(b) too large; (c) too small. Effect and Remedy: 

(a) unscrew and clean; (b) (c) see page 131. 

The influence of the main jet is mostly felt at high speeds. 
Note. When testing: First determine the size of the choke 
(the size is stamped on each part), then of the main jet, then 
of the comnensator. 

O. Carburetor idling adjustment. Note. 
Although air is shown to eyter at the screw on the 
chart, the air really enters through an adjusting 
screw (O, Fig. 21, page 131) directly below and to 
the side of the screw shown on the chart.—Trouble: 

(a) mixture too rich at idling speed; (b) mixture 
too lean at idling spceil. Effect: (a) engine runs 
in a jerky or irregular manner; (b) same as (a) and 
will also miss, and in extreme cases the engine will 
stop. Test and Remedy: (a) open throttle to 
clear the passages of the rich mixture, and then 
bring back to idling position, and screw out idling 
adjusting screw (O, Fig. 21, page 131) to lean the 
mixture, until regular running is atbiined. If it is 
necessary to screw this out more than four or five 
turns from its seat, put in a smaller idling tube; 

(b) screw in on idling adjusting screw to enrich 
the mixture until missing stoi)S and engine idles 
properly. If it is necessary to screw O in to within 
4 to 1 turn from its seat, put in a larger idling tube. 

Note. When making idling adjustment, have it on the 
"rich” side; that is, have the adjusting screw O adju.'^ted to a 
point where a slight "turn in” would result in a rich mixture. 

2r)A. Gasoline dripping from carburetor— 
Trouble: (a) gasoline level in float chamber 18A 
too high; (b) needle valve 20 does not seat at 17. 
Effect: (a) (b) overflows at 25 and 25A. Test: (a) 
(b) examine for drip. Remedy: (a) adjust level 
of gasoline (see 19(a); (b) see 17(a), 17(b) and 17(c). 

26. Carburetor throttle valve—Trouble: (a) 

screw loose on pin; (b) lever loose (see Tl, Fig. 21, 
page 131); (c) stop screw not adjusted properly 
(this st/op-screw can be seen on Fig. 21, page 131, 
at “T2”); (d) spring which pulls throttle valve 
clo.sed, weak, or broken; (e) rods from throttle 
lever to accelerator or hand throttle on steering 
wheel out of adjustment; (f) connection between 
throttle shaft and body of carburetor worn. Effect: 
(a) (b) does not open and close prof)crly; (c) engine 
does not idle properly; (d) throttle does not close 
properly; (e) throttle does not open and close 
properly; (f) admits air giving lean mixture. Test: 

(a) remove carburetor and examine for looseness; 

(b) examine for looseness; (c) idle engine; if it 
st/Ops, screw in; if it runs too fast, screw out; (d) 
accelerator pedal docs not rapidly return to proper 
position when released; (e) examine for looseness. 
Remedy: (a) tighten screw; (b) tighten; (c) 
readjust; (d) increase tension of spring or insfiill 
new orje; (e) lengthen or shorten rods; (f) replace 
parts with new ones. 

27. Carburetor gasket—Trouble: (a) loose; (b) 
air leak into inlet manifold; (c) projects into inlet 
manifold. Effect: (a) (b) admits air and causes 
too lean a mixture; (c) obstructs passage of mixture. 
Test: (a) examine for looseness; (b) with engine 
running, squirt gasoline around gasket; if engine 
speeds up, there is an air leak; (c) remove carburetor 
and examine fit of gasket. Remedy: (a) tighten 
bolts 28; (b) install new gasket or shellac old gasket, 
being ^re to scrape clean first; (c) cut opening to 
fit, or install new gasket. 


28. Carburetor manifold bolt—Trouble: (a) loose. 
Effect: (a) admits air; too lean a mixture. Test: 
(a) examine for looseness. Remedy: (a) tighten. 

29. Vacuiun tank suction pipe connection to inlet 
manifold—Trouble: (a) loose (see also C); (b) air 
leak. Effect: fa) gasoline fails to reach vacaiurn 
tank; fb) gasoline fails to reach vacuum tank; lean 
mixture. Test: fa) examine for looseness; fb) 
with engine running, squirt gasoline around 29; 
if it is drawn in, a leak exists. Remedy: (a) 
tighten; fb) coat threads with soap and tighten. 

Inlet manifold—Trouble: (a) carburetor too small 
or too large an opening. Effect: see pages 109, 
115, 1050. 

30. Inlet manifold cap screw—Trouble: fa) loose. 
Effect: (a) admits air; mixture too lean. Test: 

(a) examine for looseness. Remedy: (a) tighten. 

31. Inlet manifold gasket—Trouble: (a) loose; 

(b) air leak; fc) projects into inlet manifold. 
Effect: fa) fb) admits air; too lean a mixture; fc) 
obstructs passage of mixture. Test: fa) examine 
for looseness; fb) whistling sound when engine is 
running; fc) remove manifold and examine fit of 
p;asket. Remedy: (a) tighten cap screw 30; (b) 
install new gasket, or shellac old one; (c) cut 
opening to fit, or install new gasket. 

32. Inlet valve head and seat—Trouble: fa) dirt 
or carbon under seat; (b) pitted. Effect: fa) valve 
docs not seat; poor compression; loss of power; 

fb) valve leaks compression; loss of power. Test: 
(a) unequal compression noticed when cranking 
engine by hand, (b) unequal or poor compression 
noticed when cranking engine by hand. Remedy: 
(a) (b) grind valves. 

33. Inlet valve cap—Trouble: (a) loose; (b) gasket 
leaks. Effect: fa) fb) leaks air and compression; 
loss of power. Test: fa) examine for looseness; 
whistling sound; (b) whistling sound; remove cap 
and examine gasket. Remedy: (a) tighten; (b) 
install new gasket. 

34. Cylinder head gasket^—Trouble: fa) leaks 
air and compression; (b) leaks water. Effect: fa) 
loss of power; (b) water enters cylinder. Test: 
(a) whistling sound; fb) popping ba(;k through 
carburetor. Remedy fa) fb) tighten cylinder head 
bolts, or install new gasket. 

35. Inlet valve guide—Trouble: fa) worn. 
Effect: (a) leaks air on suction stroke; mixture too 
lean. Test: (a) with engine running, S(iiiirt 
gasoline around 35; if engine si3ee<ls up a leak 
exists. Remedy: fa) install new guide or ream out 
and install oversize valve. 

36. Inlet valve spring—Trouble: (a) weak ten- 
.sion; (b) broken; fc) same troubles with exhaust 
valve s])ring. Effect: fa) fb) valve does not seat 
properly; loss of power popping through carbun^or; 

fc) exhaust valve siickcfl open admits burnefl (4iargc 
back into cyliuder; engine misses. Test: fa) twist 
screwdriver between coils of spring to increase 
tension; if oper.ation is irnprovefl. this indicates 
weak tension; spring tension can also he increased 
by julding washers (see also page 776); (b) examine 
spring; (c) same as (a) and (b). Remedy; (a) 
stretch spring or install new one; (b) install new 
spring; (c) same as 36fa) and 36(b). Note: When 
increasing spring tension, if the tension is increased 
too much the vdve will be very noisy. 


‘The illustration uhows both a valve cap (33) as used 
with Don-detaohable cylinder head, and a gasket (34) used 
when the cylinder head is detachable. Both are not used on 
the same engine, but are shown here to cover both types of 
engines. 
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37. Inlet valve spring retainer washer—Trouble: 

(a) loose. Effect; (a) same as 36(a) and 36(b). 
Test: (a) examine for looseness. Remedy: (a) 
install new pin or collar under washer. 

38. Inlet valve clearance—Trouble: (a) none 
at all; (b) too much clearance; (c) not enough 
clearance; (d) no clearance at exhaust valve. 
Effect: (a) valve fails to seat; back-fires through 
carburetor; (b) valve opens late, closes early; noisy, 
loss of power; (c) valve does not seat when engine 
is liot; loss of power; (d) exhaust valve becomes 
re(l hot; pre-ignition knock (see also pages 170,820). 
Test: (a) (b) (c) (d) test clearance with thickness 
gauge (jiages 68, 775). Remedy: (a) (b) (c) (d) 
adjust valve tappet (page 775). 

39. Inlet valve clearance adjusting nuts— 
Trouble: (a) loose. Effect: (a) same as 38(a), 38(b), 
38(c). Test: (a) examine for looseness. Remedy: 
(a) adjust valve tappet and tighten. 

39A. Cam—Trouble: fa) out of time; (b) worn 
contour. Effect: (a) loss of power; engine may 
fail to start; (b) valve lift too short; loss of power. 
Test: (a) check valve timing (pages 65-67); (b) 
measure valve lift after checking clearance 38. 
Remedy: (a) remesh timing gears properly* (b) in¬ 
stall new camsliaft (see Index under “Valve lift’^). 

39B. Valve tappet guide—Trouble: (a) worn. 
Effect: (a) when cam nose strikes the tappet (39C), 
a tai)ping noise will be produced, owing to the side 
thrust of tappet against its guide. ^ Test: (a) 
examine tapi)ct and see if it fits snugly in its guide. 
Remedy: first try lubricating; if too badly worn, 
ream guide and put in an oversize tappet, or install 
a new guide and tappet. 

39C. Valve tappet—Trouble: (a) worn. Effect: 
(a) same as with 39B. Test; (a) same as with 
39B. Remedy: (a) same as with 39B. 

40. Piston rings—Trouble: (a) worn; (b) too 
loose a fit. Effect: (a) (b) compression leaks to 
crankcase; gasoline dilutes oil; oil enters combus¬ 
tion chamber 41, forming carbon. Test: (a) (b) 
smoke emerges from crankcase, whistle heard from 
oilfiller or breather pipe when engine is cranked; 
smoko is also emitted from exhaust, owing to exces¬ 
sive oil in combustion chamber, and spark plugs wet 
with oil, which causes missing. Remedy: (a) install 
new rings (sometimes a smaller rin§ gap clearance 
is necessary; see page 827); (b) install oversize 
rings (see pages 82^^4). 

41. Combustion chamber—Trouble: (a) carbon- 
coated, owing to poor grade of fuel; (b) carbon- 
coated, owing to piston pumping oil; (c) carbon- 
coated, owing to excessive use of choker 52; (d) 
carbon-coated owing to compression leaks. Effect: 
(a) (b) pre-ignition knock (seepages 170, 780, 820); 
loss of power; (c) pre-ignition knock; loss of power; 
high gasoline consumption; (d) pre-ignition knock; 
loss of power. Test: (a) remove spark plug and 
examine for carbon; (b) remove spark plug and 
examine for oil deposits; (c) examine combustion 
space for carbon; (d) examine for leaks at 32, 33, 
60, 34, 40. Remedy: (a) remove carbon and use 
better grade of fuel; (b) remove carbon and install 
new piston rings; (c) remove carbon and use choker 
moderately; (d) remove carbon and fix leak (see page 
763 for removing carbon by scraping, and page 764 
for removing wi3i oxygen decarbonizing outfit. 

42. Piston—Trouble: (a) too loose; (b) carbon 
accumulation on head. Effect: (a) piston slap; 
excess oil in combustion chamber; (b) carbon knock; 
loss of power. Test: (a) see pages 778, 779; (b) 
examine for carbon. Remedy: (a) install new or 
oversize piston (see page 809); (b) remove carbon. 


42A. Carbon accumulation on piston, combustion 
chamber walls, and valves—Trouble: (a) mixture 
too rich; not enough air; (b) poor grade of fuel; 
(c) piston pumps oil. Effect: (a) excess gasoline 
fonns ciirbon; (b) unvaporized fuel forms carbon; 
(c) see 41(a), 41(b), 42(a), and 42(b). Test: (a) see 
24(b) and 25(b); (b) see page 103; (c) test compres¬ 
sion of each cylinder and see if piston rings leak (sec 
also pages 168, 169). Remedy: (a) adjust mixture 
leaner and remove carbon; (b) use bettor grade of 
fuel or heat thoroughly; (c) see pages 168, 169. 

43. Piston pin and bushing—Trouble: (a) worn 
or loose. Effect: (a) noisy operation. Test: (a) 
dull metallic knock, more noticeable when idling 
(see also page 777). Remedy: (a) renew bushing, 
or piston pin, or both. 

44. Connecting rod—see page 796. 

45. Carburetor main air inlet—see pages 131, 
106, 107 for methods of heating the air drawn into 
the carburetor. 

46. Carburetor hot-air pipe (this pipe extends to 
exhaust pipe, to draw in warm air)—^Trouble: (a) 
too much hot air after engine is warm; (b) dis¬ 
connected; (c) obstructed. Effect: (a) expands 
charge; loss of engine power (see also page 106); 
(b) insufficient heat; spitting through carburetor 
(see also page 118); (c) not sufficient air to absorb 
the gasoline vai)or; mixture too rich. Test: (a) try 
colder air and see if operation improves; (b) 
examine connections; (c) exiimine pipe for obstruc¬ 
tion. Remedy: (a) open temperature regulator 
(Figs. 21,22, page 131); (b) connect hot-air pipe to 
exhaust stove and to carburetor; (c) clean out pipe 
or remove obstruction. 

47. Carburetor air valve (choker valve)—Trouble : 

(a) loose. Effect: ^a) does not open and close 
properly. Test: (a) examine for looseness on 
shaft. Remedy: (a) tighten. 

48. Carburetor air valve (choker) lever—Trouble: 
(a) loose. Effect: (a) does not open and close 
valve properly. Test: (a) examine for looseness 
on shaft. Remedy: (a) tighten. 

49. Carburetor choker valve wire (runs inside 
tube 50)—Trouble: (a) Sticks. Effect: (a) choker 
button (52) hard to operate. Test: (a) see that 
choker button (52) moves freely. Remedy: (a) 
lubricate with oil. 

50. Carburetor choker valve tube—Trouble: (a) 
too sharp a bend. Effect; (a) binds on wire 49. 
Test: (a) button 52 hard to operate; examine 
tube for sharp bend. Remedy: (a) make bend 
more gradual. 

51. Dash or cowl. 

52. Carburetor choker valve button—Trouble: 

(a) loose; (b) stuck; (c) pulled out when engine 
is wann. Effect: (a) does not pull wire 49; (b) 
will not pull out or push in; (c) too rich mixture, 
engine loads up; excess gasoline dilutes lubricating 
oil. Test: (a) examine for looseness; (b) examine 
to see if bent or if rusted from the lack of oil; (c) 
see if valve 47 is fully open when choker button 52 
is push(^ ill. Remedy; (a) refasten to wire 4vi; 

(b) straighten or loosen and oil; (c) push button 
“in" as soon as engine will operate without missing 
(see page 462-B). 

60. Spark plug gasket—Trouble: (a) loose; (b/ 
leaks air. Effect (a) (b) leaks air and compression; 
missing and loss of power. ^ Test: (a) (b) squirt oil 
around gasket; buobles indicate leak. Remedy: 
(a) tighten spark plug; (b) install new gasket. 

61. Spark plug point gap—Trouble: (a) incorrectly 
set. Effect: (a) see ignition chart key, 61(a), 61(b). 
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NAMES OF PARTS AND TROUBLES WHICH COULD OCCUR IN THE GENERATOR 


AND ITS 

The generator circuit consists of: 

1. Generator 

2. Drive method 

3. Cut-out 

4. Ammeter 

.5- Storage battery 

Generator Troubles Electrical and Mechanical 

1. Fuse: usually infield circuit; (a) blown, tlius 
Opening circuit; (b) poor connection; (c) wrong 
capacity. A (jorroded or loose battery connection 
will permit the generator output to increase and to 
blow the fuse, thus protecting the generator and 
lights. See also page 430. 

2. Third brush: (a) adjustment for output not 
enough or too much* (b) brush not making good 
contact; (c) worn snort; (d) loose brush spring; 
insufficient tension; (e) loose pig tail connection 


CIRCUIT. 

to brush: (f) brush stuck in holder; (g) charging 
rate too nigh causes sparking. 

3. Main brush: Ta) poor contact; fb) worn short; 
(c) loose spring, insufficient tension; (d) loose pig 
tail connection; (e) brushes stuck in holder. 

4. Brush-holder assembly: (a) loose; (b) 

grounded. 

5. Commutator: (a) dirty; (b) pitted; (c) 
high mica; (d) segments loose; (e) armature coil 
leads to segments loose; need soldering (see also, 
pages 491, 480); (f) out of round. 

6. Housing end-plate screw: (a) loose. 

7. Field pole screws: (a) loose. 

8. Bearings: (a) worn; (b) ball broken; (c) dry; 
lack of lubrication; (d) out of alignment. 

9. Annature shaft: (a) scored or cut from lack 
of lubrication; (b) bent. 
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GEOTRATOR, BATTERY, CUT-ODT TROUBLE-SHOOinNa CHART. Th. chart above ahows two circuit, of the gen- 
erator electrical system: (1) the cut-out voltage or shunt winding circuit; (2) the “generator charging circuit.” 

The cut-out voltage winding causes cut-out points (P) to close when the generator armature attains a speed of usually 6 
to « ni.p.h. car speed. Sufficient current at this speed is produced through this winding (V-22) to cause the cut-out core 
to become magnetized, which draws the cut-out armature (19) toward the core, closing points (P), thus closing the generator charg¬ 
ing circuit (red) to battery. • 

Thejmt-out yoltoge winding circuit starts at (+) main brush, which is grounded, thence from (11) to ground, to ground of out- 
out yinndmg (16), through the fine wire voltage winding (V-22), to core, through core and cut-out frame (insulated from grouhd), 
to ( 16 ), to (—) mam generator brush. 

The g^eratof ch^ging circuit (shown in red) charges the storage battery when cut-out points (P) are closed by action of 
^^out winding (V-22), as stated above; the generator then charges the battery and the ammeter needle should indicate on the 
charge” side. 

circuit starts at the (+) grounded generator main brush, to ground (11), to (29), to (26). to 24A), to 
(24), to (2d), to (17), through cut-out series or coarse wire winding (S-21), through closed out-out points (P), through out¬ 
put armature (19) and cut-out frame, to (15). to (—) main generator brush. 8ee also, page 333 * 
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10. Field lead: (a) loose; (b) grounded. 

11. Ground: (a) oil soaked; not good contact. 

12. Field winding: (a) grounded, shorted, or open. 

13. Armature windings: (a) grounded, shorted, 
or open (see pages 496-504). 

See paKea 563 and 506 as to when a battery needs charging, 
and wnen to adjust generator output. 

Cut-Out Troubles Electrical and Mechanical 

15. Cut-out terminal: (a) loose; (h) grounded; 

(c) (connected to wrong lead (see page .506). 

16. Cut-out terminal: (a) loose; (b) fails to 
ground; (c) connected to wrong lead. 

17. Cut-out terminal: (a) loose; (b) grounded; 

(c) connected to wrong lead. 

18. Cut-out spring tension: (a) weak; does not 
oj)en points; permits current to discharge to gen¬ 
era t(^r from battery (bend lug L down to increase 
tension); (b) weak; does not open points early 
enough; (c) too strong; does not permit points to 
close fully; (d) too strong; does not close early 
enough (bend lug L up to decrease tension). 

19. Cut-out armature: (a) bent up; closes late; 
(b) bent down; closes early. 

20. Cut-out points: (a) pitted; do not make good 
contact; (b) stuck, owing to too much current or 
not opening q^uickly and arcing; (c) points do not 
c4ose fully owing to open shunt winding (V-22), or 
too strong a spring (18) tension (sec that points 
make a full, even surfa(^e contact). 

21. Cut-out series winding: (a) grounded; (b) 
open; (c) loose connection (see pages 505,519, to test). 

22. Cut-out shimt winding; (a) grounde<.l; (b) 
open; (c) loose connection (see page 505 to test). 

Dash Ammeter Troubles 

23. Ammeter connection: (a) loose. 

24. Ammeter connection: (a) loose. 

24A. Generator wire connection with battery at 
starting motor switch: (a) loose; corroded. 

25. Ammeter needle: (a) bent; (b) out of 
calibration; (c) spring broken. 

It is advisable to check the dash ammeter with one known to 
be accurate, as, for instance, a t<^sting ammeter, by placing the 
two in series and observing if both read alike (see also, page 
471). 

Storage-Battery Troubles 

Troubles of a storage battery are explained on 
pages 448, 532, 542, 559, .562, 556-559, 563, 506. 

Tests of a storage battery are explained on pages 
531, 545. 

26. Terminal: (a) loose; (b) corroded. 


27. Connectors: (a) loose, not burned properly, 
grounded, owing to acid-soaked battery box (see 
page 557). 

28. Terminal: (a) loose; (b) corroded. 

29. Ground connection: (a) loose; (b) corroded 
(see also page 428). 

Generator Circuit Trouble Testa 

(First test on car.) (1) With the engine idle, 

the ammeter should be at zero with all switches off. 
If the ammeter indicates anything at all with all 
switches off, then the cut-out points (P) are probably 
stuck together.' Open them and see if the ammeter 
needle goes back to zero; if not, the ammeter is 
defective, or there is a ground in the circuit. 

2. If ammeter needle is at zero, turn on the 
light vswitch. The ammeter should then indicate the 
amount of current the lights draw from the battery, 
and should indicate on the ^'discharge’^ side. 

3. Next, start the engine, by turning on the 
ignition switch, and crank the engine and run it 
slowly. With lights and ignition ‘‘on,'' the ammeter 
should indicate on the “dLscharge” side, as current 
is being taken from battery. 

4. Next, speed the engine up, and at about 6 to 
10 m.p.h. car speed of the engine, the cut-out points 
should close and the ammeter should indicate on 
the “charge" side. 

If it docs not, then the cut-out points (20) are 
not closed, owing to defects in the generator oi 
cut-out. A good method of procedure is as follows: 

(a) Keep the engine running at about 20 m.p.h. 
car speed; close the cut-out points by hand; if 
the ammeter now reads “charge" from 9 to 20 
amperes (according to the type), the generator is 
in good order but the cut-out is defective. See 
pages 504-506 for cut-out tests. 

(b) If the ammeter fails to read “charge" 
when cut-out points (20) are closed, the generator 
is at fault and must be examined. 

(c) Examine all connections in the generator 
circuit and see that they are tight and clean, and 
that no grounds exist. 

(d) Shift third brush (2) in the direction of 
tbe commutator rotation and see if the difficulty 
is overcome; also examine the third brush for 
wear, poor contact, weak spring tension, stuck in 
holder, loose brush holder. 

(e) Examine all brushes for items listed 
under (d). See also pages 430, 506, 563, 363. 

(f) Examine for dirty commirtator (5). 

(g) Examine for worn bearings (8). 

(h) If the trouble has not beevi located by this 
time, the generator should be re^noved from the 
car and tested as explained in the text. Seo 
Index under “Testing generator." 


NAMES OF PARTS AND TROUBLES WHICH COULD OCCUR IN THE STARTING 


MOTOR AND 

1. Battery terminal: (a) loose; (b) corroded. 

2. Connector from cell to cell; (a) loose; not 
burned tightly (b) internal short circuit in one 
cell (see also page 558). 

3. Battery ground to frame of car; (a) loose; (b) 
corroded (see also page 428). 

4. Starting motor grotmd: Usually pounded 
through frame of motor: (a) rusty; not good contact. 


ITS CIRCUIT 


5. Brush: (a) brushes worn short; do not 
make good contact; (b) stuck in brush holder: 



6, Commutator: (a) high mica; (b) loose or 
pitted commutator segments; (c) loose armature 
wires to commutator; (d) commutator out of round 
(see also page 449). 
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7. Brush: (a) brushes worn short; do not maJce 
good contact; (b) stuck in brush holders; (c) brush 
holder grounded; (d) loose pig tails. 

8. Field winding: (a) open; (b) shorted; (c) 
grounded (see also pages 486, 518). 

9. Terminal: (a) loose; (b) groundeii. 

10. Lead to switch: (a) open; (b) grounded; 
(c) terminal to wire loose. 

11. Switch terminal: (a) loose; (b) grounded. 

12. Switch contact spring: (a) broken; (b) 
burned; (c) grounded; (d) open. 

13. Switch plunger: (a) stuck; (b) grounded 
with (14). 

14. Switch terminal and contact: (a) loose; (b) 
burned; (c) grounded. 

14A. Ignition, light and generator connection to 
battery at starting motor switch: (a) loose; corroded. 

15. Wire lead to battery: (a) open; (b) grounded. 

16. Battery terminal: (a) loose; (b) corroded. 

A. Bendix inertia gear (travels toward flywheel; 
in this example, termed ‘fln-board” type): (a) 
meshes too tight or too loose with (D); (b) counter¬ 
weight loose; (c) improper tension of anti-drift pin. 

B. Thread for A: (a) oil gummed; (b) rusty 
(see also page 320). 

C. Bendix spring: (a) broken; (b) loose at K 
or R; (c) flexibility lost owing to engine back-firing 
and wrapping spring tightly around shaft S. 

D. Flywheel gear: (a) broken teeth; (b) teeth not 
chamfered; (c) improper backlash; should bo 
about 

F. Chamfered edge of inertia gear: (a) worn; 
(b) broken. * 

K. Bendix spring bolt: (a) broken; (b) loose. 

L. Bolts supporting motor: (a) loose, thus 
throwing gears A and D out of alignment. 

M. Screws holding pole pieces: (a) loose; may 
damage armature winding. 


P. Stop collar for checking travel of gear A. 

R. Bendix spring bolt: (a) broken; (b) loose. 

S. Motor armature shaft: (a) bent; (b) rusty. 

The starting motor troubles are either electrical or mechanical 

(see also pa^es 3:i0, 449, 456, 566). 

Mechanical troubles would refer to the Bendix drive, to 
bent armature shaft, worn bearings, eto. (see also pages 
456, 517, 320). 

Note: Sometimes when pinion A meshes too tight with 
flywheel ring gear D, it will cause jamming, diflicult engage¬ 
ment, and wear of teeth. 

If engagement of the teeth is too tight and there is no back¬ 
lash it will be necessary either to file out the bolt holes L, or 
to shim up the motor so that the starting motor can be moved 
slightly away. The backlash between the teeth of the gears 
A and D is about 1/64" clearanee. 

Worn bearings, resulting from lack of oil, will also cause 
improper engagement of gear teeth. Drive pinion A (*an be 
checked by iiotieing if, when motored, it spins freely and <loea 
not stick or bind in its travel and meshes freely with about 
1/64" backlash. 

Starting Motor Circuit Trouble Tests 

1. If the “whir** of the starting motor is heard, 

but the engine is not cninked, examine for giiinrned 
or rusty threads B, broken spring C, or a broken bolt 
R (a WoodriitT key is sometimes in the end of the 
shaft S, under R and it may be sheared off), gears 
A and D may not be meshing owing to incorrect 
alignment. 

2. If the starting motor fails to turn when gear 
A is engaged with gear D examine for: 

(a) DLscharged battery (try another charged battery if 

available). 

(b) Engine too stiff (try cranking by hand to determine). 

See also page .320. 

(c) Loo.se connections, open circuits or accidental grounds 

at (1), (2), (3), (4), (9), (10), (11), (12), (14), (15), (16). 

(d) Brushes (see 5 and 7). 

(e) Commutator (see 6). 

3. If the trouble has not been located by this time, 
the starting motor must be removed from the car 
and tested (see Index under “Testing starting 
motor“). (Bee also, jiagos 319-320, and 834-837.) 
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STATING MOTOR TROUBLE-SHOOTING CHART. The above chart of the starting motor electrical system shows 
two principal parts: (1) the “starting motor circuit" (in red); (2) the "Bendix drive mechanism," as shown on the end of 
the starting motor armature shaft. 

The starting motor derives its current solely from the storage battery and has no direct connection with the generator. 

The starting-motor circuit (red) starts at the (-1-) terminal of battery (1), to ground (3), to grovind (4) of starting motor, to 
(4-) main grounded starting motor brush (5), through conr.niutator (6), through armature coil, to main (— ) brush (7), through 
field windings (8), to terminal (9), to starting motor switch terminal (11), through spring contact (12) ^snown open), to (14). 
to (~) terminal of battery (16). (Note: There are usually four field poles and windings and four brushes on a starting motor; 
see pages 326-328, 400, 1125.) 

The Bendix drive construction and principle arc explained on page 320. See also, pages 834-837. 





INSTRUCTION No. 42 

TESTING DEVICES FOR ELECTRICAL TESTS: Ammeter and 
Voltmeter Construction and Tests 

ELECTRICAL TESTING DEVICES 


To test the electrical part of a car, or “trouble 
shooting,” requires the proper instruments and 
devices to locate the trouble, and it is also desirable 
to follow a logical order or system of testing, inst(‘ad 
of giu'ssing. See also pages 448, 482, /507, 545-553. 

Some of the concerns supplying volt and ammeters 
and electrical testing devices arc inentioiuid at the 
l)ottoin of page 404 and on oage 481. 

Most tests of any part of an electric system are for 

“open circuits,” “grounds,” or “short circuits”— 
that is, electrical troubles. There are, of course, 
many mechanical troubles which are not tested with 
instruments. 

Devices used for testing circuits can be classified 
under two headings: 

1, Visible circuit-testing devices. 

2. Audible circuit-testing devices. 



Visible circuit-testing devices include such devices 
as are mentioned below: 


(a) Test-light and test-points in series with a 110 or 
220-volt lighting circuit (Fig. 1), termed a 
“high-voltage test-light.” 

(b) Test-light and test-points in series with a set of 
dry cells or a storage battery (Fig. 2), termed a 
“low-voltage test-light.” 



(c) A voltmeter (Fig. 3). 

(d) An ammeter (Fig 4). 

Frequently the voltmeter and ammeter are 
combined in one instrument. 

Audible circuit-testing devices include such 
device.s as a growler (F'ig. 5) for testing armatures; 
a buzzer and test-points (Fig. ti); a {)hone receiver 
and test-points (Fig. 7) ; a magneto and test-points 
(Fig. 7A). 

Test-Lights 

The test-light and test-points can be used for 
testing for open circuits, grounds, and short circuits 
in the lighting, the horn, ignition, the generator, and, 
in fact, in all circuits, including the field-windings 
and armature. Tests will be explained farther on. 

Next to the combination volt-ammeter, the most 
important testing arrangement for the electric 
mechanic is a set of “test-points,” to use in connec¬ 
tion with the electric light circuit. This is very 
easily made by tapping one wire of an ordinary 
extension lamp, and splicing the wires on to suitable 
points with insulated handles, in order that these 
may be handled with no danger of electrical shock, 
as explained below. 



Fig. 8. High-volfage test-lamp with fuses in the circuit. 


High-voltage test-lamp: The circuit shown in 
Fig. 8 is for a 110 or 220-volt circuit. Carbon fila¬ 
ment lamps are used as they stand more vibration. 

With a set of test-points as described, the lamp 
wall burn w hen the test-|>oints arc together, or when 
there is an electrical conneidion betw^een the points. 

This will give more satisfactory results for testing 
^r grounds, leaks, or open connections than w ill a 
bell or buzzer used wdth dry batteries, as the voltage 
is higher and it requires a small amount of current 
to operate the lamp. 

With a bell or buzzer, a ground may exist, but the 
resistcjice is so high that enough current will not 
be forced through it by the dry batteries, to operate 
the bell or buzzer. 



Fig. 8A. High-voltage test-lamp without fuses. 


Fig. 7 
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No harm can be done to any part of the apparatus 
by test-points as described above, when the ordinary 
carbon or tungsten lamp is used for testing purposes. 



Fig. 9. Low-voltage testing lamp. 

Fig. 9A. Construction of the test-points. 


A low-voltage test-lamp is shown in Fig. 9. In 
many instances it is advisable to use a small 2 c.p. 
iainp and a storage battery. Note that the lamp is 
in scries with the circuit. The voltage of the lamp 
is the voltage of the battery used. Usually, a 2 c.p. 
lamp is used. 

Test-points: An example of how the test-points 
can be made is shown in Fig. 9A. The end of the 
wire is scraped clean and inserted into a hole drilled 


into a brass rod about 6" long, and soldered securely. 
The rod must have a very sharp point, so that it 
will make good contact. A fiber tube is then tightly 
fitted over the pointed brass rod and wire (Fig. 9A.) 


2C.P. ♦ L^MP CORO 

VOLT L/\MP double CONTACT PLUQ 

Fig. 10. Test-lamp for timing the ignition, or for making 
other electrical tests. 


A test-lamp for testing the opening and closing of 
the contact-breaker points of the primary ignition 
circuit when timing the ignition is shown in Fig. 10. 
See page 371 for directions for use. Sec also page 301. 

Buzzer, Phone Receiver, and Magneto Tester 

'Hie buzzer or bell (Fig. 6) and the phone receiver 

(Fig. 7) can be used with the test-points for testing 
out different sections of the armature coils. 

The magneto tester (Fig. 7A) generates a high 
voltage and is adajited for tests which will force a 
current through a high degree of insulation, such as 
poor connections or a leaky path and coil windings. 
Tliis device is nothing more than a telephone mag¬ 
neto generator with a hell, test-cords, and test- 
points. It is cranked by hand (seldom used). 


AMMETER AND VOLTMETER FOR DIRECT CURRENT TESTS i 


The ammeter and voltmeter can be used in many 
instances w liere a test-light can be used, and vice- 
versa. In fact, the voltmeter and ammeter are 
more often used for all general electric tests than any 
otlier type of testing device. Therefore, before 
taking up the subject of tests of the various parts 
and circuits, an explanation of these will be given. 

A voltmeter is always placed across, or parallel 
with, a circuit to be tested, as in Fig. 12A. 

An ammeter is always placed in series with a cir¬ 
cuit to be tested, as in Fig. 13. 

The positive or (-f) terminal of each instrument is 
placed on the (-{-) side of the line, otherwise the 
mstrument would read backwards.* 

Combination Voltmeter and Ammeter for 
Electrical Testing Purposes 

Instead of having a separate voltmeter and 
ammeter, it is possible to combine both in one instru¬ 
ment using the same scale and moving coil. The 
Weston model 280 garage testing voltammeter will 
be used as an example (Fig. 12). 



Fig. 12. Showing the three scales on the volt ammeter. 
The contact button (PB) is pressed when making readings. If 
it is desired to obtain a continuous deflection, the key (PB) 
should be given a turn, which locks it. When starting to use the 
iDBtrumeiit, see that the needle is at zero; if not, adjust with 


As a Voltmeter 

When using the mstrument for voltage tests: See 
Fig. 12, and note terminals are marked .1, 3, 30, -f-. 

The positive or (+) terminal of the instrument is 
always connected with the positive (+) wire of the 
circuit being tested. When making connections 
where the polarity is not known, the needle will deflect 
to the left if wrongly connected—reverse connections. 



Fig. 12A. When used as a voltmeter, the connections are 
always made across the line. The circuit of this is from (-|-) 
of the battery, to lights, to (—) of the battery. Note that (-|-) 
of the meter is connected to the (-}-) side of the line. Thus if 
the circuit is 3 to 30 volts, connect the other side of the line 
with meter terminal 30. If the voltage is from 0 to 3 volts, 
connect with terminal 3. 

If the voltage to be tested is known to be between 
3 and 30 volts, then connect the other, or negative 
( —) wire to terminal marked 30, and use the scale 
0 to 30, the divisions of the scale being 0.5 volt for 
each line (the scale has 60 divisions). 

If the voltage is known to be between 1 and 3 
volts, connect the negative wire with terminal 
marked 3, and use scale 0 to 3^ the divisions of the 
scale being 0.05 volt for each line. 

If the voltage is known to be less than 1 volt, con¬ 
nect the negative wire with terminal marked .1, and 
use scale 0 to 3. 


‘ Manufacturers and distributors of volt and ammeters are: 
Weston Electrical Inst., Corpn., Newark, N.J.; Mann & Briggs 
(Jewel “Hyrate” instruments), Chicago, III.; Burton & Rogers 
(Hoyt instruments), Boston, Maas, (see also page 481). 
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When making voltage or ampere tests, the button 
(PB) is pressed for indication. 

The zero adjustment (Z), is merely used to line up 
the needle with zero or O, when starting to use the 
instrument. 

A voltmeter is always connected across the line, as 
shown at (VI) and (V2), page 470, and in Fig. 12A. 
It is used to indicate the voltage pressure of an elec¬ 
tric circuit. 

As an Ammeter 

When using the instrument for measuring am¬ 
peres, it is connected in series (that is, the shunt is 
in series) with the circuit, and is intended to indicate 
the quantity or rate of flow of current. 

It is important to note that a “shunt” (Fig. 14) 
must be connected as shown in Fig. 13. The reason 
for this is explained farther on. A shunt is not used 
with the voltage tests. 



Fig. 1,3. When used as an ammeter, a shunt is placed in 
series with the line and the meter is connected to the shunt 
The circuit is from (-f) <»f the battery, to shunt, to light, to 
(—) of the battery. Note that the ammeter is connected to 
each side of the shunt. 


An ammeter is a millivolt meter, adjusted to a 
known drop in the shunts used with it. 


Shunts 

Construction: A shunt consists of a special alloy, 
called manganin (Fig. 14), which, in this instance, is 
placed between two copper bars mountea on a wood 
or hard rubber base. The shunt is placed in series 
with the circuit being tested. 

The meter is connected at each end of the manga¬ 
nin at (M) and (Ml) (Fig. 14). Thus the manganin 
is shunted across tlie meter terminals, and this is 
why it is termed a “shunt.” A shunt is used with 
the meter for ampere tests and not for voltmeter 
tests. 


..COPPER BARS. 



Fig. 14. 
ammeter. 


teASE MADE OF ANON-CONDUCTING MATERIAL 

A shunt used in connection with the Weston 


The manganin alloy was discovered by Dr. Wes¬ 
ton. It possesses the faculty of holding a constant 
resistance, whether it is hot or cold, and directly 
proportional to the current flowing through K 
It IS a well-known fact that other metals which are 
used for resistaiice purposes, when cold^ offer less 
v^istance than when hot. lu other words, other 


resistance metals when heated offer greater resist¬ 
ance to the flow of current (some metals more or less 
than others). 

The shunts which are used with this model 28P 
instrument are designed to give a 100-millivolt dra* 
between the terminals (M) and (Ml), (Fig. 14A). 

Explanation of Millivolt Drop 

A millivolt is a one-thousandth part of a volt 
One hundred millivolts would then be one hundred 
times more, or one-tenth of a volt, expressed deri- 
mally as .1. The terminal of the meter (Fig. 12), 
at the left, which is marked .1, is tiien, the one-tenth 
of a volt, or 100-millivolt terminal of the meter. 

The moving coil of model 280 voltmeter and 
ammeter is designed for a passage of 100 millivolts 
(or .1 of a volt) through th6 coil. If this amount of 
voltage passes through the moving coil (K) (Fig. 15), 
it will cause the coil to move its maximum distance 
of travel across the scale. As tlie needle moves 
with the coil, it would give a full-scale deflection oi 
the needle, that is, the needle would move from 0 
at the left of the scale, to the extreme right. Thus 
it will be noted that one-tenth of a volt (.1), or 100 
millivolts, which is the same, is the voltage required 
to cause the needle to give its maximum or full-scale 
reading. This voltage is used for the instrument 
when it is used as an ammeter or as a voltmeter. 

If less than one-tenth of a volt (.1) (or 100 milli¬ 
volts) is passed through the coil of the meter, tln^n 
the needle will not move as far on the scale, d’hc 
scale i.s graduated to show in volts or amperes, 
although the actual voltage which is permitted to 
pass through the coil of the meter is only 100 milli¬ 
volts, or one-temth (.1) of a volt, or less. 

This drop in voltage depends on the size or quan¬ 
tity of the manganin used in the shunt, when the 
instrument is used as an ammeter. 

^^dlen the instrument is used as a voltmeter, the 
shunt is not used, but resistance is used as shown in 
the figure of the meter in Fig. 15. 

For example: Let us assume that the instrument 
is to be used as an ammeter to test the rate of flow 
of aiiii)cres passing from the (-f) brush of the geners- 
tor to the (-+■) terminal of the battery, as shown in 
Fi^. i lA. ^^'e will also assume that 30 amperes will 



Fig. 14A. Illutit.rating how the voltage is dropped one-tenth 
fli a volt (100 .nilli\ 01X38)^ vb'an 30 amperes are passed through 
the shunt. Only one-tenth v F of a volt, or 100 luillivolU, or 
less, passes through the meter—nevtr any more- 
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pass from generator to battery when the former is 
generating its maximum current output,^ and about 
10 amperes when it is generating its minimumoutput. 

A 30-ampere shunt is then placed in series with 
the main charging circuit, as shown in Fig. 14A. 
^\ e use the 30-ampere size because we know the 
maximum current is not over 30 amperes, or is less. 
If it was more, then a shunt with a greater capacity 
should be used. 

The main circuit is then as follows: The C-b) cur¬ 
rent starts at (-|-) of t he generator brush, to a copper 
bar terminal (T), tlirough the manganin, to the 
other copper bar terminal (Tl), to the (-f) terminal 
of the battery, through tlu^ batttery, to the ( —) 
terminal of the battery, to the ( —) brush of the 
generator. 

Thus we have, say, 30 am[)eres flowmg in the main 
circuit and through the shunt. Therefore, 30 
amperes will flow through the manganin from the 
(-f ) brush of the generator, and will not be reduced, 
and thus 30 amperes reach the battery. 

The ammeter circuit: The meter terminals (when 
used as an ammeter) are always connected from one 
terminal (M) of the shunt, which is the (-f) side, 
where the connection of the copper bar makes con¬ 
tact with the manganin, thence to the (-j-) terminal 
of the meter, through the moving coil in the meter 
(Fig. In), to the 100-millivolt terminal, or .1 termi¬ 
nal, of the meter, to the terminal (Ml) on the shunt 
(Fig. 14A) w’hich is the ( — ) (w other end of the man¬ 
ganin. 

We wilJ now see what would cause the needle to 
deflect a full-scale deflection and show 30 amperes. 

The reading is made on the second scale, 0 to 30 
(Fig. 15), because we are using a 30-ampere shunt. 

In the preceding paragraphs, it was stated that if 
one-tenth (.1) of a volt, or 100 millivolts, passed 
through the meter coil, this would cause the coil to 
travel such a distance in the direction of rotation as 
to cause the needle to make a full-scale defle(;tion. 
Therefore we must now pass .1 of a volt (or 100 
millivolts) through the coil, which is the purpose of 
the shunt. 

For instance: If the voltage was 8 volts from the 
generator, then 8 volts would start into the manga¬ 
nin at (M), but after passing through the mariganin, 
the voltage would have dropped 100 millivolts, or 
one-tenth (.1) of a volt, or to 7 9/10 volts at (Ml). 

Therefore, as the meter terminals are connected 
with the manganin at each end (M) and (Ml), this 
difference of one-tenth (.1) of a volt, w'hich repre¬ 
sents the millivolt drop, would pass through the 
coil of the meter, and the needle would have moved 
to the extreme right and would read 30 amperes on 
the scale (Fig. 15). 

Thus the shunts used with this meter are designed 
for a 100-millivolt drop, and it is this voltage drop 
which is used to operate the meter. It will be (dear, 
therefore, that if the meter was connected in series 
with the circuit without the shunt, the full voltage 
(8 volts) w’ould pass through it and damage it. 

We will now assume that the output of the genera¬ 
tor is but 10 amperes, instead of 30 amperes. 

If it required 30 amperes of current to pass 
through the shunt to cause a drop in voltage of 100 


»A generator celdom delivers more than 20 or 22 amperes 
maximum. We have arbitrarily taken SO amperes to illustrate 
our explanation of how the needle will make a full-scale deflec¬ 
tion from 0 to 80 when a 30-anip6re shunt is used and 30 
amperes are passing through it. 


millivolts, or one-tenth (.1) of a volt, then if only 
10 amperes paSvSed through the shunt, the millivolt 
drop would oe proportionately less. Therefore, as 
only onc-third of the current is passing through the 
shunt, only one-third of the 100 millivolts would 
drop. Instead of the voltage dropping to 100 milli¬ 
volts at (Ml), it would drop only one-tbird as much, 
and only onc-third of 100 millivolts would pass 
through the coil of the meter. Thus the coil oi the 
meter wa)uld move but onc-third of the distance, and 
as the needle moves with the coil, it would move but 
one-third the distance on the senate, or to the reading 
of 10 amperes, as calibrated on the scale. 

The same rule applies to all the other shunts. If 

a 3-ampere shunt is used, only 3 auipeivs m‘ust pass 
through it, and consequently it contains a i)ropor- 
tionally less amount of manganin. If full 3 amperes 
pass through the shunt, the result will be a voltage 
drop of 100 millivolts, or one-tenth (.1) of a volt. 
The same applies to the 300-ainpere shunt, or to jiny 
shunt designed for this instrument. 

The point to bear in mind is that one-tenth (.1) of 
a volt, which is 100 millivolts, is what is required to 
give a full deflection of the needle on the scale, and 
that a shunt must be used, wbich will give a drop of 
100 millivolts if the full ami)erage for which it is 
designed, is passing through it, or that it will give 
a proportionally less drop, if less amperage than that 
for which it is designed is passing through it. 

Thus the shunt, which is shunted bet w(Mm the tw'o 
terminals (-{-) and .1 of the meter, when used as an 
ammeter, is for the purpose of giving this 100-miIIi- 
volt, or one-tenth (.1) of a volt drop, or less, in pro¬ 
portion to the current passing through it. 

Internal and external shimts: Where currents are 
small, as on a dash ammeter, the shunts are usually 
internal, or contained in the meter ease. But for 
large currents or for testing instruments, external 
shunts are used, so as to kocip the heat developed in 
the shunts outside of the meter us well as for con¬ 
venience, as the shunt can be located in the circuit 
wherever it is easiest, and can be connected with the 
meter by a small cable, thus saving the running of 
heavy wires to the instrument. 

Note. WHien testing amperes, use the testing cables which 
come with the instrument, from the meter to the shunt, as the 
<able i.s figured out for the exact length and sue. From the 
shunt to the part being tested, use a wire of sufficient size to 
carry the load or amperes which will pass through it; for 
in.stnnce, if 80 amperes, use No. 10 or 8 wire. 

Capacity of Shunt to Use with the Model 280 
Instrument, and Kange of Seale 

Shunts to use with this instrument There are 
three external shunts figured on a lOO-millivolt drop 
between terminals. 

1. A 300-ampere shunt with which use the scale 0 to 

300. Ea(b division or mark on the scale repre¬ 
sents 5 amperes (see Figs. 12 and 15). 

2. A 30-ampere shunt, with whicdi use the scale 0 to 

30. Each division or mark represents 0.5 amperes. 

3. A 3-ampere shunt, with which use the scale 0 to 3. 

Each division or mark represents 0.05 amperes. 

When testing where you do not know what the 
amperage is likely to be, as when testing for short 
circuits, it is advisable to assume that the highest 
possible amperage is to pass through the meter. In 
such cases use the 300-ampere shunt. If the deflec¬ 
tion obtained is less than 30 amperes, then use dhe 
30-ampere shunt and scale, to gain a more accurate 


» Other sizes can be obtained. 
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reading. Should the indication now be less than 
3 amperes, use the 3-ampere shunt. 

The 3-ampere shimt and range are convenient for 
measuring single lights and ignition. 

The 30-ampere shunt and range are convenient 
to measure current delivered by a generator to the 
battery as shown at (Al), page 470; for measuring 
current required by the lights, horn, etc., and also 
for testing short circuits and open circuits. 

The 300-ampere shunt and range are convenient 
for measuring the current required by the starting 
motor, as shown at (A2) page 470 and also for testing 
for short circuits. 

Shunts Not Used with Instrument as a 
Voltmeter 

When the instrument is used as a voltmeter, the 

same coil winding as shown in Fig. 15 is used, and 
it is necessary to have the same 100 millivolts or .1 
volt drop, just tlie same as when it is used as an 
ammeter, but the shunts are not used to obtain this 
drop. Resistances (C), (B), and (A) are used (Fig. 
15). This resistance is in scries wit h the meter cir¬ 
cuit and its connections to the main circuit being 
tested. Note, however, ttiat the voltmeter connec¬ 
tions are across the line of the main circuit. 

The (+) terminal of the meter is always connect(‘d 
to the (-f) side of the circuit being tested, and the 
terminal .1,3, or 30 is connected to the other side of 
the circuit. 

This instrument/ is designed for test ing the volt age 
of a circuit, from 0 to .1 volt (100 millivolts); 0 to 3 
volts; and 0 to 30 volts. 

By means of a multiplier, usod in conjunction witli the dO-volt 
raiiKe, llic ranKc is extended to ir>0 volts. Thi.s multiplier cun 
1)0 obtained of the Weston llh'ctrical Instninieni Co., Newark, 
N.J. (or of A. L. Dyke, Electrical Dept., iSt. Louis, Mo.). 

INlillivoll Heading 

When testing a circuit of 100 millivolts or less, the 

connections are made for the (-}-) side of the circuit, 
to the ( + ) terminal of the meter, through the mov¬ 
ing coil, to the .1 (lOO-millivolt) terminal on the 
extreme left. 

If 100 millivolts (1/10 volt) pass through the 
moving coil, then the mxidle w ill deflect from 0 to the 
extreme rigid. 

If 50 millivolts pass through the meter coil, then 
the needle will deflect half-way of the scale, and so 
on. 

The millivolt connections are used for tc.sting the 
Voltage drop in armature and field coils. 

ddie s(^al(^ 0 to 30 is used, and it will be noticed 
tliat tliis scale has 00 divisiofis. Hie scale, however, 
is not calibrabul for millivolt readings. ''Fherefore a 
comparative test is usually made when using it. 

For example: 1 f each armature coil is being tested 
for short or of>en circuits, the procedure would be to 
test an armature coil that is known to be in good 
condition, and then to note where the needle goes on 
the scale. Then test all of the other armature coils, 
which should compare with the good coil in the read¬ 
ing. There will, of course, probably be a slight vari¬ 
ation in the readings of the different coils, owing to 
the fact that they may not all be exactly the same 
length, but the variation should be very sliglit. 

If there is a noticeable difference, where the read¬ 
ing is greater than in the good coil, then the coil is 


probably open-circuited. If the reading is notice¬ 
ably less, then there is probably a short circuit in 
the coil. 

As previously stated, the scale is not calibrated for 
readings in millivolts, but if the needle moves from 
0 to the right of the scale, then we know that 100 
millivolts are passing through the meter coil. The 
scale has 60 divisions, therefore one division would 
equal one-sixteenth of one hundred, or 1 2/3 milli¬ 
volt. 

Purpose of resistance in the circuit when testing 
armature or field-coils: It will be observed by refer¬ 
ring to the subject of: ^‘Testing armature orfield coils 
with a meter’’ (page 488), that resistance, termed a 
resistor, is used in series with the circuit. 

If the millivolt connections of the meter were 
made to an armature coil in good conditirm, the drop 
would be very slight and difficult to read, unless a 
meter with a millivolt scale was used. 

The object is to place enough resistance in the 
armature or field-coil circuit to cause a voltage drop 
sufficient to obtain a millivolt drop which wall b(; 
easy to read. A good armature coil is tlaai tested, 
and the needle is deflected to a certain distance on 
the scale. This reading is then taken as a standard 
to go by; then the tests of all the other coils should 
compare w'ith it, as previously explained. 

This resistance is variable, that is, more or l(‘s.s 
can be used, in order to obtain the deflection of the 
needle to a distance on the scale where it can most 
easily be read. 

Thiji resistor can be purchased of Ward-T^conard Electric 
Co , Bronxvillc, N.Y., at a cost of $5.00. It is dcsijrnatod a.s 
“VVc.ston Special d-lO.” (It can also be obtained of A. L. 
I3yke, Electrical Dept., 8t. J./Ouis, Mo.) 

Sometimes a lamp is used in series with a 6-volt 
battery for the same pur[)ose. 

Readings 0 to 3 Volts 

When testing a circuit of 3 volts or less, the con¬ 
nection is made at the (-+■) of the meter with the (-f-) 
side of the circuit, then from terminal 3, to the ( —) 
side of the circuit. 

The lo'wer scale 0 to 3 is used, and if 3 volts are 
passing through tlie circuit, then 100 millivolts, or 
.1 of a volt will pass through the meter coil, because 
the resistance (^C) and (B) will reduce the 3 volts t^) 
one-tenth (.1) of a volt. Therefore the needle 
would make a full-scale deflection from 0 to 3. 

If less than 3 volts is passing through the circuit 
being t,ested, then the voltage passing through the 
meter coil would he proportionately less. 

Headings 0 In 30 VoUs 

When testing a circuit of 30 volts or less, tlie s.niu; 
eonncclions are madii as in t lie 3-volt test , except, 
that the 30-volt terminal of tlie meter is used 
instead of the 3-volt terminal, and the scale 0 to 30 
is used. 

The resistance (C), (B), and (A) would be in the 
circuit, and it would therefore bo reduced to .1 of 
volt, which amount w^ould pass through the meter 
coil; and this amount would be required to give a 
full-scale deflection of the needle from 0 to 30. 

If less current than 30 volts is passing in the cin 
cuit, then a proportionately less voltage than .1 
of a volt will pass through the meter coil. 
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Internal Connections of Model 280 Combi¬ 
nation Volt-Ammeter 

Note on Fig. 15: When button (PB) is pressed 
down, the circuit is from the (-+-) terminal of the 
meter, through the moving coil (K), to the terminal 
being used. 


Blndlnf Pom 



Fig. 15. Internal connections of the Weston model 280. 
The D’Arsonval or moving-coil principle. 

Resistance (C) is the adjusting resistor for the 
100-millivolt range; (C) and (B) are in series for the 
3-volt range, and (C), (B), and (A) in series for the 
30-volt range. 

The scale is divided into three sections, and, 
unlike the dash ammeter, the 0 (zero) is placed at 
the extreme left, instead of being in the center. 
Therefore the needle and coil move to the right. It 
is well to mention that the scale of this instrument 
is carefully drawm and calibrated by hand. In order 
to do this and check the instrument with a master 
meterj three weeks’ time is required. This instru¬ 
ment IS guaranteed to be accurate within 1 per cent. 

When connecting the meter, care must be taken 
to see that the connections are correctly made; that 
is, the ( + ) terminal of instrument should be connec¬ 
ted with the (“h) side of the circuit being tested, 
otherwise the needle will deflect to the left, indicating 
that the (+) terminal of the meter is connected 
with the ( —) side of the circuit. 

Cadmium scale; A scale for making cadmium testa of a stor¬ 
age battery, as explained in the storage battery instruction, has 
been added to the Weston model 280 instrument. This is not 
shown in the illustration (Fig. 15). 

The scale in Fig. 15 has added to it four lines to the left of 
"0,” the first line being one-half of one-tenth of a volt, or .05 
of a volt, or 1/20 volt. The second line would be .1 (one-tenth) 
of a volt; the third line would be .15, or 3/20 volt, and the 
fourth line would be .2 or 1/5 volt. This scale is used for cad¬ 
mium readings when testing a storage battery, and is explained 
in the storage battery instruction. 

Principles of the Ammeter 

Two principles are in general use: one is the 

D’Arsonval typej” which is termed a ‘^moving-coil 
type,” and which is the principle on which the Wes¬ 
ton model 280 instrument is constructed. 

The other type is the “polarized vane” type, which 
has a “stationary cod.” 

Moving-Coil Principle 

D’Arsonval type: Refer to Fig. 15. Note the 
permanent magnet (M) which has a permanent 
N and S pole polarity. A fine, light spiral spring 
(not shown) serves to lead the current into and out 
of the moving coil (K), and also to keep the coil in 
its zero position and to provide a force against which 
the mai^etic action of the current in the coil acts. 


The electric current to be measured is passed 
through the moving coil (K) and magnetic lines-of- 
force are set up around the coil which becomes an 
electromagnet,I with the N pole a*, one end and the 
S pole at the other, de^nding upon the direction of 
flow. Therefore, as a N pole will atttract a S pole, 
or repel the N pole,' this principle is utilized. The 
coil endeavors to place itself in line with the mag¬ 
netic circuit flowing from N to S from the permanent 
mamet. The coil is pivoted so that it can move, 
and the needle, being connected with the coil, 
moves with it. 

The D’Arsonval, or moving-coil principle, is the 
type of ammeter and voltmeter in general use, espe¬ 
cially for testing purposes, where close accuracy is 
reauired. This type of instrument is designed for 
only a fraction of a voltage to pass through it, and 
if a greater amount than a 50 per cent overload is 
passed, it will damage the instrument. 

Stationary-Coil Principle 

The polarized vane type of ammeter uses a fixed 
or “stationary coil.” This type is more rugged and 
will withstand severe strains and shocks without 
damage^ but it is not as accurate in its readings. 
This principle is often used for dash ammeters and 
indicators, but not for testing purposes. 



The principle of its operation is shown in Figs. 16 
and 17. A piece of soft iron, rigidly attached to a 
steel pivot placed equally distant from the poles of a 
l^ermanent magnet, is attracted or repelled by the 
passing of an electric current in one direction 
through the coil of wire (C) fixed or stationary in 
the plane of the iron. The magnet, being of the 
permanent-magnet type, holds the piece of iron 
(called the armature) exactly in position, so that 
the pointer attached to the pivot is held at zero. 

As current is admitted to the coil, it becomes an 
electromagnet, the N pole being at one end and S 
pole at the other, dependent on the direction of flow. 

When the end nearer the armature is North, it 
repels the North end of the armature and attracts 
the South end. with the result that the needle moves 
across the scale. 

As a result of the manner of the construction of 
this instrument it is capable of withstanding the 
current from the battery to the starting motor 
without damage, as the coil (C) is of very heavy 
construction. 

Dash Ammeter 

The dash ammeter of the moving-coil type (for 
direct current) is similar in principle to that shown 
in Fig. 15^ except that it has internal shunts and its 
dial is calibrated to read in two directions. That is, 
the zero (0) is placed in the center of the dial, as 
shown in Fig. 18. 


1 Why the N pole attracts the S pole and repels the N pole is 
explained on page 179. See also, page 183, explaining how a 
eotl becomes an electromagnet with a N and S pole polarity. 
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Fig. 18 Fig. 18A 


If the moving-coil type of instrument is used on a 
circuit of more than 30 amperes, it will be damaged. 
The starting-motor current is never taken through a 
dash ammeter of this type. The generator charging 
current is carried through it and as the generator 
seldom delivers over 22 amperes, the 30-ampere 
range is sufficient. 

Meaning of Zero Center 

Note that the ‘‘0” is in the center, and when no 
current is flowing the needle will remain at 0 or zer.i. 
The needle can read up to 30 amperes on the 
“charge” side^ to the right, or to 30 amperes on the 
“discharge” side, to the left, and is termed a “30-0- 
30” scale. 

If the generator is running at sufficient speed to 
charge the battery, the cut-out points will close 
and connect the generator with the battery and 
charge the battery. Then the needle will move to 
the right or “charge’^ side of 0—if correctly con¬ 
nected. 

If the engine slows down, and the cut-out points 
open, then the battery is disconnected from the 
generator, and as ignition is being consumed from 
the battery the needle will move slightly to the left 
of 0, or “discharge” side of zero—as the battery 
would be discharging instead of taking a charge. If 
lights were on, then the needle would go farther on 
t he discharge side, as more current will be discharg¬ 
ing from the battery. 

This shows that the needle moves in one direction 
when current is flowing from the positive connection 
(+) of the generator to (-f) of the meter, to (-h) of 
the battery. But the needle operates in an opposite 
direction, when current is flowing back from the bat¬ 
tery to the meter, as connection is with the negative 
side ( —) of the meter in this instance. This is the 
reason for zero (0) being in the center on the dash 
ammeter. 


Note. The instrument just described, as is the case also 
with the other instruments illustrated in these instructions, 
shows the "charge” side on the right of "0” and the "discharge’ 
side on the left of "0.” 

The standard now adopted by manufacturers of dash 
ammeters is to have the "charge" side on the left and the "dis¬ 
charge" side on the right of ^0” (see Fig. 18A). There are 
many instruments which came into use before this recent stand¬ 
ard was adopted, which read as shown in the illustration (Fig. 
18). This makes no particular difference, however. 

An Indicator 

A battery indicator (Fig. 19) is used for the same 
purpose as a dash ammeter, that is, to show wheu 
the battery is being “charged” by the generator and 
when it is being “discharged.” Instead of showing 
the rate of charge or discharge, it merely indicates 
what is taking place, by the movement of a cylinder 


Fig. 19. Battery indicator showing its three indications. 

inside of the instrument bearing the wordings, “off,” 
“charge,” and “discharge,” which appear at an 
opening in the dial of the instrument. 

This instrument will operate on as low as 2 
amperes and, unlike the dash ammeter of the mov¬ 
ing-coil type, it is capable of withstanding any volt- 
,age or amperage without damage. 

This type of instrument can be placed in series 
with even the starting-motor circuit without injury, 
and will show “discharge” when current is flowing 
to the starting motor from the battery. 

This type of instrument is used on the Franklin 
(see footnote bottom of page 424), and is placed in 
the motor circuit as shown in this diagram. The 
same type was also formerly used on the Dodge. 

This tyi)e of indicator is termed the “polarized 
vane” type, with a “stationary coil” (of a principle 
similar to that shown in Fig. 16). 

a dash-type ammeter of the polarized vane type which 
cun be placed in the starting-motor circuit. The same concern 
also manufactures instruments of the moving-coil type. .An¬ 
other concern manufacturing the moving coil or rotary type, 
a.s well as stationary-coil typo instrument.'*, is the Hoyt Co , 
the iiistrumenls being sold by Burton-Rogers, Boston, Mass. 




HOW THE VOLTMETER AND AMMETER ARE USED FOR TESTING THE ELECTRIC SYSTEM 

OF A CAR; EXTERNAL TESTS 


As an example we shall use the Weston, model 280 
combination volt-ammeter. The tests shown in 
Fig. 20, can usually be made on the car without 
removing any of the parts. Intental tests of the 
different parts, or “bench tests,” will be treated 
farther on. 

The idea of this combination electric system is 
to show where and how a voltmeter and ampere¬ 
meter can be used bn the average electric system 
for testing circuits on the car. It is understood 
that the battery is a 6-volt, 3-cell battery, and also' 
that the only instrument which is a regular equip¬ 
ment of the electric system in this example is the 
“dash ammeter.” The other instruments (VI), 
(V2), (V3), (Al), (A2), are testing instruments, the 
use of which will be explained. 


Voltmeter Tests 

The voltmeter is always placed across the line, 
and shows the voltage or pressure of a circuit. The 
instrument used is the Weston, described on page 
464 (Fig. 12), which read carefully. 

Test VI: To test voltage of generator: Use the 

“0 to 30 connections” and “0 to 30 scale” of instru¬ 
ment. Place the test points (TP) on the connections 
leading from the two main brushes. The brush to 
the left leading to the shunt fields is the third brush 
and is a part of the shunt-field circuit, or the source 
of the shunt-field current supply. This test does 
not include the field circuit, but is for the voltage of 
the “charging circuit.” The maximum voltage of 
the generator from its “main brushes” will be indi¬ 
cated when the generator is operating at from 7 to 10 
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Fig. 20. The dash ammeter is so connected that it shows all current which w’ould “discharge” from the battery, except starting- 
motor current. A|1 current passing from the buttery to the ignition or lighting circuit must first pass through the ammeter, 
which will show “discharge” on the left of zero in this example. Current passing from the generator to the battery will be indicated 
on the “charge” or right side of zero. The ignition circuit and light circuit will reduce the amount of charge going to the battery 

The testing meters (Vl), (V2), (Al), (A2), and (A3), are not connected permanently in the circuits, but are intended to show 
how various teats can be made as explained in the text, and ordy one test is made at a time. 


m.p.h. car speed, and the cut-out points (P) should 
be closed. The voltage of the generator should be 
slightly more than that of the battery, otherwise 
the generator will not have pressure enough to over¬ 
come the battery voltage. The battery voltage 
can be tested as shown at (V2). 

If the generator voltage is found to be less than 
the battery voltage, then the cut-out points (P) will 
probably not close, because the purpose of the fine 
wire voltage winding (V) of the cut-out is to mag¬ 
netize the core (C), thus drawing (A) to it and (Caus¬ 
ing the points (P) to close. This winding is so 
wound that it does not exert sufficient magnetizing 
effect to draw the points (P) so that they are closed, 
until the generator voltage is slightly more than 
the battery voltage. 

If the generator voltage is lower than the battery 
voltage, then the first place to examine is the ^‘thii^l 
brush” to see if it is seating properly. If it is seating 
only enough to make slight contact, or if a new third 
brush has been fitted without properly seating it to 
the curvature of the armature, the field strength 
cannot build up sufficiently to assist the armature in 
building up its full voltage. 

The pro|)er seating of the ‘hnain brushes” is also 
important. The commutator may have the mica 
protruding, or dirty, or the commutator may be 
rough, or the armature or field windings may be 
grounded. 

If there is no indication of voltage at all, at the 
generator, then loose connections or open circuits 
exist, either at the brush-holders, the brushes, or 
the field-windings. 

It is seldom that there will be no indication of 
current at all, if one armature coil is oi>en, because, 
they are connected in parallel, and while one arma¬ 
ture coil may be open, some indication would come 
from the other coils. Tests for internal troubles of 
the generator will be shown farther on. 

If the generator voltage is above that of the 6>volt 
battery, and cut-out points (P) fail to close, then 
the cut-out spring tension may be too strong, or 
the cut-out voltage winding may be open-circuited 
or grounded, or there may be loose coimections. 

If the cut-out armature (A) makes a feeble effort 
to close, but does not close ti^t, when the generator 


voltage is 6-f, then it indicate.s that the spring ten¬ 
sion is too strong, or that there is a ground, or a par¬ 
tial short circuit in the windings. 

If the generator voltage is over 6 volts and the 
cut-out armature (A) makes no attempt to close at 

all, then the cut-out windings should be tested, pro¬ 
viding the spring tension is not too great. 

Sometimes the cut-out points (P) fail to open 
when the engine slows down or stojis. This is 
caused by the points burning together, and thu.s 
the batterv will discharge back through the genera¬ 
tor, but tlie “discharge” would show on the “dis- 
(tharge” side of the dash ammeter when all switches 
are “off.” 

Tests of the cut-out windings are explained far¬ 
ther on. 

Test V2: To test voltage of battery when dis¬ 
charging with lights on only, use the 0 to 30-volt 
connect ions and scale. The voltage, if charged for a 
3-cell battery, will be 0 to 6.3 volts, or 2 to 2.1 per 
cell. If discharged, it will be 5.4 volts, or 1.7 volts 
per cell. 

If tested when the Staiter is on, a charged battery 
will drop to 5.4, or 1.7 volts per cell, but will rcgaiii 
its normal voltage after a short while. If it drops 
to 5 volts or le.ss, or 1.6 volts per cell, it is discharged; 
or, if fully charged, and it drops as low as this, then 
the plates are sulphated or an internal short circuit 
exists. Hce also the instruction on storage battery 

On te.sting the voltage of the generator (VI), and 
the voltage of the battery (V2), when the generntor 
is charging the battery, if any difference is found, or 
a drop in voltage occurs, it will be the difference 
between the two readings. 

Test V3: To test the voltage which reaches 
the starting motor from the battery, to see how much 
drop there is in voltage at the starting motor when 
operating, close the starter switch for an instant. 
There will be some drop. If the engine is cold and 
stiff, it will cause the motor to draw more current. 
The more current that is drawn, the greater the drop. 

If the starting motor should fail to start when 
the starting switch is depressed, then test to see if 
there is an open circuit in the armature of the motor, 
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or in the brushes or the brush-holders. This test 
will determine if the current is reaching the motor. 

If there is an open circuit in the armature, then 
the meter would indicate the voltage of the battery, 
because the top test-point would connect with the 
(4-) of the battery, and the lower (TP) would con¬ 
nect with (—) of the battery. The armature being 
open, there would be a break at this point. 

If the field-circuit is open, there would be no 
indication at all, because the field is in series with 
the brushes of the armature. 

When a battery is supplying current to a motor 
and the amperage draw is heavy, there is a drop in 
voltage at the motor and also at the battery itself, 
which delivers the current. 

Ammeter Tests 

Ampere tests are to ascertain the quantity of cur¬ 
rent flowing. A ^^shunf' must be used (see page 
405). Connect the shunt in the circuit as shown at 
tests (Al) and (A2), being sure that the positive {+) 
wire of the circuit is connected to the (-f) connec¬ 
tion of the meter, and the negative ( —) wire of 
the circuit to .1 binding post of the meter. 

Should the charging rate appear to be abnormally 
low with no apparent reason, it is a good plan to 
check the ammeter by connecting the teat meter 
(Al) in scries with it. 

Reliable meters may become defective, as auto¬ 
mobile service is extremely hard on a sensitive 
ammeter. 

Test Al: To test the accuracy of the dash am¬ 
meter, use the 30-ami.)ere shunt and connect as 
shown. Speed the engine up and note if the reading 
is the same on the dash ammeter as on the testing 
Liistrumcnt. 

A rough check on the accuracy of the ammeter 

may be obtained by noting the ampere readings of 
the various lights on the car, and then switcliing 
them on one at a time. The reading of the ammeter 
should correspt^nd to the total amperage required 
for the lights. 

With the engine rimning and the lamps on, the 

ammeter may register either “discharge'^ or 
‘‘charge,’' depending on the speed of the engine, the 


capacity of the generator with respect to the lamps, 
and the condition of the battery, that is, whether it 
is charged or not. 

Unsteady reading of the ammeter may be due to a 
defect in the instrument, or to loose contact, or to 
intermittent ground. 

Tapping the ammeter should jar the hand loose 
if it IS only stuck. If it still refuses to register, 
examine the connections, and if these are all right, 
look at the cut-out points and see if they arc closed. 
Finally, disconnect one of the main wires from the 
generator terminal to see whether any current is 
flowing from the generator, and follow the wire.s 
thence to the ammeter, examining them ac each 
terminal to see whether current is flowing, by touch¬ 
ing the disconnected wire to its terminal. 

Test Al: To test cut-out: Use 0 to 30 shunt and 
scale. At a car speed of 7 to 10 miles per hour, cut¬ 
out points (P) should close, and at 15 or 20 miles car 
speed, the generator should be charging the battery 
nt 10 to 20 amperes, if lights are of! (this varies on 
different systems). If it shows less than 9 or 10 
amperes, the “regulator” or “third brush” should be 
regulat(‘d to bring the current up to at least 10 am¬ 
peres, 15 amperes being the average. 

Throttle the engine slowly, and note that the 
needle will drop back towards zero. When it 
reaches zero, note whether cut-out points (P) open, 
and at what car ^r»eed. 

Test A2: To test the amperage required by the 
starting motor: Use tiie 300-ampere shunt and con¬ 
nect as shown. Test with engine idle. It is 
assumed that the battery shows 1,275 to 1,300 
hydrometer test, and is supposed to be charged. 

The average starting motor requires 150 to 200 
amperes, if the engine is warm and flexible, or 250 
to 300 amperes, or even more, if cold and stiff. If 
the engine is flexible and an excessive current dis- 
cliargc is shown, then there may bo a short circuit 
in the motor or brush-holders, or possibly the 
starter mechanism is out of order. 

Note. 1 li'’ Hotual amount of current required by a starting 
motor varies .it corcluig to the temperature, condition and size 
and eoin?»rt»siou of the engine. If it is extremely cold, the oil 
i? roiiBcaied and all parts are stiff; thus a great deal more 
current is retunred than when the engine is warm and flexible. 

If an engine has been standing for a long time, or out of use, 
it i.s likely that the motor wUl require more current than if in 
daily use. 


HOW THE DASH AMMETER INDICATES TROUBLES 


In this instance we refer to the ammeter as usu¬ 
ally attached to the dash (cowl) of a car. 

The dash ammeter indicates when the generator 
“charges” the battery, and at what rate. It indi¬ 
cates the rate of “discharge” from the battery to 
the lamps. It also indicates whether or not the 
system is working properly. When the battepr is 
ncitlier “charging” nor “discharging,” the pointer 
should indicate “0.’’ 

Ammeter troubles may be divided into two 
classes: those that manifest themselves when the 
engine is idle and those that show only when it is 
running. Both classes have two subdivisions, with 
lamps on and with lamps off. 

Remember that the ammeter should show 
“charge” at speeds above 8 or 10 miles per hour; 
and that when the engine is at rest with lights 
turned off, the needie should stand at “zero,*' and 
should not show “discharga ** 


It shows “discharge” when lights are on and the 
engine is idle, or at a speed of less than 8 miles per 
hour. In other words, the battery is then dis¬ 
charging, and is not being charged. 

With these points always in mind, it is possible 
to diagnose many troubles by noting the action of 
the ammeter, for if it varies from its intended pur¬ 
pose, or its usual action, something is wrong. 

When the generator is not charging the battery, 

and if the battery is being used for lights, ignition, 
or horn, the needle will be on the “discharge” side of 
(0) and the amount of current being consumed will 
be shown in figures on the dial. 

When the car is running 10 or 12 miles or more 
per hour, the ammeter should indicate “charge.” 

If on connecting an ammeter to the circuit, the 
needle should go to the “discharge” side, when the 
engine is running at sufficient speed for the generator 
to charge the battery, then it indicates that the 


472 


DYKE’S INSTRUCTION No. 42 


terminals have been wrongly connected. Reverse 
the connections. 

If the battery is wrongly connected, when the 
generator is running the ammeter will read in the 
opposite direction, or the cut-out points will vibrate 
back and forth, o{>ening and closing the points and 
causing the needle to swing back and forth as it 
opens and closes. 

On most of the third-brush regulated generators 
now in use, the cut-out would soon close, however, 
as the i)olarity of the generator would adapt itself 
to the battery polarity. In such case the needle of 
the ammeter would be steadv, but it would read in 
an opposite direction to its former reading. 

If the ammeter indicates zero when the generator 
should be charging the battery, it shows that the 
circuit is open, that cut-out points are stuck open, 
or that the generator is at fault. 

If the ammeter does not indicate “charge” when 
the engine speeds up, but indicates “discharge” 
when the lights are turned on, then the generator is 
not delivering its proper output. Look to the 
“third-brush” or other regulation system, and see 
if it is properly adjusted; also see if the brushes seat 
properly; or there may be a short circuit in the 
lighting waring. 

If the needle is forced to the scale limit on the 

“discharge” side, it indicates an overload or a short 
circuit. 

When the engine is running and lamps are burn¬ 
ing and the ammeter hand stands at zero, it indi¬ 
cates that the generator is producing exactly the 
same amount of current that the lamps are consum¬ 
ing. Thus the battery is “floating on the line” and 
is not receiving a charge, nor is it discharging. 

If the ammeter shows excessive “discharge” 
at low speeds, or when the engine is idle, this is 
caused by the cut-out contacts being held closed or 
“stuck.” Thus current is flowing from the battery 
through the generator. This must be corrected at 
once Ly disconnecting the points. If the light 
switch IS “on,” then a ground or short may be m 
this circuit. 

The ammeter will always indicate if a short cir¬ 
cuit exists in any part of the wiring, except from the 
battery to the switch bus bar, and in the starting- 
motor circuit. 

If the ammeter does not indicate “charge” with 
the engine speeded up, and does not indicate “dis¬ 
charge” with the lights on, and the engine at rest, 
there is an open or loose connection in the battery 
circuit; or the battery terminals may be loose; or 


the generator terminals are loose; or the ammeter 
may be at fault. 

If the ammeter indicates “discharge” with the 
lights turned off, and the engine at rest, the ammeter 
ointer may be bent; insuktion on the wires may 
e injured, permitting contact with frame, causing 
ground or short circuit, or the cut-out points may be 
stuck. 

If the trouble seems to be in the ammeter, it is well to place 
a test ammeter in circuit, to check the first instrument. If 
the instrument registers incorrectly it should be returned to its 
makers for repair. 

If the ammeter indicates “charge,” with the 
engine at rest, the ammeter pointer may be bent. 

When the ammeter “charge” indications are 
below normal, the generatf)r output varies with the 
condition of the battery on some generators. This 
may also be due to the regulation of tlie generator 
not being properly adjusted. For instance, the 
third brush may need resetting, or the brushes may 
not be making good contact, or the commutator 
may be dirty or rough, or may have high mica. 

When the ammeter “discharge” indications are 
above normal, the lamp load may be excessive or the 
lamps may be old; wires may be grounded or shorted. 

Ammeter needle imsteady and low charging rate 
with generator running. Look for carbon between 
commutator segments, and clean w'ith a pointed 
instrument. Tins is usually due to too much oil, 
causing carbon. Also look for weak brush springs 
loose brush leads and short brushes or high mica. 

If the ammeter pointer jerks intermittently to 
“discharge,” limit of scale while engine is speeding 
up, there is a short circuit or a ground in the system 
or in the field-windings. 

If fuses blow out repeatedly, look for a heavy 
ground, or the fuse may be too small for the current 
required, or a short circuit may exist in the system. 

If larger bulbs than standard or extra lamps are 
used, “discharge” indications will be higher. The 
generator may not be capable of charging the battery 
^sufficiently to overcome the excess load, especially 
if there is insufficient day driving or excessive use of 
lamps at night, thereby permitting the battery to 
disenarge more rapidly. Therefore, before adding 
more lights or appliances to the electric system, the 
amount of charge that the batterv receives should be 
considered, especially during cold weather, when the 
starting motor is used more and the drain on the 
battery is greater. If the battery receives less than 
10 to 15 amperes on an average, it will be necessary 
to have it charged at an outside source occasionally. 
See also pages 563 and 506. 


A VOLTMETER AND AMMETER FOR AVERAGE ELECTRICAL TESTING 


To those who do not have sufficient electrical work to justify 
the purchase of the model 280 instrument mentioned on pages 
465 and 701, or the model 45, page 545, the following instruments 



Model 801 Weston voltmeter with a scale reading of 0 to 
15 volts with divisions on scale of 4 Volt (.6) each division. 
Price 88.00. 

Model 801 Weston ammeter, i with a scale reading 0 to 30 
amperes with divisions on scale 4 ampere (.5) each division. 
Price $8.00. 


With these two instruments mounted on a base a very service* 
able portable electrical testing outfit can be made. 

The voltmeter can be used for testing the voltage of all cells 
of a 6- or 12-volt storage battery, or each cell, also for testing 
the voltage of generator at speeua at which the generator cuts 
in and cuts out, grounds, short circuits, and many other tests as 
shown on page 470 and elsewhere. 

The ammeter can be used for testing the ampere rate of cur¬ 
rent output from generator to battery, or the current consumed 
by all the lights or individual circuits, horn, ignition, coils, etc. 
The current consumed by the starting motor of course cannot be 
tested with this instrument. The manufacturers are Weston 
Electrical Instrument Corpn., Newark, N.J. 

Other concerns supplying electrical testing instruments are 
listed on page 545. See also pgs. 481 and 687. 


* Can be obtained of A. L. Dyke Elect. Dept^Granite Bldg., 
St. Louis, Mo. We repair Magnetos, Coils, Generators, ana 
Starting Motors—send your repairs to us, if^ you are not 
equipped. 



INSTRUCTION No. 43 

TOOLS AND EQUIPMENT FOR THE AUTOMOTIVE ELECTRICAL 
REPAIR SHOP:* When to Test on the Car and on the Bench 


TOOLS FOR ELECTRICAL WORK* 


This subject is a broad one. The amount of 
repair work to be done would determine the equip¬ 
ment in each case. Therefore only a few of the 
really necessary tools are mentioned here. 

Pliers: An assortment of about 5" long-nose, 
short-nose, and cutting pliers. 



Screwdrivers: An assortment of about five or six, 
from very small ones to larger ones. 

Chisels: Two or three sizes, and also a center 
punch for locking and unlocking pole screws in 
generator frames. 

Files: One very fine jeweler’s file for contact 
points, and a mill file and round for cleaning wires 
and battery terminals. 

Thickness gauge to adjust contact-breaker points, 
cut-out, regular points, and spark plugs. 

Flat wrenches: Various sizes; these can usually 
be purchased in sets or with tool kits. 



SOLOES 





Fig. 2, Illustration at left shows a simple and handy method 
for soldering. The wire solder is inserted in a hole drilled in 
the soldoring copper. A blowpipe torch is shown on the right- 


connection, coat with vaseline to keep the connection from 
corroding-or rusting. 

When soldering a wire into a lead terminal, such as a heavy 
storage battery connection, clean well. Add flux, and then melt 
the solder in the terminal by uieuns of a torch. When hot, 
insert the wire and let cool; this is termed "sweating.** 



Fig. 3. This hook, 4^' long, is used for pulling brush springs. 



Fig. 4. Socket wrench for brush mechanism and coil nuts. 


A brush lifter for lifting brush springs on genera¬ 
tors and motors is shown in Fig. 3. 

A socket wrench suitable for the nuts on brush- 
holders, coils, etc., is shown in Fig. 4. Several sizes 
can be made. 

A fine-pointed scratch awl to dig out copper dust 
and material that will short-circuit between commu¬ 
tator segments is another necessary tool. A tool 
made on the order of that in Fig. 3 would be suitable 
for this work. 


Tools for undercutting mica are explained farther 
on. 

Fig. 7 


dni! 

Fig. 5 




Fig. 6 



Fig. 8 


Soldering irons: Three sizes, a pair each of lb., 
1 lb., and 2 lbs., for soldering coil terminals, wire con¬ 
nections in field coils, commutator wires, armature 
wires, terminals, cut-out and regulator points, etc. 
The electric soldering iron is used extensively also. 

Soldering flux for electrical work. Wire solder 
with flux inside is used extensively. 

Blow-pipe torch: Very essential. 

Tape: For taping inside of generators, etc. 
Where there is excessive heat, a tape called “English 
superfine twilled tape” is used. It is then coated 
with shellac and the alcohol is burned off by lighting 
with a match. Friction tape is the kind generally 
used for outside wire connections. 

Shellac is used for armature work, connections, 
etc. See Index, “Shellac, how to mix and keep.” 

Note. When ^(rounding a wire to the frame or do the engine, 
clean off all paint. Scrape thoroughly. After making the 


1 This subject does not include storage-battery equipment. 
This is fully treated under instruction on Storage Batteries. 

• See pages 481 and 687 for firms who can supply tools for 
eleotrloal work. 


Pole-piece double gauge: It often happens that it 
is necessary to put new field-coils in the generator or 
motor, owing to the fact that they become shorted 
or grounded. In order to do this, it is necessary 
that the polar diameter be exactly right—that is, 
the distance between the faces of the pole-pieces. 
This distance is measured with a pole-piece double 
gauge (Fig. 5); one end of the gauge being a “Go” 
indicator, and the other end a ^‘No Go” indicator. 

Pole-piece spreader: If the gauge does not slip 
into the polar diameter on one end and fails to go on 
the other, the dimension is wrong, Generally it is 
too small, and the pole-piece must be spread farther 
apart and the tool (Fig. 6, pole-piece spreader) 
is used for this work. There is no possible way for 
spreading the pole-pieces so as to get the proper 
clearance between the armature and the poles with¬ 
out tto tool. In other words, the object of these 
tools is, first, to spread the pole-pieces and frame to 
give the right air gap between the armature and 
pole-pieces with tool No. 6, and then to measure 
these dimensions with No. 5, after the work has 
been done, to see that it is right and, if not, to cor¬ 
rect it. 
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A pinion puller, used for pulling the generator- 
drive pinions off the armature shaft (Ford), is 
shown in Fig. 7^ 

A bearing puller, used for pulling bail bearings 
off the armature shaft, is shown in Fig. 8. 

Lathe for Electrical Repair Work^ 

A lathe suitable for turning down armature com¬ 
mutators, and for making motor repairs and elec¬ 
trical work in general, suitable also for cutting 
screws and other sniail w'ork, such as tools, gauges, 
taps, et(E, and for making battery and ignition parts, 
is sliown in the ill’jstration below. 



Fife. This lathe 

can also be 

supplied uith milling attachments, and key way cutting 
attachments. 


Bench Lathe for Commutator Work* 

The illustration below is that of the Onan Lathe, 
which can be placed on a work bench and operated 
from a line shaft. 

With this lathe it is possible to true up and turn 
the commutator of an^ starter or generator arma> 
ture. Without removing the armature from the 
lathe, it is possible to undercut the mica between 
the bars. 



Fig. 10. Tho turning tool is controlled by a hand-wheel 
screw feed—the carriage is operated lengthwise by a drop-forged 
handle with suitable adjustment for every commutator. The 
lathe 18 built with 7" swing; bed 22" long; furnished with two 
Armstrong high-speed tool bits, lathe dog, suitable wrenches, 
etc., and is complete, ready for operating. It is driven from 
any available power. Shipping weight complete, 35 lbs. 

The subjects of commutator troubles, tests, and 
repairs, and also brush troubles (fitting and seating 
brushes, etc.) are treated on pages 491 to 496. 


INSTRUCTIONS FOR CLEANING REPAIR PARTS OF ELECTRICAL APPARATUS 


The cleaning outfit should consist of three sheet- 
steel tanks of suitable size (preferably about 35 
gallons), ’vshich are mounted in such a manner that 
the contents may be kept heated to the desired 
temperature; three stone jars of approximately 15 
gallons capacity; and a sawdust box. 
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Fig. 11. Plan of arrangement of tanks and jars for cleaning. 


small amount of potash or soda as the solution is 
found to be weakened. All three tanks are main¬ 
tained at a temperature of from 180° to 212° Fahren¬ 
heit, or approximately at boiling point. 

The thr^e jars mentioned above are to be u.sed for 
the acid solutions, and will he S]>oken of as jar No. 1, 
jar No. 2, and jar No. 3, respectively. 

A wooden tank should be provided which is large 
enough to permit the three jars to be set in it, and 
also to carry a supply of clear, cold water. This 
tank should also be divided so that jars No. 1 and 
No. 2 are in one division, and jar No. 3 in the other. 
This is very important, as the work cannot be rinsed 
in the same cold-water bath after being immersed 
in these various solutions. The sketch shown in 
the figure will give an idea of the outfit. See also 
pages 761 and 1039. 

Note: A free pamphlet,** Modern Cleaning Methods,” which 
Kivc.H instr actions on cleaning metal surfaces of all kiiui.s of 
small partf also engines, axles, etc., is i.ssued by Oakley Chem¬ 
ical Co., 2 Thames St , New York (also deals with solutions 
to use and gas burners for heating the solution, etc.). 

Cleaning Solutions 

The solutions recommended are as follows: 


Two of the steel tanks should be equipped with 
overflow pipes so that they can be kept about two- 
thirds full at all times. These wall be spoken of a.s 
tank No. 1 and tank No. 2. They are u.sed for 
clear, hot water for rin.sing the apparatu.s after it ha.s 
been cleaned. A supply of water should be avail¬ 
able, so that this water can be kept clear. 

The third tank does not need either a drain or 
overflow pipe, and should be used for the potash or 
caustic soda solution. This solution can be used for 
a long time without changing it by simply adding a 


* See page 481 for Automotive Electric Service Station 
Equipment concerns. 

> Illustration is that of a screw cutting lathe, espe¬ 

cially adapted for electrical repair shops, manufactured by The 
South Bend Lathe Works, South Bend, lod. 


In tanks Nos. 1 and 2, place clear, hot water. 

In tank No. 3, place a solution of potash or caustic 
soda, made by mixing 1 lb. of potash or caustic 
soda with one gallon of water. 

Jar No. 1 is filled with a solution made up carefully 
from the following formula: four gallons of nitric 
arid; one gallon water; six gallons sulphuric acid. 
The water is placed in the jar first, the nitric acid is 
added slowly, and the sulphuric acid is poured in 
last. This order should be very strictly observed, 
as it i.s dangerous to attempt to mix up a solution of 
these acids in any other manner. 


» Can be secured of Allen 

Electric Mfg. Co., Detroit, Mich., supplies a combination lathe 
and mica underoutter and other electrical equipment. Free 
printed matter to those mentioning this book. " 
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The solution in jar No. 2 is made up from the 
following formula: one gallon hydrochloric acid to 
three gallons of water. 

Jar No. 3 is filled with the following solution: 
lb. of cyanide to one gallon of water. 

Tank No. 2 should be used for parts which have 
been in the potash solution, and for no other pur¬ 
pose; tank No. 1 is for general rinsing. 

Cleaning Various Metals 

Steel is boiled in the potash solution until the dirt 
is removed. This should take only a few minutes. 
It is then rinsed in tank No. 2, and dried in sawdust. 

Cast iron is boiled in the potash solution until the 
dirt is removed, rinsed in tank No. 2, dipped in the 
acid solution in jar No. 2, rinsed in cold water, then 
rinsed in tank No. 1, and dried in sawdust. 

Brass is boiled in the potash solution until the dirt 
is removed, rinsed in tank No. 2, dipped in the acid 
solution in jar No. 1, rinsed thoroughly in clear, cold 
water, dipped in the cyanide solution, rinsed in clear, 
cold water, rinsed in tank No. 1, dried in sawdust. 
Copper can be cleaned in the same manner. 

Polished aluminum should first be thoroughly 
washed in benzine or gasoline, rinsed in tank No. 1, 
dipped in the acid solution in jar No. 1, rinsed thor¬ 
oughly in clear, cold water, rinsed in tank No. 1, 
and dried in sawdust. 

Plain aluminum (polished) should be dipped in 
the potash solution, rinsed in tank No. 2, dipped 
in jar No 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 


Plain alimiinum (not polished) should be dipped 
in the potash solution, rinsed in tank No. 2, dipped 
for a few seconds in the acid solution, rinsed in tank 
No. 2, dipped for a few seconds in the acid solution 
in jar No. 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 

It will be noticed that when the aluminum is put in 
the potash solution the metal is attacked or eaten 
away very rapidly. Care should therefore be taken 
not to leave the work in this solution any longer than 
is absolutely necessary. In cases where the work is 
covered with caked grease or has hard grease de- 
osits on it, these pieces should firnt be washed in 
enzine or gasoline. Aluminum parts should never 
be washed in the potash or soda solution unless they 
can be put through the acid immediately after. The 
acid dij) is used to neutralize the effects of the potash 
solution. Parts should be held in the acid solution 
for only a few seconds. 

Paint on aluminum should be removed with a 
good varnish or i)aint remover, unless it is a very 
small quantity and the work is to go through the 
potash solution. 

For enameled work, it is recommended that it be 
washed with soap and water, dried thoroughly, and 
then polished with a cloth dampened with Three-in- 
One or O’Cedar oil. 

The methods described above are for solid metals 
only, and should not be used on any })latcd materials. 
Practically all Delco clips are tinned, and should be 
cleaned, therefore, in benzine or gasoline. All 
plated parts should be cleaned in benzine or gasoline. 


A HOME-MADE ELECTRICAL TEST STAND 


Tests for the internal parts of a generator, motor, 
cut-out, etc., will be explained in what follows. 
These tests might bo termed “bench tests,’’ and 
are usually for internal troubles. They arc such 
tests as are necessary when the troubles are such that 
they cannot be remedied on the car, such as testing 
armatures, field windings, etc. Therefore some sort 
of testing apparatus is necessary in such cases. 



Fig. 12. Electrical test bench. 


The bench (Fig. 12) can be made about 36" high 
and about 5' or 6' long, with a lower shelf about 6" 
or 7" from the floor. 

A vise, with jaws opening to about 8", can be 
used to hold the generator when being driven by a 
motor. The vise is also handy for other work. 

Note that the test leads, or cables, are of flexible 
wire and run through pulleys with weights (Fig. 12A), 



Fig. 12A Fig. 12B 


similar to pulleys and weights on a telephone switch¬ 
board, thus keeping the wires off the bench. 

Necessary Paris and Wiring Circuits 
Volt and ammeter: Model 280 Weston, combina¬ 
tion volt and ammeter, as described on page 464, is 
recommended. This instrument is also fitted with a 
scale for cadmium tests of storage batteries (explained 
under the instruction on Storage Batteries). 

If this represents too great an outlay of cash, then 
Model 301 Weston voltmeter and Model 301 W eston 
ammeter are recommended (see page 472). These 
instrumental are suitable for readings up to 30 am¬ 
peres or 30 volts.2 


* Those instrurnentfl can be furnished by A. L. Dykf, Eleo- 
trical Dept., St. Louis, Mo. 
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The wiring of the different circuits is shown in 

Fig. 12B, as follows: 

(1) Voltmeter (Model 301 Weston) with test points. 

(2) Armature rack for testing for open and short 
circuits in armature. Dry cells can be used. 
Note that the ammeter (Model 301 Weston) is 
in series with the circuit. 

(3) Test-light and points (high voltage) for use with 
110-volt circuit through a double pole switch. 
For testing for short and open circuits. The 
110-volt lamp is in series. A tungsten carbon 
filament lamp of about 15 watts can be used. 

(4) Battery test-light and points (low voltage) are 
connected with a storage battery. Note that in 
(4) a low-candle-power lamp is in series, the 
voltage being same as battery (6 or 12 volts). 


(5) Remagnetizer for remagnetizing magnets. 
Connected with the battery by a double-pole 
switch and with fuses in the circuit. 

(6) Growler connected with a 110-volt alternating- 
current line for testing armatures for open and 
short circuits (explained farther on). 


- . 






Bmt 

Armature, 


Btpcli 


!! 




la—qr 


Fig. 13. A method of making an adjustable annature rack. 
This can be substituted for the one shown in Fig. 12, as it is 
more serviceable, being adjustable. 


NORTH EAST TEST-BOARD 


The test-board shown in Fig 14 below, is 

for testing the motor- 

generators and ignition units. It is shown in order 
to give the reader an idea of its construction. 



tm M0I« M0I« Ot tWI4> TOT SOIQI 

Fig. 14. Test-board. 


With this test-board it is possible to operate the 
motor-generator and all its parts as if connected on 
the car. It will, of course, be necessary to drive the 
motor-generator by some means, when used as a 
generator. The different circuits are as follows: 

Starting-motor circuit; From (-f) of the battery, 
to and through switch (C), through heavv black 
wires to switch (A), to terminal of board (+2), to 
and through the motor, to (—3), to (—) of battery. 


Note that the voltmeter is connected across this circuit at 
switch (A) (on the left), and by the small wire at (—3) terminal. 
The ammeter is not in the circuit, as it is open at tne cut-out 
points of the cut-out (upper left corner). 

Cut-out voltage circuit: Start from the motor- 
generator, which we will assume is being driven as a 
generator. Start at (-f-2) terminal of the board, 
which connects with the (-f) main brush of the 
generator, to voltmeter (switch A is open), above 
the voltmeter to the cut-out, then through the fine 
wire voltage winding (small dotted lines), through 
the smaller or lighter wire to the voltmeter, to 
terminal (—3) of the board, to (—) main brush of 
the generator. 

Note that voltmeter is connected directly across this cir¬ 
cuit and will indicate at what voltage and speed of the generator 
the cut-out points will close the charging circuit. 

Generator charging circuit: We will assume the 
cut-out points close at a certain speed of the gener¬ 
ator when a certain voltage was reached 

The charging circuit would 
then be from (-1-2), to the voltmeter, above the volb 
meter to the cut-out, through the closed points of 
the cut-out, through the cut-out series winding, to 
the fuse, through the ammeter, through switch (C) 
(switch A is open), to the (4-) terminal of the board, 
to the (-f) terminal of the battery, out the (—) 
terminal of the battery, to the (—) terminal of the 
board, to the (—) termmal of the generator. 

Note that the voltmeter is across the circuit, and the ammeter 
is m series with the circuit. Thus the voltage and amperage 

f enerated at various speeds of the generator can bo observed. 

'or instance, at maximum speed, the generator should show 
a certain amperage and voltage and the third-brush regulation 
can be set accordingly. 

At a certain low speed the cut-out points should open at a 
certain voltage when a certain amperage discharges back 
Uirough the series winding of the cut-out (see page 370 for these 
data). All of this can be observed with the voltmeter and 
ammeter connected with the circuits. 

The device on the left of Fig. 14 is for testing the ignitioxL 
See also, pages 228, 226. 371, 230. 


HOME-MADE METHODS OF DRIVING A GENERATOR FOR TESTING 


Various methods are used for driving a generator 
BO cut-out and output of the generator can be tested. 

We suggest three simplified methods, as follows: 

1. By using a H h.p. electric motor, (Fig. 15), 
with a constant speed of about 1,800 r.p.m. and 
cone pulleys used to vary the speed. 

Cone pulleys can be placed on the motor (Fig. 
15), to alive the generator, on which there are two 
sizes of cone pulleys. The cone pulley on the motor, 


of which there are five sizes, and also the one on the 
generator, of two sizes, can be made in one piece 
of hard maple or metal, by turning them up on a 
lathe. A round belt is used to transmit power. 

Siies of motor pulleys: 2', 3', 4^*, 6* and 8*. 

Sizes of generator pulleys: 6' and 8*. 

The variations of speed of the generator which can 
be obtained with these pulleys are as follows: 

8'^ motor pulley to 6^ gen. «• 2,400 r.p.m. 

6'' motor pulley to 6" gen.«1,800 r.p.m. 

4^" motor pulley to 6" gen.«1,425 r.p.m. 

3' motor pulley to 8'^ gen. *■ 676 r.p.m. 

2" motor pulley to 8" gen.« 460 r.p.m. 

To Hpite the speed and size of pulleys to use for other speeds 
than those given, see Index under “Speed of pulleys, how to 
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On different generators there are different sizes of shafts. 

Some are tapered, but most shafts on later generators are 
straight keyed shafts* and average about 1 W' to 2" in length. 
The average diameter is and Therefore 

bronze bushings should be provided for the generator pulley 
which can be removed, and in time a valuable collection will be 
at hand ready to use on subsequent tests. 

Some sort of sliding base (V, Fig. 16), with a screw (S) to 
adjust the tension of the W' round belt, should be provided. 
A clamp, similar to a. wood worker’s clamp, can be used to hold 
the generator to the base. 


Motor electric 
source 



hfolor. (electric) 


Bench 


Generator 


Fig. 15. Method suggested for rig- 
•d»g up a constant-speed electric 
motor with cone pulleys for driving 
d generator at various speeds. 

2. Another method of driving the generator (hig. 16) is 
by means of a constant-speed line shaft (3U0 r.p m.). With 
cone pulleys to vary the speed. 



Use a 4" face pulley, 18^' diameter. This will give a speed 
to the countershaft of 1,800 r.p.m. if a 3" diameter 2" face 
pulley is used on the countershaft. Note that two pulleys are 
used on the countershaft, one with a 2" face by 3'' diameter, 
which is tight to the shaft; the other is of the same size, but is 
loose, thus perndtting the 2" flat belt to shift from one to the 
other, to start or stop the line countershaft. 


As we have the same number of revolutions of the counter¬ 
shaft in Fig. 16, as we have of the motor in Fig. 16, we can 
therefore use the same diameter of cone pulleys. 


is 




Lilo« «b»fl 300 flevoluUooB 


Plat 

Belt 



Fig. 16. One method 
of driving generator 
from a constant-speed 
line shaft with cone pul¬ 
leys to vaiy the speed. 

3. A better method for 
driving generator than 
either of the foregoing methods is by the use of a 
variable-speed alternating current motor (Fig. 16A). 

Motor speed is from 0 to 36(X) r.p.in. in either direction. 
Marketed by the Kimble Electric Co,, Chicago. 

A universal drive, universal vise, and tachometer arc also 
supplied for a.ssend)ling a testing outfit at a low co.st. A blue 
print siiowing a plan for making a model Universal Test Bench 
IS furnished with motor. 

The Model 280 Weston combination volt and ammeter 
(Fig. 12, page 464) could be used with this outfit. 

Other methods can be employed. These are 
suggestions only. See 
also page 507, for an 
electric test stand. 



Fig. 16A. Planof driving generator with a 
variable-speed alternating current motor: (1) 
Base of motor; <;2) tachometer; (3) controls 
speed and direction of rotation of motor; (4) 
push button switch can be att.; (5) hand 
wheel for aligning gen.; (6) flexible coup¬ 
ling of universal drive; (7) chuck; (8) adjusting posts; (9) vise 
cross bar; (10) adjustable V-jack, supports generator; (11) hand 
wheel adjusts height of (10); (12) slots in base to give adjust¬ 
ment for shaft lengths. 


HOW TO START TO MAKE ELECTRIC TESTS AND HOW TO LOCATE ELECTRICAL 


INFORMATION 

The greatest difficulty that the electrical repairman 
experiences in starting into this line of work is to 
know just how to start and where to obtain parts, 
etc. The object of these next few pages is to ac¬ 
quaint him with the details of making tests on the 
car and on the bench, and to furnish suggestions as 
to how and where he may obtain data and informa¬ 
tion. Refer to the Index often. 

See Digest of Troubles, page 454, also pages 512 to 518, for 
locating other motor and generator troubles. 

It will be noted that reference is frequency made to the fact 
that A. L. Dyke, Electrical Dept., St. Louis, Mo., is in a posi¬ 
tion to furnish testing instruments and books of data, etc., and 
also to do electrical repair work. This service is not so much 
conducted for profit as it is to assist the student in getting his 
initia’ start. I’he parts we purchase for filling orders are pur¬ 
chased of the local branches of the different manufacturers. 
Later on, after the student is established and actively in busi¬ 
ness, he can no doubt purchase direct. 

The books and instruments that wo recommend are those 
we know are needed. It is impossible to give all data in this 
one book; hence the necessity of purchasing a few others, such 
as a Wiring Manual and Service Manuals. See advertisements 
m the back of the book. 


IN THIS BOOK 

When a car owner drives to your shop and tells 
you that his generator fails to generate current, or 
that the generator fails to charge properly, or that 
the lights burn dim, or that the battery constantly 
runs down, you must, like a good physician, make 
careful note of the troubles and then in your oum 
mind analyze the symptoms and formulate a plan 
for your tests and diagnosis of the case. 

The first procedure is to endeavor to make tests 
on the car without removing any of the parts. 
These tests are given under various headings in this 
book. Before any tests are made, however, turn 
to the ^^Digest of Troubles’^ and find the probable 
cause, and fi^re out in your mind which one of the 
causes would most likely apply to the case. Some¬ 
times troubles are attributed to the electric system, 
when in reality they are engine troubles, or ignition 
troubles. 

Then make the tests, first one, then another, thus 
eliminating one cause after another, until the real 
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cause is finally found. This is termed the ‘‘process 
of elimination,** and is a mightv §ood term to mem¬ 
orize and keep in mind. See ‘^Digest of Troubles.*^ 

The good electrical repairman is classed as a very 
intelligent man, just as a good physician is, and he 
must study and be able to concentrate in order to do 
his work intelligently. 

If, after making the tests, it is found that the 
internal parts are defective, such as a defective igni¬ 
tion coil, generator, cut-out, or battery, then it is 
time to remove the part to die bench and to make 
the tests. 

Procedure of Tests, and Diagnosis 

When starting to locate troubles in the electrical 
system of a car, first divide the electrical system into 
parts, as explained on pages 418, 455. 

If the trouble is in the lighting circuit, see page 
482. 

Tlie large Wiring Manual is very necessary in tracing circuits. 

If the trouble is in the ignition system or circuit, 
determine the make of the system, see Index, and 
study up on that system. Refer to the Index for 
testing for ignition troubles. 

If the‘trouble is in the storage battery, see the 

instructions on Storage Battery, and the “Digest of 
Troubles.” 

For battery work, we rcconnncnd the test out6t on pages 
,'■>.52 to .554, and the combination voltameter, Fig. 12, page 
464 (see also page 701), also a book entitled, "The Automobile 
Storage Battery," price $5.00, 

If the trouble is in the generator or cut-out, turn 
to the Index and the “Digest of Troubles.” 

Starting Motor 

If the trouble is in the starting motor, refer to the 
^‘Digest of Troubles” page 454, and the Index on 
“Starting motors.” The tioubles with a starting 
motor are either electrical or mechanical. See also, 
pages 455,517 and 486 to 490. 

Mechanical troubles with the starting motor that 
are most common are as follows: 

1. Worn bearings: Many starters have plain 
bronze bearings which become worn from lack of oil 
and long service. Thus when heavy charges of 
current of 200 to 300 amperes pass throng the 
starter, the armature revolving is forcibly drawn to 
the pole pieces, as the air gap is very slight, thus 
damaging the armature. Worn bearings can be 

, replaced if you are equipped with a lathe mr turning 
up and boring out a new bushing. 

The end plate can be returned to the manufacturer 

and an end plate 

with bushing fitted will be supplied. 

2. The starter armature shaft is sometimes bent 
or twisted out of true, as a result of back-firing of 
the engine and of hard strains. To test, place in 
lathe centers and straighten with a forked bar or 
other^vdse. This trouble is more common with 
starters than with generators. See also, pages 455, 
486, 489, 320. 

Electrical troubles, most common with the start¬ 
ing motor are described below. But before making 
any tests of the starting motor electric system, the 
engine should be tested first to see if it is stiff or 
hard to crank. The next test is of the battery. 

1. Examine battery: See if the electrolyte is above 
the top of the plates If not, the battery is probably 
discharged, or nearly so. If the electrolyte covers 
the top of the plates, then test the electrolyte with 
a hydrometer to sec if it is charged. 


If the hydrometer shows 1.200 s.g., or less, it 
indicates that the battery is fairly well discharged. 
If it shows 1.225, it is fairly well charged, but not 
fully charged. The hydrometer should show 1.250 
to 1.300. When testing the battery with a hydrom¬ 
eter, the temperature of the electrolyte should be 
about 70®, otherwise the readings will not be correct. 
See Index under “Testing battery,-temperature.^' 

2. Loose or poor connections: These are usually 
at the ground connection of the battery or on the 
starter switch. The starting switch blades may be 
bent or burned and corroded. These connections 
as well as all internal connections should be clean 
and tight. 

3. Poor brush contact. ITsually the result of 
lack of spring tension or worn brushes. Carbon 
brushes have a tendency to stick in the holders, 
especially if gummed with carbon dust and oil. 
Gauze brushes are sometimes used on starters, and 
should seat perfectly. See Index under “Brushes, 
seating of.” 

4. Rough commutator: This will necessitate 
removing the armature and turning the commutator 
down on a lathe (see Index under “Commutators”). 
Do not undercut mica on the starting-motor com¬ 
mutator. 

5. Soldered armature coil terminals loose from 
commutator. Resolder. Loose terminals are often 
the result of lieat produced by excessive current; 
also of poor soldering in the first instance. See 
Index under “Commutators.” 

The average speed of a starting motor, fitted with a Bondix 
drive, on a ‘Tree running test," or no load is: 3,72.5 r.p.m. rnini- 
nium and 4,9.50 r p.m. niaxiinuin. The amperage is about 70 
Under load, the speed varies 1,000 to 2,3(J() with 8 lb. pull on a 
f>'' pulley. The average amperage of starters when starting i.s 
given on page 471. This varies, however, as starters are 
designed in different sizes to start different sizes of engines. See 
page 489, giving an example of how starting motors are tested 
according to data given in the "Service Manuals " 

Generator 

The generator circuit is divided into parts as 
follows: 

1. Generator. 

2. Generator regulation system. 

3. Cut-out. 

4. Storage batter}^ 

5. Wiring system connecting the above. 

Generators are usually shunt-wound, and there 
are three different regulation methods in general use: 

1. Third-brush (inherent constant current) regu¬ 
lated. 

2. Voltage regulated; where resistance is inserted 
ill the shunt-field winding by an electromagnetic 
regulation system (see Index under “Voltage 
regulation”). 

3. Current regulated; where resistance is cut into 
the shunt-field winding by an electromagnet (see 
Index under “Current regulation, electromag¬ 
netic”). 

4. Compound winding with a “differential” action 
(see Index). 

The third-brush regulation The 

output of the generator can be increased by moving 
the third brush in the direction of the rotation ol 
the armature, or decreased by moving it in the oppo¬ 
site direction. See Index under “Adjusting third 
brush/' 
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The principle of the third-brush regulation is 
explained on pages 357,361. After an approximate 
speed of about 1,800 r.p.m. is reached, tne output 
begins to drop off, for the reason explained under 
^’Armature reaction.'* See Index. It is important 
to see that the third brush always makes good 
contact with the commutator. 

The output of the generator with the voltage or 
cumnt-regulation method, using an electromagnetic 
principle, can be increased or decreased by decreas¬ 
ing or increasing the spring tension. See Index 
under “Adjusting regulators, electromagnetic." 

A compound-wound generator, which is an inher¬ 
ent method of regulation, with constant current, 
has the two windings on fields opposing each other at 
high speeds of the generator, such as the “bucking- 
series" winding, and the “cumulative-compound" 
winding, explained under this subject; see Index. 

With the compound-woimd generator, not using a 
third-brush or electromagnetic principle of regula¬ 
tion, but depending upon^ the differential action of 
the two windings, there is no provision made for 
increasing or decreasing the output. Sometimes 
the series winding can be shortened, or lengthened, 
as explained on page 356. 

The cut-out opens and closes the circuit between 
the generator and battery, the function of which is 
explained under this heading; see Index, generally, 
and also under “Testing and adjusting cut-out." 

Generator Troubles 

Conditions which necessitate tests of a generator 
are as follows: 

1. When the generator fails to cliarge the battery. 

2. When the generator output is low or excessive. 

3. When the ammeter fails to indicate properly. 

4. When the ammeter is not steady. 

There are many other conditions but those just 
mentioned are the usual or most common causes for 
the necessity of testing. See also “Digest of 
Troubles." 

First, test the generator on the car. 

Before removing the generator, study out the 
internal circuits of the system by referring to your 
“Wiring Manual" and “Service Manual." 

Then make the following tests while the generator 
is on the car; 

1. There is a fuse which is sometimes placed in the 
shtmt-field circuit of the generator. See if it is 
making good contact and is not blown. 

2. Examine the brushes and see if they are making 
good contact. 

3. Examine the cut-out points and see if they close 
at about 650 to 1,000 r.p.m. of the generator, and 
if they open at lower speeds. A “Service Man¬ 
ual," which mves all these data for all generators 
is fiidvised. For cut-out troubles, see Index. 

I. See that all connections are tight from the genera¬ 
tor field connection of the brushes and from 
the generator to the cut-out, to the ground con¬ 
nection of the generator and the battery. The 
“Wiring ManuS" will assist you in tracing. 

Examine the commutator—see whether it has 
Uuown solder, that is, whether the solder which 
binds the ends of armature windings to the com¬ 
mutator bars is loosened. If so, the generator 
must be removed and resoldered. 


6. Examine the commutator and see whether it is 
rough or whether mica protrudes. If so, there 
will be sparking at the brushes. This will require 
removal of the generator, so that the commutator 
can bo turned down and the mica undercut and 
the brushes made to fit properly. See Index 
under “Undercutting mica.^' 

7. Place your testing ammeter in the generator cir¬ 
cuit, as explained on page 470, at test A1, to see 
if the dash ammeter is reading properly. Then 
run the engine and check the readings. 

8. If the generator output is lower or higher at 
maximum speed than the “Service Manuals" 
give for the type of generator being tested, then 
increase or decrease the output. See Index under 
“Regulation methods." See also “Digest of 
Troubles." 

Generator Bench Test 

Conditions which necessitate removal of the gen¬ 
erator from the car are as follows: 

1. If no current is indicated by the ammeter tests. 

2. If the ammeter needle is not steady. 

3. If the generator will not produce its proper output 
after adjusting the tliird brush or other regulation 
method. Failure of the tliird brush to seat 
proi)crly is the cause of many generators not giv¬ 
ing their proper output, or even giving none at all, 
or intermittently. 

4. If there is excessive sparking at the brushes, and 
it cannot be remedied by proper brush adjust¬ 
ment. 

5. If the commutator is rough and mica protrudes. 
G. If there is noise. 

After removal of the generator to the bench, there 

are four methods of testing: 

1. By motoring tlie generator. 

2. By examining the commutator. 

3. By driving the generator. 

4. By testing the armature and field windings. 

Testing Generator by Motoring It 

Connect the generator with a fully charged bat¬ 
tery; It makes no difference which wire is connected, 
as most generators will automatically reverse their 
polarity. If, however, you know the (+) terminal 
of the generator, use it. The motoring test will 
determine if trouble is in the armature or the field. 

Running the generator as a motor is a quick 
method of determining the general condition, and is 
easily and quickly tested out. See also page 491. 

An ammeter with the 30-ampere shunt is con¬ 
nected in the line; the ammeter must be connect^ 
through the (*f) ix)le of the meter to (*f) of the cir¬ 
cuit. See page 465 for description of tlie Weston 
meter, which we assume is being used for the tests. 

The cut-out is not in the circuit in this test. If, 
however, the cut-out is in the generator, close the 
points, otherwise the generator will not motor. The 
generator should run in the driven direction, unless 
the field connections are wrong. In this case change 
the internal wires at the brushes. 

If the generator fails to motor, the trouble is 

E robably due to an open field circuit or to absence oi 
rush contact. 

If the generator motors, it should do so without 
undue sparking at the brushes or any unusual nois^ 
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It should draw approximately from 3 to 6 amperes. 
Oa the the amperage is 4, and on a N.E. 

motor-generator (model G), it is about 6 amperes 
with the 12-volt battery. If it is over 8 amperes, 
then there is evidence of a short-circuited armature, 
providing the machine is free of mechanical defects. 

The “Service Manuals” give these data for all generators. 


Testing Generator on the Bench by Driving It 

Various methods are used for driving a generator 
so that the cut-out and output of the generator can' 
be tested. A home-made outfit is shown on page 
477. See also Index under “Electrical testing outfit.' 

Additional Pointers 


The average speed of a generator when being 
motored is 400 r.p.m. with a voltage or relay typo 
of regulation, and 350 r.p.m. with a third-brush type 
of regulation. 

If the generator draws too much current when be¬ 
ing motored, the trouble is very probably to be 
foimd in the armature. 

If the needle of the ammeter vibrates, there is 
probably a short circuit. 

The armatme should then be removed, and 
placed in the stand (Fig. 13, page 476). Separate 
tests should then be m^e. See Index for *‘Arma¬ 
ture tests." 


Testing Generator by Examining Commutator 

cent of generator troubles are indicated 
by the condition of the commutator. Remove the 
Tover (Fig. 17), and exanaine for the following: 


LOOSE BRUSH'HOLDER 


WORN BRUSHE5 
WEAiK BRUSH - 

houPER spring 



LOOSE PIGTAILS 


-HIGH MICA 

OIRTV OR ROUGH 
COMMUTATOR 

Fig. 17. Commutator and brush inspection. 


If the commutator is burned black over its entire 
surface, it is usually due to grease, or carbon dust 
from the brushes. If caused by carbon dust, the 
commutator is probably rough, and should either 
be turned down on a lathe or sanded in (explained 
under “Commutator troubles"; see Index). It 
is best to turn the commutator down, but sand¬ 
ing will do in an emergency. Blow carbon dust 
out of the generator housing with air pressure. 

2. Improper brush-spring presstue, which permits 
aremg, will also produce a rough commutator. 

d. If there is an open circuit in the armature, there 
will in all probability be a flat place on the com¬ 
mutator segment or bar, the result of a heavy 
spark at the brush occurring on the open commu¬ 
tator bar when the brush makes contact with it. 
The cause of such an open circuit in the armature 
coil is usually a loose connection where it is 
soldered to commutator bar. Examine connec¬ 
tions. ’ 

Troubles of this nature usually occur only when 
the armature is revolving at high speed, which 
causes the wire to fly loose, through centrifugal 
action of rotation. Commutator out of round will 
also cause weak generator current at high speeds. 

I. If the mica protrudes above the commutator bars, 
or if the brushes or brush holders are loose, or if 
the brushes are worn, this indicates that there has 
been excessive sparlang at the brushes. These 
parts should be examined carefully and reme¬ 
died. See Index \mder “Commutator and brush 
tioubles.” 


If a generator fails to deliver its proper output, or 
if the cut-out fails to operate, the first step is to 
find out why. If the tests suggested above deter¬ 
mine the fact that the generator armature coils, or 
the field coils, or the cut-out windings are defective, 
it does not pay to attempt to repair them, as arma¬ 
ture winding is a trade learned only by careful study 
and long experience. It is best to return the part 
to the factory,1 and order a new part. In many 
instances an allowance will be made on defective 
armatures toward a new one. 

The electrical repairman can, however, do such 
work as testing, cleaning, and sanding the commu¬ 
tator, under-cut mica, fit or scat and adjust brushes, 
solder loose wires at commutator segments, etc., as 
explained under these different subjects. 

He can also adjust and regulate the output of 
generators. 

It is a simple matter 

to increase or decrease the output 

after determining what make of electric 
system is used, and then referring to the 
Service Manuals. 

A Data Book or Service Manual Riving the speed of different 
generators at which the cut-out should cut in and cut out, the 
amperage at various speeds, etc., is very necessary. 

Bearings and Brushes 

Bearings: Many generators 

use ball bearings. 

Most of the starters use 

plain bronze bearings. You can fit new bearings if 
you are equipped with a lathe and can do the work 
accurately. It is aavisable to send the end plate to 
the factory, and obtain a new bearing fitted into the 
end plate. 

Many bearings become noisy or broken from incorrect line¬ 
up on engine with driving shaft and coupling. Excessive side 
or end pressure on bearings, especially a tight drive chain, 
produces noise and wear. 

If the shaft is worn, then it is best to true it up on 
a lathe and to fit new bearing bushings and ream 
them out, so as to have the shaft correspond with the 
bore of the bearing bushing, or else to send the entire 
generator or motor to the factory. 

Do not get oil or grease on Commutator, but oil generator and 
motor bearings often with 8 or 10 drops of engine oil. 

Brushes: Generators usually use carbon brushes 
copper pkted. Starting motors use a composition 
of graphite and carbon or some similar substance 
which is softer than generator brushes. Some 
starting motors use gauze brushes. See Index 
under “Brushes." It is best to obtain brushes as 
recommended by the manufacturer. 

On page 494 we advise how to sand brushes. On 
some generators '.his is not possible, as the brush 
arm is too short. In this case, the brush should be 
placed on the generator, the generator should be 
“motored," and thus the high spots on the brushes 
will show. Scrape high spots of brushes down. 

Good brush contact is very essential on both 
generator and starter. 


1 A. L. Dyke. St. Louis, Mo., is in a position 

to advise you where the nearest rrare- 

sentative of the different electric companies is located. This 
service on our part is rendered 

for the benefit of our readers, in order to assist them in fottias 
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Starting in the Electrical Repair Business 

The most important essential of a successful auto¬ 
motive electrician is a thorough knowledge of the 
fundamental principles, troubles, tests, adjustments, 
and repairs of the various electrical units of an 
automobile. The automotive electrician depends 
less on skill, but more on knowledge, than other auto¬ 
motive repair specialists. 

After obtaining knowledge by reading, and, if 
possible, attendance at school, it is advisable to 
work as a helper in an automotive electrical repair 
shop to gain practical experience. The helt^er 
should advance to the position of automotive elec¬ 
trician and serve in this capa(aty for a reasonable 
time and should obtain some knowledge of acc.ount- 
ing before engaging in business for himself. 

To start an electrical repair business, the auto¬ 
motive electrician should first endeavor to obtain 
contracts as an authorized service station or dealer 
for one or more of the manufacturers of automotive 
electrical parts as listed on this page. It then be¬ 
comes necessary to obtain electrical data, sto(‘k of 
parts and supplies, testing instruments, and electrical 
service station equipment. 

Electrical Data 

Tlic various electrical manufacturers publish 
manuals^available ‘to their authorized service sta¬ 
tions and dealers. 

A wiring manual showing the car wiring diagrams, 
factory electrical specifications, data for electrical 
tests and adjustments of the various electrical units 
should be in the poss(‘ssiou of automotive elec¬ 
tricians engaged in general automotive olectrhral 
work. See advcu’tiscment in this book on }>age pro¬ 
ceeding the index. 

Elcclrical Paris lo Carry iu Slock 

'I'he amount or kind of parts to he carried in stock will depend 
on the conditions surrounding the business. 

Advice may be obtained from one of the distributors or fac¬ 
tory branches of the inanufiKdurers wlio supply popuUir purls 
assort rnent 8. 

Some of the most generally used parts and supplies are: 
lamp bulbs, spark plugs, fuses, ignition condensers, contact' 
breaker arms and points, coil resistance units, ignition coil.s, 
generator and starter brushes and springs, bushing.s and bear¬ 
ings, distributor rotor anus and caps, miscellaneous wire 
terminals, low-tension wire, high-tension wire, ignititni cable 
sets, friirtion tape, miscellaneous fibre waslicrs and smallscrews, 
solder, soldering paste, etc. As the business expands the follow¬ 
ing should be added: generator and starter armatures, relay.s 
(cut-outs), starter, ignition and lighting switches, headlamp 
lenses and reflectors, etc. 

It is advisable to find out the make of cars in your vicinity 
and the electric systems used on the cars, in order to have ap¬ 
propriate parts on hand. By referring to '‘Specifications of 
Passenger Automobiles, AIotorcoaches &nd J’rwcifc.s” in this book, 
you will find the specific make of electric system listed witli 
each make of car. 

When replacing an electrical part, be sure to get the same 
make and type, or tlie one recommended by the manufacturer 
to take its pface, because otherwise it may not be suitable for 
the engine or elecrtical system. 

Where To Obtain Automotive Electrical Parts 

Genuine original equipment parts for the electrical 
systems on passenger cars, motorcoaches, trucks, 
and tractors, such as generators, cut-outs, regulators, 
starting motors, switches, ignition distributors, coils, 
magnetos, etc., may be obtained from authorized 
service stations and dealers of the various electrical 
manufacturers. The address of the nearest dealer 
may be obtained from the manufacturers (or dis¬ 
tributors), some of whom are listed below: 


parts service for "Auto-Lite” and“Dyneto” generators, starting 
motors, ignition coils, and distributors. 

United Motors Service, Inc., through their branches and au¬ 
thorized service stations, provide official repair parts service 
for "Delco-Remy,” "North Kast” and "Klaxon” ("Overseas 
Motor Service Corp.” in foreign countries). 

Scintilla Magneto Company, Sidney, N.Y., through their 
branches and authorized service stations, provide official repair 
parts service for magnetos. 

The Loece-Neville Company, Cleveland, Ohio, through their 
branches and authorized service stations, provide official repair 
parts service for generators, voltage regulators, starting motors, 
and switches for gasoline and Diesel engines. 

United American Bosch Corp., Springfield, Mass., through 
their authorized service stations, provide offi(jial repair parts 
service for "Bosch” magnetos, generators, starting motors, igni¬ 
tion coils, distributors, windshield wipers, horns; “Amcrienn- 
Bosch” magnetos, Diesel fuel injection equipment; Pyro-Action 
spark plugs. 

Mallory Electric Corp., Detroit, Mich., through their 
brunches and authorized service stations, provide official repair 
parts service for ignition coils and distributors. 

Where To Obtain Automotive Electrical 
Service Station Equipment 

Electrical service station equipment, tools, elec¬ 
trical testing devices and stands, battery charging 
and testing equipment, engine tune-up equipment, 
and other types of testing devices may be obtained 
from authorized dealers of the various manufac¬ 
turers.^ The address of the nearest dealer may be ob¬ 
tained from the manufacturer or distributor^ souie of 
whom are listed below: 

Alien Electric and Equipment Co., Kalamazoo, Mich. 


Hobart Brothers, Troy, Ohio. 


The Electric Heat Control Co., Cleveland, Dhio. 

United Motors Service, Inc. (branches in 24 cities). 

.Iixseph Weidenhoff, Inc., Chicago, 111. 

Automotive Supply Jobbers also handle service-.stution 
equipment. 

Armature Ucpiaceiiienl.s 

When returning an armature to be replaced, alway.s remove 
hearings and races and .slate clearly the make and model of 
cur; also make and model and serial number of genera((jr or 
starting motor from which armature was removed. When re- 
turning old armature to secure exchange allowanoc, (•on.s\ilt 
your source of supply a.s to the proper routine to follow. 

Genuine original equipment armatures are sold on an ex¬ 
change basis at nominal prices and are available from the 
branches, authorized service stations, or dealers of I'nited 
Alotors Service; Auto-Lite distributors and authorized service 
stations; and other manufacturers’ distributors and stations, s 

A few suggestions for proper irisballation of armatures follow: 

1 . Be sure tliat bearings are fitted properly. 

2 . See that there are no loose connections in the generator or 
starting motor circuit. 

Be sure that brushes work freely iu holders. 

4 . Be sure that armature core docs not rub on pole pieces. 

5 . If armature rotates in reverse direction, bo sure that field 
' leads were not reversed. 

6 . Sand-in brushes so that they fit the circumference of the 
commutator. 

7 . Be sure to have enough spring tension so that brushes will 
be held to commutator face, otherwise there will be an arc 
which may burn up the armature. 

8 . Never turn down an armature core, as this will enlarge 
the air gap, and you will not get the proper amperage at low 
speeds. 

1 ). Where there are plain bearings, be sure they are pinned 
so that they do not shift and allow winding to strike housing. 

10. Never install an armature in a unit where bearings show 
signs of wear. Install new bearings. 


The Electric Auto-Lite Co., Toledo, Ohio, through their *See also pp. 690691B, 693, 604, 556, 585, 560, 662 and 
branches and authorized service stations, provide official repair Addenda pp. 49-43, for engine testing devices,butt’y chargers,etc, 

*See ** Maintenance^^ p. 69L\. *Other firms who supply armatures, generators, field coils, brushes, etc. are: General Armature 
Corp., Look Haven, Pa. 
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DIFFERENT METHODS FOR TESTING THE ELECTRICAL PARTS OF 
A CAR: Lighting Tests; Armature Tests; Field Tests; Generator Tests; 
Starting Motor Tests; Cut-Out Tests 


This instruction will deal with the subject of vari¬ 
ous methods of making tests. For instance, grounds 
are usually tested with the test light, although a 
meter can be used, (See also pages 448, 463, and 
645-555.) 

Armature and field ground tests are also usually 
tested with a test light, but a meter can also be used. 

Armature tests for open circuits and short circuits 
are usually tested with a meter, using the millivolt 
drop test. 

An ammeter of a 30-range capacity can be used 
for testing generator armatures for short circuits and 


open circuits, as explained under the P. B. test- 
stand tests. 

The “growler” is best for testing motor armatures, 
owing to the very low resistance of the motor coils. 
Torque tests and free-running tests can also be 
made of the motor, but the object of a “free-running 
test” of a motor, or a “torque test,” is to find out u 
the trouble is in the field or in the armature. 

Likewise, the “motoring test of a generator” is 
for the purpose of localizing the trouble: to dis¬ 
cover whether it is in the armature or the fields, and 
whether it is an open circuit, a short circuit, or a 
ground. 


Li{p;hting troubles are attributed to one or more of 
the mUowmg causes: 

1. Poor connections. 

2. Open circuits or broken connections. 

3. Grounds. 

4. Short circuits. 

5. Weak battery. 

Poor connections and open circuits may exist at 
any point on the lighting circuit, from the battery 
to the lamp bulb. 

Grounds and short circuits may exist at any 
point on the lighting circuit. 

Lighting Trouble Indications 
If lamps do not light up: 

1. Examine the fuse block for blown fuses. If the 
fuse is blown, do not replace it immediately, but 
look over the wiring for an accidental ground or 
short circuit. If the fuse in the headlight circuit 
blows, turn off the headlight switch until the 
trouble is located and removed. In looking for 
grounds, any abrasion of the insulation on the 
wire, or a metallic contact between the wires or 
between the current-carrying part of the wiring 
devices and the metal of the car should be 
watched for. 

When the trouble has been located and cor¬ 
rected, then replace the blown fuse with another 
of the same capacity, making sure that it is of 
the proper size. 

2. If the fuse is not blown, look for bumed-out lamp 
bulbs, open circuits, loose contacts; or the light¬ 
ing wire to the battery may be loose, or discon¬ 
nected, or the battery may be run down, or dis¬ 
charged. 

3. In case the battei^ is discharged, recharge it 
immediately, and u possible, mve it a gassing 
charge. See Index^under “Hydrometer test.” 

If lamps in one circuit do not bum: 

1. The lamp may be burned out. Try another 
lamp in the same socket. 


If the fuse is thought to be blown, try the same 
fuse in another circuit. If the fuse is blown do 
not replace it immediately, but look over the 
wiring for a ground or short circuit. 

If the trouble cannot be located immediately, 
turn off the switt^h on the damaged circuit until 
the trouble has been located. 

If the trouble is in a particular lamp socket, 
disconnect the attachment plug from this socket 
until the trouble can be removed, and see that 
the removed attachment plug does not dangle in 
such a way as to make a short circuit on the 
metal of the car. 

3. There may be an open circuit or a broken connec¬ 
tion in the wiring. Examine the places where 
the connections are made on that particular cir¬ 
cuit. 

4. In case the trouble is due to a short circuit on 
some particluar lamp socket, disconnect the 
attachment plug leading to this socket until the 
difficulty can be remedied. 

If none of the lamps will bum—and no spark is 
obtained for ignition: 

1. Terminals of the battery may be disconnected or 
corroded, so tliat they do not make good contact. 

2. Ground wire, from the battery to frame of car, 
may be disconnected or broken. 

If the ignition is all right, the trouble may be 
due to; 

la. The lead wire from the switch to the lights may 
be disconnected or broken. 

lb. The lead from the generator terminal to the 
fuse box may be disconnected or broken, or the 
fuses blown, owing to a short circuit. 

l c. The lamps may be burned out. 

l d. The battery may be nm down. 

If there are no lights or dim lights, with the engine 
running: There is a group of troubles which can be 
classifi^ under the general head of open circuits. 
There are seven of these which are prominent? 

1. The generator terminal or brush connections 
may be loose, or may make poor contact. If, how« 


LIGHTING TROUBLES 
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ever, the generator is charging the battery—which 
is indicated by the ammeter showing “charge^'— 
then the trouble is not in the generator. 

2. The wire connections to the switch may be 
defective. 

3. The wire connections to the lamp connector 
terminals may be defective. 

4. Lamp-socket terminal may be loose. 

5. Bulbs may be burned out. 

6. Bulb bases may be out of contact with lamp 
sockets. 

7. There may be broken wires, especially where 
connections are made to the lamp sockets. 

If lamps go out for an instant only: When the 
lamps in one circuit act this way, there is probably 
a loose connection on the circuit so affected. It may 
be in any part of the system, and the first place to 
look is at the fuse connection. 

A slight short circuit which occurs at intermittent 
periods would also cause this trouble, but in this 
instance, a higher “discharge” rate will be shown on 
the “ammeter.” 

If lamps flicker: This trouble is attributable to 
loose connections, usually at the lamp socket or fuse. 

It can also be caused by bad contact or an inter¬ 
mittent ground. For instance, a contact might be 
just loose enough so that vibration would cause the 
circuit to be made and broken repeatedly. 

A grounded wire would cause this trouble by 
alternately making and breaking the ground connec¬ 
tion. Every time the ground is made, the light 
goes out because the current flows through the 
ground instead of through the lamp. 

Obviously the trouble may be roughly located 
by noting whether all the lamps flicker, or only one. 
If all do, then the test should start at the ammeter; 
then at the switch; then at the circuit. If only one 
light flickers, then the trouble is in this individual 
circuit. 

If lamps flicker and the ammeter is unsteady: 

This may be due to a loose connection in the light 
wires; a loose connection between battery and gen¬ 
erator; ,a loose contact at lamp bulb; or, finally, 
to an exposed wire touching the frame intermit¬ 
tently, causing a short circuit. 

If one lamp bums dim: Change the bulb; it may 
be old and blackened, or partially short-circuited in 
the filament. If the same lamp is still dim, test 
the wiring to the lamp. Examine the lamp socket. 
A great many of these troubles are found in poor 
connections in the lamp socket, or in a slight ground 
in this circuit. 

If all lights bum dim: The usual trouble in this 
case is loose or slightly grounded connections, or 
poor or corroded connection at the battery. More 
ukely the battery simply has not had sufficient 
charging. This can be determined by watching 
whether the lights brighten up when engine is 


speeded up, at which time generator is supplying 
current. 

If the wiring is all right, run as much as possible 
with lights off, so that the dynamo will charge the 
battery at a higher rate. Or it may be necessary to 
set the charging rate of the generator higher. 

If the batteiy continues to run down, examine 
the cut-out. If the cut-out is in good order, then 
test battery with switch off, for a “ground” or slight 
“short circuit” in the sockets, or switch. 

If there is no ground, then test the battery electro¬ 
lyte, and also each cell separately, as directed in the 
instructions given under “Storage Battery.” 

Lamps may also be old and blackened, in which 
case, try new bulbs. 

If the lamps are bright with the engine speeded 
up, and dim when the engine slows down or is idle: 

In this case the battery is discharged, because, 
when the engine is speeded up, the generator current 
is used, and if the lights brighten up, then it is 
clear that if the engine slows down and the battery 
supplies current and the lights are dim, the battery 
itself is weak. Loose or poor contact of the battery 
terminals might also cause this trouble, or probably 
the battery terminal is sulphated. 

If possible, have the battery charged at once from 
an outside source. If this cannot be done, endeavor 
to run with fewer lamps than normal turned on for 
a few days, or until the battery voltage picks up 
again. 

If the lights grow dim when the engine is speeded 
up, the wires are probably reversed at the generator. 

If lamps bum very dimly when the starting pedal 
is used: The battery is weak^ and probably almost 
discharged; or the battery is injured in one or more 
cells, probably due to lack of water; or battery 
terminals or ground wire is not tight. 

If lamps will not light, but the starter cranks the 
engine: Lamps are burned out, or the filament is 
broken; or the system is short^jircuited, or there is 
an open circuit at the fuse or the switch or the wiring. 

If lamps seem to bum brightly, but fail to illumi¬ 
nate the road sufficiently: Lamps are out of focus. 
The rays of light are directed too far upward. (See 
“Focusing of lamps and reflectors.”) 

If lamps are too bright: The regulation of the 
generator is evidently set for a higher voltage. Use 
lamps of higher voltage. 

If lamps bum out often: This may be due either 
to a poor grade of lamps, or to improper voltage of 
lamps; also to sulphated or corroded battery 
terminals, or to loose battery connections. If gen¬ 
erator should be generating a high amperage, and 
an open circuit should occur suddenly, this would 
cause a greatly increased voltage. For this reason 
fuses fi.re usually placed in the generator field 
circuit (see page 430). • 

If fuses blow repeatedly: Lamp sockets or wiring 
are defective—probably with short circuits. First 
try new bulbs. The fuse may not be of large enough 
capacity. 


TESTING THE LIGHTING CIRCUIT FOR OPEN CIRCUITS, GROUNDS, AND 
SHORT CIRCUITS WITH A TEST LIGHT 


In this example we shall use a test lamp and test 
points from a ifO-volt lighting circuit of either direct 
or alternating current. A vmtmeter could be used. 

A point to remember, when testing any circuit, is 
that a complete circuit is necessary in order to have 
the electric current do its work. 


When using t test light, it is advisable occasionally to bring 
both test points together or to touch one with the other, to 
make sure that the test light is still in working order, as very 
often the filament of a lamp breaks, owing to the rough nature 
of test work. When this happens, one is Ted to erroneous con¬ 
clusions. 

It is a good plan to inclose the test lamp in a wire cage to 
prevent excess vibration to the lamp bulb and also to avoid 
uijuiy to the small glass tip on the end of the lamp bulb. 
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Wiring-System Troubles 
Wiring troubles are: 

1. All lights out; none burn. 

2. Only one branch of lights burns. 

Cause of 1: Fuses blown; battery discharged or 
disconnected; poor connection at battery terminal 
or ground wire; open circuit; short circuit. Test 
the battery; examine connections. 

Causes of 2: Open circuit; short circuit or ground 
in this branch. Test as suggested below. May be 
due to bumed-out lamp bulbs or poor contact at 
lamp sockets. 

A single-unit Delco electric system, using a single¬ 
wire grounded return wiring circuit is shown in Fig. 
I as an example. The tests however will apply 
to many of the other systems. The idea here is to 
point out how to make the tests for the different 
external circuits. 


To Test for Grounds 

See test No. 4; place one of the test points (T) on 
the frame of the car and the other test point (Tl) 
on the negative (—) terminal of the battery (A). 

If the test lamp lights, then a ground is indicated, 
and will likely be on the switch or in the motor wind¬ 
ings (if all the switch buttons are pushed in). 

Note. If the battery box becomes badly acid soaked. It may 
cause the lamp to light, owing to grounding through the box. 
Disconnect the (+) terminal of the battery from the wiring 
system, and test as before. If the lamp lights now, the battery 
box should be insulated from the frame of the oar with a piece 
of dry wood and the battery should bo cleaned and dried, and 
the battery box should be painted. See Index under “Battery 
box acid'Soaked.” 

4. Now with one of the points still grounded to 
the frame of the car, touch with tlie other point dif¬ 
ferent terminals of the combination switch. 

If the lamp lights, then a ground is indicated. It 
should bo found and'removed. 


COMBINATION SWITCH 



ONFRt^ME 

OFCAR 

Fig. 1. Diagram explaining how to use a test light for testing for open circuits, grounds, and short circuits in the lighting 
circuit of a car or wiring system. 


Most of the troubles in the wiring system are 
grounds, short circuits, and open circuits. 

It will be observed that certain portions of this 
circuit are intentionally |;rotmded to the frame of the 
car. The battery terminal, the lamp return wires, 
one motor and one generator brush, one of the timer 
contacts, one terminal of the horn push-button, and 
one terminal of the condenser in the coil are 
groimded. 

# 

When Testing for Grounds 

1. Remove these grounded connections bv dis¬ 
connecting the battery t(‘riainal (negative [—] in 
this instanco) from the batt r wMch is grounded 
to the frame of the car, and remove all lamp 
bulbs. 

2. Place a piece of cardboard between the commu¬ 
tator and the brushes of the motor and the generator 
(third brush also). See Fig. 1. 

3. Disconnect the lead wire from the horn button 
and distributor and raise the base of the ignition 
coil so that it is insulated from ]bhe top cover of the 
motor-generator. 


To Test for Short Circuits 

For testing for chort circuits between two wires 
which are supposed to bo insulated from each other 

—see test No. 5; place one test point (TP) on one 
wire and the other point on the other wire. 

If the lamp lights, a short circuit is indicated be¬ 
tween the two wires. 

If the lamp does not li^t, then this portion of the 
circuit is in proper condition. 

To Test for a Broken Wire 

To test for a broken wire—see test No. 6; place 
the test point at each end of the wire as shown. 

If the lamp Hglits, the circuit is complete. 

If the lamp does not light, then there is a break 
somewhere between the two points. By gradually 
moving the tost points toward one another, the 
break can be defimtely located. 

If Lights Burn Out Often 

This is likely due to using a lower-voltage lamp 
than is used on the ^nerator circuit. Test the volt¬ 
age at the lamp socket with the voltmeter when the 
^nerator is running at normal speed, and use lamp 
bulbs accordingly. '' 
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TESTING THE LIGHTING, HORN, AND 
Lights 

Causes: If all the lights do not operate, the 
trouble may be due to the lighting system oeing 
short-circuited, open-circuited, or grounded. 

If individual lights do not operate, the branch 
systems may have any of the defects mentioned, 
and, in addition, that of burned-out lights. 

Testing Lighting System^ 

Short circuit: To test for a short circuit in the 
general lighting system, insert the SOO-ampere range 
shunt in the circuit. Connect the instrument to 
the shunt. An indication will be obtained if a 
short circuit exists. (An indication may also show 
a ground.) 

If some of the lights only do not operate, connect 
the instrument as just described and close the 
switch for the branch containing those lights, for 
instance, between switch 7, Fig 1, and the light 
circuit. An indication will be obtained if the branch 
contains a short circuit or ground. If a short cir¬ 
cuit is indicated, the wiring and light sockets should 
be carefully examined. 

Note. If the indication obtained is leas than 30 amperes, 
the 30-anipere range shunt may replace the 300-ampere range 
shunt. 

If any lights are burned out, measure the voltage 
at the socket, using the 30-volt range. This should 
be done for various engine speeds. 

If a voltage is indicated which is higher than is 
proper for the particular system being considered, 
examine the generator regulator system to locate 
the trouble. 

Open circuit: If all lights do not operate, and the 
instrument does not show a short circuit or ground, 
the general lighting system is open-circuited. This 
is probably due to a dis(',ounce ted wire. 

If some lights only do not operate and no short 
circuits or grounds arc indicated, the branch systems 
which contain these lights arc open-circuited. This 
may bo in the wiring, or because the lights are 
burned out. 

Grounds: Disconnect all wires from the battery 
and all intentional ground connections. Then pro¬ 
ceed as described under “Short Circuits.” 

Testing the Electric Horn* 

The causes for the horn failing to operate may be 
similar to those affecting the operation of the lights. 

Open circuit: Connect the 30-ampcre range shunt 
and instrument in the horn circuit, between the 
switch terminal 3 (Fig. 1) and the horn circuit. 
Close the hom switch. If no indication is obtained, 
the horn circuit is opcn-circuited. By inspection, 
the place at which trouble exists can readily be 
found. 

Short circuit: If a test for an open circuit does 
give an indication, the horn circuit is short-circuited 
or grounded. 

Note. If the indication is less than 3 amperes, the 3-ampere 
shunt may replace the 30-ampere shunt on the ammeter. 

> The Weston “model 280“ instrument is used as an example 
in these tests. See page 464. 

>See also pages 445, 451, 453. 


IGNITION CIRCUITS WITH A METER 
Ignition Troubles 

Causes of trouble: Ignition troubles may be 
caused by loose connections, open circuits, grounded 
wires or spark plugs, short-circuited wires or spark 
plugs, improper adjustment of spark gap of plugs, 
incorrect order of oylinder firing, broken-down or 
short-circuited spark coil, and broken-down or 
grounded condenser. 

If a magneto is supplied, trouble may be in the 
magneto. , 

Ignition troubles and tests are treated under the 
ignition instructions. See Index. 

A visual inspection and the application of tests 
already described will undoubtedly enable one i\. 
locate the fault. 



Fi« 2 Fig. 3 


Condenser broken down: Connect the negative 
(—) binding post of the battery to one terminal of 
the condenser (Fig. 2). Connect the positive (+) 
terminal of a battery to the (-h) binding post of the 
instrument. Then, finally, complete the circuit 
from the 30-volt binding post to the other con¬ 
denser terminal. 

If the condenser is good, no indication will be 
obtained. If it is broken down, an indication will 
be obtained. 

Condenser grounded: Remove one connection 
from a condenser terminal and touch it to the con¬ 
denser case (Fig. 3). If an indication is obtained, 
that section of the condenser is grounded. Replace 
the connection to the condenser terminal and repeat, 
removing the connection from the other terminal 
and touching it to the case. See also Index, under 
“Condenser tests.” 

General Wiring Troubles 

Causes of trouble: Troubles in the general wiring 
of an automobile may be due to short circuits, 
grounds, open circuits, and poor connections. 
These faults can result from oil and water-soaked 
insulation, from damaged insulation caused by rub¬ 
bing of the wires against the metallic parts of the 
automobile, and from vibration of the automobile 
when in service. 

These faults can be located by visual inspection 
and by the application of the various tests already 
described. 

It is well to consult the manufacturer’s wiring 
diagrams before attempting to make any changes 
in the wiring. 
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TESTS OF A STARTING MOTOR WITH A METER (ALSO APPLICABLE TO THE GENERATOR 
EXCEPT THE OPEN-CIRCUIT FIELD TEST)i 


The subject of starting-motor troubles is also 
treated on pages 455, 617, 518. The purpose here is 
to explain first the common troubles of a starting 
motor and then how io make the tests. 

Starting-Motor Troubles 

Starting-motor troubles can be divided under two 
headings: 

1. Failure to operate. 

2. Operates slowly and without sufficient power to 

crank the engine. 

Causes of 1: Battery weak; open or short cir¬ 
cuits, or grounds may exist in wiring from battery 
to starter switch; sticking of starting switch (com¬ 
mon); mechanical troubles, such as a stuck Bendix 
drive gear, worn bearings, waste or foreign substance 
between armature and pole pieces; trouble with 
starter mechanism. 

Test by examining each carefully. If none of 
these causes exist, then the trouble is an internal 
one of the motor, and may be due to an open cir¬ 
cuit in the motor armature or field. Tests are 
shown elsewhere. 

The trouble may also be due to a dirty commuta¬ 
tor, to grounded brushes, or to the fact that the 
brushes are not making good contact. Tests arc 
showTi elsewhere. 

Causes of 2: Battery discharged—test battery; 
poor contact at battery terminal or ground wire from 
battery to frame; poor bnish contact; dirty com¬ 
mutator. Test. See also “Digest of Troubles.'' 

The first test, however, which should be made, 
before making other tests, is to test the engine, to 
see if it cranks easily when cranked by hand. If 
the enrine is stiff, it is probably using more than t he 
normal amount of current, thus rapidly discharging 
the battery; or the engine may not start easily owing 
to carburetion or ignition trouble. 

The second test should be that of the battery 
(see Index under “Testing the storage battery"). 

Failure of the engine to start when the starting 
motor is working satisfactorily: This may be due 
to failure of gasoline or spark. Test out as follows; 

(1) Ignition switch: Examine to see if “on." 

(2) See that there is gasoline in the carburetor, 
and that it reaches the engine, by priming. If there 
is no gasoline in the carburetor, which can be deter¬ 
mined by depressing or raising the float to see if 
gasoline drips, then it is useless to waste current try- 
mg to start the engine with the starting motor. The 
gasoline may be used up, it may not be turned on, 
or the gasohne feed pipe or valve may be stopped up. 
If the system involves gravity feed, the gasoline may 
not flow into the carburetor on steep hills. 

(3) If there is gasoline in the carburetor, take 
out one of the spark plugs and lay it on the engine 
with the sparking point in the air while the engine is 
turned over by hand or by the starting motor. Also 
examine the spark plug points—they may be too far 
apart. to apart is about right. If a spark 
passes, the trouble is not in the electric system, but 
IS probably caused by cold gasoline or the need of 
pruning. 

(4) If there is no spark, then see “Digest of 
Troubles" and Index, and follow the diagnosis. 


Taken by permiasion from the Weston Instruction Book. 
Copyrichted, 1920. 


Before an engine will start, there must be gasoline 
and a spark. 

If sometimes the gears mesh and the motor runs 
satisfactorily, and at other times it is impossible to 
mesh the gears, the motor refusing to tura when the 
contacts are closed, it indicates the possibility of an 
open circuit in the switch or starting motor. 

If the engine does not pick up immediately after 
two or three trials, even though the motor turns the 
engine over, the trouble is in either the gasoline sup¬ 
ply; the spark plugs; the carburetor; or the igni¬ 
tion system. 

If the starting motor continues to run after the 
switch lever is released, see that the return spring 
on the switch, or switch lever, is strong enough to 
rotiirn the parts positively and fully to the ‘‘off" 
position. 

If the starting motor cranks the engine very 
slowly: Battery is almost discharged; battery may 
be sulpha ted; engine may be stiff; brushes may be 
loose or may make poor contact. 

If the starting motor does not rotate at all: Bat¬ 
tery may be discharged; starting switch may not be 
making good contact; the motor brush may not 
make contact with the commutator; the battery 
terminals may not make good contact; switch con¬ 
tact may be poor. 

Owing to the high volume of current carried through starting 
motor brushes, if they ure worn or not properly adjusted, the 
commutator may become pitted and cause excessive wear— 
result: failure of starting motor to operate properly or excessive 
sparicing and v.'cak iii'')tf>r. Remedy: Take the armature out 
and true up the commutator on a lathe. 

If the starting motor rotates but does not crank 
the engine: Holler clutch does not work properly 
(Dclco system), or the Bendix drive is out of order; 
gears may be improperly meshed; if a Bendix auto¬ 
matic, spring may be broken. See pages 320, 456. 

If the starting motor cranks the engine a few 
revolutions and then stops: Battery may be weak— 
almost discharged; a loose switch contact may 
exist. 

If the starting motor cranks the engine and the 
engine does not start: These symptoms indicate 
that trouble is not in the starting system. 

If the battery is all right proceed to examine the 
connections, beginning with the battery. The cur¬ 
rent may be shorted, because of electrolyte spilled 
over the top of it; or the terminals may be sul- 
phated, in which case enough resistance will be 
offered to the current to prevent proper operation. 

Scrape off the sulphate, wash surrounding metal 
parts in carbonate of soda or some other alkSi. 

Cleafi the battery terminals inside with a round 
file; cleatithewire terminal with a flat file; replace 
the wire, and draw connections tight. 

Next examine the ground connection of the bat¬ 
tery to tho equine. This should be cleaned and 
tightened, if not soldored. Looseness here is a 
frequent cauflO of oi^en circuit. Then examine the 
connectionc from. br.4itcry to starting motor switch: 
thence tho brushes to the commutator. Gooa 
battery and ground connections are very important. 

See “Digest of Troubles” for other starting-motor 
troubles, both “electrical" and “meahanical." 
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Starting-Motor Troubles in Relation to 
Testing with a Meter 

The following tests are made with a Weston 
''model 280^* instrument. 

Causes: If the starting motor does not operate, 
the fault may arise from several causes, acting 
separately or collectively. The more important 
causes are fully discussed in the following text: 

The battery: The battery is generally the most 
abused part of the starting and lighting system, and 
consequently may easily become discharged. In 
this condition it is not capable of supplying sufficient 
current to operate the starting motor. The hydrom¬ 
eter test should be applied, and if this condition 
exists, the battery should be investigated. See 
Index for “Storage battery tests.” 

Wiring and starting switch: Open circuits, short 
circuits, or grounds may exist in the wiring from the 
battery to the motor, including the starting switch. 
A common cause is sticking of the starting switch. 

Defective motor: The motor may not operate 
because of internal troubles. Tliese may be an 
open-circuited or short-circuited armature or field, 
dirty comnautator, brushes not bearing on the com¬ 
mutator, or grounded brush holders, armature, and 
field. 

Mechanical troubles are not included in these 
tests. Sec “Digest of Troubles.” 

Testing for Trouble: Motor Will not Operate 

To locate trouble: If the battery is in good con¬ 
dition and the starting motor does not o])erate, 
connect the 30-volt range of the instrument to the 
terminals of the motor as directed in test V3, page 
470. Press down the starting switch. Quickly 
observe the indication of the instrument. 

Caution: Do not hold tho starting switch down any longer 
than absolutely necessary to obtain a reading, as the battery is 
under a heavy strain which may damage it. 

Open circuit in wiring or starting switch: If no 

indication is obtained, an open circuit exists cither 
in the wiring from the battery to the motor or in the 
starting switch. A visual inspection will locate the 
cause. 

Short circuits and grounds in wiring or starting 
switch: If an indication is obtained when the volt¬ 
meter is connected to the motor terminals, but the 
indication is much less than the nonnal voltage of 
the battery (test battery as directed in test V2, page 
470). the trouble may be due to loose connections 
at tne battery, starting switch, or motor; or to 
grounded or partially short-circuited wiring. A 
visual inspection will locate these causes. 

Short circuits and grounds in motor: If no 
troubles are found to exist in the wiring, the cause 
must be in the motor. The faults as indicated by 
the instrument would be short-circuited or grounded 
armature and field, or grounded brush-holders. See 
under “Short Circuits” and “Grounds” for details 
of tests. 

Open circuits in motor: If an indication approxi- 
matdy equal to the battery voltage is obtained with 
the voltmeter connected to the motor terminals, the 
motor is open-circuited. An open circuit may exist 
in the armature or field, or it may be due to the com¬ 
mutator being dirty or the brushes not bearing on 
the commutator. A visual inspection will elimi¬ 
nate the last two faults. See under' ‘Open Circuits'' 
for details of tests on other faults.. 



would cauho the motor not to operate. Use 30-volt terminal 
and scale. 

To test for an open circuit in the motor field: See 

Fig. 4. Connect meter with the 30-volt terminal. 
Place voltmeter connections on one end of the field 
at (A) and the other at brush (B). Press starting 
switch (S). 

If an indication shows on the meter that is ap- 
proximal ely equal to the battery voltage, then there 
IS probably an open circuit in the field, because the 
circuit would then be from (A), through the meter 
to (B), through tho armature, to (Bl), through the 
other field, to ground (G), to (—) of the battery. 

If no indication is obtained, then the field is good 
and the motor should operate if the battery is 
strong. If it does not operate, then the armature 
may be open, and this is discovered by another test. 
If the field is good, there would be (approximately) 
no reading, because the meter would be connected 
on one side of the line. Therefore this test would 
not tell definitely if the armature is open, but it 
would be sufficient reason to test for an oj^en arma¬ 
ture. 

This motor-field test is not applicable to the 
generator-field test. 

Testing for Trouble; Motor Operates, but 
Slowly 

If the motor will turn over, but too slowly to start 
the engine, any one or more of the troubles already 
mentioned may exist, except the open circuit in 
fields. In other words, an open circuit could be in 
one or two armature coils, or a short in one or two 
armature coils, and the motor would operate to a 
certain extent. Therefore tests of armature and 
field troubles will be given, which are also applicable 
to the generator, except the meter test of the open- 
circuit field of a generator, which is given on page 
502. 

Testing for open circuits in the armature: Con¬ 
nect the 30-volt range of the meter to the brushes, 
as shown in Fig. 5. Be sure that the brushes are 
l>€aring on the commutator. Press the starting 
switch. 

If an indication shows on the meter and it is 
(approximately) equal to the battery voltage, then 
the armature is probably open. The current would 
then flow through the meter from the battery around 
the armature. All of the armature coils may not be 
open; turn the armature slowly and observe. 
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To test each individtial armature coil to localize or 
find the open-circuited coil, is then the next pro¬ 
cedure, if the armature is suspected of being open. 



Proceed as follows: Disconnect the fields from 
the armature, as in Fig. 6. Connect the brushes to 
a source of current, such as a single cell, and have 
a controlling resistor^ in series to increase or decrease 
the current flow (see R, Fig. 6). Using the 3-volt 
range of voltmeter, measure between adjacent seg¬ 
ments of the commutator. 



Fig. 6. * Testing for opcn-circuited armature coils. IJse the 
8-voIt terminal and scale. When testing for short circuits in 
armature coils, use the .1-volt terminals and scale. This test is 
what is termed a ^^comparative test,” that is, the test points of 
the meter are placed on two adjacent bars all the way around 
the commutator, and the readings on each pair should be the 
sanie. Note resistor. 


If an open-circuited coil is across the ends of thp 
meter test-points, then an indication will be ob¬ 
tained which is relatively large as compared to that 
obtained from a good coil (see page 498 for the rea¬ 
son of this). 

It is absolutely necessary that good contact should 
be had at the commutator segments in order to 
obtain reliable results. 

Not«. This method can also be used when teefing the gener- 
»tor armature for open oirouita. 


Testing the armature for short circuits: Discon¬ 
nect the field from the armature. Connect for test 
to determine open circuits in the annature (Fig. 6), 
and try the armature for open circuits as already 
described. Now change the connection from the 
3-volt range to the .1-volt range and measure be¬ 
tween commutator segments. 

If a short circuit exists in any of the armature 
coils, the indication obtained, when the voltmeter 
test-points are connected to the ends of that coil, 
will be very much less than the indication obtained 
from a good coil (see page 498 for the reason). 

Note. Tliia is one of the special cases when the .1-volt range 
should be used. 

If the indication is too large, decrease the current supplied 
through the brushes by increasing the controlling resistance.» 

This method is applicable to the generator. 

Caution: Good contact must be had at the commutator seg¬ 
ments in order to get reliable results. 

Testing fields for short circuits: Connect one 
cell with a regulating resistor (R) in series to the 
ends of the entire field, as in Fig. 7. (The field is 
usually made in two or more sections.) 



Fig. 7. Testing the fields for short-circuits. Use the 3-voU 
range to start with. 


Using the 3-volt range, measure the voltage 
across one field section. Transfer the voltmeter 
leads to the other section in turn. 

If on one of the sections no indication is obtained, 
that section is short-circuited, because there is no 
resistance offered by the field which is short-cir¬ 
cuited. If it were not short-circuited, then the 
reading would be that of the voltage drop, due to 
the resistance offered to the flow of current passing 
through the coil winding. The greater the number 
of turns and the smaller the size of wire, the greater 
is the resistance. Therefore if a short circuit exists, 
there would be less resistance, depending upon the 
number of turns short-circuited. 


1 The purpose of the resistor is to furnish enough resistance 
in the circuit to cause sufficient voltage drop to obtain a sati»* 
factory reading;. The amount of resistance cut into the circuit 
can be varied with the resistor shown in Fig. 6; for instance, (R) 
is the resistance. By moving (A) down, more resistance is out into 
the circuit; by moving (A) up, resistance (R) is out out of the 
circuit. See page 467 for explanation, and lor information as 
to where resistor can be obtained. 
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If on one section the indication is very much less 
than on the other section, a short circuit very likely 
exists in that section, because these tests are in¬ 
tended to compare one coil with another, and, if 
good, they should have approximately the same 
readings. 

Note. If the indications obtained are less than .1 volt, the 
connection may be changed from the 3-volt range to the .1-volt 
range. This is the second special case where the .1-volt range 
can be used. 

This method is applicable to the generator. 

Testing the armature for grounds: Disconnect 
all intentional ground connections to the motor. 
Also disconnect the field from the armature. Lift 
the brushes off the commutator. 



Fig. 8. Connection.s for testing for a ground in an armature. 
Use the 3-volt terminals and scale. 


Connect the negative (—) terminal of a cell (Fig. 
8) to a commutator segment, and the positive (-f) 
terminal to the (-f) binding post of the instrument. 
Complete tlie circuit from the 3-volt binding post 
to the armature shaft or motor frame. 

If an indication is obtained, the armature is 
grounded. The cause of the ground is very likely 
due to damaged insulation on the armature con¬ 
ductors. The armature should be carefully ex¬ 
amined for this.. 

On one-wire svstems of the two-unit type, a 
grounded coil will result in slow cranking and a 
materially reduced charging rate. 

In some .starting and lighting outfits using motor- 
generators, two windings are placed on a single 
armature, each being brought out to a separate 


commutator. One winding is for the motor and 
the othet for the generator. A ground may develop 
between these windings. 

To test for such a ground the terminal of the 
instrument which was attached to the shaft or 
frame of the car should be transferred to the second 
commutator and the general directions followed. 
See also test-light test, page 497, Fig. 28. 

Testing the fields for grounds: Transfer the con¬ 
nection from the commutator segment to one end 
of the field. If an indication is obtained, the field 
is grounded. 

When the system is of the single-unit type, such 
as a motor-generator, both motor and generator 
fields are wound on the same field frame. It is pos¬ 
sible for these windings to develop a ground to one 
another. 

The method of testing for such a ground is to 
interpose the instrument and a cell between one end 
of each winding. If a ground exists an indication 
will be obtained. 

Caution: Bo certain that the ends of the field coil are not 
touching the motor frame. 



When testing the field for a ground, be sure both 
field coil ends (E) and (EE) are disconnected from 
all terminals. Use the 3()-volt connection as shown 
in Fig. 9. Place one test-point on (EE) and the 
other on the frame at (G). If deflection is shown, 
the coil is grounded and a new one must be supplied. 

Testing groimded brush-holders: This test is 
made in the same manner as the test for a founded 
armature, except that the connections should be 
made between the shaft of the armature or frame of 
the car and each brush-holder. Insert a piece of 
cardboard between the brushes and the commutator 
before making this test. If an indication is ob¬ 
tained, the brush-holder is grounded. 

These tests arc applicable to the generator. 


EXAMPLE OF HOW A STARTING MOTOR IS TESTED ACCORDING TO DATA GIVEN IN 

THE SERVICE MANUALS! 


In order to make certain facts clear to the reader, 
which are usually found in Service Manuals, we 
shall use some data 

on the test of a starting motor, model 118-A: 


Speed, Torque, Current Data Table 
Starting Motor. Model 118-A, with Bendix drive. 
Torque 

(Pull with 6" Pulley) R.P.M. Amperes Volts 

0 lbs.3760-4250 32-40 6.0 

6 lbs.1500-1540 88-98 6.7-5.8 

91be.1200-1400 110-120 * 6.5-5.7 

12 lbs.1020-1150 130-145 5.4-5.5 

16 lbs. 800-1000 158-176 6.3-5.4 


Torque of an armature is the naomentum tending 
to turn it. In a generator, it is the momentum 


^ See advertisement on wiring manual in the back of this book, 
and notice a sam^e pag^e of data (reduced siee). This will 
g;ive an idea as to tne testinfc data given for generators, starting 
motors, battery, out-out, ^nition, lighting, ignition timing, 
firing orders, generator charging ratea, etc. 


which must be applied to the armature to turn it in 
order to produce current. In a motor it is the 
turning momentum which the armature gives to the 
pulley or gear. The torque is greatest when start¬ 
ing, and is in proportion to the load. 

Observe that the data given above are for a torque 
test of a starting motor. Therefore we shall use a 
simplified torque test apparatus, consisting of parts 
shown in Fig. 10. 



Fig. 10. Simplified illustration showing how a torque test 
of a starting motor is made. 
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The starting motor is placed in the stand (Fig 10) 
with a 6" pulley on it, and is first given a *‘free 
running test’' and then connected with an adjust¬ 
able belt and two spring scales for making the 
“torque test." 

The starting motor is then connected with a fully 
charged battery known to be in good condition (a 
6-volt battery in this instance), and an ampere¬ 
meter with a 300-ampere shunt is connected in the 
circuit as shown. A voltmeter is placed across line. 

19A. Speed Indicator. 

A speed indicator is used to indicate the speed. 
On modem test stands, as shown on page 507, a 
tachometer indicates the speed, but in tnis instance 
a hand-type speed indicator (Fig. lOA) is used. The 
point of the speed indicator is placed in the end of 
the motor armature shaft, and the number of revo¬ 
lutions per minute is counted. 

Motor Free Running Test 

Note on the &st line of the table, on page 489, 
that the torque is given as 0 lbs. at 3,750 to 4,250 
r.pjn., and 32 to 40 amperes at 6 volts. 

Procedure of test: The motor is placed on the 
stand with belt detached, that is, the motor is per¬ 
mitted to run “free." According to the second 
column of the table, the motor should develop 3,750 
to 4,250 r.p.m.; according to the third column of 
the table, the ammeter should indicate 32 to 40 
amperes under these conditions; according to the 
fourth column of the table, the voltmeter should 
indicate 6 volts. 

Motor Torque Test 

Note on the second line of the table (page 489), 
that the torque is given as 6 lbs. at 1,5()0 to 1,540 
r.p.m., and at ,88 to 98 amperes at 5.7 to 5.8 volts. 


Procedure of test: The belt is now attached, the 
motor started, and the wing nut tightened until 
the difference between the readings of the two 
scales is 6 lbs. (that is, a pull of 6 lbs. is exerted by 
the motor). The speed should then be 1,500 to 
1,540 r.p.m.; the ammeter should indicate 88 to 98 
amperes, and the voltmeter should indicate 5.7 to 
5.8 volts. The test should be continued, using the 
various values of torque as given in the table. Note 
that the “value of the torque" refers to the difference 
between the readings of the two scales. 

An Elxplanation of Difference in Scale 
Readings 

Suppose that the upper scale in Fig. 10 reads 26 
lbs., and that the lower one reads 20 lbs. It seems 
at first that the motor is exerting a pull of 26 lbs. on 
the top scale; note, however, that the bottom scale 
is helping the motor by pulling with a force of 20 
lbs., and that therefore ihe motor itself is only pull¬ 
ing 6 lbs., or the difference between 26 lbs. and 20 lbs. 

Stalling or Locked Torque Test 

Procedure of test: Tighten the wing nut until 
the naotor comes to a dead stop: this is teimed 
“stalling" or “locked." The difference in scale 
readings at this time gives the pull exerted by the 
motor. This pull should be very high, as it is the 
force which, when the motor first starts a cold 
engine, breaks the oil film. The amperage will also 
be very high. 

Therefore, note that with a series-wound motor, 
the greater the load, the greater the amperage 
consumption and the less the speed. Also note 
that the greater the load, the greater the voltage 
drop. 

Such data as these are given in the Service Man¬ 
uals referred to in the advertisement in the back of 
this book. 


EXAMPLE OF HOW A GENERATOR IS TESTED ACCORDING TO DATA GIVEN IN THE 

SERVICE MANUALS 


The Remy generator (relay regulated type) 
model “16-A" is used as an example. 

Speed, Current Data Table 

Generator without ignition. Model 16-A, using relay regu¬ 
lator regulation. 

Amperes R.P.M. Volt 

0. 370 6.0 

7. 490 6.6 

14.2 2200 6.9 

On ‘‘battery test,** field draws 3 to 3.6 amperes at 6.9 volts. 

“Generator motoring,** draws 4 to 4.6 amperes, 6.8 volts and 
runs at 430 R.P.M. 

Note that in the table there are given three 
methods of testing: 

1. By driving the generator on the test stand and 
connecting it to the battery through the cut-out, 
as if on the car (Fig. 11). 

2. By making a “battery test" of the amotmt of cur¬ 
rent drawn by the shunt-field windings, by con¬ 
necting a battery across the shunt-neld circuit 
with armature disconnected (Fig. 12). 

). By “motoring the generator," that is. by running 
the generator by the battery free, without a load, 
i.e., with no tight bearings or binding at any 
point (Fig. 13). 


Cutout 



Fig. 11. Testing a generator by driving the generator. 


Method 1: By driving the generator at a speed 
of 370 r.p.m., “0," or zero amperage, would be indi¬ 
cated (see table); but 6 volts is tne voltage that 
should be indicated. The cut-out points (P) (Fig. 
11) would be open, as the speed is not great enou^ 
to produce pressure sufficient to close contact-points 
(P). At 490 r.p.m., 7 amperes and 6.5 (6}^) volts 
should be indicated. The cut-out points (P) should 
close, and the generator would charge the battery. 
At 2,200 r.p.m., 14.2 amperes (maximum) and 6.9 
volts would be indicated. The ampere-meter is 
placed in series with the oircuit indicated above, 
as in Fig. 11. A voltmeter is placed across &e dr* 
cuitf to mdioate the voltage * 
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Fig. 12. Testing a generator by observing the amount of 
turrent taken by the shunt-field winding. 

Method 2: By connecting a battery to the shunt- 
field winding terminals (Fig. 12) with an ammeter in 
series with the circuit, the ammeter should show 3 
to 3.5 amperes. With a voltmeter across the cir¬ 
cuit, as shown in Fig. 12, it should indicate 5.9 volts. 



Pig. 13. Testing a generator by “motoring” it. 


Method 3: By connecting this shimt-wound 
generator to a fully charged battery (Fig. 13) with 
the armature and all brush connections complete, 
and with an ammeter in series with the circuit and 
a voltmeter across the circuit, the generator running 
as a motor (termed ^‘motoring-generator’’) should 
draw 4.0 to 4.5 amperes, and the voltmeter should 
indicate 6.8 volts; the generator operating as a 
motor should run at a speed of 430 r.p.m. 


Generator Trouble Indications when **IVfotor« 
ing’* a Generator on the Test Stand 

The following tests and determinations may be 
made with an ammeter in the circuit and a generator 
connected with the 6-volt battery, fteferably 
one which has been in use is used, and the connec¬ 
tions are made as shown in Fig. 14. 



Fig. 14. Connections for motoring generator. 

1. The correct reading is from 2 to 4 amperes, the 
generator running at a slow, steady speed, witn no 
arcing at the brushes (see also page 610). 

2. A heavy discharge, with the hands going 
beyond the limit of the instrument, indicates trouble 
in the head, such as the third brush not seated, fields 
open probably at the third brush or CTound connec¬ 
tion, the third or positive brush-holder or pigtail 
shorted. To prove an open field, raise the third 
brush and connect (A) to it. If open, no reading 
will be shown on the ammeter. 

3. No reading on the ammeter indicates a dirty 
commutator or the brushes not seated upon it, 
because of the brushes sticking in the holders, or being 
worn too short to make proper contact, or sprung 
out of shape so one or both press against holder. 

4. The ammeter fluctuating between 18 and 20 
amperes, indicates short circuits in the armature. 

5. The ammeter reading 6, with a higher r.p.m., 
indicates a shorted field. 

6. If the ammeter is normal, but there is a decided 
flash at one point on the commutator, an open arma¬ 
ture is indicated. Turn the armature over by hand, 
one segment at a time; if there is a point where the 
armature will not start to rotate, that coil is open. 


COMMUTATOR TROUBLES AND TESTS 


Commutator troubles can be classed tmder three 
headings: (1) those due to defective manufacture; 

(2) those due to surface wear or deterioration in 
service; (3) those due to a dirty or burned commu¬ 
tator. 

Defective commutators may be grounded, may 
have a short circuit between the segments, or may 
have loose segments or high mica, or loose brush- 
holder springs. 

Sparking at the brushes will be caused by any of ^ 
the causes mentioned above, or by loose pi^ails, or 
by loose connections of wires to the brushes, by 
•ticking brushes, by overloading of the ^nerator, 
ind by short circuits in the armature windings. . 

If the commutator is dirty, and if grease and car- 
ion dust have accumulated between the commutator 
segments, to such an extent that the bars are 
shorted, excessive sparking will be the result, and 
no current, or very weak current, will be allowed to 
peuss. 

Es^amine the Commutator 

FuniL examine the commutator to see if it is dirty, 
and U It oonsequently prevents proper contact be¬ 


tween the brushes and the commutator bars. If it 
is all blackened and covered with grease, no cur¬ 
rent. or a very small current only,will be allowed 
to pass. Or if copper dust has coated the insulation 
between bars, this will short circuit the com¬ 
mutator (see also pages 600, 608). This can be 
removed usually by cleaning or scraping. See also 
pages 515, 519, for testing commutator for grounds. 

Cleaning Commutator 

If the trouble is due to grease and dirt only, it 
can e^ily be cleaned. Start the generator, and 
while it is running, hold a piece of cloth dampened 
with gasoline against the commutator bars to 
remove the grease. 

Next, use a finely pointed tool and clean out any 
dirt or grease that may have accumulated between 
the commutator bars. 

Sanding the Commutator 

If the commutator is dirty, caused by excessive 
sparku^, it will be necessary to sand it by the use of 
a very fine piece of sandpaper, not coarser than No. 
00, held against the commutator (rough side down) 
while the generator is running. Never use emery 
cloth* 
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Fig. 15. Right and wrong way to sand a commutator. 


The strips of sandpaper should bo a little wider 
than the brush (Fig. 15) and wrapped around the 
commutator so as to make contact with at least 
half of its circumference. Fig. 15 shows the correct 
method on the left and the incorrect on the right. 


Worn Commutator Bars 
The next source of trouble may be a very badly 
worn commutator, which would allow the mica 
between the bars to become flush with the surface 
of the bars. The mica should be kept slightly below 
the surface of the bar (which is done by undercutting 
the mica as explained farther on). 


Mica Protruding 

If the mica insulation between the commutator 
bars becomes flush with the bars, the brushes can¬ 
not make good contact, and this causes arcing or 
sparking, which burns away the bars until they are 
below the level of the mica which then protrudes. 
This not only prevents the brushes from making good 
contact, but the bars are pitted and become very 
rough. Fig. 16A shows the appearance of a commu¬ 
tator with protruding mica. 



Fig 16 Fig. 16A 

Fig. 16. Mica correctly undercut. 
Fig. 16A, High mica before cutting. 


This trouble is more common on generators. On 
starting motors, where brushes do not make cmi- 
tact, the commutator becomes rough and causes 
arcing. The mica is not undercut on a motor 
commutator, but if rough, it is put in the lathe and 
turned down with a very sharp lathe tool to take a 
very fine cut off the surface of the commutator. 


Dressing Commutator Down and Undercutting 
the Mica 

To remedy protruding mica: Remove the arma¬ 
ture and veiy carefully true or dress it Ujo on a lathe,^ 
as in Fig. 1/. Then cut out the mica oetween the 
bars with a hack-saw blade, the sides of its teeth 
having been ground off so that it will cut a groove 
slightly wider than the mica insulation, as in Figs. 
18A and 19. This will leave a rectangular groove 
free from mica; the depth should be about 1/32". 
It is important that these spaces be free and clear of 
all foreign matter. 

The edges of the slots should then be slightly 
beveled, using a three-cornered file (Fig. 18) in order 
to prevent any burrs remaining, which would cause 
excessive brush wear. 

When properly finished, the commutator will 
liave the appearance shown in Figs. 16 and 19. 

Note. The mica can also be cut by placing a special tool in 
the lathe and moving it laterally as a planer (Fig. 17). 


^ Small lathes and mica undercutters and other electrical 
eervice-etatiou equipment supplied 1^ Allen Electric Mfg. Co., 
Detroit, Mich.; Jos. Weidenno£f, Qiicago. Ill.; The Electric 
Machine Corpn., Indianapolis, Ind. Free qescriptive ciroulara 
en request. 



Fig. 17. Dressing down a commutator on a lathe when it is 
very rough or pitted, or when mica protrudes above the com¬ 
mutator bars. Use a sharp tool and fine feed and take light 
cuts. Remove all copper or solder which may bridge seg¬ 
ments and polish with sandpaper (not emery cloth). Holes 
in commutator segments can be filled with a paste made of 
glycerin and litharge, which will harden in a few hours. 


SEGMENTS 



STARTING GROOVE IN 

MICA WITH a- CLEAN BET- 

CORNERED FILE. ^EEN SEGMENTS 


Fig. 18 Fig. 19 



SLOTTING MICA WITH A^ICA MUST NOT BE 
PIECE OF HACKSAW i-^^T WITH A THIN 

GLADE, EDGE NEXT TO 

SEGMENTS 
Fig. 18A Fig. 19A 

The blackened and burned appearance of the 
commutator is not always caused by Wgh mica. 

The same effect may be caused by having brushes of 
improper size or material, by an insufficient spring 
tension on the brushes, by an overload on generator, 
and by an open or short circuit in generator wind¬ 
ings; or, where there are two windings on one 
armature with two commutators, by a short circuit 
between motor and generator windings. 

Commutator and Other Noises 
Protruding mica and improperly seated brushes 
produce a noise which can easily be detected. 

Noises are sometimes due to bent armature shafts, 
broken balls, or worn bearings. If an improperly 
seated brush causes the noise, it can sometimes be 
eliminated by setting the brush to one side with a 
small stick. Do not use a screwdriver. 

Do Not Use Grease on the Commutator 
It is unnecessary to lubricate either a ^nerator or 
a motor commutator, as the grease or oil mixes with 
the carbon dust from the brushes. This will soon 
soak into the mica insulation and form a path be-* 
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tween the commutator bars or segments, thus short- 
circuiting the commutator bars, and, consequently, 
the armature coils connected with them. This will 
likely result in the generator charging rate being 
reduced, and the ammeter will be tmsteady. Clean 
between the segments with a fine tool, and examine 
brush-spring tension and sand commutator. This is 
common on old generators where the bearings wear 
and permit oil to pass into and on the commutator. 

Loose Commutator Connections 

One can tell if the generator is generating its 
proper output by observing the dash ammeter. One 

should learn just what the maximum output should 
be. If it generates a very low amperage, say about 
2 amperes, and then at times none at all, the trouble 
may be due to a loose connection and sometimes that 
loose connec^tion is at the point where the end of the 
armature coil is soldered to the segment of the com¬ 
mutator, wliich, although apparently securely sol¬ 
dered, may be loose. Furthermore, it may not 
be loose when stationary, but when it is revolving, 
the connection is thrown loose by centrifugal force. 

One method of testing is to use a test light and 
test points. Place one test point on the commutator 
segment connected with the suspected loose arma¬ 
ture coil and the other on the segment 180° apart, 
or on the extreme opposite side of the commutator, 
which is the other end. On passing the current 
through the armature coil in this manner, there will 
probably be a slight spark or arc at the i)oint where 
loose. Test all segments in like manner, and 
resolder any that are loose. 

Another Commutator Trouble 

High segments in a commutator, the result of the 
commutator having been turned or dressed down 
eccentrically with the armature shaft (out of round), 
will cause the generator to produce wenk current or 
none at all, eHf)ecially at high speeds, owing to the 
brushes not making good contact. 

The test for these two conditions is to press on 
each of the commutator segments at both ends with 
some blunt instrument. If there is the slightest 
movement at either end of a segment it is loose, and 
a new commutator will have to be installed. 

To determine whether or not the commutator is 
running true with the armature shaft center, whittle 
a piece of crayon to a point and, with the generator 
ninning, bring it slowly up against the surface of 
the commutator. If it is out of round with the 
armature center the chalk will mark the high spot 
and leave the low side unmarked, provided the test 
is carefully made. 

If commutator is out of true, re-turning, using cor¬ 
rect size of ball bearings as support/S, will be nec¬ 
essary. 

Besides the foregoing a few other causes will give 
rise to the same effect. Among these are weak 
brush springs, sticking brush-holders or brushes, 
connections which are not tight enough and which, 
vibrating at certain critical engine speeds, introduce 
a resistance into the exterior line. 


It may also be possible that the armature windings 
are not secure in the slots, and that, at high speeds, 
one of the coils moves a trifle and^ coming in contact 
with the iron of the armature coil, forms a ground. 
As the armature slows down, the natural spring of 
the coil brings it back to a normal position in slot 
and causes the armature to show “clear” when tested. 

Testing for a Dirty or Rough Commutator 
with a Voltmeter 


Connect the voltmeter terminals so that the volt¬ 
meter will read 0 to 30 volts as shown in Fig. 20. 
(This voltmeter is shown on pages 464 and 468.) 



Fig. 20. Testing for a dirty or rough commutator with 
a voltmeter. 


hie positive (-f )^enninal of the voltmeter is con¬ 
nected to the positive (+) wire of the generator. 
The other terminal from the voltmeter which has a 
test point (TP) at its end, makes contact with the 
frame of the generator at (Y) (this being a grounded 
or return-wire system). 

Then speed the engine up to a speed correspond¬ 
ing to a car speed of 10 to 15 miles per hour. The 
voltmeter should show slightly over 6 volts and the 
cut-out (V) should be closed, showing “charge” on 
the dash ammeter or indicator. 

If the voltmeter does not show slightly more than 
6 volts, this indicates a dirty or rough commutator, 
or else an open circuit in the shunt field. Press 
down lightly on the brushes while the generator is 
running, and if this caitscs voltmeter to indicate and 
cut-out to close, the trouble is due to bad brush con- 
tact,which can be remedied as just mentioned. 

If the voltmeter cannot bo made to indicate and 
the cut-out point (P) fails to close by cleaning the 
commutator and pressing on the brushes, the trouble 
is probably an open circuit in the shunt-field winding, 
which will have to be repaired locally or sent to the 
factory. 

If the voltmeter does show 6 volts or more, by 
pressing down on the brushes, or by cleaning the 
commutator and brushes, but the cut-out will not 
close, it means that the cut-out is not in proper 
adjustment, and a new one should be provided if it 
is defective internally. The trouble may be due to 
loose connections on the cut-out, or to disarrange¬ 
ment of the contact-points, which can be examined 
and tested. See Index under “Testing cut-outs.’* 

If the commutator is dirty then clean it. The 
probabilities are that the mica is protruding. This 
can be remedied as explained in preceding para graphs. 


.BRUSH TROUBLES AND TESTS 


Brush troubles are very common. Some of the 
troubles are: brushes sticking on their holders, 
brush springs not pressing on brushes with proper 
tension, loose brush-holders, loose connections to 
brushes, improperly seated brushes. 

Brush and Brush Rigging 
The open circuit is often caused by one of the 
brushes stic^g in the brush-holder, from dirt. 
The remedy is obvious, that is, to clean toe brush 


thoroughly and see that it moves easily in the brush- 
holder and that the springs press firmly and squarely 
on the top of the brush. An open circuit will also 
be caused by a poor or broken brush lead, or 
pigtail connection. 

No Spring Pressure 

The brush spring may not have sufficient tension 
to hold the brush in contact with the commutator 
with sufficient force to give a good contact. This 
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not only will show a partial or full open circuit, due 
to insufficient contact pressure, but it will be the 
cause of serious sparking between the commutator 
and the brush, and will soon burn and blacken the 
commutator so badly that a full open circuit will 
result, and no current will be generated at all. 

A new spring with sufficient tension is the best way 
of repairing this trouble. The brush spring tension 
should be strong enough so that when the brush 
is pulled off the commutator by means of the pigtail 
and jihen released, the spring pressure snaps it back 
freely on the commutator and should be of sufficient 
tension 1o press brush to commutator, yet move 
freely. Too much spring pressure has the effect 
of rapidly wearing out both commutator and brUsh, 
but is better than too little pressure. 

The approxunate average brush-spring tension on starting 
motors is 1 to lbs., and from 12 to 18 os. on generators. 

Brushes Too Short 

If the brushes are allowed to go too long without 
replacement, and are worn so short that the spring 
pressure is reduced very considerably, the same 
troubles will result. Be sure in replacing brushes to 
use only those of such a make as are recommended 
by the manufacturer; otherwise you are likely to 
have repeated troubles with both brush and com¬ 
mutator. 

Squeaking and Noisy Brushes 

Squeaking brushes may be overcome in most cases 
**by sanding-in” the brushes with sand-cloth or 
sandpaper. The squeaking may be due either to 
a poorly seated brush, improper brush spring ten¬ 
sion, or to a hard spot in the surface of the brush. 
If commutator surface is rough or irregular, it 
should be made smooth before seating the brushes. 
This may require a turning in a lathe (see pages 
491, 492). Noisy and singing brushes may some¬ 
times be caused by brush not being in line with 
commutator, or brush Surface not bearing evenly on 
commutator. 

Importance of Correct Brush Seat 

In order to obtain a correct generator charging 
rate at any given position of the third-brush, all 
brushes must be well seated on the commutator. 

Poorly seated brushes not only reduce the output 
and produce sparking and other troubles, but they 
are also noisy. See “sanding-in’^ brushes below, 
and on page 408, how to tell when brushes are not 
properly, seated. 

Fitting New Brushes 

When fitting new generator brushes, it often 
happens that they do not always fit the commutator 
perfectly, that is, they are not rounded to the curva¬ 
ture of the commutator surface and should be 
*^sanded-in*' in order to form a perfect seat to the 
commutator. At least 50 per cent of the briLsh end 
surface should bear on the commutator curvature. 

Sanding-In or Seating Brushes 

Place a strip of No. 00 sandpaper or sand-cloth 
aroimd commutator (slightly wider than brush) and 
with rou^ side next to the brush, when it is in the 
brush holder (each brush separately), and work this 
strip back and forth, holding the ends close together 
as in Fig. 21, so that it will conform with the curva¬ 
ture of the commutator. The entire surface of 
the brush must be treated, otherwise it will be 
uneven. The'^pigtails, or brush connections, must 
also be kept tightened. 

Another method is to wrap a strip of sandpaper 
or sand-cloth snugly around the commutator, ^uing 
the overlapping edges of the sandpaper to secure it. 


Time can be saved by placing a heated soldertnff 
iron over the paper to dry the glue. The end 
housing may then be replaced and all three brushes 
sanded at the same time. 


Fig. 21. Correct method of sanding brushes so that they 
will seat to curvature of commutator. Place rough side of 
sandpaper up, and use a strip slightly wider than brush. 

Fig. 22. Incorrect method. Only part of brush is being 
seated (illustration to left); brush not being seated to curvature 
of commutator (illustration to right), it may be pulled off 
commutator while sanding. 

When fitting ‘‘motor” brushes, the same method 
is applicable, but something harder than sandpaper 
must be used. A strip of carborundum cloth can 
be used on the ‘^motor brushes,” but sand-cloth 
should be used on the ^‘motor commutator.” It 
is seldom necessary to cut mica down on the motor 
commutator. 

The motor brushes should be “sanded in,” to 
avoid brush squeak which occurs sometimes as a 
result of a rough or irregular commutator surface, 
or grooves in the brushes. If the motor commutator 
is rough, smooth it up^ and then “sand in” ^e 
brushes. If it is excessively rough, turn the com¬ 
mutator down in a lathe, being careful not to remove 
any more copper than is absolutely necessary. 

On most of the Delco machines (motor generators)it will be 
found possible to “sand in” the \ipper and lower brushes 
separately; but in a number of cases, on account of the con¬ 
struction of the machine, it is advisable to “sand in” both 
motor brushes, as well as both generator brushes, at the same 
time. 

Spotting in Brushes 

On some generators it is not possible to “sand in” 
the brushes in the manner explained above, because 
the brush arm is too short. In this case, the brush 
should be placed in a brush-holder and let down 
finnly on the commutator. Then “motor” the 
generator by running it from the battery as a motor. 
Then disconnect battery and remove brushes, leav¬ 
ing the “high spots.” These can be scraped down. 

Seating the Delco Flexible Brush 

The design of the flexible generator brush arms 
and the third brush carrying a thermostat, used on 
many Delco four-pole round types of motor-genera¬ 
tors and generators is shown in Fig. 23 (a later 
design is shown in Figs. 23B and 23C). Instead of 
the brush ann bein^ rigid, it is made quite flexible 
by the use of a thin piece of phosphor bronze between 
the body of the brush arm and the carbon brush. 
Damage to the commutator is prevented, in case of 
brush breakage, by the insulating safety plate on 



Pl^. 23. FVont, or commutator end view of Delco generator 
•howmg the flexible brueh armi. "wavw 

Kg. 23A. A side view showing brush seated on commutator 
This model is now r^laoed by those shown i6n the next 
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the end of fhe brush arm, this plate being loosely 
mounted by the special heads of the screws securing 
the brush to the brush arm. 

It is very important to have this type of brush 
fully seated on me commutator. The brush cannot 
be properly sanded in by the usual methods of sand¬ 
ing brushes. It is necessary to place wedges be¬ 
tween the brush arm body and the phosphor bronze, 
as shown in Fig. 23A, to prevent the flexible action of 
the brush arm during sanding.^ These wedges 
should be just thick enough to fit in place without 
falling out, approximately .075". A strip of fine 
sandpaper or sand-cloth may then be used to seat 
properly one brush at a time. 

Another very successful method is to remove the 
end housing carrying the brush arms, so that a strip 
of fine sandpaper may be wrapped snugly once or 
twice around the commutator, gluing the overlap- 
ing edges of the sandpaper to secure it. The end 
ousing may then be replaced and all three brushes 
property sanded at the same time. This operation 
should cause the brushes to have a full seat on the 
commutator. 

Remove the wedges in the brush arms and the 
sandpaper after the operation is completed. 

The Delco Later Design of Flexible Brush 
Arms with Stops 

A later design of Delco flexible brush arm with 
stops is shown in Figs. 23B and 23C. The brush 
should always be assembled on the inside of the 
arm as shown. 

When installing new flexible brush arms, the stops should 
be inspected to see that they come into action so that the 
brush arm is not permitted to come closer than from the 
commutator. Remove brushes to check this. It is advisable 
to adjust stops so that the stop of grounded brush comes into 
action after that of one of the other brushes, thus preventing 
overheating of armature and held ooils. 



Figs. 23B, 23C. Later design of Ddoo flexible brush arms 
with stops. 

Fig. 23D. Showing how the brush should be seated. 

Always replace all three brushes whenever inspec¬ 
tion shows that the grounded brush has worn so 
short that its brush stop, coming into action, may 
soon keep the brush from contact with the com¬ 
mutator. This is the brush (on the Cadillac u^g 
No. 162 Delco motor-generator) which is on the 
right side of tM commutator viewed from the front 
oftoe oar. 


It is very important to have this type of brush 
seated on the commutator, at least to the extent 
shown in Fig. 23D. The brush cannot be property 
"sanded in" by the usual method of sanding 
brushes. 

It is necessary to place wedges between the brush 
arm body and the bronze blade to which is attached 
the brush. Two sizes of wedges are necessary, one 
size for the main-brush arms, and the other for 
the third-brush arm, owing to the difference in 
space between the body of the arm and the bronze 
blade. 



Fig. 23E. Dimenaions of wedge for the third-brush arm. 


Fig. 23F. Dimensions of wedge for the main-brush arms. 

These wedges are shown in Figs. 23E and 23F. 
Figs 23B and 23C show their application to the 
brush arms. These wedges prevent the flexible 
action of the brush arms during the sanding opera¬ 
tion, keeping them rind, and giving a seat more 
nearly over the entire brush. 

These wedges should be just thick enough to fit in place 
without falling out, approximately .080" for the main-brush 
arms (2.3F), and .125" for the third-brush arm f23E). It will 
be found that the distance between the body of the arm and 
the bronze blade varies in some assemblies. It will be nec¬ 
essary in these cases to make the thickness of the wedges a 
little leas by filing, or a little more than specified above by wrap¬ 
ping a couple of turns of paper around the wedges. 

To sand the brushes after the wedges are property, 
fitted to the brush arms, wrap a 1" strip of sand¬ 
paper, or sand cloth, snugly once or twice around 
the commutator, glueing the overlapping end to 
secure it. A drop or two of glue should be put on 
the commutator previous to putting on the sand¬ 
paper to hold the paper in place and prevent it 
from slipping during the sanding operation. The 
sandpaper should be wrapped around the com¬ 
mutator in a counter-clockwise direction, looking 
at the armature from the generator-commutator end. 

After the s^ue has dried a few minutes, place the end hous¬ 
ing carrying the generator brushes on the armature shaft and 
lower the brushes down on the sandpaper which is around 
the commutator. To prevent chipping of the edges, do not 
snap the brushes down on the commutator. Hold the arma¬ 
ture in a vertical i^ition with the housing at the top and 
revolve the housing in a coxmter-clockwiso direction. This will 
sand aU three brushes at the same time. When proper seating 
is accomplished, raise the brushes, remove the housing from the 
armature shaft and the sandpaper from the commutator. 
Avoid waste of brush material by being careful with this opera¬ 
tion. Remove all glue from the commutator by sanding and 
remove the w^ges from each of the brush arms. 

To determine the seating of the brushes, mount 
the housing on the armature again as was done in 
sanding; revolve the housing several times with 
the brushes on the commutator. Then remove the 
housing as after the sanding operation, and inspect 
each brush seat, which is shown by a polished surface. 

If at least a 75 per cent brush seat is not obtained, 
the wedges should be inserted again and the brushes 
reseated until a good seat is obtained. It may be 
necessary to make the wedges slightly thinner, or 
thicker, according to whether the seat is on the heel 
or toe of the bru3i. 

It is very important that good brush seats be 
obtained before installing the generator on the car. 
If good seats are not obtained, a change in the charg¬ 
ing rate will result as soon as the brushes become 
thoroughly seated. 
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Setting Motor Brushes 

Motor brushes should be set at the position of 
least sparking when the machine is carrying full load. 
This position will be located a short aictmicc jack 
(in the direction opposite to rotation, instaad of with 
direction, as on a generator) from tho neutral plane. 

To set motor brushes in the correct position, place 
the machine on a block test and appl^ a load approx¬ 
imately equal to that which it ia normally required 
to carry. (This load will be about 40 lbs., on a 
pulley of 6" diameter, or 10 ft. lbs. for starting 
motors.) 

The speed of a motor is greatest when the brushes 
are at the neutral plane, and decreases as they arc 
moved away from that position. The voltage of a 
generator and speed of a motor can be changed con¬ 
siderably by moving the bnishes, providing the 
machine is not too heavily loaded so that it will not 
spark badly. 



Fia. 24 


In the absence of a torque-testing device, a good 
method for setting brushes on a starting motor is 
to place the motor on a “free running’’ test, no load 
(connected with battery), and to hold the shaft by 
hand, with a rag (Fig. 24), so as to offer more or less 
resistance; then shift the brushes to a point where 
they do not spark. 

Setting Generator Brushes 

If the generator will not come up to voltage, and 

the trouble is not due to improjierly seated brushes, 
and the third brush is properly adjusted, set the 
brushes on “neutral” and then shift to the best posi¬ 
tion. See page 360, relative to neutral position. 

Note. Use only brushes recommended by the 
manufacturer. 



Fig. 25. Showing incorrect setting of brush on commutator. 

Brushes should be set parallel to the commutator 
^gments. Improperly seated brushes will act like 
a cut-out which is not working properly. 


Brush Care 

Once or twice a season the springs holding the 
brushes against the commutator should be raised 
and the brushes examined, to see that they operate 
freely in their holders. Oil or dirt should be re¬ 
moved with a stiff bristle brush and gasoline. 

To Clean the Brushes 

It is not necessary to remove them from the 
holders. Lift the brushes and wipe off the surface 
with a piece of cloth dampened with gasoline. 

If the brush surface is apparently rough, then use 
sandpaper to fit them to the commu..ator, as shown 
in Fig. 21. 

No lubricant is to be used on commutators, as the 
brushes are usually self-lubricating. Appheation of 
vaseline or pease is harmful, as all forms of grease 
possess insulating qualities to a greater or less extent. 

Miscellaneous Brush Troubles 

When spring tension fails, the brushes are worn 
too short, the tension is not adjusted or has been 
thrown out, through lieat, or the sj)rings themselves 
may be broken. 

When the brushes stick, it may be due to binding 
or to dirt and grease. A little gasoline may tend 
to loosen them. When the brushes do not fit the 
brush-holders it is a matter of manufacture. 

Overheating of brush-holders is caused by the 
sparking due to ill-fitting brushes or to the absence 
of brush lead connection and to lack of sullicient 
pressure on the brush. 

Sparking at the brushes: If there is any sparking, 
or if the commutator becomes dull, it may be that 
the brush-holder springs are too loose, or there is 
excessive vibration, which may be due to a bent 
shaft, an unbalanced gear ])inion, or to defective 
mounting. Brushes should be kept in perfect con¬ 
tact with the commutator, and it is advisable to use 
only the kind recommended by the manufacturer. 

It may be found that where the generator is also 
used as a starting motor (on motor-generators), 
sparking will in time develop at the commutator. 
This is due to the arcing of the heavy starting cur¬ 
rent at the trailing edges of the brushes, and the 
trouble may be eliminated by filing down their 
contact surfaces. 

Carbon dust (providing carbon brushes are used) 
may be worn from brushes by the commutator and 
deposited in the lower part of t he generator. This 
ought to be blown out with air, otherwise it might 
cause a ground. 


ARMATURE TROUBLES AND TESTS 


In the preceding pages, the subject of ‘‘commu- 
tators and brushes” was treated. This is usually 
the first place to look for generator troubles. 

Other troubles are: 

Evidence of trouble: In all probability, trouble 
in the generator will be clearly shown oy failure 
to generate a terminal voltage. The first warning 
of such a trouble would be the absence of an indica¬ 
tion on the ammeter or indicator on the dash of 
the automobile, provided one is furnished with the 
automobile. 

Causes: The causes of failure to generate a volt- 
«ge may be due to (1) open circuits, short circuits 


and grounds in the field or armature of the generator; 
(2) the commutator may be dirty, or the brushes 
may not bear on the commutator, or the commutator 
may be worn; (3) the brushes may be grounded. 

Locating Armature Troubles 
Armature windings may be burned out or 
potmded. When burned out, tho* trouble may be 
due to a current overload, caused by improper regu¬ 
lation, a soaked winding, or a steady and prolonged 
return flow from the battery, due to failure of the 
cut-out contact points to open. A pounded arma¬ 
ture winding is due to defective insulation. 

Arnmture troubles are sometimes found in the 
attaching leads at the commutator segments. The 
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solder attaching them may be thrown off in revolv¬ 
ing. Thej^ can be soldered back to the segment by 
an electrician. 

Dim lamps, low voltag^ and undercharged bat¬ 
tery might be the result of armature trouble. One 
of the armature coils might be short-circuited, or 
burned out, or a connection might be loose or 
broken. 

Any defect in the armature will be indicated by 
an uneven torque, if it is operated as a motor. In 
the case of the generator, this may be very easily 
tested by disconnecting the driving mechanism, 
holding the cut-out points closed, and allowing the 
generator to operate as a motor. If everything is 
all right the armature will rotate evenly and in the 
same direction as when it operates as a generator. 

Whether the torque is even or not may be deter¬ 
mined by holding the end of the armature shaft in 
the hand, and noting whether the null is steady in a 
manner similar to that described in Fig 24. An 
uneven pull means that one or more of the coils is 
not working; it is just like an engine with a missing 
cylinder. also Index under ‘‘Motoring genera¬ 
tor.” 

If an armature coil is burned out or there is a 
broken connection, the armature will invariably 
stop at a certain point; if this is the case, the com¬ 
mutator segments between the two ends of the coil 
will also be Durnqd. Sometimes the broken connec¬ 
tion occurs at the junction between the commutator 
bar and the coil, in which case the remedy is to 
resolder. All other armature defects should be left 
for the factory to remedy. 

No current in the generator may be du3 to an 
open fuse in the field circuit, the third brush not be- 
mg properly seated, or to the main brushes not mak¬ 
ing good contact, or to a broken connection, to a 
short circuit, or to broken driving mechanism. The 
last trouble should be looked for first. This simply 
means that the generator driving sliaft should be 
tested to determine whether it is solidly connected 
to the engine or not. It is possible that one of the 
driving keys has sheared off, or that the driving 
gear, chain, or belt, as the case may be, has failed. 
See also “Digest of Troubles,” page 454. 

Loss of Residual Magnetism 

The magnetism that remains in the steel or iron 
field poles and frame after the field current is cut 
off is called “residual magnetism” (see also Index). 
Sometimes the generator loses its residual magnet¬ 
ism. 

When a repaired generator has been installedj and 
possibly with the field coils reversed, the residual 
mametism left in the field poles would not correspond 
with the magnetism in the field coils; or when the 
generator has been in operation for some time with 
the field fuse out of the clips; or if the generator 
has been operated with the battery disconnected, 
and the generator terminal grounded, according 
to the usual instructions, it may be necessary to 
excite the field before the generator will show charge. 
This is accomplished by momentarily closing the 
cut-out points so that the battery will discharge 
through the generator, thus exciting the fields. 

On some generators, the field can be excited by 
momentarily connecting the lower fuse clip to a 
metal part of the generator. Best results will be 
obtained with the enjpine running slightly above an 
idling speed, and if the opf^ration is continued 
for iseveral nrdnutes after chfXgbg begins. 


Submerged Motor-Generator 

The generator must be kept free from excessive moisture. 

Ordinary moisture will not affect it, but it should not be allowed 
to become thoroughly wet, such as would be the case if the 
generator were to become submerged under water. This is 
likely to happen while fording a stream. If the generator is 
wet, it should not be operatea until it is thoroughly dried out. 
This can be done by removing it from the car and baki^ 24 
hours in an oven whose temperature does not exceed 220** Fihr. 
A higher temperature in the baking oven would damage the 
insulation. 

Testing Armatures for Grounds and Short 
Circuits with Test-Light 

There are several methods for testing armatures.' 

They can be tested with test-lights and test-points, 
with a meter, ot with a growler. 

In this example we shall make use of the high- 
voltage test-light and employ the Delco motor- 
generator armature, in which there are two commu¬ 
tators and two windings on armature. These tests 
will also apply to other armatlires, or where there is 
but one winding and one commutator, with the ex • 
ception of the test in Fig. 28, which is a short-circuit 
test between two windings on the Delco armature. 

When makinjg tests for grotmds in armature wind¬ 
ings, or short circuits between them, or short circuits 
between generator and motor armature winding, 
raise the brushes and insulate them from the com¬ 
mutator with pieces of cardboard. 

A grounded generator armature coil will result in 
slow cranking and materially reduce the charging 
rate. (Note that the motor and generator winding 
is on one armature in this Delco armature, which U 
used as an example). 

GENERATOR COMMUTATOR GENERATOR COMMUTATOR 



generator COMMUTATOJt 



Fig. 28 


Figs. 26, 27, 28. Tests with a test-light for grounds in arma¬ 
ture. Delco motor-generator armature with two commutators 
used as an example. Tests apply to any other typ** of motor 
or generator armature. 

To test whether the armature coil is grounded 
with the armature core or shaft, see Fig. 26. If the 
lamp lights, a ground is indicated. 

A grounded motor armature coil will cause an 
excessive amount of current to be drawn from the 
battery while cranking, or prevent cranking entirely. 

To test whether motor armature coil is grounded, 

see Fig. 27. Place the test-point on the motor com¬ 
mutator instead of on the ^nerator commutator. 
If the lamp lights, a ground is indicated. 







498 


DYKE^S INSTRUCTION No. 44 


Short drcuits between motor and generator arma¬ 
ture coils will decrease the spe^ of cranking and also 
cause the armature to continue to run after the 
engine 18 shut down. 

To test, see Fig. 28. If the lamp lights, a short cir¬ 
cuit between motor and generatorarmature coil exists. 

Note. The word “cranking*’ refers to the starting motor 
cranking the engine. 

Meaning of Open and Shorted Armature 
Coils 

' The diagrams A, B, and C, Fig. 29, will explain 
what is meant by an open and short-circuited arma¬ 
ture coil. A shows diagram of commutator with 
brushes which make contact with segments and 
carry the current during the test. It will be seen 
that the current divides equally from the upper 
brush, passing down each side of the armature coils, 
or winoing circuits, ^d out at the lower brush, ana 
if in good condition, the voltage between two 
commutator segments will be the same. 


Commutator 



Fig. 29. Diagrams explaining open and short-circuited 
armature coils. 

If an open circuit is in one of the coils, as at (X) 
in diagram B, there will be an interruption of current 
flow on that side, and if test-points of a voltmeter 
are placed on the two segments shown there will 
be a big increase of the needle, since the meter will 
cany all of the current flowing down that side. If 
points are placed on other adjacent segments on that 
side, there will be nearly a zero reading. 

If a coil is short-circuited, as at (Y) in diagram C. 
the voltmeter, if placed on the segments shown, will 
be nearly zero, the short circuit having the effect of 
a shunt across the meter. 

Armature Tests with the Volt-Ammeter for 
Open-Circuited and Short-Circuited 
Armature Coils' 

Before proceeding, turn to pages 464, 468, and 
itudy the construction of the Weston model “280^^ 
volt^immeter, which is used in the following test. 



Via. 30. Testing armature boils with one dry cell and an 
anineter. 


s It is advisable to use a small amount of resistance in tbs 
Ureait. as enJained on page 48S. 


Open or short-circuited generator armature coilai 

When testing for open or short circuits in a generator 
armature, the generator brushes should be left on 
contact with the commutator; but disconnect the 
storage battery from the system. Then disconnect 
the shunt-field from the brushes and connect up two 
or three dry cells. Use an ammeter having about 
a 30-ampere scale and also a 30-ampere shunt and 
connect to the brushes, as shown in Fig. 30. 

To test, turn the armature slowly by hand. If 
the commutator is in good order and the brushes 
are making good contact, the ampere reading should 
be the same in all armature coils when the orushes 
make contact with the different coils through the 
commutator segments, but if a very noticeable 
change in the ammeter reading takes place while 
turning, this will indicate an open or short-circuitc^i 
armature coil. 

It will be observed that this is what would be 
termed a “comparative test,” or where one armature 
coil is compared with another. 

To tell if the generator armature coil is open- 
circuited or short-circuited, proceed as follows: 

To test for open-circuited coil, connect the brushes 
on the commutator to a dry cell as in Fig. 31. so that 
about 10 amperes will flow through the brushes. 
The field winding should be entirely disconnected. 
Then connect test-points to the 3-volt scale of the 
meter and measuro the voltage across two adjacent 
commutator semente. The readings should be the 
same all aroundftho commutator, as the test is made 
on all commutator segments. But if there is a 
material increase in the reading on any two seg¬ 
ments, then there is an open-circuited coil. Tms 
test is termed a “comparative test,” that is, each 
armature coil is compared with the others. 



ture trouble, then test for a short-circuited coil. 
This, however, should only be done after making the 
test as in Fig. 31, as we shall now use the .1-volt 
scale of meter, and if there was an open-circuited 
coil, the voltmeter might be burned out if this test 
was made first. 

To test for a short-circuited armature coil, see 
Fig. 32. Connect test-points on the meter with the 
one-tenth volt (0.1) terminal and the (+) terminal. 
The voltage drop between each two adjacent com¬ 
mutator bars is then tested, and this test is termed 
a “millivolt drop test.” Turn the armature slowly 
by hand, and test each adjacent commutator iieg- 
ment as shown in Fig. 32. If on testing any of these 
coils, the reading drops nearly to zero, it will indicate 
that one or more of the armature coils are short- 
circuited. The reason is stated above. See illus¬ 
tration C at Y (Fig. 29). 

In making these tests, care should be taken to 
keep the points on a^acent barS; otherwise the volt¬ 
age drop may be sufficient to injure the voltmeter^ 
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Example of a Millivolt Test of an Armature 

By referring to page 465, an explanation of what 
Lb meant by a millivolt drop will be found. Also 
read matter in connection with Fig. 29, explaining 
why the voltmeter will read less when there is a 
short circuit than when there is an open circuit in 
Uie armature. 

This explanation is one of a test used in many 
service stations where there are many armatures to 
test. 

Procedure: Sand off the commutator with fine 
sandpaper, and solder on two segments of the com¬ 
mutator 180® apart, two small wires, each about 
3 ft. long, No. 18 or 20 gauge (see Fig. 33). Place 
a 6-volt storage battery and fight in scries with these 
connections. In soldering on these wires, it is not 
necessary to smear the solder all over the commu¬ 
tator. Just enough to make the wires give a good 
contact will suffice. The solder will not injure the 
commutator, for it can be removed easily with a 
knife and a little sandpaper. 

Use a voltmeter which will read in millivolts. A 
millivolt is a one-thousandth part of a voltv 


#kRMATUPP 



Fig. 33. A millivolt test of armature coils. 

Place one of the meter contacts on the segment 
connected to one of the current wires, and the other 
contact on an adjacent segment, one immediately 
adjoining. If the reading of the milli-voltmeter is 
reversed, reverse the contacts and the reading then 
will be positive. 

The reading the meter gives is the millivolt drop 
through the armature coils connecting these seg¬ 
ments together. If the armature is a new one and 


ever 3 rthing is in good condition, these readings be¬ 
tween every adjacent pair of segments will be the 
same. But if one coil is shorted out, or one turn of 
the coil is shorted out, this method will tell. 

As an example, take an armature with twelve 
commutator segments connected up according to 
these instructions. The readings between every 
adjacent pair of segments are taken and are: 


Between Segments 
1-2 . . 

2- 3 . . 

3- 4 . . 

4- 5 . . 

6 ^ . . 

6- 7 . . 

7- 8 . . 

8- 9 . . 

9- 10 . . 

10-11 . . 

11-12 . . 

12-1 . . 


Millivolt Drop 
. . 2.54 
. . 2.50 
. . 2.61 
. . 0.31 
. . 0.01 
. . 2.50 
. . 2.52 
. . 2.54 

. . 2.51 
. . 2.53 
. . 2.50 
. . 2.52 


It is seen that the average reading is about 2.52, 
which is the general result that should be expected 
for all pairs of segments. 

Between 4 and 5 the reading decreases to 0.31. 
Upon examination of the armature coil we find that 
there are eight turns per coil. This immediately 
explaips that seven turns of this coil are shorted out 
and the current is flowing through but one turn, giv¬ 
ing an eighth of the drop in the other coil. 

Between segments 5 and 6, the reading is just a 
flutter of the needle. This explains that the whole 
coil connecting these two segments is burned out 
and the connections probably have fused together, 
so that the current flows from one segment to the 
other commutator segment almost directly. 

Note. The needle of the Weston “280” instnimcnt (page 
464) will deflect from 0 to right of scale, if 100 millivolts (1/lOth 
of a volt) pass through the coil of the meter, if connections are 
made with the 100-millivolt terminal marked .1. The scale, 
however, is not calibrated for millivolts. Therefore in using 
this instrument a reading of an armature coil should be made 
which is known to be good, and the reading noted. The other 
armature coils should then read or compare with it. 

The light in this example, just given, takes the place of the 
resistance unit (see Pig. 6, page 488, and explanation, page 488). 
It puts resistance into the circuit in order to prevent too much 
current from flowing through the meter. 


A GROWLER FOR TESTING ARMATURES 


This device (Figs. 34 and 34A) consists of two 
laminated cores (C) around which arc wrapped two 
coils of wire (W). The upper ends of these cores (C) 
are shaped so that an armature can be placed 
between them. 



Pig. 34 Pi«. 34A 


Fig. 84. View of growler with armature in place to be 
tested. 

Big, 34A, Top view of growler. 

The principle of this device is very similar to 
the action of a h^-tension coil. See Index under 
‘'Principle of a high-tension coil.’’ 


By referring to the action of a high-tension coil, 
it will be seen that when current is passed through 
the primary winding of the high-tension coil, mag- 
netic-lines-of-force are produced around the wire, 
and these magnetic whirls cut the secondary wind¬ 
ing and thus produce an induced current in the 
secondary winding. 

The principle of the growler is very much the 
same. The iron cores (C) of the growler would 
represent the iron core of the spark coil, and they 
collect magnetic-lines-of-force. The winding (W) 
around these cores would represent the primary 
winding of a spark coil. When current is passed 
through the wmding of the coils (W). the action 
that takes place is the same as senoing current 
through the primary wmding of a spark coil. 

The current in the primary circuit induces a cur¬ 
rent in the secondary circuit of the armature coils, 
and it is by means of these secondary, or induced 
currents in the armature coils that open and short 
circuits are located. 

The rapid alternations of the current through the 
coils on ^e laminated core of the "growler” cause 
rapid magnetic reversals, and set up a vibration io 
















500 


DYKE^S INSTRUCTION No. 44 


the core which produces a decided hum or growl, 
thus ^ving use to the popular name of ‘‘growler*’ 
for this device. 

When the armature is placed in between the cores ' 
(C), the armature winoing represents practically 
the same as the secondary winoing on a spark coil. 
Consequently, if the armature under test is free 
from short circuits, its coils act simply as an open- 
circuited secondary winding on a spark coil, and no 
current is generated in them. 

Whenever a short circuit does exist in the arma¬ 
ture coils, the circuit thus formed operates as a 
closed secondary wmding, and a heavy secondary 
current is set up in them, and thus it makes the 

C resence of the short circuit known, as explained 
iter. 

The North-East growler (Figs. 34 and 34A) for 
testing armatures is so constructed that it may. 
without any change in the instrument, be operated 
either from a 110-volt or 220-volt circuit (Figs. 35 and 
35A), and it can test any ordinary armature from 
2" 4" in diameter. It must, however^ be supplied 

with alternating current—never with direct current 
—because its operation depends essentially upon 
the fluctuating character of the magnetic field pro¬ 
duced by the alternating current. The growier is 
designed especially for operation on a 60-cycle cir¬ 
cuit, but it can be used with reasonably g ood results 
on circuits of other frequencies. 




fig. 35. Diagram of N.E. growler circuit with switch in 
position for 110-volt operation; coils connected in parallel. 

Fig. 35A. Diagram of N.E. growler circuit with switch in 
position for 220-volt operation; coils connected in series. 

Internal wiring and connections of the North- 
East growler is shown in Figs, 35 and 35A. The in¬ 
strument is equipped with a standard attachment 
plug for connection to the line, like a lamp or a small 
motor. The circuit in which the growler is connec¬ 
ted should be protected by fuses of not less than 
30-ampere capacity, because the current drawn by 
the growler might exceed 25 amperes if a completely 
short-circuited armature should be tested in it, or 
if the powler switch should be accidentally turned 
on with no armature between the pole-pieces. 

Note. Many armatures will test clear on the growler when 
they are c<rfd. and show a decided ground after they have 
become heated up. When an armature is suspected, it is well 
to leave it on the growler, covered up tightly until warm. 

Of course, reason must be used when doing this, and the arma¬ 
ture must not be allowed to beat to the point where the leads 
will be loosened in the commutator. 

Another armature fault, which is very difficult of detection, is 
grounding while the part is in motion and clearing when it 
comes to rest. The reason fo^ this peculiarity is that the coils 
have a slight movement in the slots, and, when the armature 
gets to spinning, they have a tendency to ny outward. 


* Growlers and other electrical testing instruments can 
be obtained of concerns mentioned on page 481. m also pg. 


The F.B. Armature Tester or “Growler’’ 
as an Example Showing how Arma¬ 
ture Tests Are Made^ 

The parts of this outfit ore shown in the illustra* 
tion (Fig. 36). 



Fig. 30. The F.B. armature tester or growler. 

The F.B. armature tester is connected with a 
llO-volt alternating light circuit. It will test an 
armature for short-circuited coils (Fig. 37), or for 
open-circuited coils (Fig. 38), and in connection with 
the test-light supplied with the F.B. armature tester, 
armatures can be tested for grounds (Fig. 39). 

To Test for Short Circuits in Armature Coils 

Place the armature on the core of the tester. 

Turn on the switch. Hold the ‘Teeler’* just above 
the top of the armature coils (Fig. 37), but not 
touching, and slowly turn the armature by hand 

If there are no shorts 
in the armature wind¬ 
ings, there will be no 
magnetizing force in any 
of the coils, and con¬ 
sequently the “feeler'* 
will not be attracted or 
pulled toward the coils. 

If, however, there is a 
short between the wind¬ 
ings of one coil or be¬ 
tween the windings of 
separate coils, a closed 
circuit will be formed 
which will permit of a 
strong secondary current being induced in the 
shorted coil or coils. 

This induced current will produce two distinct 
effects: It will heat the wires formiiig the closed 
coils, because of the heavy current passing through 
these wires, and it will also cause the shorted coils to 
exert a very strong magnetic pull on the “feeler." 
The magnetic pull on the “feeler" is ve^ strong, 
and it is a positive indicator of shorted coils. 

The heating of the shorted coils may show up 
almost instantly, or may take a minute or two, 
depending upon the number of turns of wire in¬ 
cluded in the closed circuit, and consequently 
determining the resistance ot the closed circuit. 
The less the resistance of this circuit, the heavier the 
induced current, and the quicker the coil will heat. 

Short circuits in armatures may exist from three 
causes: 

1. A short circuit between commutator bars, gener¬ 
ally caused bv copper dust or particles of brush 
material collecting in the undercut spaces 
between the bars. 

2. A short circuit caused by defective insulation 
between the wires of an individual coil. 

3. A short circuit caused by defective insulation 
between wires in separate coils."' 
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Short circuits from any of these causes will be 
indicated by the action of the ^^feeler^' as described. 
If the ^^feeier'^ is attracted by only one coil, it indi¬ 
cates a short between the turns of that individual 
coil. If, however, the “feeler^^ is actuated by more 
than one coil, that is by coils situated in different 
slots in the armature, it indicates that the short is 
caused either from a commutator short or a short 
between the windings of different coils. 

Always clean the space between the bars if any 
shorts are foimd, in an effort to eliminate troubles 
from this source. 


To Test for Open Circuits in Armature 


Open circuits in either the generator armature or 
the motor armature may be caused from two sources: 

1. A broken wire in the coil windings. 

2. A broken connection between the end of the coil 
and the commutator riser. 


A poor soldering job or a dirty wire at the point 
where the coil end is connected to the commutator 
riser will also cause an open circuit and it is from 
this source that most open circuits result. Defec¬ 
tive workmanship at this point can be detected by 
careful insi)ection after the particular coil or coils 
that are open have been located with the tester. 
Troubles from this source can easily be repaired and 
do not necessitate returning the armature to the 
factory for rewinding. 

The condition of the commutator is also a good 
indicator of open circuits. Wherever an open cir¬ 
cuit occurs the commutator bar or bars to which the 
coil is attached will generally be found badly burned 
and with a flat spot, caused by the continual arcing 
between the brush and the commutator every time 
the bar. to which the open coil is attached, passes 
under the brush. 


Fig, 38. Testing 
armature for open 
coils. 



To test for open-cir¬ 
cuited coih, put the 
armature in the tester 
in the same way as de¬ 
scribed for making te.sts 
for “shorts.^^ Then 
with the “feeler’^ make 
a connection between 
two adjacent commutator bars, as shown in Fig. 38, 
and then break this connection. A decided spark 
should occur if the coil is not open. 

When contact is made by the “feeler” between 
two commutator bars, it forms a short circuit in the 
coil whose ends are connected to the bars, and a 
secondary current is induced in the coil. 

When this current is broken by breaking the con¬ 
nection between the bars, a spark is produced. If 
the coil is open, through a poor contact between 
the coil end and the commutator, or because of 
a broken wire in the coil, no current will be induced 


in the coil and consequently no spark can occur 
when the contact made with the “feeler” is broken. 

Make this test all the way around the commutator 
between each bar, and the open circuits, if any, will 
be clearly indicated by the absence of a spark. 


To Test for Grounds in Armature 

The “test-points” provided with the F.B. arma¬ 
ture tester are for use in locating either grounds or 
open circuits on the armatures that are being tested, 
or on any electrical device. 

The ends of the test-points are connected to the 
source of current, with the indicator lamp in series. 
When the two points are touched together, the cir¬ 
cuit is completed and the lamp is lifted. 

In the same manner, by holding; one test-point 
each on different parts of an electrical device, the 
lamp will indicate a complete circuit if it lights, and 
no circuit or an open circuit if it fails to light. 


Fig. 39. Te sting To test the arma- 

for grounded C0.18. ^ ^ ^ure for grounds, 

ll.*i(wTure jjjjg test-point 

on the commutator 
and the other point 
on the armature 
core, as shown in 
Fig. 39. This circuit 
should show open 
and the lamp should 
not bum. If it shows closed, by the lighting of the 
lamp, it indicates that the armature is grounded. 



Grounded armatures are caused by defective 
insulation in the armature slots or by a grounded 
commutator. 


Grounded commutators are generally caused by 
defective insulation between the commutator bars 
and the armature shaft, and in such cases must be 
returned to the factory for repairs. 

If the ground is caused by copper dust or brush 
material collecting on the end of the commutator 
and fomiing contact between bars and shaft, it can 
easily be cleared up by removing dust or dirt. 

Fig. 39A. Jewell growler 
tester can be used with 
any growler. When an 
armature is placed in the 
growler and the contact 
points are touched on the 
adjacent commutator seg¬ 
ments, a comparative 
reading can be had of each 
armature coil and thus 
reveal open, shorted, or 
otherwise defective coils. 
There is an adjustment 
of the rheostat on the 
back of the i nstrument to 
compensate for the num¬ 
ber of turns on each 
armature coil. Ammeter 
range is 0-1.5 and is for alternating current. 



FIELD WINDING TROUBLES AND TESTS 


The troubles occurring in a field winding are usu¬ 
ally: open circuits, short circuits, or grounds. 

An open circuit in a motor-series field winding 

renders the motor inoperative, because any break in 
a series circuit opens the circuit. 

An open circuit in a generator shunt winding will 
prevent the generator from generating current. 

The shunt-field windings, usually used on genera¬ 
tors, are of finer wire than a series-field wmding. 
The shunt-field winding forms a bypath or shunt for 
the armature current. Being of finer wire, it is of 
high resistance, so that it will take but a small part 
of the armature current. The shunt-field windings 


are subjected to the full voltage of the generator, as 
shown in Fig. 40. 
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The series-field windings generally used on 
motors and motor-generators are of coarse heavy 
wire, are in series with the armature, and must carry 
all the current that passes through the armature 
(Kg. 41). The series-field windings are of very low 
resistance; hence they consume as little as possible 
of the voltage supplied to the machine. 

By referring to Fig. 42, the connections to a volt¬ 
meter are made clear. If the free ends of these 
wires are touched together, the voltmeter will indi¬ 
cate the terminal voltage of the storage battery. 
This reading should be kept in mind. 

Now, if instead of touching the ends together, 
they were placed on the terminals of a rather high 
resistance, the voltmeter would give a much lower 
reading, tne value of this reading depending directly 
upon the amount of resistance between the ends. 

It there is no circuit at all, as for instance, when the 
ends are held apart in the hands, the voltmeter 
needle will stand at zero. 

An open-circuited coil will be indicated by a zero 
reading of the voltmeter, when the two free ends or 
‘‘points” are placed upon the terminals of the field 
coil at (A) (B) (Fig. 42), which represents a certain 
amount of resistance. If, on the other hand, the 
rea^g is ve^ nearly that of the battery voltage, 
the field coil is in good condition. 

Therefore if a voltmeter is placed on the ends of a 
shunt winding, which is of a higher resistance than a 
series winding, the meter would read less on a shunt 
winding than on a series winding, because, the wire 
of the Aunt winding is smaller than the series wind¬ 
ing and the resistance offered to the passage of cur¬ 
rent would be greater, with a consequently greater 
voltage dropj whereas, if the meter was placed on the 
ends of a senes winding, the meter reaaing would be 
greater, or nearer the battery voltage, because the 
resistance offered to the passage of current in 
the large wire would be less. 

Right here is the difference between a voltage 
readSig and a millivolt reading. If we were making 
a test of the millivolt drop in the shunt and ^series 
field coil, then current would be passing through the 
coils instead of the coil being in series with the meter. 
We should then be measuring the voltage drop, 
which would be greater in a fine-wire shunt field than 
in a coarse-wire series field. 

If an armature or field is Aort-circuited or 
grounded, the machine may not necessarily be in¬ 
operative altogether. This will depend upon the 
nature of the short or ground, but it will cause a 
generator to generate less output, and will cause a 
motor to draw more current and produce sparking. 

Testing Field Windings with a Meter 

Meter tests for an open-circuited, short-circuited 
or grounded armature and for short-circuited or 
groimded field-coils are the same in principle as de¬ 
scribed under the tests for a motor, and explained 
on pages 487, 488. 

A meter test for a generator-field open circuit 
(Fig. 43), is different from the test of a motor-field, 
open circuit (Fig. 4, page 487). 

Disconnect the field terminals from the other parts 
of the generator, including the field regulating de¬ 
vices. Connect the negative (—) terminal of one. 
c^ of a battery to one end of the field, and the posi-' 
tive (-f) termmal to the (-f) binding post of the 
instrument. Complete the circuit between the 3- 
volt binding post and other end of field. If an indica¬ 
tion is obtAaed, the coil is not open-circuited, but if 
no indication is obtained, the coil is open-circuited. 



Fig. 43. Connections of voltmeter for testing for open-oir- 
cuited generator fields. 


Testing the Delco Motor-Generator Field- 
Coils with a Test-Light 

To test for grounds in the field-coils of a motor- 
generator, place one point on the frame of the motor- 
generator at (F), and the other on the terminal of 
the field-coil at (B) (Fig. 44). Be sure that all 
grounds which are regularly connected to these 
terminals are first removed. 

If the lamp lights, a ground is indicated. If it fails 
to light, the coil circuit is in good shape. 



To test for open circuits in the field-coil, place 
test-points, as shown, on each terminal of the wind¬ 
ing, at (A) and (B) (Fig. 45). 

B the lamp fails to light, the circuit is open. The 
coil should be replaced or repaired. 

To test for short circuits between motor-generator 
windings: The test here is between the “shunt” 
and “series” field winding. 

Place one of the test-points on the terminal of 
the shunt-field winding (B) (Fig. 46), and the other 
test-point on the terminal of the series winding at 

(D). 

If the lamp lights, a short circuit is indicated be¬ 
tween the wmdings. 

Replacing Field-Coils 

When replacing field-coils on a generator, it is not 
always possible to tell which way they are wound in 
order to make one field-pole North and one South. 

Each field-pole must have opposite polarity, 
that is one must be South and the next North, the 
next must bo South and the next North. The prac¬ 
tice is to place the field-coils on the pole pieces, and 
then to connect them together temporarily and 
connect with a battery, as shown in Kg. 49. A 
compass then placed on the outside of the field- 
frame will show if each pole has a different polarity, 
that is if one is N and next S, and so on. Field-coils 
on a 6-volt generator will draw about 3 to 5 amperes. 
Each adjoining pole should show opposite polarity. 

, Most generators have field-poles whlA can be 
removed by loosening a screw which holds the pole 
m place. The pole-tip or flange end next to the 
armature holds the fielu-coil tight to the frame. It 
is very important ti^t thede fieldrcoils be punA 
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marked and that the frame be punch marked, so 
that both can be put back exactly correct, otherwise 
the field-coil may not fit properly and the air-gap 
clearance between the armature and tne field-pole 
tip may not be as it was originally. 

On a starting motor the wire in the field-coils is 
much larger and of less resistance than on generator 
field-coils, and while the same test can be made, it is 
only possible merely to touch battery terminals for 
a fraction of a second, otherwise it is practically a 
dead short circuit on the battery. Most starting 
motor coils come in pairs, and two will have the 
same appearance and can easily be distinguished. 
The idea is to alternate them on the poles. 

When the polari^ is correct, solder the connec¬ 
tions and tape with cotton tape, as the ordinary 
friction tape will soon become oil-soaked and loos¬ 
ened. This tape is white and is called English 
twilled tape. 


Fig. 47 Fig. 48 

Fig. 47. Illufltrating how field-coils are held in place on the 
field-poles by a strip of fiber. This method is generally used 
where field-poles are not detachable from the outside of the 
frame by means of a screw. 

Fig. 48. Illustrating the appearance of a field-coil winding 
ready to apply on the field-pole. 

On pole-tips which are cast to the frame and not 
detachable, the pole-tip is usually small at the end 
next to the armature. The field-coils can be slipped 
over the pole-tips on to the pole-piece or core. A 
fiber strip about thick (Fig. 47) is then placed 
under the coil in a groove, from one pole-tip to the 
other, and will thus hold the coils in place. 

Rcmy Instructions on Field Polarity 

Reversed field-coils: Field-coils are not likely to 
be connected wrong when the machine leaves the 
factory, and cannot possibly become reversed when 
in operation. This trouble, therefore, is very 
unlikely to be encountered unless the machine has 
been disconnected for repairs and is then connected 
up wrong. 

To locate a reversed field-coil: With the field 
excited (connected to the battery). and the armature 
out of circuit, approach each field-pole with a com¬ 
pass, taking tnem in succession. If connected prop¬ 
erly. each pole will attract the end of the compass 
needle opposite to that which the preceding or 
following pole attracts. 

Care should be exercised, in making this test, to 
approach each pole with care, and not to slide from 
one pole to the next without taking the compass 
well away from the machine, as the ]^larity of the 
compass needle is very likely to be reversed and 
incorrect results to be obtained. 

Finding the Polarity of Field-Poles 

Care should be taken that the leads on the genera¬ 
tor yoke are connected to the proper brush ter- 
xninus. The earlier fields were wound opposite to 
the later, and it is therefore necessary to cross the 
leads on the latter. To determine how they should 
be connected, test the field with a battery and com- 
Dass as follows (fefer to Fig. 49): 


The generator is placed on its end with the com¬ 
mutator end up and the terminal to the left as 
shown. A 6-volt battery is connected to the field- 
coil leads. Current will then flow through the field- 
windings or coils, and in doing so, the field-poles 
will become an electromagnet. 

One end of a field-pole will be North (N) and the 
other end South (S) of each field pole, of which there 
are four. 

Therefore, by placing a compass, say, at the 
frame end of field-pole No. 1, the N pole end of the 
compass needle (tne dark or arrow-point end of a 
compass needle is the N pole end) will point toward 
the field-pole, and the end of the field-pole next to 
the generator frame will be the S pole and the inner 
end will be the N pole. 

By placing the compass needle at the frame end 
of the next neld-pole (No. 2), the S pole end of the 
compass needle will point to the fiela-pole, and the 
end of the field-pole next to the generator frame will 
be the N pole and the inner end will be the S pole. 

The outer end of field-pole No. 3 will be S and 
the inner end N; the outer end of field-pole No. 4 
will be N and inner end S. Thus it will be observed 
that the polarity of the field-poles alternate and 
those field-poles which are opposite each other are 
of the same polarity. 

If the poles do not indicate with reference to the 
terminals as shown in the diagram, reverse the leads 
of the field-coils to the battery wires and test with 
the compass again. If they indicate properly now, 
the lead attached to the positive (-f ) wire from the 
battery is the one to be attached to the third brushy 
and the other is attached to the grounded brush. 

The reason why the N pole of the compass needle 
points to the S pole of a magnet or field-pole is thc^ 
fact that the magnetic lines-of-force flow from N to 
S (see Fig. 1, page 179), and the N pole end of 
the compass needle will always point wi& the direc¬ 
tion of flow of a magnetic circuit. For example, 
the magnetic lines-of-force flow out of the N pole 
end of field-pole No. 1, into the S pole end of field- 
pole No. 4, out the N pole end of No. 4, through the 
frame into the S pole end of No. 1, thus Qomineting 
a magnetic circuit; and the N pole end of the com¬ 
pass needle, will point with this direction of flow. 


No. 2 No. 1 
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Therefore when a compass is placed over No. 4 
field-pole, the outer end is the N pole and the mag¬ 
netic lines-of-force will be coming out instead of 
going in, as at the S of No. 1; consequently the N 
pole end of the compass needle will point with the 
direction of flow, and thus the S pole end of the 
compass needle will be toward the N pole end of 
field-pole No. 4, as shown. The same action takes 
place in No. 3 and No. 2 field-poles. See also Index 
under ‘^Magnetic circuits of field-poles.’^ 


Another Method of Determining Proper Con¬ 
nection of Field Terminals to Brushes 

When the generator is assembled, operate it as a 
motor from the battery. If it runs in the wrong 
direction, the field terminals should be reversed. If 
it does not run at all, the field coils are mounted 
wrong. The proper direction of the generator when 
motoring is counter-clockwise when looking from the 
commutator end, or, in other words, the same direc¬ 
tion in which the engine drives it as a generator. 


CUT-OUT TROUBLES, TESTS, AND ADJUSTMENTS 


Although the construction may vary, the p^ciple 
of all cut-outs is very much the same. See also 
Index under “Testing the cut-out.” 

Sometimes, due to the cut-out points (P) (Fig. 50) 
sticking and not opening when the engine stops, the 
battery discharges for a long period of time through 
the cut-out at about 20 amperes, which will often 
burn out‘ the voltage winding (V). The result is 
that if the points (P) are still stuck when the 
generator is started again, it w'ill charge the battery, 
but the battery will again discharge instantly, the 
moment the engine stops. 

If the points (P) should be open, with a hurned- 
out cut-out voltage windmg (V), the core will not 
become mametized sufficiently to draw the points 
together. Thus the generator will not charge the 
battery, or the cut-out armature may intermit¬ 
tently cut in and cut out in a feeble effort to close, 
and the ammeter will fluctuate back and forth as it 
cuts in and cuts out. 

Function of the Cut-Out 

The function of the cut-out is fully explained on 
pages 332, 519, and should be studied carefully. 


Cutout/^ 



volt|UBiinet«r 


Fig. 50. Method of testing a cut-out. 

There are two windings on the cut-out, a fine- 
wire voltage winding (V) fFig. 50), and a coarse 
series winffing (S). 

The fine-wire voltage winding (V) is always con¬ 
nected across the generator main circuit, but takes 
very little current. 

The series or winding (S) is in series with the 
circuit to the battery from the generator. 

On the Delco some of the very old models had cut-outs, but 
later on the out-out was dispense with entirely (see page 387). 
On the late two-unit Dcloo systems the cut-out is used. 

See (fisoussion of Remy cut-out adjustment on page 351; 
Delco, page 409, and North East (Dodge), page 372. 

Cut-Out Troubles and Adjustments 

If the cut-out points stick and fail to open, the bat¬ 
tery will discimrge back through the generator, 

, < Burned-out out-out voltage coils are also sometimes ooca- 
sieiied by running a oar with the charging (wouit opened with¬ 
out grounding the generator, or by a looee ground oonneotion. 


It is well to mention here that it is permissible for the battery 
to discharge from 0 to S amperes back through the cut-out at 

low generator speed. This is usually the case, as explained on 
page .333, as the series coil (S) whicn opens the points is thus 
demagnetized. If, however, the points fail to open, then as 
high as 15 to 20 amperes will discharge through the generator, 
and thus will run the battery down. 

If the cut-out points fail to close, the generator 
will not charge the battery. 

Failure of the cut-out points to open may be due 
to: 

1. Not sufficient air-gap space between contact arm 
blade (A) (Fig. 52^, and the iron core of the cut¬ 
out coil (G). This can be remedied by slightly 
increasing the spring tension controlling the pull 
of the blade. 

Note. The spring is not shown in this illustration. See 
pages 333,351,373. The air-gap space between (A) and the arm¬ 
ature core (C) (Fig. 52) is iisually .010" to .015" clearance. 

If^the cut-out is slow to cut in, then this air-gap 
should be slightly decreased by bepding the con¬ 
tact blade, which moves the blade or armature (A) 
closer to the core (C). On some of the Westing- 
house cut-outs, there is a screw for this purpose. 
Poor brush contact will also cause the cut-out to 
cut in late. 

If the cut-out cuts in too quickly, increase the 
spring tension which holds the contact-arm, or 
increase the air-gap. 

2. Pitted points are also the cause of failure to open. 

This may be caused by: (a) long usage; (b) 
excessively high current output of the generator; 
(c) insufficient spring tension; (d) improper oper¬ 
ation of the generator. 

3. Defective windings, such as a short circuit, may 
also be the cause of failure to open. 

Failure of cut-out points to close may be due to: 

1. Air-gap clearance (G) (Fig. 52) too great. 

2. Spring tension too strong. 

3. Open cut-out windings. 



Test points 

Fig. 51 Fig. 62 


Fig. 51. Test points, battery and lamp used for out-out teetik 
Fig. 52. Cut-out winding terminals. * ^ 
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To Test the Cut-Out Windings 

To test the cut-out voltage winding (V) (Fig. 62): 
Use four cells (8 volts) of a 12-volt storage battery. 
Disconnect the cut-out from all circuits. Place 
one lead* from the batte^ on (Gen.) and the other 
lead on (Gr.). The cu^ut ]^ints (P) will close 
quickly if the voltage winding is in good order. 

To test the cut-out voltage winding for a ground. 
(Fig. 62): Place one testjioint (Fig. 61) on (Gen.) 
and the other on (Gr.). If the lamp lights, but the 
cut-out points (P) when tested as m the preceding 
paragraph, fail to close, this indicates a ground, or 
too great an air-gap at (G), or too much spring 
tension. 

To test for an open in voltage winding (V), make 
the same test. If the lamp fails to hght dimly, 
winding (V) is open. 

To test the cut-out series winding (S) (Fig. 52): 
Place one test-point on (B), which is the end of the 
series winding (S) leading to the battery. Place 
the other test-point on (Gen.). The lamp should 
fail to light, as the cut-out points are open at (P), 
but the lamp should light when the cu<>out points 
are held closed by the hand. 

To test series winding (S) for a ground /'Fig. 52), 
place one test-point on (B), the other on (G). The 
lamp should fail to light. 

After testing the cut-out windihgs, proceed as 
follows: 

Mctliod of Testing the Cut-In and Cut-Out 
Speeds of Cut-Out • 

1. Connect cut-out between generator and battery, 

as shown in Fig. 50, as if on the car. Use the 30- 
ampere shunt with testing ammeter. We shall 
assume the driving method is as shown in Figs. 
15 and 16, page 477. 

2. Use the pulleys for the 676 speed. Permit the 
belt to slip when first starting, and gain speed 
gradually. The cut-out should cut in, or close 
at about 650 to 675 r.p.m. It will be heard to 
click when it closes, and about 1 ampere will 
show on the meter.i 

Permit the belt to slip, and thus slow down the 
speed of generator, or use the pulleys for the 450 
r.p.m., and see if the cut-out cuts out below 600 
r.p.m. 

The cut-out, with most generators,* cuts out 
when the generator speed is low enough to permit 
the battery to discharge slightly back through the 
series winding (S) of the cut-out, which demagne¬ 
tizes the series coil, releasing the points. This 
discharge varies from 0 to 3 amperes. 

The foregoing refers to testing the cut-in and 
cut-out speeds of the generator. We will proceed 
with the complete generator-driven test, using a 
Ford generator as an example. 

3. Use the pulleys for the 1,426 speed. At about 
1,400 to 1,500 r.p.m. the generator should de¬ 
liver 10 amperes. 

4. Use the pulleys for the 1,800 speed. At about 
1,800 r.p.m. the generator should deliver its 
maximum of 12 amperes. The generator is, 
however, capable of giving a higher amperage, 
but 12 amperes is the maximum according to the 
manufacturers* instructions. About 15 amperes 
is really necessary, however, to keep the battery 
charged. If more is attempted, the generator 
will heat. 


1 The Service Manuals, advertised in the back of this book, 
five the but-iu and out-out speeds, voltages, etc., of different 
models of generators of all makes. 


6. Use the pulleys for the 2,400 speed. At speeds 

over 1,800 the amperage should not increase over 

12 or 15 and should drop off at high speeds, or 

over 1,800 r.p.m. 

If the amperage is more at the speeds mentioned 
above, the rate can be decreased by moving the 
third brush in the opposite direction to the rotation 
of the armature. 

If the amperage is less, the rate can be increased 
by moving the third brush with the direction of 
rotation. 

If an "external regulator" is used, adjust the regulator. See 
page 350 for the Remy. See also Index under "Adjusting 
third-brush regulated generators." 

If, after adjusting the third brush, this does not 
give the desired readings, then operate the generator 
at 1,400 to 1,800 r.p.m.. and note if there is a flashing 
at commutator and it there is a smell of burned 
insulation; if so, the armature coil is probably short- 
circuited and a separate test of the armature for a 
short-circuited coil should be made. See pages 497, 
498, 499, 516. Be sure, however, that the flashing 
is not due to loose brushes, protruding mica, etc., 
as previously explained. 

A short-circuited field-coil will also cause spark¬ 
ing, but not so much heat, because the other field- 
coils will take the load which is cut out of the shorted 
coil, and they will probably heat. 

Other tests of armature coils and field-coils are 
shown on pages 497 to 499 and 513 to 519. 


Example of Locating Cut-Out Trouble 
(‘‘Overland 4” as an Example) 

Trouble: We will assume that the battery cut-out 
fails to close and that after closing it by hand, will 
find that it remains closed and the generator charges 
the battery until the engine stops, when the points 
open as they shouldJi:)ut will not close when starting 
the engine again. We will assume that a new cut¬ 
out was installed, and the result remained the same 
The generator makes a grinding noise when the 
points are closed. 

Causes: The initial current from the generator flows through 
the binding-post of the cut-out rnarked^'To -f- Gen,," through 
the metal framework of the cut-out and through the cut-out 
core. 

The fine winding (V) of the cut-out core, termed the voltage 
or shunt coil, is connected to the core at one end and to the 
binding-post marked (2) at the other (see Fig. 53). 

Binding-post (2) is grounded, that is to say, to be attached 
to some part of the metal of the chassis. 



J 6ROUHD 

Fig. 53. Overland "4" cut-out. 


As the Dpposite side of the generator is also grounded, it is 
apparent that so long as there is no break in the circuit tne 
initial current will flow through the shunt winding of the cut¬ 
out and, energizing the core, cause the points (P) to be oloeed. 

Next, examine the other ciicoit From the binding post to 
the left, the current flows through the iron frame of the eut-out, 
through the movable arm—oaliM the armature—which oarriet 


DYKE’S INSTRUCTION No. 44 


one of the eut-out points. When these are brought together, 
^e path of the ourrent is through the lower, stationary out-out 
point, through the heavy winmng of the out-Out, c^ed the 
seriee or current winding (S), to binding^post (3), and thenoe to 
the battery. 

As the cut-out remains closed after having been closed by 
hand, it is apparent that this circuit as well as the generator 
is normal, providing the ammeter indicates “charge** with the 
points cloBM. 

It is likely there is either a break in the fine windinfc of the 
cut-out or that the ground connection between binding-x>ost 
(2) and the chassis is either broken or dirty. 

The winding (S) can be tested with a 110-volt test-line wired 
in series with a 110-volt bulb. Do not attempt to make the 
test without using the bulb. 

Apply one test-point on the binding post to the left, and the 
other on binding-poet (2). The lamp should light, although 
not up to full candle power. Shoiild it light and burn up to 
full brilliancy, the probability is that the fine winding is short- 
circuited or in contact with the iron of the core soniewhere with 
its coils. On the other hand, if the lamp should fail to light at 
all. a break in the winding is indicated. 

The remainder of the test had best be made with a 6-volt 
battery, as the high-voltage current is quite likely to overcome 
the resistance of a dirty connection and give a clear indication. 


With two wires connected to a test battery—not the one on 
the car-test between terminals (2) and any clean part of the 
chassis. There should be a flash. If there is not, the proof is 
conclusive that the ground connection between terminal (2) 
and the chassis is at fault. 

To corroborate this, attach a wire to terminal (2),, fastening 
the other end underneath the head of an enmne bolt or nut. 
Start the engine and bring it up to speed. If the generator is 
operative and the cut-out has tested normally, ourrent should 
flow. The points should close and everything should operate 
satisfactorily. 

The fact that a new cut-out is installed would indicate that 
the trouble will be found in the ground connection. 

The noise of the armature is caused by one of three things: 
(1) the generator is not charging, and when the points are 
brought together by hand the battery current discharging back 
through the apparatus causes it to drag, knock, and growl; 
f2) the new armature is short-circuited in one or more coils; 
(3) the bearings are not all that they should be. So long as the 
generator is not delivering current, it simply runs idle, absorb¬ 
ing very little power, but as soon as it begins to generate, an 
extra Ic^ is thrown upon the bearings; and if these are not in 
good condition and in perfect alignment, the noise will result. 
(Motor Age») 


CONNECTING CUT-OUT WHEN TERMINALS ARE NOT MARKED 


Every cut-out has tiiree terminals: One of these terminals The lower part of the illustration shows the connections to 
may be invisible, as it is connected to the ground of the cut- the base of the cut-out. These terminals are not always 
out case (see Fig. 60, page 504, and Fig. 64 below). marked. 


‘'S'SERICS \<4IND\NG 



TO GEN. TO GROUND TOBAT'Y. 


Intemal wiri^ of a typical form of cut-out (see 
)lso 26t page 620). Toe core on which the two windings 
Ql ana 8) are wound, and which becomes magnetized and 
orawe the armature blade (blade at top with upper point P) to 
ft is not shows. The omre is shown in Fig. 60, page 604, and 
page 388. 


To locate terminals of voltage coil (V): Use a 110-volt A.C. test 
light. Connect terminals of test light to various combinations 
of two terminals on the cut-out. When those two terminals 
are touched, which give a dim light and a buzzing of the cut¬ 
out points, the test’points are across the voltage coil. 

The reason why the light dims is that there is great resist¬ 
ance in the fine-wire voltage winding (V). The reason of the 
buzzing is the magnetization of the current flowing through 
the voltage coil (V), which causes the cut-out points (P) to 
close, but owing to the alternation of the current the cut-out 
core is rapidly magnetized and demagnetized, as the current 
flows alternately in opposite directions. Thus the pointfi 
are closed and released rapidly, causing the buzzing effect. 

To locate terminals of current or series coil (S): Use the 110- 
volt test light. Close cut-out points by hand. Place test light 
on terminals, and test as above. Those two terminals which 
give a bright light with the out-out points closed, and no light 
with the cut-out points open, are connected to the ourrent coil. 

This is due to the low resistance of the heavy winding of 
the current coil (S). The lami> goes out when the cut-out 
points are open because the circuit is then open. 

Determination of terminals: The one terminal which was 
used in both tests above should be connected to the generator. 
The other terminal of the voltage coil should be grounded. 
The other terminal of the current coil should be connected to 
the ammeter and battery (see Fig. 60, page 504). 

The reason why the one terminal which was used during 
both tests above should be connected with the generator is 
that this terminal is connected to both the current coil (S) 
and voltage coil (V) (see Fig. 60, page 504). 


ADJUSTING OUTPUT OF DIFFERENT GENERATORS 


*Ilie third-brash type of generator is the type used most, and 
the adjustments of the different makes of third-brush regulated 


generators are shown on pages as follows: 

Delco third-brush regulated generator.pages 407-409 

Remy third-brush regulated generator.page 363 

north East third-brush regulated generator.pages 374, 375 

Bijm: ihird-brtudi regulated generator.page 364 

Ford third-brush regulated generator.page 516 


Adjusting the charging rate of generators using an electro- 
mametic vioratm regulator instead of a third bru^ to increase 
or decrease the output is usually by means of an adjusting 
screw which increases or decreases the spring tension of the 
regulator. Some of these regulators control the voltage out¬ 
put of the generator and some control the current output, and 
some makes control both the current and voltage, as explained 
on pages 346-348. See also page 360. 

Without specific information as to the exact charging-rate 
at which to set a generator, one would probably be safe to sot 
the average amperage charce-rate of the generator to the 
battery, noth Il^ts on for winter use, of approximately 11 to 
16 amperes, am in summer 6 to 13 amperes, depending upon 
oondiuons under which the car is driven (see page 663). For 
the average conditions of <^ation, the generator charging- 
gste on passoimer cars Should bo about 16 amp^es for 6-volt 
batteries md 7 to 8 amperes for 12^olt batteries. The idea 
^l to keep battery changed, but not excessively over-ebsxged 
and to the electrolyte wHbin iO points of fun-charge 
gravky (mb also page 66U. FuU charge abould show between 


1275 and 1300 s.g.; the temperature of the solution should not 
rise above 105®-F. (see page 672). 

High battery water consumption usually indicates a high 
charging rate. When touring, it is advisable to burn the 
lamps or reduce the charging rate to avoid over-charging battery. 

No set rule can be given as to the amount of ampere-outout 
at which to set a generator, becausp almost every application 
has a specifically recommended charge rate which can be found 
in Data Books or Wiring Manuals. Some generators will 
stand a maximum output, with lights off, of 18 amperes; 
another onlv 12 or 13. Consult the manufacturer’s instruc¬ 
tions as to the maximum ampere charging rate. 

On generators using a thermostatic control it is seldom 
necessarv to change the charging-rate for summer or winter 
as the thermostat provides for the variation in temperature 
(see pages 362, 363). 

Too high a charging-rate will produce sparidng at the brushes, 
which will pit and Dum the commutator and will also necessitate 
taking up on the chain tension which often produces a singing 
noise. The bearings will also feel the effects in time of a higher 
charging rate, owii^ to the increased tension of drive chain. 

• When increasing the charging rate, be sure it is not enough 
to produce sparking. If sparking is produced, see if brushes 
and commutator are in proper oondition. and if so, and sparking 
continues, then the charging rate should be set back. 

To ten when a battery needs charging and why and when to 
ii*ecasae the generatorootpot,seapage663. 








INSTRUCTION No. 45 

EXAMPLE OF A METHOD OF MAKING ELECTRICAL TESTS 
(Ford Generator, Motor and Cut-Out as an Example) ‘ 


The F.B. Test Stand, designed for testing the 
Ford model starting motor and third-brush 
regulated generator and the cut-out, as described, 
will be used as an example in the following discussion. 

Tests of other makes of third-brush generators 

are similar in principle, and the same applies to 
other makes of cutr-outs and starting motors.^ The 
principles of testing generators equipped with 
electromagnetic regulators are slightly different. 
(See Addenda pages 58-59.) 


It is impossible in this book to give data for the 
test of all generators, starting motors and cutouts, 
etc. We recommend therefore that the repairman 
purchase the Manual advertised on page 1152 of 
this book, which gives electrical testing data con¬ 
cerning the speed, amperage and voltage to test 
different makes of generators, cut-outs, starting 
motors, etc. This Manual is also very necessary 
for wiring a car and for general automotive electrical 
work. 


ELECTRIC TESTING EQUIPMENT 


Testing equipment is divided into two distinct 
classes: (1) equipment for testing and rei>airing the 
starting and lighting system while it is installed on 
the car; (2) equipment for testing and repairing the 
various units of the system after they have been 
removed from the car. 

The first tests are made with a combination volt¬ 
meter and ammeter, such as the h'.B. test set (or 
the Weston, described on page 464, or other makes 
of instruments). 

The second tests are made with a testing stand, 
an example of which will now be given. 

The F. IL Test Stand 

This stand is designed solely for use with the F.A. 
starting and ligliting systems used on the Ford mod(d 
“T’' car. The illustration (Fig. 1) and parts will 
give an idea of how a testing stand is constructed.^ 

Parts for Testing Starling Motor 

B is the starting switch connected between battery 
(P) and the wires leading to the top of the stand 
for testing the starting motor on a ‘‘free-running’' 
test. 

D is the motor ammeter connected in the circuit 
just mentioned, and shows the amperes of current 
used in the test. It reads 0 to 1,000 amperes. 

A is a swinging shelf for the scale (Q) which is used 
for the “torque" or “kick" lest of the starting 
motor. When a torque test is made, the motor 
is placed in stand (C) and connected with the 
battery. 

A brake-arm, one foot long, is attached to a sleeve 
which slides over the motor shaft. The swinging 
shelf with scale is pulled out and an extension from 
the brake arm rests on the scale. 


i The test stand and the tests described in this Instruction 
No. 45 apply to the Ford Model “T” car. The later model of 
this test stand is equipped with a bench lathe driven by a uni¬ 
versal motor and jack shaft on the stand which can be used for 
turning, sanding and under-cutting mica of armature com¬ 
mutators and many other jobs which are necessary around a 
service station. Tne general principles of the tests described 
in this instruction will apply to practically any make of starting 
motor and third-brush generator, but the data for voltages, 
currents, torque, speed, etc., will vary for different models. 
Correct data for the unit to be tested should be obtained from the 
manufacturert or from the Manual as described on page 1152. 
See page 481 for addresses of concerns who supply electrical 
test stands as well as all kinds of automotive electrical testing 
instruments. The Ford Motor Co. distribute to their dealers 
a compact unit known as the ''Ford Laboratory Test Set" for the 
Ford V-8. 



The starting-switch (B) is pressed, and when the 
motor stalls or cannot turn because of the resistance 
to rotation by the scale, the jpound pull on the 
scale indicates the torque of the motor armature 
shaft. 

If the motor is in good condition, the scale (Q) 
should read 12 to 14 pounds and the ampere-meter 
should show a current draw of 600 to 750 amperes. 

As the ^ar ratio between the Bendix gear on the 
motor and the gear on the flywheel on the engine is 
12 to 1 (Ford starting motor), this means that the 
motor under these conditions is exerting a turning 
effort of 168 pounds on the end of the starting crank 
1 foot long (12rgear ratio] x 14 pounds»168 pounds). 
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Parts for Testing Generator 

C is a stand for holding the motor or generator. If 
the generator is given a “free running^' or “motor¬ 
ing” test as a motor, it is connected with a battery 
in the same manner as a starting motor. 

H is a uj^versal motor, so called because it will 
operate on any 110-volt lighting circuit, either 
alternating or direct current. 

When the generator is given a “driven” test, it is 
placed in stand (C) and connected to the universal 
motor which drives it, by means of a flexible coup¬ 
ling. 

M is the toggle-switch which connects with tha 
lighting circuit (110-volt) and the universal motor. 

N is the rheostat connected with the universal 
motor which varies the speed of the latter. The 
generator is driven at the same speed as the uni¬ 
versal motor which drives it. 


E is the tachometer, connected by a flexible shaft 
(J) with the universal motor and indicates the 
speed in revolutions per minute of the generator 
which is being driven. The tachometer readings 
are from 0 to 2,500 rev. 

P is the ammeter used in connection with the gener¬ 
ator tests, and reads from 0 to 30 on the “charge” 
and “discharge” sides. 

T are test-points connected with the 110-volt light¬ 
ing circuit, and using a “tell-tale” red light (K) 
mounted flush with the test-stand. 

L is the switch connecting the test-light (K) with 
the test-points (T) and the lighting circuit. 

All instruments are protected by 10-ampere fuses 

mounted under the test table. 

A cut-out is provided and mounted on the test 
stand so that the generator can be connected up and 
tested as if on the car. 


GENERAL INSPECTION OF GENERATOR AND MOTOR TROUBLES 


Before going into the details of the location of 
the various faults of the generatx)r and motor, which 
are the two main units of the starting and lighting 
system, and the ones that generally cause ninety 
per cent of the trouble, we will explain the general 
effects of the more common troubles on the various 
parts of the machine. A careful inspection of the 
machine, having in mind these effects, will often 
instantly locate the trouble so that no electrical 
tests are necessary. 

Ninety per cent of generator and motor troubles 
are indicated by the condition of the commutator. 
If the commutator is burned and blackened uni¬ 
formly over its entire circumference, it is due, as a 
rule, to dirt and grease which have collected on the 
commutator, or to carbon or copper dust from the 
commutator itself, or from the brushes, wliich cause 
sparking and burning of the commutator. 

The collection of carbon or copper dust on the 
commutator is generally due to the commufator 
becoming roughened and starting to cut, or by the 
u^ of a orush which is not of the proper composi¬ 
tion and which acts more or less like a file against 
the commutator. 

Poor contact between the bmshes and the com¬ 
mutator, due to insufficient spring pressure or stick¬ 
ing brushes, will cause the commutator to burn 
pretty imiformly, due to the constant arcing between 
the brushes and the commutator. The same effect 
of a burned commutator will also be caused by a 
loose connection somewhere in the circuit wMch is 
constantly making and breaking tho circuit. The 
flame of the arc resulting from the causes named 
above is generally of a reddish color, and is very dis¬ 
tinct from the bluish tinge in the arc resulting from 
other causes. 

An open circuit in the armature is nearly always 
detected by a *^flat” on the commutator, because 
every time the brush comes in contact with the 
commutator bar which has an open coil attached to 
it, an intense blue spark is made as a result of the 
breakage of the circuit at this point under the brush 
and the seraent is burned away, causing what is 
commonly Ibiown as a “flat.” 

The burned bar as well as the “flat” indicates 
the nature of the trouble, namely, an open circuit, 
and immediately locates tne coil in which the trouble 
exists* 


Short circuits in armature coils arc indicated by 
flashing at the commutator and also by the smell of 
burning insulation. 

A short-circuited field-coil is also liable to cause 
sparking, but not undue heating of the armature. 
However, the particular field-coil that is shorted 
will become much hotter than the other field-coils. 

The windings of the generator, both on the arma¬ 
ture and field, consist of many turns of fine wire as 
compared with the motor windings which have only 
a few turns of heavy wire in both armature coils and 
field coils. 

The result of this construction is such as to give 
rise to many more sources of trouble in the generat or 
than in the motor. 

In addition, the troubles of the generator are fur- 
ther influenced by open circuits or grounds in 11 ic 
wiring system, including the cut-out, which C('n- 
nects it to the battery. All of these affect tht^ 
behavior of the generator and are the immediate 
cause of generator troubles. 

On the motor side, a ground or short in the wiring 
has no bad effect on the motor proper. The con¬ 
clusion is that the majority of troubles experienced 
will be with the generator, as it is so vitally affected 
by the proper operation of a number of other things, 
while motor troubles should be very few, and in 
general confined to mechanical troubles, and on 
the electrical side almost solely to commutator and 
brush troubles. 

No repairs should be attempted on armatures on 
which grounded, shorted, or open windings have 
been located, but the complete armature should be 
returned to the factory for repairs or replacement. 
If the trouble is such that it can be easily located 
and repaired, such as an open circuit due to poor 
contact between the ends of the coil and the commu¬ 
tator bar, or a short due to copper dust between bars, 
there is no need of returning the armature to the 
factory. Any troubles, however, that involve re¬ 
winding of the armature should be remedied by 
returning the armature to the factory. 

Most of the troubles experienced with the cut-out 
will be caused bv the contact points becoming cor¬ 
roded and pitted so that the cut-out points wul foil 
to make a contact, thus leaving an ^^open” in the 
generator circuit, or else they will stick and fail to 
open, causing the battery to ^charge back through 


METHOD OF MAKING ELECTRICAL TESTS 


509 


the generator. This trouble is easily taken care of, fails to operate from causes other than dirty contact 

as explained under ‘*cut-out troubles/^ by cleaning points, as just described, the chances are that the 

the contact points. trouble lies in a defective magnet winding. Any 

If, on making a test of the cut-out, it is found that attempts to incre^e or decrea^the spring tension 
there are open or shorted or grounded coils in it, the points or adjust the opening between 

instrument should be returned to the factory for them will only make matters worse, 
repairs or replacement, and under no circumstances attention other than cleaning the contact 

should the service man attempt to rewind the coils, points should be required for the cut-out, and if it 

When the cut-out is installed on the car when it will not work properly imder these conditions return 

leaves the factory it is in perfect condition, and if it it to the factory for repairs. 

USE OF TEST-POINTS 

TTie F.B. Test Stand is equipped with a set of test- J 

points consisting of two brass points insulated with hovolt t 

fiber handles attached to a flexible cord which is 

fitted with a Hubble plug. powts 

On the front of the stand is a Hubble socket into — 

which this plug is inserted, and when tllis is done it Fig. 2. Test-points and lamp for use with a 110-volt ci ouit. 


connects into the circuit the standard 110-volt lamp 
w^hich is attached to the under side of the table and 
which lights the red “tell-tale” glass whenever the 
circuit is completed through the test-points. 

Whenever these points are touched together, or 
whenever a circuit is completed by holding the 
points on any electrical circuit that is complete or 
continuous, a circuit is established allowing the cur¬ 
rent to pass through the lamp, in this wav indicating 
that there is a continuous and complete circuit. 
This principle is utihzcd to locate open circuits, 
grounds, and shorts. 

For example, if it is desired to test an open circuit 
in the field-windings, hold one of the test-points on 
either terminal of the field. If the field-winding is 
not open, that is, if there is not a broken wire or con¬ 
nection in it, the circuit will be complete, and it will 
be indicated by the lighting of the bulb. 

For testing for grounded field-coil, hold one test- 
point on one terminal of the field-coil and the other 
terminal on the frame of the machine. 

If there is no ground, that is, if there is no contact 
between the field-coil and the frame of the machine, 
there can be no circuit. Consequently the indicator 
will not light. On the other hand, if there is a 
ground, the circuit will be completed to the lamp 
and it wdll indicate the ground by the lighting of 
the bulb. 

Test points with a high-voltage lamj) are shown 
in Fig. 2 and with a low-voltage lamp in Fig. 3. 

MOTORING TEST 

A considerable number of the first ins^Uations of 
the F. A. Starting and Lighting Equipments on 
Ford cars were assembled with the Ward-Leonard 
automatic cut-out assembled on the dash, while in 
the later systems the cut-out is assembled on top of 
the generator. 

If the generator to be tested is from one of the 
systems where the cut-out is mounted on the dash, 
the generator lead is connected directly to the gen¬ 
erator terminal marked (T) (Fig. 4). 

If, however, the generator has a cut-out moxmted 
on it, the terminal lead is connected to the terminal 
on the cut-out (Fig. 5^ 

Do not put the flexible ooupl^g on the generator shaft for 
making the ‘‘motoring" test. This is a "free running" test, 
and the generator must not pull any load while making it. The 
soui^ng is used for driving the generator and is not needed for 
^ieit 


The test-points furnished with the F.B. e;jaip- 
ment are designed for use on 100-volt circuit, either 
A.C. or D.C., and the advantage of this higher 
voltage over a lower voltage is very considerable. 
For example, if there is a partial ground due to 
copper or brush dust which has settled between the 
commutator bars, the higher voltage tends to show 
it up more clearly and often bums out the foreign 
substance which is causing a ground and thus clears 
up the trouble. Fig. 2 shows the test-point circuit 
using 110 volts. 



TesT ro/f/Ts 

Fig. 3. Test-point and lamp for use with a 6-volt storage 
battery. 

The same principle of using test-points can be 
utilized with a 6-volt battery, using a standard 6-volt 
bulb in the place of 110-volt lamp. Such a set as 
this is often very convenient, especially in making 
tests around the car where it is not always possible 
or convenient to utihze a llO-volt set. Fig. 3 
shows the method of connecting up the test-point 
set with a 6-volt battery. 

OF GENERATOR 



Fig. 4. Generator to be tested where eut-out is 
on of ear. 
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Fig. 5. Generator to be tested where cut-out is mounted on 
• aerator. 

By this connection the generator is connected to 
battery and meter and cut-out on the F. B. Test 
Stand in the same way that it is wired up on the car 

Ihe generator is now ready for the motoring test, 
that is, to send the current through it as a motor 
and to note its performance. The results will 
indicate whether the generator is in good condition, 
and if not, it will to a great extent indicate the 
troubles that may be looked for in it. 

The generator motoring test can be conducted 
under two different conditions, namely: when the 
generator is not equipped with a cut-out mounted 
on top of it, and when it has a cut-out mounted on it. 

Motoring Test Without Cut-Out on Generator 

After the generator has been set up as described 
for the motoring test^ it is necessary only to press 
the starting-motor switch, clearly indicated in Iig. 1, 
which action short-circuits or cuts out the Ward- 
Leonard cut-cut on the Test Stand so that the cur¬ 
rent from the battery passes directly through the 
generator and causes it to run as a motor. 

The generator ammeter mounted on the light- 
hand side of the instrument board will indicate the 
amount of current being taken to motor the genera¬ 
tor, and is indicated by the needle on this instrument 
reading to the left of the zero center. The amount 
of current taken should be about 4 amperes, and 
the generator should turn in a clockwise direction. 


looking at it from the drive end, without any 
undue noise or sparking at the brushes. See alra 
page 491. 

Note: Data from Standard Auto-Eleotrioian’s Manual on 
generator test are as follows: **Motoring freely—3 to 5 amperee 
at 6 volts. Field current—2 to 2.5 amperes at 6 volts.'* 

Motoring Test With Cut-Out on Generator 

For making the motoring test when the cut-out is 
mounted on the generator the same procedure is 
followed and the same results should obtain, but it 
is first necessary to short or cut out of the circuit the 
cut-out which is mounted on the generator. This 
is done by using the special wire jumper which has a 
snap connector on either end, and is provided with 
the outfit. One of the connectors is snapped on the 
main terminal of the generator marked (A), and 
the other connector is snapped on the terminal 
marked (C) in Fig. 6. By attaching this juniper 
in this way it has the effect of taking the cut-out out 
of the system. 



The starting-motor switch is then pressed, as in 
making the test without the cut-out mounted on the 
generator, and the same readings on the ammeter 
will apply to this method of installation. 


GENERATOR TESTS 


tachometer 
GEN. AMMETER 
universal HCfTCh 


MOTOR AMMETER 


INSTROMEKT 



Vig. 7. Hooldiw up the generator with the drive motor 
for the goserator driven teet 


The next hook-up is for making the complete 
generator test The first thing that is necessary is 
to make a connection between the generator and 
the universal motor, so that it can be driven at the 
desired speeds. 

When the generator is taken off the car for test, 
it has a gear Keyed to its shaft on the driving end. 
It is not necessanr to take this gear off to make the 
test, but rather this gear is used as part of a flexible 
connector to hook the generator to the universal 
motor. The generator half of the flexible connector 
shown in Fig. 7 is slipped over this gear and locked 
to it by tightening the screw (S) shown in Fig. 7. 

The flexible coupling is of the conventional 1 
driving through a leathe 
of the coupling ‘ 
versid motor! 
ator stand, as previously d^cribed, turning the 
flexible conneotipn until the three driving pins on 
the motor half of the connector fit into the Jbai 
washer and then lock the generator ^ position. 


tier washer. The other 
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Ji the generator has no cut-out mounted on it, 

the generator lead is connected directlv to the main 
generator terminal, as shown in Fig. 4. If there is 
a cut-out on the generator, the generator lead is 
connected to the main terminal on the cut-out, as 
shown in Fig. 6. See also pages 619,620,1122,1125. 

The generator will then be connected into the 
system electrically, the same as it would be in the 
car, except that the motive power will be furnished 
by the universal motor instead of the Ford engine. 

The first test to make on the generator is to 
determine whether it is cutting in at the proper 
speed; that is, whether or not it starts to generate 
sufficient voltage and current to operate the cut¬ 
out, which action connects it to the battery. Tliis 
is done by starting the universal motor by throwing 
in the starting switch and then slowly increasing the 
speed until the cut-out operates. The operation of 
the cut-out can be noted in two ways: first, a dis¬ 
tinct click will be heard when it closes and also 
the generator anuneter will show a reading of about 
1 ampere which will be indicated by the needle of 
the ammeter to the right of the zero center the in¬ 
stant that it operates This is probably the best 
way of noting the action of the cut-out. 

If the generator is in good condition, the cut-out 
should close at about 650 r.p.m., which speed will 
be shown by the tachometer. 

Note: According to ciata in the Standard Auto-EleotHciana 
Manual, the cut-out closes at 600 R.P.M.. 10 6.5- 


7.6 volts; opens at 660 E.P.M.. 8 0-3 amperes di»- 

obarge; contact gap adjustment is .016-.020*': core gap, .010''. 
contacts closed. 

It may be that in the case where the cut-out is 
mounted on the generator the cut-out is defective 
and will not close the circuit, so that no reading will 
show in the ammeter. If this happens, the cut-out 
can be cut out of the circuit by putting the jumper 
across the two terminals (C) and (A) (Fig. 6), as 
described under ^^Motoring Test.*' The generator 
tests can then be completed as described, and the 
cut-out tested independently, as describe under 
‘‘Test for cut-outs.*^ 

The next test is to see if the generator is delivering 
10 amperes at a speed of 1,400 r.p.m. This test is 
made by slowly increasing the speed of the genera¬ 
tor and noting its output on the ammeter at this 
speed. 

Next, the test for regulation is made to see that 
the third-brush type of regulation with which the 
generator is equipped is controlling the output of 
the generator properly at high speeds. This test is 
made by moving the controlEng handle on the rheo¬ 
stat to the right until a speed of from 1,700 to 1,800 
r.p.m. is reached. At this speed the generator 
should not be delivering more than 12 amperes, as 
will be indicated by the ammeter, as this is the maxi¬ 
mum current that the generator is supposed to give. 
It should be held constant at this rate by means of 
the tiiird-brush regulation. 


STARTING-MOTOR TESTS 


Krst take off the Bendix gear, and place the motor 
in the generator holder, locking it in place by follow¬ 
ing the same methods as were used with the gener¬ 
ator. See that the heavy terminal again comes on 
top, and that the motor shaft now extends to the left 
instead of to the right. 

It will be noted that the motor has a square flange 
on the drive end, and one of these four sides should 
be placed flush against the upright projection on 
the back and left-hand side of the generator stand. 
This actually prevents the motor frame from turning 
in the stand when the torque test is being made. 

Theu connect the heavy motor lead to the motor 
terminal, being sure to make a good connection. 
The motor is now attached electrically to the storage 
battery under the same conditions as on the car, 
and connection is made by pushing the starting 
switch on the front of the table, allowing current 
from the storage battery to pass through the motor. 

Motor *‘Frec-Running Test'' 

The motor mounted for the free-running test is 
shown in Fig. 8. Press the starting-switch lever 
and the motor will spin rapidly, making what is 
known as a “free-running** test The b^avior of 
the motor under this test will, as explained later, 
indicate clearly any trouble which may exist in it. 





me. 8. mred ruxuii&g test of itarting motor. 


If the motor is in good condition, it should spin 
over without any undue sparking at the commutator 
and should draw about 75 amperes, as indicated by 
the motor ammeter on the left-hand side of the 
instrument board. 

Note: Data from Standard Auto-Electrician’s Manual on start¬ 
ing motor test give the following: “Running free—50 amps., 3600 
R.P.M., 6.1 volts. Cranking engine—120 amps., 140-160R.P.M., 
6.6 volts. Lock torque—17.5 pound-feet, 700 amps., 2,8 volts.’* 

Torque or *‘Kick" Test of Motor 
Attach the brake arm to the motor shaft by simply 
sliding it on until the inner end of the brake am? 
enters the bearing housing on the end of the motor 
housing. Tliis will bring the thumb screw on the 
other end of the brake arm in the same phine as the 
counter bore in the end of the motor shaft used for 
holding the Bendix gear on it. Then turn the brake 
arm until the tliumb screw fits this counter bore and 
tightens snugiy, an bfiown in Fig. 9. 
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Next piill the swinging shelf out into its extreme 
position, as shown in Fig. 9, and attach the scale to 
the shelf by sliding it on the scale holding clip 
mounted on top of the shelf. Now when the brake 
arm is placed on the scale it will bring the finger on 
the end of the brake arm approximately in the center 
of the scale. If the scale needle does not point 
exactly to the zero mark, it can be adjusted by the 
adjusting thumb screw on the upper part of the 
sc^. We are now ready to measure the torque or 
“kick” of the motor in foot pounds. 


How to Make Motor Torque Test 

Press the starting switch, which will send the full 
current from the battery through the motor, causing 
it to try to rotate. Resistance to rotation is fur¬ 
nished by the scale, and the motor can make only a 
very small part of a turn when it will stall, which 
also gives a name to this test known as the “stall¬ 
ing test.” Note the reading on the scale, and 
then quickly note the reading on the motor 
ammeter. 


If the motor is in good condition, the scaie should 
read 12 to 14 pounds, and the ammeter should show 
a current draw of between 600 to 750 amperes.* 

As the gear ratio between the Bendix gear on the 
motor and the gear on the fly wheel on the engine 
is 12 to 1, this means that the motor under these 
conditions is exerting a turning effort of 168 pounds 
on the end of a starting (irank one foot long, which is 
sufficient to turn over any Ford engine under ex¬ 
treme conditions of stiffness. 

In making this motor test do not hold the starting 
switch closed any longer than is necessary to take 
the readings, otherwise the battery will be unduly 
run down. It might be well to add at this point 
that in making a test on both the generator and 
motor, it is taken for granted that the battery is 
fully charged. The beFt inethnil of determining 
this is by the use of a hytlroincier. 

In making the generator tests, and especially the 
final running test, 8idlici(;nt charging will be given 
the battery to keep it in proper shape for all the 
motor tests that are made, but if it should run down 
it should be fully recharged before making the test. 


LOCATING AND REPAIRING GENERATOR TROUBLES (MEClIANICAL)i 


The results of the generator tests given under this 
heading are those that should be expected when 
the machine is right in every detail. It is taken for 
m*anted that the generator is removed froi i the car 
because it is defective and will not successfully pa.,s 
the generator tests, and it is now necessary to locate 
and repair the trouble within it. 

All troubles with the system can be classed under 
two headings: “mechanical troubles,” and “elec¬ 
trical troubles.” 

We will take up the mechanical troubles first, as 
it is not only necessary to correct them to get the 
proper results in the generator, but furthermore, 
the generator could not be run properly to make the 
electrical tests unless it is riglit mechanically. The 
mechanical troubles experienced are as a rule con¬ 
fined to the following: 

1. Loose driving gear. 

2. Broken bearing. 

3. Armature off center. 

4. Shaft bent. 

5. Commutator burst. 

It is very apparent that a visual inspection and 
examination will locate any of these troubles. First 
take hold of the gear by hand; see that it is properly 
and firmly keyed to the shaft. Turn the armature 
by hand and see that it runs freely and noiselessly. 
If it sticks or turns hard, examine the machine to see, 
first, if there is a broken bearing. The only remedy 
for this is, of course, a new bearing. 

If the armature is off center, and the bearings 
are all right, it may be due to a loose pole-piece, 
and this can be caused by the heavy screws (S) 
(Fig. 10) which hold the individual pole-pieces to 
the generator frame having become loosened. 
Under either conditions the magnetic pull on the 
pole-pieces will cause them to be drawm toward the 
armature and will have the same effect as if the 
armature was off center. The remedy for such 
trouble is to pull the field-piece back into its proper 

r Mtion by tightening up on the screws which hold 
in place. 


< Hee Ako “Digest of Troubles.** page 454 > See note, page 511. 


A bent shaft will be a rather unusual source of 
trouble. The remedy is a new annaiiire, it being 
impossible to straighten for an alignment of bearings. 

The final trouble, namely, a burst commutator, 
can be repaired only by putting in a new one. It 
has been our experience, however, that when a 
cv)mmutator bursts or throws the piec^es, a great deal 
of other damage is done, such as broken brushes 
or brush-holders, and very considerable damage as 
a rule to the armature windings. Our recommenda¬ 
tion in a case of this nature is the installation of a 
complete new armature, instead of attempting to 
put on a new commutator and to do the work of 
connecting up the armature leads to it. ' 

In making the mechanical inspection, it will be 

necessary to get at the various parts of the generator 
to do so. The brushes are located at the rear end 
of the generator and can be inspected by removing 
the rear-end cover band. This is done by taking 
out two screws which hold this housing to the gener¬ 
ator frame, shown in P^ig. 10, marked (A). 


rGEH. HAIN TERMIKIAL 
I rlNSUUSTlOh 
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SCREWS. 


Hg. 10. Illustmtion of generator, showing pole-piece 
screws, frame screws, etc. 


In order further to disassemble the generator, lift 
the brushes clear from the commutator by pulling 
them up in the holders by means of the brush pig* 
tails. They will be held in this position free from 
the commutator by the pressure of the spring! 
agamst the side of the bnmes. 
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Next take out the screws (B). which attach the 
front end-cover to the generator trame, and pull this 
cover free from the frame. The front end-cover 
and armature will then disassemble completely from 
the frame. 

At this point we are in position to examine the 
generator completely for all mechanical troubles, 
rut if it is pecessary further to disassemble the 
generator to get at the brush rigging in the rear end- 
cover, this can be done by taking out the four screws 



(F) which hold it in place and then loosening the 
cover from the frame. It will be noted, however, 
that the cover can be moved away a short distance 
only as governed by the length of the wires which 
are attached to the brushes. If it is desired to 
remove it completely, wires can be disconnected. 

Figs. 11 and 12 show the detail construction of 
the F.A. generator with all parts clearly marked. 
A study of this drawing will assist the service man 
to understand the complete construction and enable 
him to disassemble and rebuild the machine properly. 


ihsolator block- 



i-i GROUNDED 
MAIN BRUSH 

BRUSH HOLDER 


-lERHlHAL HUT .. 

TERMINAL STUD 

BRUSH SPRING 
STUD 


BRUSH HOLDER 
SCREW 

PIGTAIL 

-TERMINAL 


PIGTAIL 
MAIN BRUSH (+) 


WASHER 


Fi” 1 2. Cross-sectjonal view of commutator end of genci « 
tor. 'J’hc (-) grounded brush is on the left, and insulated ( F; 
brush on the right. 


LOCATING AND REPAIRING GENERATOR TROUBLES (ELECTRICAL);’ 

OPEN CIRCUITS 


Open Circuits 

Having inspected and repaired the generator for 
mechanical troubles, we then locate the electrical 
defects, which are nearly always the cause of our 
troubles. All electrical troubles are the result of: 

1. An open circuit or partially open circuit. 

2. A ground or short circuit. 

In case of an open circuit, or partially open circuit, 
which is generally caused by poor contact, the more 
common sources of trouble are as follows: 

1. A dirty commutator. 

2. Worn commutator. 

3. Brushes stuck. 

4. No spring pressure on brushes. 

5. Brushes too short or broken. 

6. Broken brush connection. 

The more uncommon sources of trouble in open 
circuits are caused by: 

1. An open field. 

2. Open armature. 

3. A broken connection between commutator and 
armature winding. 

To locate the electfical troubles in the generator, 

we first make use of the motor test Which gives us a 
good indication of where to look for our difficulty. 

If the generator fails to motor and there is no cur¬ 
rent passed through it, as indicated by no reading on 
the ^nerator ammeter, we know immediately that 
we have an open circuit. 

If the generator motors very slowly and we have 
a reading of less than 4 amperes on the scale, it shows 
that there is a partial open circuit or a poor connec- 


ftlao “Digest of Troublst.** psgs 46i. 


tion in the generator, whicli does not allow the proper 
amount of c\irrent to pass through it. This, then, 
puts our trouble in the open-circuit class, and we go 
after the locating and localizing of this trouble in 
the following manner: 

l.otmting Open Circuits 
Using the test-points, first test for an open curcuit 
between the main generator terminal marked (T), 
(Fig. 13), and theinsulated brush marked (B). This 
will test the connection between these two points. 

Then test between the insulated brush (B) and 
the commutator (C) 



Fig. 13. Tosimg generator for open circuits with test- 
points and lamp. The test-lamp and points (Fig. 2, page 509) 
are used for making the tests. (The brush holder is shown 
removed and turned over.) 

Next disconnect the lead from the grounded brush 

(E). Then by following out the same line of test 
as can be clearly seen in Fig. 13, we test between the 
commutator (C) and the third brush (D) and then 
between the commutator and the grounded brush. 

If the open circuit is in any one of these connec- 
tioDS or between any of the brushes and the commu¬ 
tator, it can be localiced in this way 
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Commutator and Brush Troubles 

Commutator troubles, such as dirty or burned 
commutators, high mica, etc., are fully treated on 
pages 491 to 493. 

Brush troubles are treated on pages 493 to 496. 

Open Field 

This test is for testing the shunt field of the 
generator, by holding one of the test-points on the 
third bruim at (D) (Fig. 14). and the other on the end 
of the connection (1) which has been taken off the 
grounded brush-holder (E). This will show us 
whether the shunt field is all right. 

If the test indicates an open circuity first inspect 
the joints (2, 3, 4) between the field-coils to.see that 
they are not broken, and then test each field sepa¬ 
rately by holding the test-points on the ends of each 
coil. In this way the open circuit can be located 
in one particular field-coU. 

To repair, it will necessary to disconnect this 
coil from the other coil and take it out of the machine 
for further examination. To do this, the pole-piece 
will have to be removed by taking out the two 
screws which clamp it to the generator frame. 



It will then be neces^ry to locate the exact point 
of the break ^ unwinding the coil until the rupture 
is located. (Jarefully make a e(tod connection at 
this point, and rewind the field and replace, and 
reconnect, and then repeat very carefully the test 
to see that the open circuit has been properly taken 
care of. 

Open Circuit in Armature Coil 

There are a number of methods of testing for open 
circuits in armatures. We particularly recommend 
the use of the F.B. Testing Set which consists of a 
very high-grade ammeter and a voltmeter sub¬ 
stantially mounted in a walnut case with self-con¬ 
tained shunts for giving three ranges of readings on 
each instrument and special leads and connectors 
adapted exclusively for Ford work. 

With this instrument are given very careful in¬ 
structions for easily and accurately locating arma¬ 
ture and field troubles on various units of the F. A. 


starting and lighting system, as well as locating 
grounds and other troubles in the wiring and battery 
system. 

The following is a simple method for locating open 
circuits in the armature, requiring the use of an 
ammeter and one cell of any storage battery, which 
must be in first-class condition. An ammeter with 
a ran^e 15 to 25 amperes best answers the purpose 
for this test. 



The method of using the ammeter and battery 
and how to wire them up is shown in Fig. 15. The 
two wires which come with the meter with test- 
points (T) are preferable, similar to those furnished 
with the F. B. Test Stand, but any No. 14 or 16 
wire with contact-points attached to the end to act 
as test-points will answer the purpose. 

The theory of the test is to send a current through 
each of the armature coils, one at a time, by holding 
one each of the test-points on adjacent commutator 
bars (SS). The current from the battery will pass 
through the armature windings, and the ammeter 
will indicate the amount of this current. If the 
armature winding is not open in any case, all of the 
readings will be approximately the same. 

If, however, the ammeter should show very much 
less on one set of bars than on the others, it indi¬ 
cates that the circuit in that coil is or)en, caused 
either by the burning out of that coil or by a broken 
connection in the wire or a broken connection or 
poor contact between the commutator bar and the 
armature coil. 

Readings are taken on adjacent commutator bars 
all the way around the commutator, and if they all 
read the same there is neither an open circuit nor 
any other trouble with the armature. 

If one or more, however, show a low reading, the 
cause of an open circuit resulting from one of the 
causes just mentioned must be located. 

If the trouble is a poor connection between the 
commutator bar and the armature winding, it can 
easily be repaired by a proper job of soldering, but 
if the trouble exists m a broken or bumed-out arma¬ 
ture coil, the complete armature must be returned 
to the factoryJfor repairs. 


LOCATING AND REPAIRING GENERATOR TROUBLES (ELECTRICAL); 
SHORT CIRCUITS AND GROUNDS 


Short Circuits and Grounds 
If, when the motoring test is made, taking it for 
gifted that all mechanical troubles have been 
eliminated as instructed, the generator does not run 
as a motor and shows more than four or five amperes 
reading on the ammeter, or if it runs very sWly 
and still shows a larger current draw than it should 


for proper running, it indicates that the current 
from the battery is not passing through the windings 
of the field and the armature in the proper way. 
but that all or part of it is being lost or shunt^M 
through some grounded connection or some short 
circuit, and in this way is not doing any effective 
work. 
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Again the common sources of this trouble are: 

1. Grounded brush rigging. 

2. Grounded main generator terminal. 

And the more uncommon troubles are: 

1. Grounded commutator. 

2. Grounded armature coil. 

3. Grounded field. 

4. Short-circuited armature. 

6. Short-circuited field. 

Brush Rigging Grounded 

To test insulated brush rigging, either lift the 
brush clear of the commutator, holding it in this 

the side o^the brusfi, or place a piece of paper under 
the brush to insulate it from commutator (Fig, 16). 

Then test between the brush-holder and the 
frame. If this shows a ground, the trouble is in 
poor insulation between this brush-holder and the 
cover to which it is attached. It can be found only 
by proper inspection, and must be repaired by re¬ 
placement with proper insulating parts. 



Pig. 16. Insulating the brushes from the commutator with 
paper preparatory to testing for grounded brush rigging. 

Main Terminal Grounded 

To make the test for the main terminal, disconnect 
the lead from it (T) (Fig. 17) to the insulated 
brush-holder (B), holding one of the test-points (7) 
on the end of this lead; the other on the frame of 
the generator (6). 

If this shows a ground, carefully examine the 
insulation on the lead which has just been discon¬ 
nected and also the insulating bushings and washers 
that insulate the generator terminal (T) from the 
frame. 

The test on the third brush is made in the same 
manner, by first disconnecting the field-lead to it, 
insulating it from the commutator by the paper 
method or raising it free from the commutator, and 
then making the test. The grounded brush-holder, 
of course, is grounded permanently, and this test 
does not apply to it 

Grounded Field 

Disconnect the field-lead to the founded brush 
(E) (Fig. 17), as well as the lead to the third 
brush (D), as shown. This then leaves the field 
with no electrical contact with the rest of the sys¬ 
tem, and one test-point placed on either one of these 
terminals and the other on the frame of the generator 
should show clear. 

If it shows a ground, follow the same method of 
testing for an open field, that is, disconnect the fields 
from each other where thev are soldered together 
(2,3, and 4h and test each neld-coil separately for a 
gpund. when it has been located, take the pole- 
|»eoe out and endeavor to locate by mspection just 



Fig 17. Tests for grounds in the field-coils and in the com¬ 
mutator 

where the wire is touching the frame. After it has 
been located, insulate it properly with tape, and 
replace. Be sure to make test after replacing, first 
on the individual coil and then on the entire field- 
system before permanently connecting up. 

Grounded Commutator 

The coxnmutator (C) is entirely insulated from 
the armature shaft (S) to which it is permanently 
attached by mica or other suitable insulating 
material, and there should be no electrical contact 
between it and the shaft. 

The test for a grounded commutator can be made 
while the armature is in place in the generator frame, 
or preferably while it is disassembled completely 
from the machine. 

In order to make the test while the armature is in 

E lace in the generator, it is first necessary to lift the 
rushes free and clear of the commutator and to 
hold them in this position, or else to place pieces 
of paper between the brushes and the commutator 
so as to insulate them from it, as in Fig. 16. 

Then hold one test-point on the commutator (C) 
and the other on the armature shaft (S), and if the 
commutator is free from grounds no current will 
pass, as indicated by the lamp not lighting. 

This test will show whether the commutator as well 
as the armature windings are free from grounds: 
but if this test shows a ground, it may be a ground 
between the commutator and the shaft or between 
the armature windings and the armature core. If 
the ground cannot be located and easily repaired by 
a careful examination, the complete armature should 
be returned to the factory for repairs or replacement. 

Grounded Armature Coils 

In addition to a grounded commutator, one or 
more of the armature coils may be grounded to the 
arma^re core. If the ground cannot be detected 
by visual examination the test-points can again 
be brought into use for localizing the grounded coil. 
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The proper oonnection for making these tests is by 
using one cell only of any storage battery connected 
to a set of test-points with the 30-ampcre scale 
ammeter in circuit, as shown in Fig. 18. 

Hold one test-point on the armature shaft and the 
other on one bar of the commutator. The ammeter 
will give approximately equal readings on all commu¬ 
tator bars successively, if there are no grounded 
coils in the armature. 

If there is a grounded coil, the ammeter will show 
a larger reading when the test-point is touched to 
the bar to which the grounded coil is connected. 
In this way any grounded coil is quickly detachetl 
and located. 

The ground may be between the individual com¬ 
mutator bar (S) and the shaft (SH), or between the 
armature coil and the armature core. If the ground 
is in the conamutator, it can usually be detected by a 
visual examination, and often it can also be located 
in the coil in the same way. Unless it can be easily 
repaired, the complete armature must be returned 
to the factory for repairs or replacement. 

If the ground is not in the windings, but is in the 

commutator, it will have to be repaired, as instructed 
under “Grounded Commutator.’’ 

Short-Circuited Armature Coils 

The same method for locating a short circuit in 
the armature windings in the generator is followed 
as was used for locating open circuits in armature 
windings. Fig. 15 shows the method of connecting 
up for this test. The test-points are held on adja¬ 
cent bars and current from the cell passes through 
the armature coils, and the amount is indicated by 
the ammeter. 

If all the readings between the adjacent bars are 
approximately equal, it indir;ates that the coils are 
all in good shape, but if one or more of the readings 
show higher than the average, it indicates that this 
coil is short-circuited. 

The trouble is caused by defectiye insulation on 
the coils, allowing the different sections or layers of 
the coil to come in contact, thus cutting out more or 
less of the turns in the coil and rendering them use¬ 
less, The effect is an increase of current through 
the shorted coil due to the reduced resistance and 
constant heating of the coil and sparking at the 
commutator bar connected to the defective coil. 

Do not attempt to repair a shorted armature, but 
return it to the factory for repairs. 

Short-Circuited Field 

It is possible that one or more of the field-wind- 
i]^s may be shorted, resulting from defective insula¬ 
tion, so tl^t the full effect of the field-turns are not 
being utilized. 

A diagram of the field-windings and means for 
sending a current through the coils by the use of 
test-pomts attached to any standard 6-volt storage 
battery with an ammeter in circuit is shown in Fig. 


19. The ammeter preferably should read up to 
30 amperes. 



Fitf. 19. Testing ficld-coila by sending current through them 
from battery. 

First, as will be noted from the illustration, the 
field-winding connection has been disconnected from 
the grounded brush (E) and also from the third brush 
(D). Test-points are then hold on the two winding 
connections that were just disconnected and the 
current from the 6-volt storage battery passes 
through the fields and is indicated on the ammeter. 

The normal resistance of the field windings on 
the F. A. generator varies from 2/o to ohms, 
depending on whether they are wound with single 
cotton enameled wire, in which case the resistance 
is about 2 /iy ohms, while if it is wound with double 
cotton-covered wire, the resistance is about 3 ohms. 

With a standard 6-volt storage battery in good 
condition the ammeter should show from to 
amperes passing through the fields when the 
test is inade. If the reading is noticeably higher 
than this, it indicates that some of the windings on 
the field-coils are cut out of circuit by being shorted, 
and it is then necessary to determine in which coil 
the short occurs. 

To do this, take off the insulating tape at the point 
where the join is made between the individual field- 
coils, and then measure each coil separately in the 
same way as above. 

The amount of current shown on the ammeter 

by this test should be four times as great when 
measurii^ a single coil instead of four of them in 
series. Consequently, for a good coil the reading on 
the ammeter should show from 8A to amperes. 
If any of the coils show a decidedly higher reading 
than this or than any of the other coils, it indicates 
that it is shorted. 

Having located the shorted coil, it will be neces¬ 
sary to take it out of the machine, unwind it until 
the defective spot in the insulation lias been located, 
then insulate it properly and rewind. Be sure and 
retest after the coil has been reinstalled in the 
generator. 


THIRD-BRUSH SETTING 


The current generated by the F. A. generator 
should be 10 amperes at a generator speed of about 
1,400 to 1,500 r.p.m. Any increase in the speed of 
the generator l^yond this point would tend to 
increase the current very rapidly, if it were not for 
some system of regulation for holding this current 
down to a maximum. 


Third-Brush Regulation 

On the F. A. generator the system of regulation 
used is known as the “third-brush” system, so called 
because a third brush is used in this system. 

Just how this third brush is connected to the 
generator field so that the voltage across the field 






METHOD OF MAKING ELECTRICAL TESTS 


617 


terminals is equal to the voltage generated between 
the generator brush and the third brush, is shown 
in Fig. 13, also Fig. 12. 

As the current'generated in the machine in¬ 
creases, due to the increase of speed, the magnetic 
field becomes distorted or twisted out of line, so that 
the voltap between the third brush and the genera¬ 
tor brush is decreased. Consequently the field 
strength is decreased approximately in proportion 
to the increase of speed, and the current is hold by 
this method to a maximum value of approximately 
12 amperes. 

The output or the current developed b v the gener¬ 
ator may be varied by shifting the third bnish which 
is held in place by a bolt in a slotted opening in the 
brush-holder ring. The bolt is held permanently in 
position by a hexagonal nut, which is turned with a 
special wrench furnished with the F. B. equipment. 


To increase the output of the generator, loosen 
the hexagonal nut and move the third brush in the 
direction of rotation of the armature by tapping 
the brush-holder, then tighten firmly in this posi¬ 
tion. 

To reduce output of generator, move brush-holder 
in direction opposite to rotation of armature. 

After any adjustment of the third brush, the brush 
should be sanded. Fohow the same instructions 
and methods given for sanding the regular brushes 
(page 494). It is very important that the contact 
between the third brush and the commutator be 
pretty nearly perfect in order to get proper regula¬ 
tion. After the adjustment and sanding in of the 
brushes have been made, the generator should then 
be run through the regular generator test, and a 
readjustment of the bnish should be made it it does 
not come up to the generator test specifications. 


LOCATING AND REPAIRING MOTOR TROUBLES (MECHANICAL)i 


Motor troubles are classified the same as genera¬ 
tor troubles, namely: ^‘mechanical” and “electrical.” 

Before proceeding with the location of any elec¬ 
trical troubles in the motor, it is first necessary to be 
sure that all mechanical difficulties arc taken care of. 
Practically the same mechanical troubles can exist 
in the motor as are possil)le in the generator, namely: 

1. Broken or worn bearing. 

2. Armature off center. 

3. Shaft bent. 

4. Commutator burst. 


Bearing Trouble 

The motor, unlike the generator, is equipped with 
solid bearings, the front one of a high grade of bronze 
bushing and the rear bearing of a soft composition 
bearing metal. As the motor is actually run only a 
few hours during the course of tlie year, there is no 
occasion for these bearings showing any great 
arfiount of wear, especially if no dirt is allowed to 
get in them whenever they arc taken down. 

If, however, either one or both become badly 
worn they should be replaced with new bushings. 
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Fig. 20. Longitudinal section of motor. 


Armature Off Center 

A broken or worn bearing will allow the armature 
to locate itself in an ofi-center position in respect to 


also **Dig6Bt of Troubles,** page 464. 
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Fig. 20A. Croas-sectional view of front of motor. 


the pole-pieces to such an extent that it is possible 
that the armature will rub against the pole-pieces. 
The remedy is new bearings to center up the arma¬ 
ture, or it IS possible that one or more of the pole- 
pieces may become loosened, having the same effect 
as placing the armature off center. The remedy is 
to pull this pole-piece sungly back into place by 
tightening screws which hold it to motor frame. 


Shaft Bent 

There is likely to be more trouble from a bent 
shaft in the motor than in the generator, especially 
if the operator is careless when starting his car and 
gets a “kick back” from having his spark lever 
advance too far, or from the engine being in bad 
condition. A severe back-kick is liable to bend the 
shaft. As a general rule, the shaft cannot be prop¬ 
erly straightened and the complete armature should 
bo returned to the factory. 


Commutator Burst 

This trouble is a very imlikely one, but if the com¬ 
mutator should burst it always does considerable 
damage, especially to the brushes and brush rigging. 
Our suggestion is the same as on the generator, 
namely, the return of the complete armat^ure to 
the factory for repairs and substitution of a new 
armature. 

The assembly of the F. A. motor is shown in Fig. 21. 
Figs. 20 and 20A show the details of its construction. 
A careful study of these will enable the operator to 
understand its construction and the proper method 
of assembling and reconstructing. 
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LOCATING AND REPAIRING MOTOR TROUBLES (ELECTRICAL) 


Electrical troubles on the motor aro classified as 
on the generator: 

1. Open circuits, 

2. A ground or short circuit. 

An open circuit may be caused by: 

1. Dirty commutator. 

2. Worn commutator 

3. Brushes stuck. 

4. Insufficient sprmg pressure. 

5. Brushes too short or broken. 

6. Broken brush connections. 

7. Open field. 

8. Open armature. 

0. Broken connection between commutator and 
armature windings. 


Open Circuits 

To locate the electrical troubles in the motor, we 
first determine whether there are any open-circuit 
troubles. To do this make a free-running test on 
the motor as previously described. 

If the motor fails to run and there is no reading 
shown on the motor ammeter, it indicates that there 
is no current passing; consequently the circuit is 
open. 

Or, if the motor runs very slowly and takes con¬ 
siderably less than 75 amperes, it indicates that there 
is a partial open circuit or poor connection or con¬ 
tact at some place in the motor circuit. 
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Fig. 21. Assembly of starting motor. 


Take off the motor cover band by taking out the 
two screws (A) which hold it to the frame so that 
the brushes and commutator can be examined and 
tested, as shown in Fig. 21. Using the test-points, 
the open circuit can be localized by the same method 
as was uaed with the generator. 


Diagrammatic connections of the motor are 
shown in Fig. 22. First, either raise all the brushes 
free from the commutator, or else insulate them by 
putting paper between them and the commutator. 



Hold one test-point on (T) and the other test- 
point on the brush pigtail at (Bl), which will test 
one-half of the motor field-circuit from the main 
terminal (T) up to the brush (Bl). 

Still holding the test-point on (T), put the other 
test-point on (B2). This will test the other half of 
the motor field-circuit. 

If either one or both show an open circuit, it is 
either in the lead to the brushes or in the field-wind* 
ings, which is easily localized by narrowing the test 
down. 


Using the test-points, proceed in the same way to 
test between (Bl) and the commutatoi\ first lifting 
the brush (B2) off the commutator and seeing that 
brush (Bl) makes a good contact on the commu¬ 
tator. Then make the same test on (B2). 

The open circuits in the fields, brushes, brush 
rigging, etc., are all taken care of in the same manner 
as has previously been described for generator 
troubles. The commutator should be cleaned and 
repaired, as should the brushes and brush rigging 
according to these same instructions. 

Short Circuits or Grounds 

If, when making the free-running test, the motor 
fails to turn or turns very slowly and a much larger 
cun-ent than 76 amperes is shown by the ammeter, 
it indicates that there is a ground or short circuit in 
the motor connections. These troubles are the 
result of the same causes as in the case of the genera^ 
tor, namely: 

1. Grounded brush rigging. 

2. Grounded main motor terminal. 

3. Grounded armature. 

4. Grounded fields. 

5. Short-circuited armature. 

6. Short-circuited field. 

Test for Motor Grounds 

First make a combination test for a ground in the 
main terminal, the field coils, the two insulated 
brush-holders, and the connections between the coils 
and brush-holders. 

To do this first insulate the two grounded brushes 
shown in Fig. 22, by placing paper between the 
bnishes and the commutator, or by raising them in* 
the brush-holders so that they will be held free from 
the commutator. 

Then hold one test-point on the main terminal 
(T) and the other test-point on the frame of the 
motor. If no ground is indicuted, it will show that 
all of the parts are clear. If a ground is indicated, 
it will then be necessary to locdizc it. 

Disconnect the two leads that are attached to the 
insulated brush-holders (Bl and B2), and hold them 
clear of the motor frame. Then test for a ground 
with one point on the main terminal (T) and the 
other on the motor frame. If a ground is still indi¬ 
cated, it is in the field coils or the main terminal. 

In order further to localize the ground, the fields 
must be disconnected from the nuiin terminal (5) 
and the field and the terminal mu^t be tested sepa¬ 
rately for a ground. 

A ground in the main terminal will be due to 
defective insulating bushings, which bushings must 
be replaced with new ones. 
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A ground in the field-coils is more likely to be due 
to the field connectors which connect ^e various 
coils together (2, 3, and 4) touching the motor 
frame, as they are not insulated at the point where 
the connection is made between each coil. All of 
the wire used in the motor construction is very 
heavy, and when once bent or pushed in place clear 
of the frame and metal parts of the motor, there is 
practically no danger of a ground. 

The remedy for a ground in any of the various 
parts of the motor is tl>e proper insulation of the 
grounded part. The field-coils are taken out of the 
frame and handled in the same way as described for 
the generator coils. Be sure to make a good job of 
reconnecting the coils when replacing, as they carry 
a very large current when cranking the motor, and 
a defective joint would offer a high resistance and 
cut down the efficiency of the motor. 

Brush Rigging Grounded 

On the motor two of the brush-holders marked 
(Bl) and (B2) are insulated from the motor frame 
as shown in Fig. 22, while the other two brushes 
marked (6) and (7) are CTounded to the frame. 
(Bl) and (B2) can be tested for grounds by holding 
the brushes off the commutator and using the test- 
points. 

Grounded Commutator or Grounded 
Armature Coil 

The test for a grounded motor commutator is 
made in the same manner as a test for a grounded 
commutator on the generator, namely, by using the 
test-points and holding one point on the commutator 
segments and the other on the armature shaft. 

If a grotmd is Indicated on this test, it may be 
either in the commutator or in the armature coils. 
Usually it can bo located by visual inspection, as 
the motor windings consist of only a few turns of 
bare wire to a coil and are well exposed for examina¬ 
tion. 

If the groimd cannot be easily located and re¬ 
paired, the armature should be returned to the fac¬ 
tory for repairs. 


Short Circuits in Armature Coils 

On accoimt of the very low resistance of the motor 
armature coils, it is not practical to locate a shorted 
armature by the same methods as are suggested for 
the generator armature. In fact, if the trouble can¬ 
not be located visually, as indicated by burned or 
flattened commutator bars, the only practical method 
is the use of a specially desimiea instrument com¬ 
monly known as a ^^growler.” 

The F.B. growler is specially designed for use with the F.A. 
motor and the F.A. generator, and a grounded or shorted coil 
is instantly detected and located in either the generator or 
motor armature with it. See page 600. 

Open Circuits in Motor Armature 

The motor armahure, being wound with only a 
few turns of heavy copper wire, has a very low resist¬ 
ance, and consequently the methods used for test¬ 
ing for open circuits in the generator armature 
cannot be used satisfactorily for the motor armature. 

On account of the few turns in the motor armature 
coils and the very large size of wire used, there is 
practically no trouble experienced from ‘^open coils.” 
The only point at which there is danger of an open is 
at the point of connection between the ends of the 
coils and the commutator bar. An open at this 
point can always be detected by visual examination. 
It is generally caused by defective soldering. The 
remedy is to pull the leads out of the slot in the 
commutator riser, clean them thoroughly, and 
resolder properly. 

An open motor armature coil can also easily and 
quickly be detected by a “flat” on the commutator, 
caused, by the constant arcing due to an open coil. 
Such arcing burns the commutator continuously 
at one point until it has made a flat spot. A flat 
further increases the trouble by causing the brushes 
to jump at each turn of the armature when they 
come in contact with the defective spot on the com¬ 
mutator. 

In all cases of armature trouble due to shorts, 
grounds, or open circuits, the complete armature 
should be returned to the factory for repairs. 


LOCATING AND REPAIRING CUT-OUT TROUBLES 


Automatic Cut-Out 
1 

The function of the cut-out is automatically to 
connect the generator to the battery when the 
generator has attained sufficient voltage to charge 
the battery, and to disconnect the two when the volt¬ 
age of the generator falls below that of the batte^ ^ 
so as to prevent the battery discharging through it. 

This action is accomplished by the circuit being 
made and broken by the two contact points of special 
metal. Normally these points are open or sepa¬ 
rated. The points are brought in contact by the 
action of the magnet which has two windings on it. 
one very fine wmding called the voltage coil and 
connected across the generator terminal, and the 
other a heavy winding called a series coil and con¬ 
nected in the main line between the generator and 
the battery. These connections and the details of 
the out-out are shown in Figs. 23, 24, and 25. 

Action of the Cut-Out 

When the generator has attained sufficient voltage 
it will send a current through the voltage coil (Fig. 
23*1 whioh will energize the electromagnet and draw 
^ contact points together. This action will close 


the main circuit between the generator and the bat¬ 
tery, through the heavy winding or series coil. 



When the voltage in the generator decreases to a 
point lower than the voltage of the battery, the 
current from the battery will flow backward through 
the series coil, but the current through the voltage 
coil will still be in the same direction. The result is 
that the two opposing currents will demagnetize 
the electromagnet and the spring pull on the con¬ 
tact-point lever will separate the points and break 
the oirouito 
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The cut-out is one of the most important units in 
connection with the starting and lighting systems, 
since its failure to operate either in closing the cir¬ 
cuit or not opening it at the proper time can easily 
put the entire system out of commission. 

Two types of cut-outs are in use on 
The first is known as the dash tjrpe, because it is 
mounted on the inside of the dash. This type has 
now been discontinued permanently. 

The second type is known as the generator type 
and is mounted permanently on top of the generator. 
It is the standard cut-out now being installed on all 
jobs equipped with F. A. starting and lighting sys¬ 
tems. 

Both cut-outs are identically the same in action, 
but slightly different in construction. Fig. 24 
shows the (fash type, and Fig. 25 shows the genera¬ 
tor type. 

Cut-Out Troubles 

Troubles due to cut-outs are caused, first, by 
failure to close and, second, by failure to open. 

Failure to close may be caused, first, by an open 
circuit in the voltage coil, or a shorted voltage coil, 
and, second, by failure of the contacts to make a 
connection due to dirty or corroded points. 

The cut-out fails to open because the points be¬ 
come welded together, and this welding action is 
caused, first, by continual opening and closing of 
the contact points and excessive sparking due to 
imperfect operation of the generator, and, secondly, 
fails to open by the sudden breaking of the circuit 
in the voltage coil, thus killing the demagnetizing 
effect of it and allowing the current through the 
series coil to energize the magnet and keep the con¬ 
tact points together. 

How to Locate Troubles 


current should pass between these two points, as 
the circuit is broken by the fact that the cutout 
points are separated. Then test for a ground in the 
series coil by holding one test-point at (B) and the 
other test-point on the base of the cut-out. 

If the open circuits or grounds cannot be readily 
located and easily fixed by a visual inspection of the 
cut-out, we recommend the substitution of a new 
instrument instead of any attempts to rewind the 
cut-out. 

x 

Dash Cut-Out 

The same inspection and tests are made on this 
type of instrument (Fig. 24), except that the test- 
points are held at the points (M) and (G) for making 
the voltage coil test, and on (M) and (B) for making 
the open-circuit test on the series coil, and at (G) 
and (B) for making the grounded test on the series 
coil. 

To test Ae generator tjrpe it is not necessary to 
dismount it from the generator, but the battery 
lead should be disconnected from it until after the 
tests have been made and the instrument repaired, 
because if the cut-out is accidentally or intentionally 
closed the battery will discharge through the genera¬ 
tor. 

After the tests on the generator type have been 
made and the trouble eliminated if possible, the bat¬ 
tery connection should be made for the regular 
generator test, and the cut-out should be tested to 
see that it cuts in at the proper speed and opens 
properly when the speed of the generator falls too 
low. 

On the dash-type instrument after inspection and 
repairs have been made, or to test a new instrument, 
provision is made for this test on the F. B. Test 
Stand. 


First take the cover off the cut-out for inspection; 
see that the contact points arc open, and that they 
are bright and clean. If they are dirty or corroded 
they can be cleaned with very fine emery clotlT or 
with a very fine jeweler’s file. 

Generator Type 

With the test-points, first try out the voltage coil 
to see that it is not open, by holding one point on 
the groimd at (G) (Fig. 25), and the other on ter¬ 
mini (M). The lamp should light and the cut-out 
points should close with a decided click if the voltage 
coil is in good shape. If it is shorted or grounded, 
the light wUl still indicate a closed circuit, but the 
cut-out points will not close. 


Fig. 24 Fig. 25 

24. Dash tjrpe of out-out; placed on the inside of 
dash of the car. 

Jig. 25. Generator iyjte of cut-out; placed on top of the 

generator. 

Then tost the series coil, by holding one test-point 
oa terminal (M) and t^ other at point (B). No 



How to connect the dash-type cut-out to the sys¬ 
tem on the stand is shown in Fig. 26. The middle or 
ground terminal is attached to the copper strip 
fastened to the generator base (G) (Fig. 26). The 
battery lead is then connected to the battery termi- 
nsd on the out-out and, using the jumper, the gener¬ 
ator termiiud on the cut-out is connected to the 
main terminal on the generator. This hook-up 
then puts the cut-out in the circuit, identically the 
same as if it were attached to the dasu of the oar, and 
it can then be tested for the outting-in speed and 
for proper opening at low generator speeds 
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THE STORAGE BATTERY; GENERAL DESCRIPTION: Connections; Care 

GENERAL DESCRIPTION AND DATA 


Storage batteries are devices for storing energy. 
When an electric current is forced through them, 
they transform the electrical energy into chemical 
energy which is stored. They may then be dis¬ 
charged, whereupon they retransform the stored 
chemical energy into electrical energy. They do not 
store energy in the form of electricity, but in the form 
of chemical energy. 

Storage batteries are also called "accumulators,” and, under 
certain conditions, they are called "secondary" batteries. 

There are two types, the ‘"wet” storage battery 
and the ^‘dry” storage battery. The wet type is 
in general use, and it is with this type we shall deal. 
See page 528 for the dry type. 

The storage battery is used on automobiles for 
starting, ignition, lighting, operating the electric 
horn, and for various other purposes. The storage 
battery is used for starting the gasoline engine, by 
supplying current to an electric motor which causes 
the crank shaft of the engine to revolve. 

Storage battery for ignition: Where a storage bat¬ 
tery is used for ignition purposes alone, it is usually 
smaller; its capacity being from 40 to 00 ampere- 
hours. Its rate of discharge is about 2 to 5 amperes. 

Storage battery for ignition and lighting: Where 
used for ignition and lighting, and not for starting 
purposes, the capacity ranges from 40 to 120 ampere- 
hours. The sizes in general use arc of 40, 00, 80, 
100, and 120-ampere-liours capacity. 

The lighting and ignition battery is never sub¬ 
jected to a greater discharge than 5 to 15 amperes. 
For this reason, the lead connectors which connect one 
cellwith another arc of lighter construction than those 
of a battery used for lighting, ignition, and starting. 

Lighting-battery plates arc heavier and thicker 
in construction, being designed for servi(;c of low- 
discharge rates, becaiuse at low-discharge rates a 
thick-plate battery holds up as well in voltage as a 
thin-plate battery, and gives longer life. 

Storage battery designed for ignition, lighting, 
and starting: The capacity of a battery used for 
this combined purpose ranges from 90 to 150 ampere- 



Fif. 1. One cell cut away to show construction of a typical 
automotive typo of storage battery designed for starting, light¬ 
ing, and ignition (Exide 3-XCR-13 contained in a composition 
ease as describe on pages 626, 527). Note that both wood and 
rubber separators are shown between the negative plate (outside 
light one), and the positive plate (darker one). 


hours. A generator operated from the engine keeps 
the battery charged, otherwise it would have to be 
recharged from an outside source. 

The lead connectors on a battery of this type are 
very heavy, as the discharge, when operating a start¬ 
ing motpr, sometimes runs as high as 450 amperes; 
the usual rate being from 150 to 200 amperes. 

The more plates per cell, or the greater the plate 
area, the greater is the battery’s capacity. Ther^ore, 
where batteries are designed for starting, lighting, 
and ignition, there are several thin plates; but a large 
jdate area is used. Hence the large capacity that is 
essential where a high discharge is required. See 
also, page 544. Thin plates are u.sed because the phys¬ 
ical size of the bath^ry is limited and it is abso¬ 
lutely necessary to have the large plate area in order 
to have the voltage hold up on high-discharge rate. 



Fig. 2. Another example of a typical automotive type of 
storage battery designed for starting, lighting, and ignition. 
The U. S. L., type 3-CVX-5X contained ip a rubber ease. 

Amperes, Volts, and Ampere-Hour Capacity 

The meaning of ^‘amperes” and “volts** is ex¬ 
plained on page 175. The standard measure of the 
energy put into a battery is in terms of ampere-hours. 

A volt is the unit of pressure which is necessary 
to cause electric current to flow. 

A coulomb is the unit of electrical quantity: such 
a quantity of electricity as would pass in one second 
in a circuit whose resistance is one ohm, under an 
electromotive force of one volt. 

An ampere is the practical unit of electric current 
—such a rate-of-flow of electricity as transmits 
one coulomb per second. The current rate-of-flow 
of 10 coulombs per second is 10 amperes; 50 cou¬ 
lombs per second is 50 amperes, etc. The amount 
of electricity is not of so much interest as the rate- 
of-flow—the ampere. Therefore this term is the 
one more generally used. 

A higher electrical pressure (voltage) is required 
to force the same current through a small wire than 
through a larger one or through one of increased 
diameter. A nigher voltage is required to force 
the same current through a long wire than through 
a shorter one. 

The capacity of a battery is measured in ampere- 
hours. The volume of current flow is measured in 
amperes. A current of one ampere, flowing for one 
hour^ is the unit by which capacity is measured, 
and IS called “ampere-hour.** 
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The ampere-hour capacity obtainable from a bat¬ 
tery depends upon the amount of current consumed 
by the ignition, starting, or lighting system, and the 
capacity or quantity of electricity the battery is 
made to deliver. Lowering the consumption and 
increasing the capacity of the battery increases the 
ampere-hour capacity. The capacity of a battery 
is mdependent of its electrical pressure. Thus, a 
flow of 10 amperes, maintained for 8 hours, amounts 
to 80 ampere-hours. 

The ampere-hour capacity of a battery, as stated, 
is dependent upon the rate of discharge. The lower 
the rate, the greater will be the capacity. 

The same battery that has a capacity of 100 
ampere-hours, at the 10-ampere discharge rate per 
hour, will have a capacity in excess of 100 ampere- 
hours if discharged at a lower rate, say of 5 amperes 
per hour. 

An example: A certain battery will develop the 
following ampere-hour capacities at the indicated 
rates: 

50.4 ampere-hours at a 3-ampere discharge rate forl6.8 hours. 
42.6 ampere-houTB at a 5-ampere discharge rate for 8.5 hours. 
36. ampere-hours at a 7H-ampere discharge rate for 4.8 hours. 
30.0 ampere-hours at a 10-ampere discharge rate for 3.0 hours. 

Ampere-Hour Discharge Rate of Battery for 
a Starting Motor 

Let us take as an example a starting motor which 
requires 200 amperes for 3 seconds to crank the 
average engine. This means that 600 amperc- 
seconos (200 x 3) are taken from the battery. This 
is one-sixth of an ampere-hour. 

If, when running the car, the generator delivers 
5 amperes to the battery, it will require 2 minutes of 
running to replace the current taxen out. 

The voltage per cell of a fully charged battery 
during discharge at the 200-ampere rate will drop 
to 1.8 to 1.6, depending on the kind of plates and 
separators used. 

If a battery has thick, heavy plates and rubber 
separators instead of wood, the acid cannot act as 
readily on the plates as it can when there are more 
plates but thinner. Acid cannot circulate as readily 
through the hard rubber as through porous wood. 
Furthermore, if the active material on the plates is 
hard, then the acid cannot act as readily as when it 
is soft. 

For these reasons, the plates and separators used 
for the starting battery, which has a very heavy dis¬ 
charge, are not as thick, and the separators are more 
^rous, and the active material is somewhat softer. 
The life of the starting battery of course is not as 
great as with a battery designed for a very low rate 
of discharge. 


After this period, the voltage rapidly drops to 
zero voltage, m a manner similar to that in which 
the pressure of compressed air in a tank dies down 
if the air is drawn on. 

The usual practice in determining the voltage of a 
storage battery is to count the number of cells. If 
there are three cells connected in series, which they 
usually are, each cell is considered as 2 volts, no 
matter how large or now small they may be. 

A 3-cell battery would therefore be termed a *'6- 
volt battery,^' a 6-cell battery would be termed a 
^T2-volt battery,'' and so on. The 3-fcell, or 6-volt 
battery represents the number of cells in general use 
on most cars. 

Capacity of a battery: The length of time a bat¬ 
tery will maintain a certain current output, or am¬ 
pere-hour discharge, depends upon the capacity of 
the battery, and tne capacity depends upon the 
plate area exposed to the electrol)^e. For instance, 
an ordinary jump-spark coil requires approximately 
2 amperes. Therefore a 60-ampere-hour-capacity 
battery would operate the coil for approximately 
30 hours, as the discharge rate is low. If the dis¬ 
charge rate was high, the ampere-hour capacity 
would be less. 

Battery rating: It is customary for battery manu¬ 
facturers to rate the battery as a ‘^60-ampere-hour 
battery," or as a “100-ampere-hour batterv," etc. 
This means that the battery is capable of giving 
1 ampere for 60 or 100 hours respectively, if fully 
charged, and is discharged at a rate of 1 ampere. 

The voltage of a battery does not entirely depend 
upon the size of the cell or the plate area of the cell. 
A battery is usually rated at 2 volts per cell, but the 
volta^ varies slightly under certain conditions. We 
are of course considering a fully charged cell. The 
internal resistance of a cell is what governs the 
voltage. 

If the battery is discharged, the internal resistance 
is greater, because the electrolyte, being less dense, 
offers resistance, and consequently less volta^. 
The higher the gravity up to a certain point, the 
less is the resistance. Too high a gravity (too much 
acid) is detrimental to the plates. When a very 
high discharge is made upon a cell, tliis calls for 
rapid circulation of the acid. Therefore, if separa¬ 
tors are not porous, the internal resistance would be 
affected. (See also page 529: “Diffusion.") 

The capacity of a battery is usually rated in 
ampere-hours, meaning that a fully charged battery 
will discharge at a certain rate a constant current 
for a certain time until the voltage drops to a certain 
value (1.8). The rate of discharge is found by 
dividing the amj^re-hour capacity by the hours, as, 
for example, 8 nours; amperes for 8 

hours. 


Voltage of Battery Cells 

The voltage of a storage battery is determined by 
the number of cells. Each cell gives, on open cir¬ 
cuit, from 2.1 to 2.2 volts wh-n charged, no matter 
how many plates or what the size of the plates. If 
there are 3 cells to a battery, then the voltage would 
be 6.6 volts; that is, on open circuit, immediately 
after charging. 

On a discharge, a charged l^attery will drop to 2 
volts per cell, and if, say, an SO-ampere-hour battery 
is discharged for 8 hours at a rate of 10 amperes per 
hour, the voltage would gradually drop from 2 volts 
per cell to 1.7 volts at the end of the 8 houRfy at 
which time it is dischaised* 


The capacity depen 

posed to tne electro^de. If’a square foot of positive 
plate surface is exposed to the electrolyte, the capa¬ 
city is usually rated at from 40 to 60 ampere-hours, 
that is, at an 8-hour rate. This, however, varies. 
Temperature, as well as free circulation of the eleo- 
trolji/C, also affects the capacity of a battery. 

Determining What Capacity of Battery to Use 

Suppose a battery is to be selected for lighting 
purposes alone: 

The first step in determining the proper size a 
battery for “lifting duty" is to decidd upon the 
voltage of the lamps. Tungsten lamps, wmoh eon^ 


depends upon the plate area ex- 
rolyte. If a square foot of positive 


8m pegs 000 for inatruotivs batUry Uttratuf, 
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sume about on^third the current required by carbon 
lamps, should invariably be used. 

The second step is to determine the amount of 
current that the battery will be required to deliver. 
Do this bv ascertaining, first, the number of lamps 
to be used^ the voltage of each, and then determine 
the quantity of current each will take. Then add 
the total, which will give total amperage required. 

In some ca^ not all the lamps will be operated 
at the same time, and this should be taken into con¬ 
sideration. Allowance should also be made for any 
other current-consuming devices that may be used. 

Knowing the amount of current that the battery 
will be required to deliver, you can select a battery 
of the proper capacity by referring to table (Fig. 3). 

How to Determine Number of Cells and Plates 
to a Cell by Number on Battery 

The type ntunbers of USL batteries are stamped 
on a leacf name plate located on the end or side of 
the battery. 

On the old types the first letters, such as CDX or 
HDX, represent the general type. The first fi^re 
represents the number of cells. The last two digits 
represent the number of plates per cell. The suffix 
denotes the assembly. 

Example: HDX-311-X has three cells, type HDX, each con¬ 
taining eleven plates, and has the X assembly. 

On the later types the first figure represents the 
number of cells. The letters CVX represent the 
general type. The next figure represents the number 
of positive plates per cell and the suffix letter denotes 
the assembly. 

Example: ,3-CVX-6X has three cells, type CVX, each contain¬ 
ing five positive plates (this means a cell of five positives and six 
negatives, or a total of eleven plates), and has the X assembly, 

Exide starting, lighting, and ignition batteries: 
Take for instance, the 3-XCK--13-1 battery. The 
number “3” signifies that the battery is made up of 
3 cells; the letters ^‘XCR” signify that the plates, 
separators, case, covers, etc., which go to make up 
the battery, are of the type known as “XCU" (the 
R after the aC designates rubber separators in addi¬ 
tion to wood separators); the number “13” signifies 
that there are thirteen plates in each cell; the figure 
“1” signifies that the cells ure assembled in the 
composition case side to side, this being known as 
No. 1 assembly. When the cells are assembled end 
to end, the assembly is known as “No. 2.” 

The same method of designation is followed out in 
the other “Exide” batteries. 

Types of Batteries (Exide) ^ 

Types LXV, PHC, RX, XC, XCR, MXV. XXV. and 
Crescent 313 and 315 have been designed and built 
to meet the particular requirements of starting, light¬ 
ing, and ignition service for passenger automobiles 
and power boats. 

Types LXA, LXYR, LXR, LXRE, MVE, XE, KXD, 

KXK have been especially developed to meet the 
requirements of the exacting starting, lighting, and 
ignition service on motor trucks, tractors, motor- 
coaches, taxicabs, fire apparatus and gas-electric cars 
(see also page 674). 

Types HZ and KZ have been produced particularly 
for motorcycle lighting and ignition service. 

Types OR and LXL and the Radio Power Unit 
type are for “A” battery service in radio work. 

Type LR is for radio “B” battery use. 

^ These types ere those shown in Exide table, page 574, 
Moept Cresoeht 313.315, which ratinfs are the same as the RX. 

Exide tahlep in this book are from an earlier edition of 
the Exide Manual, and refer to earlier types of batteries, such 

M DC. LX, LXR. £xRV. MHA. PEA. S% Zk, etc. 


Capacity of Exide Batteries 

The ampere-hours obtainable from a battery are 
greater for a long low«rate or intermittent discharge 
than for a short high-rate discharge. By an inter¬ 
mittent discharge is meant discharges of a few hours 
each spread oyer a period of three days or more. 

The following table shows the capacities at differ¬ 
ent discharge rates for the various Exide types of 
batteries. 



^ Fig. 3. Capacity of Exido batteries. From 9th edition of 
Exide Manual. See page 574 for ratings from the 14th edition. 


Age of Batteries 

The age of batteries can be told by repairmen, as 
many of the manufacturers have codes which give 
the date from which time-adjustment can be made. 
These codes are letters or figures stamped on the 
connector, the name plate, or the battery box. 


EXIDE AGE OR DATING CODE 


Month 

1022 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

Jan. 

A2 

A3 

A\ 

AT) 

A 6 

A7 

A8 

A9 

Feb. 

B2 

B3 

Bl 

B5 

B6 

B7 

B8 

B9 

Mar. . 

C2 

C3 

('4 

(^5 

Co 

C7 

C8 

C9 

.\pnl .. 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

May 

E2 

E3 

El 

E5 

E6 

E7 

E8 

E9 

June 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

July . ! 

G2 

G3 

C.l 

G5 

G6 

G7 

G8 

G9 

Aug. .. 

H2 

H3 

114 

H5 

H6 

H7 

H8 

H9 

Sept. 

12 

13 

14 

15 

16 

17 

18 

19 

Ort... 

J2 

J3 

J4 

J5 

.16 

J7 

J8 

J9 

Nov. 

K2 

K3 

K4 

K5 

K6 

K7 

K8 

K9 

Dec. 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 


Note: In the table showing the dating system for all Exide 
SLI batteries from January, 1922, to December, 1929, inclusive; 
the date on all XA, XC, KX, KXA, KXCS, KXS, KSH, KZ, 
LX, LXL, LXR, JX, SX, ZA, MHA, PHA, and PHC batteries 
that are shipped from the factory will be found on the interoell. 
connector: on all KXD, LXUE, XE, SFS, SR, S-11 special, and 
MVS batteries on the name plate. 


Where the letter is stamped on the intercell connector it will 
be found half-way between the center of post of negative end of 
battery and center of cell connector. 


VESTA AGE OR DATING CODE 


Month 

1921 

1922 

1923 

1924 

1925 

1926 

Jan. 

AS 

AR 

AQ 

AP 

AO 

AN 

Feb.1 

BS 

BR 

BQ 

BP ! 

BO 

BN 

Mar. 

(]S 

CR 


CP 

GO 

CN 

Apr. 

DS 

DR 

1)Q 

DP 

DO 

DN 

hfay. 

ES 

ER 

EQ 

EP 

ED 

EN 

June. 

FS 

FR 

FQ 

FP 

FO 

FN 

July. 

GS 

GR 

GQ 

GP 

GO 

GN 

Aug. 

HS 

HR 

hq 

HP 

HO 

HN 

Sept. I 

IS 

IR 

19 

IP 

10 

IN 

Oct. 

JS 

JH 

JQ 

JP 

JO 

JN 

Nov. 

KS 

KR 

KQ 

KP 

KO 

KN 

Deo.1 

1 

LS 

LR 

LQ 

LP 

LO 

LN 
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Prest-O-Lite Dating Code 

All batteries shipped wet from factory have date 
of shipment branded on the right-hand end of case. 

All batteries shipped dry from factory have 
ihipping date branded on the left-hand end of case. 
The distributor brands on the cell connector the 
date when the battery is made wet. 



Fig. 3A. An automotive storage battery contained in a hard 
rubb^ case, designed for starting, lighting, and ignition; tlie 
Preat-O-Lite type A-611-RH. 



Fig. 3B. An automotive storage battery contained in a hard 
rubber case, designed for starting, lighting, and ignition, ^he 
Willard type SJ114. 

An explanation of the t3rpe number is as follows: The letters 
*‘SJ” refer to the typo of construction; “ll” refers to threaded 
rubber separators; “4” refers to the number of plates which is 
13 plates (if it was 3, this would mean 11 plates, and if 5, would 
mean 15 plates). 

On batteries of the “C” type, as CHll-13, the number of 
plates is shown as 13, and the “II’' means rubber si'parators; if 
CWll-13, the middle letter “W” means wood separators, and 
13, the number of plates. The manufacturers of this battery 
are Willard Storage Battery Co., Cleveland, Ohio. 


An explanation of the type number is as follows: The letter 
**A” refers to the Super-Service type. If the letter “A” is 
omitted, it refers to the standard battery, either wooil or rubber- 
box. The first figure “6” indicates the voltage of battery; the 
next two figures. “11.” indicate the number of plates per cell; 
the “RH” refers to the height of plates and the “K” refers to 
the post assembly. The manufacture! s are I*rest-0-Lite Battery 
Co., Inc., Indianapolis, Ind. 

Willard Dating Code 

When batteries are put into service, the date is 
shown in plain figures for the month and year on top 
of the connector. The customer can have his bat¬ 
tery registered at the Willard service stations. 


Standard Size of a Starting and Lighting 
Battery as Determined by the S. A. E.^ 

This subject is treated on page 574. 

How to Tell if a Battery Has Been Repaired 
or Rebuilt 

A rebuilt or repaired battery can usually be deter¬ 
mined by noticing if the connectors have been 
removed. When these have been replaced and 
burned, a bright spot will ajipear in the end of each 
connector, and usually the numbers which were 
moulded on the connector will have been taken off. 


ASSEMBLY OF^STORAGE-BATLERY CELLS 


The arrangement of the cells in the battery box 
can be across the battery box, termed **side assem¬ 
bly/* or lengthwise with the battery box, termed 
‘'end assembly.** 


Ite ate 1 

one OS THRU C«US-1 


•-BaTTeftv oora —>npg;[|' 


11 0 11^ I 


coHHKToa. ijns H 


COMn.aTft BATTEaV 


Fig. 4. (Left) Side view of a complete storage battery. 

iig. 6. (Right) Top view of a 3-cell battery (6 volts) with 
one row of cells, arranged as a **side assembly.” 



Fig. 6. Top view of a 3-cell 
battery (6 volts) with one row 
of cells arranged as an ”end 
assembly.” 



Fig. 7. (Left) Top view of a 6-cell battery (12-volts) with 

ooa row of cells arranged as a **sidf assembly.” 


Fig. 8. (Right) Top view of a 6-oell battery (12 volts) with 
two rows of cm arranged aa an ”eiid assembly.” 



Fig. 9. Top view of an 
8-cell battery (16 volts) with 

one row of cells arranged as 
a “side assembly.” 



Fig. 10. Top view of a 
9-cell battery (18 volts) 
with one row of cells ar¬ 
ranged as a “side as¬ 
sembly.” 



Fig. 11. Top view 
of a 9-ccll batt^ (18 
volts) with three rows 
of cells arranged as 
an “end assembly.” 


Cell Connections 

The battery voltage is determined by the number 
of cells it contains, each cell being of a 2-volt capacity. 

Fig. 12. Arrows show direc-( 
tion of current flow from cell to 
cell during discharge on a 6-oell, 
12-volt battery, where the colls 
are side by side. Current would 
flow out from the (-f) terminal 
to the circuit, then back to the 
(—) battery terminal All cells 
are connected in series. 



* Society of Automotive Engineers. 


Anolies to early models. 
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Cells are usually connected in series, that is, the 
(—) terminal of one cell is connected with the (-f) 
terminal of the next cell, and so on, as shown in Fig. 
12. It is possible to connect cells so that a lower- 
voltage lamp or ignition circuit can be used on a 
higher-voltage battery. 



Fig. 13. Arrows show path of current from cell to cell on a 
battery during discharge, on a 3-cell, S-volt battery. All cells 
are connected in series. 

When a battery is discharging into a circuit, the 
current flows from the (-f-) terminal of the battery 
to the circuit, back to the (—) terminal of the bat¬ 
tery. The arrow points in Fig. 12 show the path of 
the current when discharging. 

When a battery is being charged by a generator, 
the current path through the battery is in the oppo¬ 
site direction. 



Fig. 14. A 0-cell (12-volt battery) supplying current for 
one circuit of 12-volt lamps. Lamps arc connected parallel 
across the circuit or line. If each lamp takes 1 ampere, the 
discharge of the battery would be 3 amperes. 


Fig. 15. A 6-ccll (12-volt) battery supplying current for 
two lamp circuits of 6 volts each circuit. The tlnrd wire is the 
neutral wire, ami connects with a aeutral link or connection of 
the batt-ery. Thus a neutral wire divides the battery circuit 
into three cells on each side. 


The lamps are connected parallel across the line. If each 
lamp takes 1 anipere, then 3 amperes would be taken from the 
three cells on the right and 3 amperes from the three cells on 
the left, or 3 amperes from the six cells. Therefore it is plain 
that the load on each side should be divided equally, so as not 
to discharge one side more quickly than the other. 

This battery would be charged by connecting tde end termi¬ 
nals (+) and ( — ) with a 12-volt charging circuit. 

If one lamp burns out, it would not affect the other lamps. 

The circuit of 3 lamps on the right would be from the (+) 
terminal of the battery to the lamps on the right, to the neutral 
wire, to the ( —) terminal of the third cell in the center (right). 

The circuit of 8 lamps on the left would be from the (+) 
terminal (top center cell at the left), to the neutral wire, 
through the wraps, to the (—) terminal of the battery. 

Fig. 16. A 6-cell (12-volt) battery supplying current for one 
drciut of 12 volts. Two lamps are connected in series and 
then parallel across the line. I^ach lamp is 6 volts and two 
in sen^ would operate on 12 volts. 

If eaoh lamp required 1 ampere, each of the two lamps across 
the line would draw 1 ampere: thus 8 amperes would be the 
battery discharge. If one of the two lamps across the circuit 
shoula burn out, the other lamp would go out, as its circuit 
would be open. The other lamps, however, would not be 
affected. 

Amperes do not express quantity. It will no doubt appear to 
the reader that the battery in Fig. 15 or Fig. 16 would be dis¬ 
charging 6 amperes. This is the result of considering amperage 
in terms of quantity of electricity; whereas it should bo con¬ 
sidered as expressing rate of flow, or speed of current 

In order to produce light, it is necessary to have po\ a . ai d 
in Figs. 15 and 16, we have assumed that each 6-volt lamp 
draws 1 ampere. Therefore, the power required to light each 
lamp is 6 volts XI ampere«6 watts per lamp. 

In Fig. 15, we have six lamps, each requiring 6 watts power, 
or a total of 6X6-36 watts are necessary to cause the six lamps 
to burn. The battery suoplies powsi at a pressure of 12 volte; 


consequently the current dlschorgiiig from the battery would 
be 36 watt8-(’12 volts-S amperes. For the same reooons, the 
current in fig. 16 would also be 3 amperes. 

In Fig. 14 each lamp requires 1 ampere at 12 volts, which 
equals 12 watts power. Each one of these lamps would give 
aoout twice as much light as eaoh one of the 6-watt lamps in 
Figs. 15 and 16. 


CHAROING CIRCUIT IRVOLT 



Fig. 16B. A 9-cell (18-volt) battery connected so that it 
will discharge at 18 volts for a starting motor and at 6 volts for 
a lighting circuit. The battery is charged by an 18-volt genera¬ 
tor. 

The charging circuit is from the (-k) brush of the generator, 
through the cut-out points when closed, to the (4-) terminal oi 
the battery, through the nine cells connected in series, to the (— ) 
terminal of the battery, to the ( —) brush of the generator. 

The discharging circuit of the starting motor is from the (-!*> 
terminal of the battery, to the starting switch, to the motor 
brush, througli the motor field and armature, to the ( —) brush, 
to the ( —) terminal of the battery. This circuit is never on 
when the generator is charging the battery. 

The discharging circuit for 6-volt lights: The lead wire for 
the lighting circuit is tapped on to the connector which conneota 
with the lower cell at the left. Thus (+) current is derived 
from this lower left cell. The circuit is then through the lamp 
to the ( —) terminal of the cell on the lower right. Note that 
there are 3 cells, or 6 volts used for the lighting circuit. 



tery. 

Circuit of generator chor^g battery: We shall assume that 
we have a double-pole switch and that it4s thrown to the right, 
so that 10 and 6 and 13 and 14 are connected. 

The circuit for the three lower cells would then be from the 
(4-) brush of the generator to (6), to (10), to the (4*10) terminal 
of the battery, then through the three lower cells to the (—13) 
battery terminal, to (13) on the switch, to (14) wnich is 
grounded (Ol), to the (—) grounded brush of the generator 
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Th« circuit for the three upper cells would be from the (+) 
brush of the generator to ^6), through a permanent oonneotion 
to (12), to the (+12) terminal of the battery, through the three 
upper cells, to the (—) grounded tecminal of the battery (G2), 
to the (—) ground of the grounded brush of the generator (G3). 

This would be termed a series and multiple connection. 

There are two sets of three cells of batteries connected in series; 
then the two sets are connected in multiple with the generator. 
This is the principle used on the 1917 ‘^Maxwell 25,^ where a 
6-volt generator and a 12-volt starting motor were used (see 
Index for Maxwell diagram). 

The starting motor circuit is shown below (Fig. 17A). We 
shall assume that the switch lever has been thrown to the left, 
thus connecting 10 and 11, and 12 and 13; 6 and 14 have been 
cut out, opening the generator circuit. 

The starting-motor circuit is then from (+12) of the battery, 
to (12) on the switch, to (13) on thewswiteh, to battery terminal 
(—13), through the three lower cells to (+10), to (10) on the 
switch, to (11), to the (+) brush of the starting motor, through 
the starting motor field and armature, to the (—) grounded 
brush of the starting motor (G3), to the ( —) grounded terminal 
of the batte^ (02), througo the three upper cells, to (+12), 
where we originally started. 

This would be termed a strai^t series connection. The six 
cells of the battery are connected in series with the starting motor. 



Fig. 17A. This illustration presents the same 12-volt bat¬ 
tery as shown in Fig. 17. It is now being used on discharge 
to operate a 12-volt motor. Note how the battery connections 
are changed at the switch, in order to place the six cells in series, 
thus obtaining 12 volts from the battery. 



Fig. 18 




r4m 


I 


I 




6V0LT—*• 

160 AMPERE-HOUR 
^ CABKCTTN — 

Fig. 18A 



Fig. 18B 


Fig. 18C 


Fig, 18. A 6-cell (12-volt) battery with cells connected in 
series. In this case we should have a voltage of 12 volts^at 
the battery terminals. 

If each mU had a capacity of 80 ampere-hours with this 
straight series connection, we«hould obtain only an 80-ampere- 
hour capacity from the six cells at 18 volts. 

Watts**voltsXamperes; 12 volts X80 amperes =»960 watts. 
Therefore the watt capacity is 960. 

Fig. 18A. A O-cell battery with two sets of three cells con¬ 
nects in series, which would be 6 volts for ea<'h set. The two 
sets are then connected to the line in multiple. At the (+) 
and (—) terminals of the wires, we should have 6 volts, or the 
voltage of three cells in series. If the cells are of 80 ampere- 
hour capacity, we should have an SO-ampere-hour capacity for 
each set of three cells in seriest or a 160-ampere-hour capacity 
for the two sets connected m multiple at 6 volts. 

The watt caMcity would be the same as in Fig. 18; for 
example, 6 voltsXlBO' amperes **960 watts. Therefore the 
total output or edacity, as shown in Figs. 18 and 18A, is the 
same, the only difference being the rate of output. 


Fig. 18B. A 9-ccll (18-volt) battery with cells connected 
in series. The terminal voltage is 18 volts. The ampere- 
hour capacity is 80 ampere hours, assuming that each cell is an 
80 ampere-hour capacity battery. 

Watt capacity would be 18 voltsX80 amperes-* 1,440 watts. 

Fig, 18C. A 9-cell (18-volt) battery with three sets of three 
cells connected in series, which would be 6 volts for each set. 
The three sets are then connected to the line in multiple. At 
the terminals, or wires, we should have 6 volts, or the voltage 
of three cells in scries. 

If cells are of 80 ampere-hour capacity, we should have an 
80 ampere hour capacity for each set of three cells in series, or 
240 ampere-hour capacity for the three sets connected in multi¬ 
ple, at 6 volts. 

The watt capacity would be the same as in Fig.lSB. For 
example, 6 volt8X240 amperes**1,440 watts. 

The capacity of the battery, as will be observed in the examples 
given, is greater when the cells are connected in multiple tnan 
when connected in straight series. The voltage, however, is 
less; thus the watt capacity is equalized. 


PARTS OF A MODERN STARTING, UGHTInG, AND IGNITION BATTERY (THE EXIDE 

USED AS AN EXAMPLE) 


The external and internal parts of the Exide type 
manufactured oy the Electric Strirage 
Battery Co., Philadelphia, Pa^ are shown in the 
illustrations (Figs. 20 to 28). By referring to page 
623, we find that 3^XCR-13 means 3 cells using 
plates, separators, covers, etc., of the XCR type; 
the ^‘13*' signifies that there are 13 plates in each 
cell compartment. If there are 13 plates in each 
cell, then there would be 7 negative plates and 6 
positive plates, as there are always more negative 
than positive plates. 


The internal parts consist of, first, a composition 
compartment case for holding the elements, the 3 
elements then fit into the 3 compartments, thus 
making a 6-volt battery. A 12-volt battery would 
have a case with 6 compartments for 6 elements. 

Note in Fig. 21 that an end section of a cell is cut 
away to show parts and construction. Observe, 
first, that there is a negative plate, then a wood 
separator, then a rubber separator, thep a positive 
piate« and so ox^ until there axe 13 plktes per cdl* 
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Fig. 21. A cell of the Exide type “3-XCR-13” cut away to 
show the details of construction. Note both wood and slotted 
rubber separators are used in this type of battery, termed a 
“double-insulated” battery. There are some types, among them 
Type XC, in which only the wood separator is used, termed a 
“single-insulated” battery. 



A positive group would be arranged in the same 
manner, except that there would be one less plate of 
the positive group, or six plates. 



Cell compartment: The case is made with 4 stiff 
ribs or bridges in tbe bottom of each compartment. 
Note that &e positive and negative plates rest on 
different ribs, thus avoiding; possible internal short- 
circuiting. The ribs permit the gradual accumula¬ 
tion of *^^iment.^' 


The plates are different in color, the positive (lead 
oxide) being a deep chocolate color, ana the negative 
a gray (pure lead). 

The plates are pasted and formed in groups. A 
positive and a negative plate of the Exide nu^e are 
shown in Figs. 22 and 23. 



Fig. 26. Two groups, or the negative and positive plates, 
are called elements.” The two groups ore interleaved, that 
is, the positive group of 6 plates is placM between the negative 
group of 7 plates, with separators between them. Thus two 
of the negative plates are always on the outside. 


Group: A set of plates burned to a strap is known Element: A positive and a negative group 
00 a ^'group/' either positive or negative. Fig. 24 together with the separators constitute an ^*ele- 
shows a negative group of seven negative plato. ment,” as explained above. 
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Fig. 26. Wood separator. 
Fig. 27. Rubber separator. 


Separators: When the positive and negative 
groups are assembled together, the adjoining plates 
are insulated or kept out of contact with each other 
by means of wood and rubber separators (termed 
^‘double insulation”)- The rubber separator is 
placed next to the positive plate. The wood 
separators are particularly adapted for the puriK)se 
and given a special treatment to remove harmful 
substances (explained farther on). 

Lugs: Both the positive and negative plates are 
provided with an extension or ‘dug” at the top of 
each plate (see Fig. 23). The positive lugs come at 
one side of the cell compartment and all the negative 
lugs at the other, thus enabling each set to be burned 
together with a connecting “strap,” giving one 
positive and one negative pole. The burning is done 
by a hydrogen flame, or an electric arc, which melts 
or fuses the metal of both lugs and strap into an 
integral union. 

Straps: The straps (Fig. 24) are made of a hard 
lead alloy and-are burned to tlie lugs on the plates. 
The straps are provided with “posts” to which the 
cell connections are made. 

Connectors are then placed »o as to join the posts 
of one (—) group to the post on a (-f) groyp in the 
next cell. See Fig. 20, showing how the connectors 
are placed. The connectors are burned to the posts. 
Sometimes they are not burned well, and a loose 
connection which causes heating and resistance is 
the result. 

There are two types of cell connectors, the solid lead type 
and the flexible type made of strips of copper, coated with lefiid. 


The flexible type is applied to those batteries which are sub¬ 
jected to considerable vibration. 

Electrolyte: The fluid known as “electrolyte” is 
dilute sulphuric acid. The element (Fig. 25) is 
placed in the cell compartment, and the electrolyte 
added. This is also termed the “battery solution” 
(explained farther on). 

'^en the complete element is placed in the cell 
compartment, post gaskets and cover put on, sealed, 
and cell connectors burned on, the electrolyte is 
then added and the vent plug screwed in. 

Cover: The cell cover and method of sealing and 
venting is very important. The cover on the 
“Exide” battery (Fig. 28) is flanged in such a way as 
to give a more perfect seal to the jar than the old flat 
type of cover, and each cell is a separate sealed unit. 


Fig. 28. Exide filling plug and sectional view of cover with 
plug removed. Illustration shows the filling plug, together with 
a section of the cover with the plug out. The filling tube is the 
opening in the cover through which water may be added to 
replace evaporation, and through which hydrometer readings 
may be taken. The plug is so arranged as to catch electrolyte 
spray and return it to the cell, thereby keeping the top of the 
battery dry. It should always be kept tightly in place, except 
when adding water or testing. 

Vent or filler plugs are made of hard rubber, and 
screw into an opening in the cover. They are neces¬ 
sary in order that the gases generated in the battery 
when charging or discharging may escape, but the 
acid cannot splash out. They are also removed for the 
purpose of refilling or putting the water into the cell. 

The small vent-hole should be kept open, as it 
is very necessary that the gases escape. 

By looking down into the filler tube when adding 
water, it can be seen when the electrolyte is at the 
bottom of the tube, which is the correct level. 

There are a number of different methods used for 
refilhng and for ventilation. The purpose is the 
same in all, however. 

Terminals: The positive terminal is marked (-h), 
and can always be determined by the dark color. 
The negative terminal is a light-gray color, and is 
marked thus (—). 

For directions for testing a wire lead from a generator or 
battery for its polarity, if not marked, see Index under “Polar¬ 
ity, how to find.” 




THE DRY STORAGE BATTERY 


The difference between the **wet storage battery” and the 
‘*dry storage battery” lies chiefly in the method of preparing 
the acid. 

The “wet storage battery” uses liquid electrolyte, and it is 
the sulphuric acid in this electrolyte which conducts the 
current, or, in other words, the sulphuric acid in the solution 
between the plates allows the current to flow through it. For 
a certain amperage discharge a certain amount oi suiphurio 
acid must be used. The less acid, the greater the resistance. 

"When a battery is charged, the acid is mostly in the solution. 
When a battery is discharging, the acid is diffused or circulated 
through the separators into the plates, and the plates gradually 
absorb the acid from the solution. The capacity of a battery 
therefore depends upon the diffusion or circulation of the acid. 

If a battery is discharging at a slow rate, the diffusion action 
is slow; if discharging at a high rate, as, for example, when 
used for operating a starting motor, the discharge is heavy 
and the diffusion action must be very rapid (see page 529 for 
meaning of diffusion). 

T^en a charged battery is put on discharge, the diffusion 
action is more rapid because there is very little sulphate to 
clog the pores of the active material. As the discharge pro¬ 
gresses, sulphate begins to form on the active material on the 
pjatM and fills up the pores, and diffusion is slower. Badly 
sulphated plates or clogged separators will catise slow diffufflon. 

^ere batteries are used for stationary work and discharge 
rat« are mi^erate, as with farm lighting batteries, etc., the 
d m usioii action is slower, and it is thus possible to use larger 


cells and a greater quantity of solution with a lower acid gravity 
which is easier on the plates and separators. 

With a battery for automobile use, for lighting and starting 
work, the battery must be very compact, and only a limited 
space is provided for the solution. Thus a higher acid gravity 
must be used in order to obtain rapid diffusion, because at a 
half-discharged point, most of the acid would be in the plates 
and not in the solution. 

The “dry storage battery” does not use liquid electrolyte. 
Usually, suiphurio acid is mixed with some kind of silicate 
base which, after being poured into the cells, turns to a jelly 
substance, and the principle or action is then similar to the 
use of liquid electrolyte. 

This type of battery is not a new idea, and it would appear 
to be a very satisfactory battery for low-rate discharge. For 
a high rate of discharge, however, as with a starting motor, the 
question arises as to whether or not the diffusion action would 
be rapid enough. 

It is claimed by some of the dry-storage battery manu¬ 
facturers that this type of battery is an advantage, in that no 
separators are used, and that there being no liqmd, it will not 
freeze, etc. 

As we are unable to obtain sufficient information from 
manufacturers of this type of battery, it is not our intention 
to condemn it. but inasmuch as the /n^ority of automobiles 
are using the wet storage battery•*' it is with this type that 
we shall deal In our instructions. 



INSTRUCTION No. 47 

THE STORAGE BATTERY; INTERNAL CONSTRUCTION; PRINCIPLE 
OF ACTION; Electrolyte; Hydrometer Tests 


GLOSSARY TO THE STORAGE BATTERY INSTRUCTION! 


This glossary is provided for reference, in case the 
reader is not familiar with words or terms used. 

Acid: As used in this book^ this word refers to 
sulphuric acid (H3SO4), the active component of the 
electrolyte. 

Active material: The active portion of the battery 
plates: peroxide of lead on the positives, and spongy 
metallic lead on the negatives. 

Alternating current: Electric current which does 
not flow in one direction only (like direc-t current), 
but rapidly reverses its direction or “alternates^’ in 
polarity, so that it will not charge a battery. 

Ampere: The unit of measurement of the rate of 
flow of electric current. 

Ampere hour: The unit of measurement of the 
quantity of electric current. Thus, 2 amperes flow¬ 
ing for 3^ hour, equals 1 ampere-hour. 

Arc burning: Making a joint by means of electric 
current which melts together the metal of the parts 
to be joined. 

Battery: Any number of complete cells assembled 
in one case. 

Battery terminals: Devices attached to the posi¬ 
tive post of one end-cell and the negative of the 
other, by means of which th(^ battery is connected to 
the car circuit. 

Buckling: Warping or bending of battery plates. 

Burning strip: A convenient form of lead in strips, 
for filling up the joint in making burned connections. 

Case: The containing box, which holds the bat¬ 
tery cells. 

Cell: The battery unit, consisting of an element 
complete with electrolyte in if.s jar, with cover. 

Cell connector: The metal link which connects the 
positive post of one cell to the negative post of the 
adjoining cell. 

Charge: Passing direct current through a battery, 
in the direction opposite to that of discharge, in order 
to put back the energy used on discharge. 

Charging methods: “Series” method and “Constant Poten¬ 
tial” method—see pages 604 and 579. 

Charge rate: The proper rate of current to use in 
charging a battery from an outside source. It is 
expressed in amperes and varies for different sized 
cells (see also pages 574, 575). 

Corrosion: The attack of metal parts by acid 
from electrolyte; the result of lack of cleanliness. 

Cover: The rubber cover which closes each indi¬ 
vidual cell; it is flanged for the sealing compound, 
to insure an effective seal. 

Diffusion: The act of spreading or circulating in every 
dirsotion. The action of the acid mixing with the water that is 
left in the pores of the plates and at the surface of the plat^ 
from discharge, is explaineti as follows: When the battery is 
being discharged, the acid in the pores of the plates and right 
at the surface of the plates breaks up into water and sulphates, 
the sulphate going into the plates as lead sulphate. This 
leaves water in the pores of the plates and at the surface of the 
plates. In order for the storage-battery action to continue, 
fresh acid must be obtained from the reserve outside of the 
plate or in the cell, and this is accomplished by this outside 
acid diffusing or mixing with this water and forming acid 
again in the pores of the plates and at the surface of the plates. 

Dry-storage battery: A type of battery using a paste or 
jelly substance instead of liauid electrolyte. See page 628. 
The “wet” battery of the lead-acid type is in general use, and 
is the type dealt with in these instructions. 


1 From Exide Manual (9th edition), except sections in smaller 
type. See pages 556 and 454 for “Storage Battery Troubles.'* 


Discharge: The flow of electric current from a 
battery through a circuit. The opposite of ^^charge.” 

Electrolyte: The fluid in a battery cell, consisting of 
specially pure sulphuric acid, diluted with pure water. 

Element: One positive group, and one negative 
group, with separators, assembled together. 

Filling plug: The plug which fits in and closes the 
orifice of the filling tube, in the cell cover. 

Flooding: Overflowing through the filling tube. 
With ihe “Exide” automatic filling tube, this can 
usually occur only when a battery is charged, with 
the filling plug out. 

Freshening charge: A charge given to a battery 
which has been standing idle, to insure that it is in a 
fully ch.arged condition. 

Gassing: The bubbling of the electrolyte caused 
by the rising of gas set free toward the end of charge. 

Generator system: An equipment, including a 
generator, for automatically recharging the battery; 
in contradistinction to a straight storage system 
where the battery has to be removed to be recharged. 

Gravity: A contraction of the term “specific 
gravity,” which means the density, compared to 
water as a standard. See “Specific gravity” below. 

Grid: The metal framework of a plate, supporting 
tlie active material, and provided wdth a lug for con¬ 
ducting the current and lor attachment to the strap. 

Group: A set of plates, either positive or negative, 
joined to a strap. Groups do not include separators. 

High-gravity battery: The electrolyte used in automotive 
batteries where freezing of water occurs, or in cooler climates, 
should have between 1.275 and 1.300 SFKJcific gravity when fully 
charged. The temperature should not be raised above 110* F 

Hold-down clips: Brackets, for the attachment 
of bolts, for holding the battery securely in position 
on the car. 

Hydrogen flame: A very hot and clean flame of 
hydrogen gas and compressed air, used for making 
burned connections. 

Hydrogen generator: An apparatus for generating 
hydrogen gas for lead burning. 

Hydrometer: An instrument for finding the spe¬ 
cific gravity of the electrolyte. 

Hydrometer syringe: A glass barrel enclosing a 
hydrometer and provided with a rubber bulb for 
drawing up electrolyte. 

Jar: The hard-rubber container, holding the ele¬ 
ment and electrolyte. 

Lead burning: Making a joint, by melting to¬ 
gether the metal of the parts to be joined. 

Low-gravity battery: The electrolyte used in automotive 
batteries in tropical climates, whore freezing of water seldom 
occurs, should have a specific gravity 70 points lower than for 
“high-gravity batteries.” For example, in cooler climatea, in a 
discharged battery the electrolyte has a sp. gr. of 1.150, while 
inrfiropjcal climates the sp. gr. of electrolyte should be 1.080. 
For low-gravity batteries the temperature limit may be raised 
from 110® F. to 125® F. 

Lug: The extension from the top frame of each 
plate connecting the plate to the strap. 

Maximum gravity: The highest specific gravity 
which the electroIvte will reach by continued char¬ 
ging; indicating that no acid remains in the plates. 

Normal charging rate: Usually the charging rate is assigned 
by the battery manufacturer. The safe rate depends upon the 
state of charge. For a discharged cell it may be much greater 
than for a charged cell. The charge rates shown on p^e 574 
are safe rates for ending a bench charge. They are determined by 
experience, the governing factors being temperature and gassing. 
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Oil of vitriol: Commeniial name for conoentrated 
eiilphurio acid (1.835 specific gravity). .This is 
never used in a battery and would quickly ruin it. 

Plates: Metallic grids, supporting active material. 
They are alternately positive (brown) and negative 
(gray). 

Polarity: Electrical condition. The positive 
terminal of a cell or battery, or the positive wire of a 
circuit, is said to have positive polarity; the nega¬ 
tive, negative polarity. 

Post: The portion of the strap extending through 
the cell cover, by means of which connection is made 
to the adjoining cell, or to the car circuit. 

Rectifier: Apparatus for converting alternating 
current into direct current. 

Resistance: Material (usually lamps or wire) of 
low conductivity, inserted in a circuit to retard the 
flow of current. By varying the resistance, the 
amount of current can be regulated. 

Rubber sheets: Thin, perforated hard-rubber 
sheets, used in combination with the wood separa¬ 
tors in some types of batteries. They are placed be¬ 
tween the grooved side of the wood separators and 
the positive plate. 

Sealing compound: The acid-proof compound, 
used to seal the cover to the jar. 

Sealing nut; The notched round nut which screws 
on the post and clamps the cell cover. 

Sediment: Active material which gradually falls 
from the plates, and accumulates in the space below 
the plates, provided for that purpose. 


Separators: Sheets of eprooved wood, specially 
treated, inserted between the positive and negative 
plates to keep them out of contact. 

Short circuit: A metallic connection between the 
positive and negative plates within a cell. The 
plates may be in actual contact or material may 
lodge and bridge across. If the separators are in 
good condition, a short circuit is unlikely to 
occur. 

Spacers: Wood strips, used in some types to 
separate the cells in the case, and divided to provide 
a space for the tie bolts. 

Specific gravity: The density of the electrolyte 
compared to water as a standard; often abbreviated 
as ^'gravity^^ or ^^sp. gr.'^ or ^‘S. G.'' 

Starvation: The result of giving insufficient 
chaise, in relation to the amount of discharge, result¬ 
ing in poor service and injury to the battery. 

Strap: The leaden casting to which the plates of a 
group are joined. 

Sulphated: The condition of plates having an ab¬ 
normal amount of lead sulphate, caused by ‘^starva¬ 
tion,** or by allowing the battery to remain dis¬ 
charged. 

Tie bolts: Bolts which, in some types, extend 
through the battery case between the cells, and 
clamp the jars in position. 

Top nut: The hexagon nut which, in batteries 
with bolted connections, screws on the post, and 
holds the connectors and sealing nut in place. 


ELECTROLYTE 


Electrolyte (also termed battery solution) is put 
into the jar in which the plates are submerged. It 
consists of chemiftally pure sulphuric acid having a 
specific CTavity of 1,835 (HaSO^),! diluted with 
water (H 2 O), tne proportion being about 1 part of 
sulphuric acid to 23^ parts of water, by volume, this 
proportion of water and acid being such that the 
density of the solution wdll have a specific gravity of 
about 1.300 at 70*^ F. See electrolyte table, page 535. 

Concentrated sulphuric acid (full strength) is a 
heavy, oily liquid having a stren^h or specific grav¬ 
ity of about 1.835. If put into a battery, it would 
quickly ruin it, and must, therefore, first be diluted 
with ptire water to the proper strength for the 
particular type of battery cells to which it is to be 
added. 

Chemically pttfe electrolyte: Both the water and 
the sulphuric acid used in making electrolyte should 
be chemically pure to a certain standard. This is 
the same standard'of purity as is usually sold in 
drug stores as “CP** (chenucally pure)^ or by the 
chemical manufacturers, as “battery acid.** 

In this connection, the expression ‘‘chemically pure"* acid is 
often confused with acid of “full strength.’* Acid may be of 
full strength (approximately 1.835 sp. gr.) and at the same time 
not chemically pure. 

If this chemically pure acid of full strength be mixed with 
chemically pure water the mixture would still be ohemicslly 
pure, but not of full strength. On the other hand, if a small 
quantity of some impurity be introduced into chemically pure 
acid, it would not materially reduce the strength, but would 
make it impure. 

The usual method of determining the strength or 
density or electrolyte is by taking its specific gravity. 
The method is i^ssible on account of the fact that 
sulphuric acid is heavier than water. Therefore 
the gi^ter the proportion of acid contained in the 
electrolyte, the heavier the soluMon, or the higher 
its si^cifio gravity. The mixing of electrolyte is 
explained on page 534 and 535. 


^ Bes page 637 for meaning of Ha804, etc. 


Specific Gravity 

By specific gravity is meant the relative weight of 
any substance compared with water as a basis. 
Pure water, therefore, is considered to have a specific 
gravity of 1. usually written 1.000, and spoken ofi 
as “ten hundred.’* One pound of water is approxi¬ 
mately one pint. An equal volume of concentrated 
sulphuric acid (oil of vitriol) weighs 1.835 pounds. 
It therefore has a specific gravity of 1.835, and is 
spoken of as “eighteen thirty-five.’* Acid of course 
is much heavier and denser than water. 

If water is mixed with the sulphuric acid, it will 
reduce its specific gravity from 1.835. The more 
water that is added, the nearer its specific gravity 
will come to that of water (1,000). Thus when a 
hydrometer reading is taken, and shows the specific 
gravity to be 1.100, or almost water. 

Why Four Figures in Reading Specific Gravity 

As stated^ water is taken as a standard imit, or as 
1, or if divided into one thousand parts, it would 
then be expressed decimally as 1.000 (1,000/1,000), 
and if mixed with acid to a certain proportion, say 
1.400, it would mean 1,400/1,000, or 1.4 (1^). 

If acid, which is heavier than water^ is mixed with 
it, it will increase the weight or gravity of the solu¬ 
tion or mixture. 

If a sufficient amount of acid is used to make a 
1.400 specific-gravity solution, it simply means that 
insteacl of the volume weighing 1 lb., which it would 
do if pure water, it will weigh lA lbs., which, 
reduced to a decimal fraction, woula be 1.4. 

A solution often tests in fractions, which necessi¬ 
tates carrying out the decimals to a greater length, 
in order accurately to express the wavity of the 
solution, as, for instance, 1.275. Therefore quite 
often, in fget more often than not, four figures are 
necessary with most of the readings. Thus instead 
of expressing a reading as 1,4, the two extra ciphers 
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are added so as to make any gravity be expressed 
uniformly in thousandths, instead of in tenths. 

Farther on, explanations will be given, showing 
that when a battery is ful^ charged, the specific 
gravity is 1.270 to l.SOO.^ This is as strong a mix¬ 
ture as dare be used in a battery. When the battery 
is fully charged, the acid and water are combined in 
the solution. But when the battery is being dis¬ 
charged, the acid goes into the plates; when it is 
fully discharged, there is very little acid left in the 
solution. If its specific gravity were tested under 
these conditions, it would be found that it is almost 


water, and (when the battery is fully dischar^d) 
would have a specific gravity of about 1.120 or 1.150. 
This explains the fact that the solution in a battery 
freezes when battery is discharged. See pp. 634,561. 

Freezing Points of Electrolyte^ 

1.120 Bp.gr. electrolyte will freeze at 14® F. above zero 
1.150 “ “ “ “ “ “ 6®F. “ 

1.200 “ “ “ “ “ “ 17® F. below ** 

1.225 “ “ ** “ “ “ 35® F. “ “ 

1.260 “ “ “ “ “ “ 62® F. ** “ 

1.275 “ “ “ “ “ “ 85® F. “ “ 

Don’t add water to a cell during freezing weather unless tne 
precautions mentioned on page 634 are followed. 


STORAGE-BATTERY HYDROMETER 


A hydrometer is used to test the specific gravity of 
the electrolyte when it is being mixed, and also for 
testing the specific gravity of the electrolyte in a cell 
to see if it is charged or discharged. 

Construction of a hydrometer syimge: Tliis 
device consists of a closed glass tube with a rubber 
bulb at one end and a rubber tube (R fig. 1) at the 
lower end, termed the nozzle. Inside of the glass 
tube a hydrometer is provided, with a graduated 
scale and for general shop use should read (Fig. lA) 
from 1.100 to 1.400 sp. gr. Use only a reliable makc.s 

Method of use: To test the specific gravity of the 
electrolyte in a cell, the vent cap is removed; the 
rubber bulb is depressed, and nozzle (R) inserted 
(Fig. 1). which draws electrolyte into glass tube when 
released. Thus if a sufficient quantity is drawn into 
the tube, the hydrometer will float in the electrolyte. 
A small quantity of small shot was placed in the 
bottom of the hydrometer when it was originally 
calibrated, in order that it may sink to a certain 
depth, and to cause it to stand upright. The read¬ 
ing of the scale at the surface of the liquid gives the 
specific gravity of the solution. After reading, the 
electrolyte is forced back into the cell from which 
it was removed and each cell tested in like manner. 


Gravity readings are expressed in **points.^’ A point 
is considered equal to .001 specific gravity. For ex¬ 
ample, difference between 1.275 and 1.200 is 75 points. 



m: 




Fig. 1C Fig. IB Fig. lA 


Fig. 1. 



Electrolyte being 
drawn into glass tube which 
causes hydrometer to float. I 
Fi^. lA. Hydrometer scale, 
showing graduations from 1.080 
to 1.430. Each line represents 
.010 (ten points). 

Fig, IB. Hydrometer scale shows about 1.285; fully charged. 
Pig. 1C. Hydrometer shows 1.160; about discharged. The 
reason why the hydrometer sinks or rises to different levels in 
the electrolyte is explained in the text. 


Fig. 


It will be observed that the highest specific grav¬ 
ity readings of the scale are at the lower part of the 
hydrometer, whereas tiie lowest readings are toward 
the top of the hydrometer. 


The denser the electrolyte, the less will the hy¬ 
drometer sink into it; therefore the specific gravity 
reading will be higher. 

The less dense the electrol 3 rte, or the nearer it 
approaches the density of water, the deeper the 
hydrometer will sink into the electrolyte; therefore 
the specific gravity reading will be lower. 

Note: To prevent the hydrometer from sticking to the side 
of the barrel, it is necessary that the syringe be held in a vertical 
position. Wlien using hydrometer do not permit air bubbles 
to form in cell, because when heated up, the bubbles disappear 
and the level of the electrolyte may fall below tops of plates. 

Specific Gravity Readings and State of Charge* 

When the specific-gravity readings of electrolyte 
are taken, the temperature of the latter is supposed 
to be at 70° F. If the electrolyte is warmer or 
colder than this, it will affect the reading, as will be 
explained farther on under ^‘Temperature correc¬ 
tions of hydrometer readings.^^ 

If an automotive type of battery is fully charged, 
the specific gravity of the electrolyte in the cells 
should bo between 1.270 and 1.300.^ (Exide gives 
1.270-1.285 with electrolyte temp. 70° to 80° F.) 

If fully discharged, the specific gravity, while not 
the same for all batteries, will be somewhere be¬ 
tween 1.150 and 1.100.* 

There is no value which can be given as a general 
discharge value. The discharge sp. gr. will depend 
upon the type of battery; it may be anywhere from 
90 to 180 points below full charge. See Exide rating 
table, page 574. See also page 575, e3q)laining 
“when a battery is fully charged.” 

Where a battery is used for starting motors, 1.270 
to 1.300 sp. gr. at 70° F. is the ‘Tull charge,” or top 
mark for battery specific gravity. 

A battery with gravity below 1.225 can still supply 
sufficient current for starting, but cannot hardly in¬ 
ject the requisite energy into the starter to spin the 
engine, especially during cold weather when the 
engine oil is cold and heavy, so that 1.225 is practical¬ 
ly the low mark. 

At this point (1.225) one should economize on 
current by using lights and starter sparingly (page 
563) until the gravity rises to at least 1.250, or 
within 60 pointe of full charge. If the gravity con¬ 
tinues to drop instead of rise, then the battery should 
be removed and be given a charge. 


I In tropical climates (see page 629, “low-gravity batteries" 
and “high-gravity batteries") the electrolyte is purposely made 
much weaker than that us^ in batteries for cooler climates. 
Places where freezing of water seldom or never occurs are re¬ 
garded as having tropical climates. Therefore, for example, 
a specific gravity of 1.200 in cooler climates would correspond to 
1.130 in tropical climates, or 70 points lower. (From Exide, 
9th ed., Manual) 1.300 is high; 1.285 ^neraily vtaod, 

* See also page 546 giving comparative gravity and voltage 
readings. 
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In actual practice, battery stations, when testing 
starting batteries, as a general rule* consider from 
1.200^ (discharged or danger point) to 1.275^ or 
1.280^ (charged point) as being the working range, 
or a difference of 75 points, and all tests are sup¬ 
posed to be made at a temperature of 70® F. If the 
temperature differs, then the battery thermometer 
(Fig. 2, page 533) should be used. See Temperature 
corrections, page 532. 

The lowest permissible discharge, or danger point, 
is considered to be 1.200 sp. gr., because at this 
point sulphating is more pronounced and battery 
should be removed and recharged at once. 

If a battery is left discharged for a long period of 
time, the sulphation would increase considerably. 

When a battery drops to 1.200, where there is a 
generator on the car, this discharged <;ondition may 
be due to need for adjustment of generator for a 
higher charging rate or other causes (see page 563). 
The trouble should be remedied. 

A battery’s capacity is considerably less during 
zero weather than in summer heat (for reason, see 
page 556). Hence the importance of seeing that it 
18 kept fully charged. 

Pointers on the Use of the Hydrometer 

When to take a hydrometer reading: Take a read¬ 
ing of each cell at regular intervals, and just before 
adding water. 

If hydrometer readings are taken after adding 

water, they are of no value, as only water or very 
weak electrolyte vill be drawn into the syringe. 
Tliis is due to the water being lighter than tlie 
electrolyte, and therefore remaining on the surface. 

Electrolyte should be kept above the top of the 
separators and plates. If not above, add pure water. 
See pages 561, 562. 

If the electrolyte is below the top of the plates, or 
so low that enough cannot be drawn into the barrel 
to allow of a proper reading of the hydrometer, fill 
, the cell to the proper level by adding pure water: 
then do not take a reading until the water ha?r been 
thoroughly mixed with the electrolyte by the gassing 
at the end of a recharge. See also page 561. 

The liquid taken up by the hydrometer from one 
cell should never be put into another cell, as this 
v\ill be likely to cause some trouble, because of “high 
acid” in one cell, or weakened electrolyte in another. 

If one cell regularly requires more water than the 
others, thus lowering the gravity, a leaky jar is indi¬ 
cated, Ileplacc \N ith a good one. Sec pages 561, 559. 

Some of the Troubles of a Battery as Indicated 
by a Hydrometer Reading 

When all cells are in good order, the specific 
gravity will test about the same (within 25 points) 
in each cell. The 8pe< ific gravity readings of all cells 
of a battery should normally rise and fall together. 

If the hydrometer gravity readings of one cell 
differ 50 points or more from the others, it indicates 
a loss of electrolyte, or wrongful addition of electro¬ 
lyte, or internal troul le. If internal trouble, make 
tne high-rate discharge test and be guided by its 
indications (sep pages 551-555). 

If internal trouble it may be due to an internal short circuit 
in one (f t..e cells, causing the cell to discharge itself, or it may 
be due to a leaking jar, as a sligiit leak will allow electrolyte to 
escape, and if the leak is not noticed, the addition of water to 
replace its 1 ss will lower the gravity. 

Hydrometer could show a false reading. If acid 
has been added instead of water, it would have 
strengthened the solution, and hyarometer reading 
might incorrectly indicate battciy fully charged. A 
low indication would be shown if solution bad been 

NOTE; Hydrometers are also calibrated i 


spilled and spillage replaced with water. Correct by 
pving a charge until nydrometer readings will go no 
higher, and tnen adjust the strength of the solution 
to the proper value. See page 536 on how to adjust, 
and also pages 535, 559. 

The storage battery is heir to many troubles, to so 
many, in fact, that a ‘‘Digest of Storage Battery 
Troubles” is provided on pages 556, 559. A few of 
the common tests with a hydrometer are given below. 

When the gravity will not rise above 1.225 or 
1.250 from the generator charge on the car, this may 
be due to excessive use of lights, together with repi- 
lar slow running of <!ar, whi(!h cuts down charmng 
current from generator or to frequent starts and short 
runs; or it may be due to trouble in the system. 
Remedy: Use lights sparingly, until the gravity rises 
(see pages 531, 563), or increase generator charging 
rate, or have charged at an outside source. 

If, after the battery has been fully charged, the 
gravity again falls to 1.250 01 less, it indicates that 
there is trouble somewhere in the system which must 
be located and corrected. 

A high-rate discharge test should then bo made to find out if 
the trouble is within the battery and which one of the cells is 
eiixiBing the trouble. Treated on page.s 51.>-555. 

A discharged battery should be recharged 
immediately, for if it is left discharged, the plates 
will become sulphated (explained farther on). 

How Temperature Affects Hydrometer Read¬ 
ings of the Electrolyte 

Electrolyte, like most substances, expands when 
heated. Its specific gravity is affected, therefore, 
by a change in temperature, and the hydrometer 
readings will be affected ac(;ordmgly. 

Continued or frequent high temperature (above 
110®F. in “high-gravity batteries”; above 125®F. 
in “low-gravity batteries”) will shorten the life of 
separators and plates. 

Standard Temperature 

The temperature adopted as the standard for a 

basis of comparison of specific gravities of electro¬ 
lyte is 70® F, Thus, when we say that a specific- 
gravity reading of 1.280, taken by a hydrometer, 
indicates full charge, and that 1.225 or 1.220 indi¬ 
cates practical discharge for starter purposes, or 
that 1.150 indicates a total discharge, we mean that 
these are the specific gravities when the electrolyte 
has a temperature of 70° F. 

Suppose a hydrometer reading is taken when the 
temperature of the electrolyte is much warmer, say 

100 degrees Fahrenheit (expressed as 100® F.), above 
zero, instead of 70° F. What is the result? As 
previously stated, the electrolyte expands as it gets 
warmer. Thus it becomes lighter and less dense, 
and therefore hydrometer will sink deeper into solu¬ 
tion, thus causing a lower specific gravity reading. 

For example: See Fig. lA. Note that the lower 
readings are toward the top of the hydrometer, and 
that the higher readings are toward the bottom of 
the hydrometer. 

Assume that a test is made at a temperature of 
100° F. above zero, and the electrolyte level was 
even with figure 1.270, on hydrometer. This would 
indicate that specific gravity of electrolyte was 1.270. 
As a matter of fact, it would be 1.280, arrived at by 
what is termed “temperature correction.” 

Temperature Corrections 

It has been found that if 70® F. is taken as a stand¬ 
ard temperature for making hydrometer speoifio-. 
60* and 80® os a Btandard. Sae p. 566. ^ 
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gravity readings, then for every 3 degrees rise in 
temperature above 70"* F, it will be necessary to add 
1 point on the hydrometer reading, because the hy¬ 
drometer sinks 1 point deeper into the solution with 
every 3 degrees of rise in temperature above 70® F. 

Therefore with a temperature of 100® F. above 
zero, there would be a difference of 30 de^ees (100— 
70=30), and if 1 point must be added for every 3 
degrees of rise in temperature above 70® F., we 
should have to add (30-r-3 =*10) 10 points; thus the 
corrected reading would be 1.270-f-10= 1.280. 

When colder than 70® F., the electrolyte becomes 
thicker, or more dense. In this case, the hydrometer 
will rise, thus giving a greater specific gravity reading. 
Hence, we should deduct, instead of adding, points. 

For example: Refer again to Fig. lA. Note that 
the higher readings are toward the bottom of the 
hydrometer. 

Assume that a hydrometer test is being made at 
40 degrees Fahrenheit (40® F.) above zero, and that 
the electrolyte level is even with the figures 1.290. 
In this case the actual reading would be 1.280, 
arrived at by the ‘'temperature correction” rule. 

For every three degrees of temperature below 70® 
F., 1 point is deducted, because the hydrometer 
rises 1 point higher in the electrolyte with every 
three degrees of drop in temperature below 70® F. 

Therefore with a temperature of 40® F. above zero, 
there would be a difference of 30 degrees (70—40= 
30), and if 1 point must be deducted for every three 
degrees of drop in temperature below 70® F., we 
should have to deduct (30^3 = 10) 10 points; thus 
the corrected reading would be 1,290—10= 1.280. 

Although the two actual readings (1.270 and 
1.290) differ by 20 points, the difference is all due 
to temperature. If the temperatures were the same, 
the readings would be the same. Thus, when the 
temperature is much above or below the normal 
(70® F.), the hydrometer readings should be "cor¬ 
rected for temperature.” 

Since the change of temperature does not alter 
the actual amount of acid in the electrolyte, but 
changes its specific gravity only, the readings taken 
with a hydrometer should bo corrected, as stated 
above, by adding or deducting, as the case may be, 
one point for each three degrees of change in tem¬ 
perature above or below 70° F. 

Temperature corrections are unnecessary when 
YOU compare the gravities of the different cells of a 
battery at any one time, since all have about the 
same temperature when in health, and affected alike. 

Temperature corrections are also unnecessary, 
when you use the hydrometer, for testing, say, the 
middle cell, which we will call the "pilot cell,” to 
secure an approximate index of the battery’s condi¬ 
tion. That is, corrections are in general unneces¬ 
sary, except wnen there is reason for a really critical 
study of the battery’s condition, as when you suspect 
things are not going well with the battery. 

Note too that the actual proportion of water in the 
electrolyte slightly affects the gravity independently 
of the state of charge. That is, the more water 
there is, the lower the gravity. Therefore to derive 
the greatest benefit from the hydrometer readings, 
trv to keep the electrolyte surface between a point 
Ji" above the plates and the electrolyte level desig¬ 
nated for the battery, either on the name plkte or m 
the instruction pamphlet that you receive with the 
battery. Use the glass tube level-tester (page 562) 
consistently in conjunction with the hydrometer, 
and add water promptly ^hen it is needed. 


Battery Thermometer 

For convenience, a thermometer (Fig. 2) 
has been designed w ith a special red ink 
scale opposite the temperature scale, and 
a glance at it tells how many points to add 
or subtract from the hydrometer reading 
when making tests of the electrolyte at 
different temperatures, in order to correct 
for temperature. 

For example, an electrolyte temperature 
cf 94® above zero means: add 8 points 
to the actual hydrometer reading. 

An electrolyte temperature of 4G® above 
zero means: deduct 8 points from the 
actual hydrometer readings. 

An electrolyte temperature of 70® above 
zero indicates t hat no correction is to be 
made, as this is the normal temperature. 

Electrolyte in Tropical Climates 

Electrolyte is about 70 points weaker in 
batteries used in tropical climates, and is 
purposely made so, because batteries oper¬ 
ated in tropical climates give better re¬ 
sults if the solution is weaker than that 
used in batteries for cooler climates. 

Places where freezing of water never 
occurs are regarded as tropical climates. 
(Sec also, footnote, page 531.) 
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Baiimc Scale 


On some hydrometers another scale 
(Fig. 3) is sometimes used, called a Baume 
scale. It also is some¬ 
times used for ascertain¬ 
ing the specific gravity of 
electrolyte. The hy¬ 
drometer scale as shown 
in Fig. 1 (page 531) is in 
general use. 
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Fig.2 


Fig. 3. 


A compari«on of the Baume 
scale and specific-gravity scale is 

given in the table below and also 
in the scale of the hydrometer in 
Fig. 3. Note the scale at (X). If 
the hydrometer is level in the elec¬ 
trolyte at this point, the Baume 
reading would be 25, or the equiva¬ 
lent of a 1.208 specific-gravity 
reading. 
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Ball Electrolyte Tester 

Another electrolyte tester, known as the ball type, consists 
of a glass tube with a syringe bulb at the top and a nossle at the 
bottom, and contains three balls. 

If all balls float, that cell is fully charged. 

If the white ball sinks and others float, that cell is more than 
half charged. 

If all three balls sink then that cell is fully discharged and 
gravity is less than 1.150 (The Chaslyn Co., Chicago). 







534 


DYKE'S INSTRUCTION No. 47 


Voltmeter, Cadmium, and High«Rate 
Discharge Tester 

A voltmeter is also used for testing the voltage of 
batteries on charge or discharge, as is also a ^^cad- 
mium test meter,'' and a ^‘high-rate discharge" test. 
The tests generally used by repairmen are explained 
on pages 545-555. 

Freezing of Electrolyte 

The freezing point of electrolyte depends upon its 
specific gravity. There is little danger of freezing ex¬ 
cept with a discharged battery. See also page 531, 
561. 

Water will freeze at 32® F. Hence, if the battery 
were to be discharged by some means to the point of 
where the electrolyte is near the gravity of water, 
the electrolyte would of course freeze near this point. 


In order to avoid freezing of the electrolyte, the 
battery should always be kept in a fully charged 
condition. A table is given on page ^1, which 
shows the freezing points of electrolyte. 

If water is added to a battery in freezing weather 
and then not stirred in with the solution by charging 
the battery, it will remain on top of the solution and 
freeze. (See also page 561.) 

When a battery is stored away for a period of time, 
care should, therefore, be taken that the battery is 
kept in a fully charged condition, otherwise it may 
sulphate and freeze. 

If the electrolyte becomes frozen, the expansion 
will sometimes break the jar. If it does not, simply 
place it in a warm place and it will come back to its 
normal charge. It is best, however, to recharge it 
first, and then pour out the old electrolyte and put 
in new electrolyse of a specific gravity ot 1.300. 


MIXING ELECTROLYTE 


On page 530 we discussed the meaning of electro¬ 
lyte and what it is composed of. We shall now deal 
with the mixing and the use of electrolyte. 

When mixing electrolyte, the following precau¬ 
tions should be observed: 

1. A glazed stone vessel or a lead-lined tank should 
be used. Never use tin or any metal other than 
lead. Glass, porcelain, stone, rubber, or glazed 
earthenware can be us^. 

2. Put the water in the vessel first. 

3. Fill the hydrometer syringe with chemically pure 
sulphuric acid and add it to the water by holding 
the nozzle under the surface. Stir the solution 
with a glass rod or clean piece of wood. 

4. Rinse the syringe and test the strength of the 
solution. If it shows only about 1.160 sp.gr., allow 
it to cool, when it will be stronger. 

5. If not strong enough, add more acid. 

6 . If too strong, add water. 

7. The pure acid should not be allowed to remain 
in the syringe. 

Specific Gravity of Electrolyte to Be Mixed 
for General Use 

If the specific gravity of full-strength sulphuric 
acid were tested with a hydrometer it would show 
approximately 1.835, which of course is too strong 
to put into a battery cell. Therefore its density ana 
strength must be reduced by diluting it with pure 
water in proportions as per table, page 535. 

The standard density or specific gravity of elec¬ 
trolyte^ that is usually sold by supply houses, and 
which should be kept on hand by battery service 
stations is 1.400 sp. gr. In other words, the usual 
practice is to mix tne acid and water in such propor¬ 
tions that the density of the solution will have a 
specific gravity of 1.400. 

The 1.400 sp. gr. electrolyte can then be reduced 
to 1.300, 1.285, 1.275, 1.2^, or to any density or 
specific gravity desired. 

While 1.400 can be used for **adju8tinf or balancing elec¬ 
trolyte/* as ezidained on page 536, it may be best for the 
amateur to use 1.345 and to follow “Exide instructions for 
adjusting electrolyte’* (page 536), as the negative plates can 
easily be damaged by improperly adding 1.400. 


> The Graselli Chemical Co., Cleveland, Ohio, with branches 
in all large cities, carries electrolyte ready prepared in densities 
of 1.100, 1.300, 1.400, and 1.800. Another concern is the Acid 
Supply Cd., 316 W, 24th St., Chicago, Ill. See also page 585. 

1.400 ia the best proportion to purchase. The electrolyte is 
usually ahippod in carboys, weighiog about 160 Iba. 


Electrolyte; When to Use and Strength 

When the battery has been on continuous charge 
for 10 to 15 hours without showing any increase in 
gravity and it fails to rise to its proper value, 1.275 
to 1.300 (Exide gives 1.270 to 1.295) follow *‘Exide 
instructions for adjusting electrolyte" (page 536). 

Note: Before adjusting electrolyte, first determine if the 
plates are defective by making a voltage test (see pages 546, 
647 also page 552). Another point to remember is that if the 
battery is an old one (18 months or more) and it fails to rise 
above 1.250 or 1.275 and its capacity is suflSoent, it will prob¬ 
ably continue to give fairly good service, and adding higher 
sp. gr. acid may do more harm than good. Make capacity 
test as directed on pages 552-554. 

When refilled with electrolyte after cleaning and 
washing out sediment, follow ^‘Exide instructions 
for adjusting electrolyte" (page 536). 

Note: This is a rarity, as the plates almost always break up 
before the sediment space is filled, and in this instance new 
plates and separators are necessary. 

When renewal of plates and separators has been 
made, follow procedure on page 576 under "Putting 
an unfilled battery into service." See also page 
590. 

When renewing positive plates or separators, 
fill with water. See pages 589, 590. 

When there is a loss of electrolyte due to slopping 
or leakage. If not in all cells, replace with same 
gravity as in unaffected cells. Otherwise adjust 
as directed on page 536 (Exide instructions). 

WThen receiving battery from factory “unfilled.** 
See page 576. 

Note: The strength of electrolyte to use varies with different 
tsnpes of cells. Note that Exide (page 676) gives 1.300 to 1.346. 
If in doubt, use 1.300 or 1.320, and after following instructions 
on pages 676, 677, adjust as on page 636 under ’’Exide instruc¬ 
tions for adjusting electrolyte.’’ New separators absorb a good 
portion of acid. 

Loss of solution from evaporation occasioned, 
during charging and discharging, consists ordinarily 
entirely of water, and pure distilled water is used 
to replace it. See page 561. 

Effect of too much acid is explained on pages 535. 
575, Too much acid affects negative plates and 
separators most, and too low a gravity affects the 
positive plates. 

Batteries should be fully charged when adjusting 
final gravity, but not always for repairs. For 
emmple. a battery may have an internal short 
ciremt (due to a broken separator), and charging 
before repairing would only heat the battery 
excessively: in fact it could not be brought up on 
char^. Therefore follow instruction on pages 
5S9,690, and charge after repairs are complete. 
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ELECTROLYTE TABLE 


Table for Preparing Electrolyte of Any Specific 
Gravity' 

The following table gives the proportions of pure 
water that are to be mixed with the sulphuric acid 
(1.835 ep. gr. 93.19% H 2 SO 4 ) to obtain electrolyte 
of any ciesired specinc gravity. 

The first column gives the specific gravity of 
electrolyte. 

The second column gives the proportion by 
volume. 

The third column gives the proportion by weight. 

Either the second or diird column may be used, 
depending on whether it is intended to measure by 
pints or by weighing in pounds. 


(By Volume) (By Weight) 

Specific Gravity of Pints of Water Pounds of Water 
Electrolyte at 70* F. for Each Pint for each Pound 

of Acid of Acid 


1.100 . 

.9.70. 

.5.35 

1.110 . 

.8.70. 

.4.80 

1.120 . 

.7.93. 

. 4.39 

1.130. 

.7.25. 

.4 00 

1.140. 

.6.63. 

.3.65 

1.150. 

.6.09. 


1.160. 

.5.67. 


1.170. 

.5.25. 

. 2 90 

1.180. 

.4.90. 

.2 70 

1.190. 

.4.60. 

.2.50 


1.200.4.30. 2.39 

1.210.4.03.2.21 

1.220.3 80. 2.10 

1.230.3.00.1.99 


J. . . 

1.250. 

.3.21. 

. 1.80 

1.260. 

.3.04. 

. 1.70 

1.270. 

.2.90. 

.1.59 

1.280. 

.2.76. 

.1.50 

1.290. 

.2.60. 

. 1.41 

1.300. 

.2.50. 

. 1 33 

1.320. 

.2.25. 

. ... 1 21 

1.340. 

.2.03. 

.1.10 

1.360. 

.1.88. 

. 1.00 

1.380. 

.1.70. 

.0.91 

1,400. 

.1.65. 

. 0.86 

1.420. 

.1.40. 

.0.79 

1.440. 

.1.30. 

.0 70 

1.460. 

.1.20. 

.0.69 

1.835. 

.0.00. 

. 0.00 


Proportions of Water and Acid to Mix 
For the proper proportions in which to mix full- 
stren^h concentrated acid and pure distilled water, 
in order to make a mixture of 1.400 specific gravity 
(or any other gravitv) electrolyte, reference should 
be made to the table. It shows the proportion by 
weight and also by volume. 

Meaning of “By Volume” and “By Weight” 

The term “by volume” refers to the use of 
measurements, such as pints, for mixing chemically 

{ )ure sulphuric acid and pure water to form chemical- 
y pure electrolyte as explained on page 530. 

Example for mixing electrolyte solution of 1.340 
specific gravity or density, by volume: Follow down 
the first column to 1.340, then note in the second 
column the figures 2.03, which will show that 
pints of pure water to 1 pint of sulphuric acid is the 
amount to mix. and this will give a specific gravity 
of approximately 1.340. (If by weight, this would be 
li\, lbs. of pure water, as in the third column, to 1 
lb. of sulphuric acid.) 

The term “by weight” refers to the use of meas¬ 
urements, such as pounds, for mixing chemically 

{ )ure sulphuric acid and pure water to form chemical- 
y pure dectrolyite, as explained on page 530. 


derived from curves shown in **Manual for Exide 
Battertee” (Thirteenth Edition). 


Example for mixing electrolyte solution of 1.400 
specific gravity or density, by weight: Follow down 
the first column to 1.400, then note in the third 
column the figure 0 . 86 , which will show that is 
the amount of water by weight to use with 1 part 
by weight of acid. Therefore, take 1 lb. of acid, 
and then lb. of water (by volume, 
this would be times 1 part of 
acid). Fig. 6 will make the mean¬ 
ing clear. 

Fig. 6. To mix 1.4(X) sp. gr. electrolyte. 
—I r The light portion represents water, the dark 
represents acid. If measuring by volume, 
,, use pints water to 1 pint acid. If you 
wish to weigh it, use /yt lb of water to 1 lb. 

Fig. 6. of acid. 

When mixing, the acid must be ^ured into the 
water as explained on page 534. Never add the 
water to the acid, because the violent spattering of 
the heated solution may result in injury to the person 
making the mixture. 

Use a stone, earthenware, rubber or glass jar 
for mixing purposes, and do not allow electrolyte to 
come into contact with iron, as even a trace of iron 
in electrolyte will damage plates of battery. 

The water must be pure and should be distilled, 
or other suitably pure water. The sulphuric acid 
should be chemically pure, as explained on page 530. 

Before taking a hydrometer reading after mixing, 

stir thoroughly with a wooden paddle and allow to 
cool. (Note the first column heading which gives 
70® F. as the temperature.) If acid of 1.835 sp. gr. 
is used, the wooden paddle should be coated with 
sheet lead. Electrolyte, like most substances, ex¬ 
pands when hot, affecting the hydrometer readings. 

When adjusting the density, or sp. gr. of the 
electrolyte of a cell, it is best to remove the electro¬ 
lyte from the cell and adjust its density in a separate 
jar. However, electrolyte adjustments can be made 
in the cell if the battery is kept on charge to cause 
a thorough mixing of solutions before reading the 
hj'drometer. Never add pure acid to a cell. It 
damages the separators. 

Why Electrolyte of 1.275 to 1.300 Sp. Gr. Is Used 

The reason why 1.275 to 1.300 specific gravity 
acid is used in a charged battery may briefly be 
stated as follows: The resistance of the electrolyte 
to the passage of current internally in the cell is 
greater when the electrolyte is weak. The resistance 
is less when the electrolyte is stronger, or more dense 
(up to a certain point). 

Since density, or a higher specific gravity, is a 
better conductor than a lesser density, or lower 
specific gravity, the voltage increases with the 
increase of conductivity (i.e., the strengthening of 
the electrolyte). Therefore the internal resistance 
of a cell is less when the gravity is higher. 

With too high a gravity (too much acid), the lead 
part of the plates will be attacked, and the active 
material on the plates, particularly the negative 
plates, would be changed to lead sulphate when idle. 

The high acid also has a tendenev to attack wood 
separators, and in connection with high temperature 
will carbonize or burn them. 

Thus it will be clear that the proper proportion 
of acid to use is highly important. 

The subject of “adjusting” or “balancing” the 
specific gravity of the electrolyte solution in the 
battery will next be taken up. 
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^‘Adjusting’’ or “Balancing” the Specific Gra¬ 
vity of the EHectrolyte Solution in a Battery 

Many batteries have been ruined by having the 
electrolyte too strong, or by adding acid at the wrong 
time to bring up the gravity—termed “doping” the 
battery. Sulphuric acid does not evaporate; the 
water evaporates. Therefore when the electrolyte 
falls below the level of the plates, pure water only 
should be added. And, as previously stated, when 
water is being added, the battery should have a 
charging current run through it to mix the water 
with the electrolyte before taking a hydrometer 
reading. The reason for this will now be explained. 

When through a hydrometer reading, the specific 
gravity is shown to be 1.160, the battery is con¬ 
siderably discharged, meaning that the acid is in the 
plates, and the solution consists mostly of water. If 
acid should be added under these conditions, the 
solution would show a higher specific gravity reading, 
yet the battery would still be discharged the same 
amount as before. Then when the battery was 
charged, the acid in the plates would mix with the 
acid that was added, and thus a very high specific 
gravity reading would result. The excess acid w’ould 
attack the plates and cause sulphation and loss of 
active material. 

The addition of a stronger acid solution, or electro¬ 
lyte, should normally be made only under certain 
conditions. 

When a battery is fully charged, the specific 
gravity reading should be 1.275 to 1.300 (Exide gives 

1.270 to 1.295). 

When the battery is chargedj the acid is out of the 
plates into the solution; this is the proper time to 
adjust or balance the electrolyte, and not when the 
acid is in the plates, at which time the battery is dis¬ 
charged. 

Therefore an adjustment of the specific gravity of 
the solution in a battery should be made only when 
the battery is fully charged. 

When the specific gravity of the electrolyte is 
tested with the object of balancing or adjusting the 
electrolyte, the battery should be charged under its 
normal rate (usually specified on the plate on the 
battery). Then test the electrolyte with the hydrom¬ 
eter, from time to time as the charging progresses, 
until after four or five hours no further Increase of 
the specific gravity is noticed. When the charge is 
complete, as indicated by the gravity remaining 
constant for five hours, the gravity in all the cells 
should be between 1.275 to 1.300 (Exide gives 

1.270 to 1,295). If the gravity in one or more cells 
does not come between these limits, it should be 
adjusted or balanced. 

If the adjustment necessary is considerable, or 
if the solution is suspected of having been “doped, 
it will be found more convenient to emp^ out the 
solution and refill with electrolyte of specific gravity 
estimated to bring it right, allowing for the effect of 
the old solution held in the cells. Experience will 
enable the operator to gauge this quite accurately. 
See ^so pages 575, 573. 

When emptying a battery of its solution, it is best 
to draw the solution out instead of turning it up¬ 
side down to pour it out, because the sediment in the 
bottom of the jarwill work its way between the plates. 

After any adjustment, charge for an hour to 
allow the gassing to mix the solution thoroughly 
before taking hydrometer readings. 

If the temperature is far from normal^ correct the 
hydrometer readings by adding one pomt (.001 sp. 
gr.) for each 3 degrees above, and subtracting one 
point for each 3 degrees below 70* F. (See page 632). 


Always wipe off the top and sides of the battery 

with weak ammonia after adjusting electrolyte. 

If the electrolyte of one cell tests lower than the 
others by a relatively large amount, it indicates that 
this cell is not in good order. It may have an in¬ 
ternal short circuit, or a leaky jar, or perhaps new 
separators are required, or perhaps spillage has been 
replaced with water. See “Digest of Storage-Bat¬ 
tery Troubles.’^ 

The activity of the electrolyte increases as its 
temperature increases. Thus in warm or tropical 
climates it is advisable to use electrolyte of lower 
gravity than that specified for temperate zones. 

The subject of using a battery solution over again 
after installing new plates, as well as the proper 
strength of acid to use after overhauling a battery, 

is discussed farther on. 

Exide Instructions for Adjusting Gravity of 
Electrolyte in the Automotive Type Battery 

The follownn^ instructions relative to the adjusting of clectro- 
tyte are taken from the thirteenth edition of "Exide Manual," 
Form 1296. 

When is it necessary to adjust gravity? Unless 
electrolyte is actually lost through spilling or leak¬ 
ing, or added when not needed, the gravity will not 
require adjusting during the life of the battery. 

It should he adjusted if continued charging will not 
bring it within 10 points of 1.270, or if it rises more 
than 10 points above 1.295 (1.200^ and 1.225^. 

Directions for adjusting gravity, when this is nec¬ 
essary, together with precautions, are given below. 

How is the gravity adjusted? First make sure 
charging will not raise the gravity. To do this, con¬ 
tinue a charge until the specific gravity shows no 
rise, and then for five more hours. 

Never make a gravity adjustment on a cell which 
does not gas on charge. Make an internal inspec¬ 
tion to locate the trouble. 

To adjust low gravity, first have ready sufficient 
electrolyte of not over 1.345 specific gravity. Empty 
solution out of cell or cells and atonitefill with prepared 
electrolyte. Do not allow battery to remain empty 

Charge until all cells have been gassing for an 
hour. Then, if gravity is not within limits of 1.270 
to 1.295 given above, repeat adjustment until it is. 

To adiust high gravity, remove some of the electro¬ 
lyte and replace with water. Charge until all cells 
have been gassing for an hour. 

Then, if the gravity is not within the limits of 

1.270 to 1.295, repeat adjustment until it is. 

Should gravity be adjusted after an ordinary 
charge? At the end of a charge by the “constant 
voltage’' method, it will sometimes be found that the 
specific gravity of the electrolyte does not come 
within the normal limits. 

If it comes too high, it should certainly be adjusted 
downwards, as too high gravity is sure to harm the 
negative plates of any battery and may ruin them. 

If the gravity does not come up to normal, do not 
attempt to adjust unless sufficient time has been 
taken to insure that the battery is first fully and 
completely charged. If this is not done, it is better 
to put the battery back into service with no gravity 
adjusting than to add acid to the cells. 

There is no harm to the battery from low p*avity 
and it has to be very low before it shows sluggishness 
in starting the engine. 

^ These alternative figures apply to tropical climates. See 
footnote page 531 for meaning. 

Note: See page 537 for storage-battery chemical terms. 
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STORAGE BATTERY CHEMICAL TERMS 


HjO: Water, a liquid which is made up of hydrogen 
two parts (Hi), and oxygen one part ( 0 ). 

H 2 SO 4 : Sulphuric acid, a liquid chemical compound 
of hydrogen (a gas) 2 parts (Ha); sulphur Ta 
solid) 1 part (S); and oxygen (a gas) 4 parts (O 4 ). 

Pb: Lead, which is a solid. 

PbO: Litharge, consisting of lead 1 part, and oxy¬ 
gen 1 part. 

Pb 02 : Lead peroxide (a solid), made up of lead 1 
part (Pb), and oxygen 2 parts (O 2 ). 

PbS 04 : Lead sulphate (a solid), made up of lead 1 
part (Pb); sulphur 1 part (S), and oxygen four 
parts (O 4 ). 

Litharge: Oxide of lead. 

Oxide: A compound of oxygen and a base. 

Peroxide: The oxide of a bane which contains the 
largest portion of oxygen. 


Sulphate: When speaking of storage batteries, it is 
lead sulphate that is meant, the substance into 
wiiich the active material of both positive and 
negative plates is charged or discharged. 

There are four elementary substances as follows; 
H: Hydrogen, a gas. 

O: Oxygen, a gas. 

S: Sulphur, a solid. 

Pb: Lead, a solid. 

Two of these are gases and two solids. The sul- 
phpr which is used to form the compounds men¬ 
tioned above as H2SO4, and Pb 804 does not entirely 
separate itself from them, but remains with O4. 
The compounds, however, split up into H 2 , and 
SO4, Pb, and SO4. 


INTERNAL CONSTRUCTION OF A LEAD AND ACID STORAGE BATTERY (Automotive Type) 


The pasted plate: A grid for the Faure type of 
plate is shown in Fig. 7. It is the plate now used for 
automobile storage-battery work. 

The Plante type of plate (Fig. 8 ) is not used very 
much for automobile starting and lighting purposes, 
as the Faure plate is much lighter and delivers a 
much greater capacity per pound of weight, and is 
also easier to manufacture. 



There are many different formulas for making 
this paste which are trade secerts of different manu¬ 
facturers. Tlie base, how'ever, for forming the active 
material for the plates is an oxide of lead, usually 
red lead (Pb 304 ) (lead 3 parts, oxygen 4 parts) for 
the positive plate, and litharge (PbO) (lekd 1 part, 
oxygen 1 part) for the negative plate. 

The litharge for the negative plate is formed into 
a paste by combining it with diluted sulphuric acid 
(H 2 SO 4 ), and then w'orking it up to a desired putty¬ 
like consistency for applying to the grid. 

Owing to the tendency of litharge on the negative 
plate to contract, when subjected to the electro¬ 
chemical action w^hich takes place in the cell, it is 
necessary to use what is termed an “expander.” 
Barium sulphate (BaSo 4 ) or magnesium sulphate, 
lamp black, or graphite are also used by some bat¬ 
tery manufacturers. 

The red lead is likewise made into a paste for the 
positive plate^ by mixing with diluted sulphuric acid 
( 112804 ). It IS necessary to use a “binder’^ with this 
paste in order to prevent shedding. Ammonium 
sulphate 1 (NH 4 ) 2804 ] is largely used for this purpose. 

After the paste is applied to the grids of the plates, 
the plates are dried. The paste will then harden 
and turns to lead sulphate (PbS 04 ) on both the 
negative and positive plates. 


Fig. 7. A lead grid for a pasted type of plate ready for the 
paste. The grid is moulded of lead and about 8 or 10% anti¬ 
mony, which slightly hardens it. 

Fig. 8. Plante type of plate. 

Each cell is composed of a certain number of 
negative plates and a certain number of positive 
plates. There is always one more negative plate 
to a cell than there are positive plates. 

The reason there is an odd number of plates in a cell is that 
there is one more negative plate than positive. A negative 
plate is placecf at each end, so that there will be action on both 
sides of all positive plates. The positive plates are thicker and 
have more active material. The positive plates also have a 
tendency to recede from the negative, and if a positive plate 
were placed at either end, it would buckle and bend away from 
the negative plate. 

The positive plate and the negative plate are each 
made of lead (Pb), and are cast in the form of grids 
(Fig. 7) so that paste can be inserted into the grids. 

The paste which is set into the lead grids goes 
through a forming process of charging and discharg¬ 
ing, and is hardened and is converted into what is 
termed active material. 


f-FROMCHARblNCSOURCt^ 
-HEGMNE POSmVEi- 



Fig. 9. Forming the plates 


Forming: The plates are then placed in the charg¬ 
ing tank (Fig. 9) with the negative and positive 
plates alternating, and with plenty of space between 
them. All the positive plates are connected wdth 
the positive terminal of a direct-current charging 
source, and the negative plates are connected with 
the negative terminal of the charging source. There 
is, of course, electrolyte in the tank, of about 1.100 
or 1 . 2 (X) specific gravity, when used for forming. 
The passing of the charging current through the 
plates forma peroxide of lead (Pb 02 ) on the positive 
plate which turns to a dark-brown color, and to 
gray, spongy, porous, soft lead (Pb) on negative plate. 
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Big. 10 Big. 11 

Fig. 10. A positive group of 5 plates. 
Fig. 11. A negative group of 6 plates. 


The average starting and lighting batteries use 
either 11 or 13 plates, of about 80 to 100 ampere- 
hour capacity. 

In a 13-plate battery, there would be 7 negative 
(gray) plates and 6 positive (dark-brown) plates. 
In an 11-plate battery, there would be 6 negative 
plates (Fig. 11) and 5 positive plates (Fig. 10). The 
ne^tive plates are always on the outside, as shown 
in Fig. 13. 

The positive plate lugs are burned to a positive 
strap and post (P) (Fig. 10)j and the negative plate 
lugs are burned to a negative strap and post (N) 
(Fig. 11), forming two groups of plates. 



12. Separators are placed between the positive and 
negative plates. The illustration represents a set of California 
redwood separators used in the General storage battery. 

Separators (Fig. 12) are placed between the nega¬ 
tive and positive plates, which are then interleaved 
as in Fig. 13, and this forms an element ready to be 
placed in the jar which contains the electrolyte. 


C 


Fig. 13. An element, consisting of the positive and negative 
^tee (Figs. 10, 11) interleaved with separators (Fig. 12) 
iween the positive and negative plates. 



The electrolyte for a now battery, where plates 
have been formed^ is of about 1.300 specific gravity. 
In some cases it is stronger and in others weaker, 
depending on the condition of the separators. It 
new, they will soak the acid up; hence the reason for 
using an electrolyte of higher specific gravity (ex¬ 
plained farther on). 

The element (Fig. 13) is then placed in the hard 
rubber jar (Fig. 14) in which the electrode was 
placed first. The cell cover and vent tube (Fig. 15) 
are then placed over the top of the plates. 




Fig. 14 




Fig. 13 





Fig. 17 


Fig. 16 


The cells are then placed in the battery box (Fig. 
16) and are then connected together with connectors 
(Fig. 17), which are burned on to the posts. Some¬ 
times this joint between connector and post is not 
welded perfectly and the loose connection offers 
resistance and reduces the voltage and causes heat¬ 
ing. 

Each cell, when charged, gives approximately 2 
volts, therefore 3 cells connected in series would 
give 6 volts; thus it would be termed a ^‘6-volt 
batteryIf there are 6 cells connected in series, 
then the terminal voltage would be 12 volts; if 8 
cells in series, 16 volts; if 12 cells in series, 24 volts. 

The battery is then charged by being connected 
in series with a source of ‘‘direct’^ current. The 
electric current flows from the positive (4-) brush of 
the generator to the (-f) terminal of the battery, to 
the positive plates, to the negative (—) plates (in¬ 
ternally), out through the (—) plates, oack to the 
(—) brush of the generator, through the armature, 
to the (4-) brush again. 


When the battery discharges, the current flows 
from the battery positive (4-) plates, to the (4-) 
terminal, through the circuit, to the negative (—) 
terminal and plates, to the positive plate (inter¬ 
nally). 



Fig. 18 


Fig. 19 


Series connections of one cell with another, as 
shown in Fig. 18, form the usual method of connect¬ 
ing batteries. In this example, there are 3 cells 
connected in series; therefore it is a 6-volt battery. 
Note that the arrow points show the direction of 
current flow when the oattery is discharging, If it 
were being charged, the current flow would be in 
the opposite direction. The ampere-hour capacity 
would be that of one cell. 

Two 6-volt (or anv other voltage) batteries could 
be connected ^ multiple, on the principle shown in 
Fig. 19. In this instance, there are two 3-cell 
batteries of 6 volts, as in Fig. 18. Each set is con¬ 
nected in ^^series/’ and the two sets are connected in 
‘^multiple.*’ Therefore we have a terminal voltage 
at (FA) and (—B) of 6 volts, or the Vbltage of 3 oelb. 
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The ampere-hour capacity would be twice that of 
the battery (Fig. 18). 



A 12-volt battery could be charged, by a 6-volt 
f;enerator, if ''multiple^^ connections were made as 
m Fig. 20, by connecting the two halves in multiple, 
as shown. The dynamo (generator) voltage, of 


course, must always be slightly higher than the bat¬ 
tery voltage, otherwise the generator would have a 
tendency to operate as a motor. 

Note that the generator current starts at the (4*) 
brush, thence to (-f) terminals (A) of battery, 
through each set of 3 cells, out through (—) battery 
terminals (B), to (—) brush of generator. 

A 6-volt lighting circuit or ignition circuit could 
he operated from this circuit, by connecting with 
the circuit at (A) and (B). See also page 525, 
showing how a 12-volt starting motor operates from 
a 12-volt battery, and how a 6-voit generator 
charges the battery. 


PRINCIPLE OF THE ACTION OF A STORAGE BATTERY WHEN DISCHARGING AND 

CHARGING^ 


Under the subject of ‘‘Electromagnetic Induction” 
(page 183) the fact is brought out that when a con¬ 
ductor or closed loop of wire is passed through a 
ma^etic field at right angles to the field, an electro¬ 
motive force (e.m.f.) will be set up at the terminals of 
the wire, which will cause electricity to flow in the 
wire if the circuit is completed. This action is 
called generating electricity “magnetically,” or by 
“induction.” 

In a storage battery, the electricity is not stored, 

but, through a “chemical action,” electromotive 
force (electric pressure) is created between the 
plates, causing electricity to flow. In other words, 
the storage battery converts chemical energy into 
electrical energy when discharging, and electrical 
energy into chemical energy when charging. For 
instance, if two different metals are placed in a 
liquid which will produce a chemical action more 
on ohe than on the other, an electromotive force 
(electrical pressure) will be produced which will 
cause electric current to flow. 

This flow of current will continue until the metals 
or substances are entirely changed. If these 
chemical changes which split up the gases and solids 
form gases, the gases escape and are lost, whereas if 
they form solids by combining with the metal, they 
are not lost. When a battery is charged at too 
high a rate, or is overcharged, or when it is fully 
charged, it will be noticed that there will be an 
excessive passage of the gases. 

Primary cells (Fig. 21), such, for example, as the 
gi*avity cell* used for telegraph work, consisting of 
a negative zinc plate and a positive copper plate, 
produce, just as soon as they are immersed in a 
solution of blue stone and water, an electrical pres¬ 
sure between the plates when the circuit is closed. 
Thus chemical energy is converted into electrical 
energy. It cannot, however, convert electrical 
energy into chemical energy. 

The chemical action of the electrolyte on the zinc 
sets free gas bubbles which are charged with eiec- 


COPPER 


Fig. 21. A gravity cell: one form of a primary cell. 


1 Those who desire to go deeper into thia subject should 
see the advertisement in the back of this book describing a good 
book on the Storage Battery. 

* Called ^'gravity oeQ" because the two fluids separate from 
each other by gravity. 



tricity and which deposit themselves on the copper 
plate. The copper plate serves merely to collect 
the bubbles, and is thus termed a positive (-f) plate. 
The zinc, which is acted upon by the solution, is 
termed the negative (—) plate. 

the internal circuit is from zinc plate (—), to 
copper plate (+); the external circuit is from copper 
plate (+), through circuit, to zinc plate (—). 

Almost any salt or acid will act as an electrolyte 
if it will combine chemicalh^ with one of the ele¬ 
ments, and if it does not offer too much resistance 
in doing so. 

The current strength will vary according to the 
kind of plates or elements used, and will be peater 
when the chemical action is greater between the neg¬ 
ative plate and the solution, or electrolyte. 

Either alkali or an acid solution can be used for 
electrolyte in different kinds of batteries. 

A secondary, or storage-battery cell: By the 
primarjr cell described above we converted chemical 
energy into electrical energy. With a storage bat¬ 
tery a direct current of electricity is passed through 
the cells, which produces a chemical change which 
will put the plates and electrolyte into such a chemi¬ 
cal condition, that an electromotive force (electrical 
pressure) w ill be produced when this change is com¬ 
pleted. This action is termed “charging,” and is 
the process of converting electrical energy into 
chemical energy. 

The cells can then be connected to an external cir¬ 
cuit, such as lamps, etc., and an electric current will 
flow through-the circqit. This is termed “discharg¬ 
ing,” and is the process of converting chemical 
energy into electrical energy. 

In other words, after “discharging,” the storage- 
battery cell can be “recharged,” whereas, with a 
primary cell, fresh solution or new elements must be 
provided in order to obtain electric current again, 
after it has discharged. 

On “discharge,” electric current from a storage 
cell always flows externally, from the positive (A-) 
terminal, through the circuit to the negative (—) 
terfninal (Fig. 26, page 541), and internally from 
the negative (—) plate to the positive (+) plate 
(Fig. 29, page 542). 

Internal Action of a Storage Battery 

There are many different treatises on this subject. 
To cover this fully would take a book in itself'; how¬ 
ever the subject will be dealt with in the next three 
pages to give the reader an idea as to the principle 
of action. 


1A book dealing exclusively with the Storage Batte^ can be 
secured of A. L. Dyke, Granite Bldg., St. Louis, Mo. Pries SA 
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The object of this explanation to point out how 
the acid passes to the plates when discharging, form¬ 
ing lead sulphate (PbS 04 ), which covers the plates, 
and to show how, if left in this condition, the lead 
sulphate which is in fine crystalline form, would, in 
time, act on the plates to such a depth that it would 
recrjratallize into larger and harder crystals which are 
difficult and sometimes impossible to change back 
again to lead peroxide and lead sulphate. This is 
one of the most dangerous of storage battery dis¬ 
eases. It results not only from the battery being 
left for a long period fully discharged, but also from 
other causes, as explained under “Sulphation of 
Plates.^^ 


It is quite in order, however, during the discharge 

E rocess, for the lead sulphate to form on the plates, 
ut the plates should not be left in this condition, 
which can be avoided by immediately recharging. 
If the discharging continues after the voltage of a 
cell drops below 1.8, an excessive formation of sul¬ 
phate will result. 

Even though a battery is charged and not us^d, it 
should be charged at a low rate occasionally, as a 
charged battery will, in time, become discharged; 
and when discharged, the action is to form lead sul¬ 
phate over the active material. The result will be 
that this sulphate will finally have the same action as 
stated above, on a discharged cell. 

The active material is what was formed on the 


plates when under the process of “pasting^' and 
^Terming,which is lead (Pb) on the negative plate. 


Another point, while on the subject of eolution: Inaemucn 
M ohemioal chani^es take place, it is clear that if water is used 
which has metal in it, for instance, water taken from a inetal 
roof, or if the water is not distilled, this would cause a different 
chemical action, injurious to the plates. 

The positive plate (Fig. 22), which is supposed to 
be in a fully charged condition, is in the original 
condition as when formed, and has an active material 
of lead peroxide (Pb02) in its grid. It is of a dark- 
brown color. Thus it is in a charged and healthy 
condition. 

It is in a diseased condition when it fails to throw 
off all of the lead sulphate (PbS 04 ) when being 
charged (the lead sulphate having been diffused over 
the active material when it was discharged). 

The negative plate has thrown off the lead sul¬ 
phate with which it was covered when discharged, 
during the process of charging, and is now a finely 
divided, spongy, gray-colored, soft lead plate (Pb). 

Action of Cell When Discharging 

Note that when the cell is discharging (Fig. 23), 
the current flows out of the (+) plate, through the 
motor, lamps, or other apparatus, into the (—) plate, 
through the electrolyte to the (-h) plate. 

Let us assume that the plates were in a fully 
charged condition, as in Fig. 22 , when the circuit 
was closed, that is, the negative Pb, the positive 
Pb 02 , and the solution H 2 SO 4 . 



22 . A charged cell on open circuit. Note that the 
acid is in the solution and not in the plates. The active 
material on the negative plate is Pb, and on the positive PbOr. 
The active matenal is not now covered with lead sulphate, as 
the SO4 is in the solution. 

When a cell is in a charged condition, the plates 
are not covered with l^d sulphate (PbS 04 ), as the 
SO4 is then in the solution, which forms the electro¬ 
lyte, which in turn consists of chemically pure sul¬ 
phuric acid (H2SO4) diluted with pure distilled 
water, thus giving H 2 S 04 -fH 20 « 2 H 2 fS 04 . 

This acid was driven out of the plates when 
chargedt and if a hydrometer is placed in the solu¬ 
tion. it will be found that the solution is dense or 
thick and that the hydrometer will not sink as deep 
into the solution. The specific gravity would there¬ 
fore be higher, and the specific-^avitv reading will 
be between 1.280 and 1.300 when the solution is 
fully charged. 


Fig 23. Discharging. Note that the acid is going into 
the plates and will form lead sulphate (Pb804) and cover over 
the active material (Pb and Pb02) on the plates. The solution 
will finally lose its acid and become water. 

Refer now to Fig. 23. The active material (Pb) 
of the negative plate is combining with the acid (SO4) 
of the electrolyte, and is converting the active 
material on the negative plate into lead sulphate 

(PbSO*). 

The positive plate active material (PbOa) is com¬ 
bining as shown: the Pb with SO4, and the O 2 with 
2 H 2 , and is thus being converted into lead sulphate 
(PbS 04 ). See footnote below relative to the ^ionic 
principle.*^^ 


1 The ionic principle recognises the law that every substance 
as well as liquids is made up of positive (+) and negative (—) 
electricity, and that if separated by oheznical action, the posi< 
live will attract the negative. Note that when water is divided 
into its two parts, as hydrogen (Hi) and oxygen (0). the hydro- 
gen partiolga grp (-j-) gnd the oxygen partToTee are (-). 
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Action of a Fully Discharged Cell 

A fully discharged cell is shown in Fig. 24. The 
active material on the negative lead plate (Pb) is 
now covered over entirely with lead sulphate 
(PbS 04 ). 
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Fig. 24. Fully discharged. Note that the acid (SOd is out 
of the solution and into the plates, thus having combined with 
the lead of the plates (Pb) and having formed lead sulphate 
(PbS04) over the active material on both plates. The solution 
is now water, and is not dense. 

As the acid has gone into the plates, this now 
leaves water around the plates, as solution. This 
accounts for the fact that a storage battery will 
freeze quickly when in a discharged condition. 

If a hydrometer is now placed in the solution it 
will sink deep, as the water,.without acid, is not as 
dense as with avid. The nearer a cell approaches a 
discharged condition from a charged condition, the 
less will the density become, until it approximates 
the density of water. When fully discharged the 
specific gravity will be about 1.150. The starting 
and lighting battery should be recharged before it is 
discharged this low. 

Action When Charging a Fully Discharged Cell 

A fully discharged cell just starting to be charged 
is shown in Fig. 25. The active material (Pb) on 
the negative plate is covered with lead sulphate 
(PbS 04 ). The active material (Pb 02 ) on the posi¬ 
tive plate is also covered with lead sulphate. 

The passing of “direct current” through the cell, 

from the (-f) terminal of the dynamo to the ( 4 -) 



Fig. 25. Charging. Note that the direction of the charmng 
ourrent is as indicated by the arrow, or the reverse of that when 
discharging, as in Fig. 23. The lead sulphate (PbS04) which 
formed over the active material in the lead plates when dis- 
oharging is now being driven off by the charging current, and 
the SOi is combining with the water. Thus the solution is 
gradually increasing in density or specific cavity. When 
luUy charged the platee and solution wiU be as shown in Fig. 22. 


positive plate, through the cell, to the (—) negative 
plate, to the (—) terminal of the dynamo (generator) 
causes the lead sulphate to be carried from the plates 
to the solution. 

Inasmuch as the lead sulphate (PbS 04 ) merely 
covering the plates is quite accessible, it is driven 
off with slight difficulty, and the voltage rise in the 
cell during this period is very slight. 

Note that the acid (SO4) is passing from the plates 
on each side, and is combining with the H 2 O (water). 

As the charging continues, the lead sulphate 
which is buried deeper into the plates is more diffi¬ 
cult to drive out with the charging current. The 
cell voltage is gradually rising. 

After all lead sulphate has been removed from the 
plates, continued charging decomposes the water 
into hydrogen and oxygen which passes off in the 
form of gases. The voltage of the cell is then ap¬ 
proximately 2.5 volts. ^ 

As the charging continues, the lead sulphate in 
the interior of the plates is more difficult to reach 
by the charging current, and the voltage of the cell 
rises as high as 2.65 to 2.70 volts. 

If the charging is continued f irther, the tempera¬ 
ture of the cell will rise and hydrogen and oxygen 
gases will pass off freely and thus the charging cur¬ 
rent is wasted and the cell is heated. 

When the cell is fully charged, the conditions will 
be as shown in Fig. 22. The aiad will be in the solu¬ 
tion as 2 H 2 SO 4 , and the active material Pb, on the 
negative plate, and Pb 02 on the positive plate, will 
be exposed to the action of electrolyte. 

Paths of Current Outside and Inside Storage 
Battery Cells 

The external circuit of a battery discharging is a.s 

shown in Fig. 26: from the (+) terminal of the bat¬ 
tery to the starting switch, to the starting motor, 
to the (—) terminal of the battery. 



Fig. 26. Battery discharging; external circuit. 

Fig. 27. Battery charging; external circuit. 

The external circuit of a battery being charged 

is as shown in Fig. 27: from the (-{-) terminal of the 
generator, to the (-H) terminal of the battery, 
through the battery, to the (-) battery terminal, 
to the (—) terminal of the generator. 

Internal Circuit of a Cell Being Charged 
The internal circuit of a battery cell being charged 
is shown in Fig. 28. We will assume the cell is an 



Fig. 28. Charging the cells; internal circuit. 
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11-plate cell, with 5 positive (+) plates (P), and 6 
negative (—) plates (N). Note the separators (S) 
between the negative and positive plates, and note 
aLsto that the negative plates are on the outside. 

Each of the negative (—) plates are connected 
together, and each of the positive (4-) plates are 
connected together; thus we have a positive (4-) 
terminal and a negative (*-) terminal to each cell. 

The separators are placed between the negative 
and positive plates to insulate them from one an¬ 
other. The separators are porous and thus do not 
prevent the electrolyte or electric charges from 
acting on the plates, but merely serve to Keep the 
plates from touching. In time, the separators rot, 
break, or become clogged, and permit the plates to 
touch. This causes an internal short circmt, which 
produces heat, and heat causes the plates to expand 
and to press against or through the separators more 
firmly. 

Note in i^g. 28 that when the cell is being charged, 
the positive (4-) current from the (4-) side of the 
charging circuit flows into the positive (4-) plates of 
the cells, to the negative (—) plates, and out to the (—) 
side of the chargmg circuit. 

Internal Circuit of a Cell Being Discharged 

The internal circuit of a battery cell being dis¬ 
charged is shown in Fig. 29. Note that the current 
path is in the opposite direction to that shown in 
Fig. 28, when the cell is being charged. 



Fig. 29. Dischargiiig the cells; internal circuit. 

As the cell discharges, the active material on the 
plates is changed. The spongy lead (Pb) in the 
negative plate, and the lead peroxide (PbOi) on the 
positive plate, are gradually changed to fead sul¬ 
phate (PbSOi). The acid in the electrolyte also 
pcksses to tfie plates as the discharge progresses. As 
the pores of the plates thus become filled with the 
sulpnate, the free circulation of acid into the plates 
is retarded; and since the acid cannot then get into 
the plates fast enough to maintain the normalaction, 
the battery becomes less active, as is indicated by the 
drop in voltage, or a discharged condition. 


Voltage Drop of a Cell 

Drop in voltaae: Each of these actions tends to 
produce intemal resistance, until finally a point is 
reached where the plates are fully coated, or chang^ 
to lead sulphate (PbS 04 ), ana where the acid is 
almost entimy out of the electrol 3 rte. 

The intemal resistance is then so great, that the 
voltage is affected imtil it has dropped to about 1.6 
if fully discharged. A cell, however, should not be 
discharged below 1.8 volts, and should be re- 
chargedimmediately, otherwise it will be difficult for 
the charging action to throw off the lead sulphate 
from the plates, which was formed on them during 
the disch^ge action. 

Electrolyte test; As the acid is withdrawn from 
the electrolyte during the discharge action, and 
replaced in the electrolyte during the charging ac¬ 
tion^ it is clear that the most reliable test for deter- 
minmg the charged or discharged condition of a cell 
is to take a hydrometer reading of the cell, as 
explained on page 531. 

Voltage of a Charged and Discharged Cell 

When the battery is fully charged and before the 
charging circuit is opened, the voltage of each cell 
will be about 2.5 to 2.7. 

When opening the charging circuit, the voltage of 
a cell drops to approximately 2.1 volts. 

If the battery is then discharged at a continuous 
normal rate, it will gradually drop to 2 volts, which 
voltage will be maintained until it is about one-half 
discharged. From this point on, it will drop more 
rapidly to about 1.6 volts. The voltage of the cells, 
however, should not be permitted to drop lower 
than 1.8 volts per cell. 

If the discharge rate is heavy, the voltage will drop 
much more rapidly. The reason for the drop in the 
voltage is explained on pages 522,542. 

If a high discharge rate is given, as when using the 
starting motor, the heavy discharge is only momen¬ 
tary. The result will be that the voltage will drop, 
probably to 1.8 to 1.6, at, say, a 200-ampere dis¬ 
charge, but will regain its normal voltage quickly 
when the circuit is opened—that is, if the battery 
is not already more than half discharged when the 
high rate of discharge is applied. also pages 
542, 545. 


INTERNAL TROUBLES OF STORAGE BATTERIES 


Some of the common troubles that a storage 
battery is heir to, are: 

1. Sulphation of plates. 

2. Buckling of plates. 

3. Sediment. 

4. Overheating. 

5. ^parators. 

6. Short circuit of plates. 

There are, of cours^ many other troubles, as 
enumerated in the ^ ^Digest of Storage-Battery 
Troubles,** but those mentioned above are the most 
common, and usually account for the necessity of 
repairing a battery. The meaning as well as the 
causes are given below, and also in the '^Digest of 
Storage-Batteiy Troubles.** Tests are given else* 
where. See Index. 


Sulphation of Plates 

When cell plates are sulphated, it means that 
both plates are covered with lead sulphate (PbS 04 ), 
the condition in which they are when discharged 
This sulphation can act on the plates to such a 
depth that ordinary char^g will not cause it to 
separate from the plate. In such a case, the battery 
will not hold a chuge or give very much of a charge 
for any length of tune, appending on the depth to 
which the jnate is sulpnat^. 

A sulphated plate has the appearance shown in 
Fig. 30. A white chalkjr substance forms on the 
negative plate which is a non-conductor and 
insoluble. This is usually caused by leaving a bat¬ 
tery in a discharged condition for a long period of 
time and without water ovei^the plates. 

The remedy is to charge and discharge seveial 
times at a low rate. Owing to the sulphate on the 
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Fig. 30. A sulphated plate. 


plates, the chemical action which takes place is very 
slow. The sulphate covers the active material, and 
thus only a small current can be absorbed by the 
active material; and if charged at a high rate, tlie 
water will be decomposed and form gas and give the 
unpression that the battery is fully charged. (The 
active material referred to is Pb on the negative 
plate and Pb 02 on the positive plate, which is 
covered over with sulphate.) 

It is more difficult to restore the negative plate 
than the positive plate. Only long-continued slow 
charging will tell. See Index under ^‘Sulphated 
plates, how to restore.^^ If this does not remedy 
the trouble, the plates should be examined; most 
likely new plates are necessary. 


Sediments 

Any impurities that the water contains are left 
behind in the cells by the evaporation of the water, 
and thus they settle to the bottom of the cell jar. 

Mud and sediment will accumulate in the bottom 
of the battery and will eventually accumuhte to 
such a height as to cause an internal short circuit of 
the plates, if any other tnan distilled water is used. 
The paste, or active material, falling off the plate.’ 
will also result in the collection of sediment. 

When cleaning the sediment from a jar, it is 

generally wise to replace the separators at the same 
time. The need for cleaning is usually indicated by 
lack of capacity, excessive evaporation of the elec¬ 
trolyte, and excessive heating when charging. 


spilled acid making 
sMOfinr CIRCUIT 



buckled seoimeht forming tests for individual 

PLATE SHORT CIRCUIT CELLS WITH TEST 

losing across plates light 

SEOIHEKT 

Fig. 31. Common battery troubles and a simple test. 


Buckling or Warping of Plates 

There is a tendency for the plates to shed the paste 
after it hardens on the grid, called *‘buckling” of 
the plates^ meaning to distort, or get crooked, from 
sudden high discharges. Other causes will often 
result in the active material (paste) loosening and 
falling out of the mds to the bottom of the jar, and 
musing a '*«hort emreuit” one plate to another. 


NOTE 
auiGiHQ 
CAUSED gf 
EXPMSION 
FROM 
HEAT 



Fig 82 Buckled plates 

Some of the causes are: Dead short circuit, as 
between starting motor and battery, thus causing 
overheating; overcharging, and at an extremely high 
rate, thus overheating; violent disclmrging and 
short circuits inside of the battery, which also pro¬ 
duces excessive heat. 

When the battery does not hold its charge, it is 
usually due to one or more defects internal of the bat¬ 
tery, as just described, and each cell should be tested. 

It will thus be observed that heating is the princi¬ 
pal cause of buckling of the plates. Heat causes 
the plates to expand, and if heat is excessive and 
continued for a long enough period, the plates will 
assume a shape as shown in Fig. 32, which will cause 
the plates to cut through the separators. 

As a plate discharges, lead sulphate is formed on 
it, and thus occupies more space than the active 
material on it. If it expands equally, it will do no 
harm, but if the battery is over-discharged or 
charged at a very high rate, the active material will 
expand and heat, because the portion of tlie plate 
on which there is least sulphate will carry most of 
the current and thus overload this section of the 
plate. The result is excessive heat which results 
in expansion and “buckling.” 

Plates which are not buckled too badly can be 
straightened by putting them in a press. 

Overheating 

Overheating caused by overcharging may occur 
if the regulation system goes wrong and permits the 
generator to deliver excessive current. 

It is well to feel the battery occasionally, particu¬ 
larly the lead links and cover, after a long, hard 
drive. Should you suspect overheating, remove the 
vents from the cells and insert a thermometer, of 
the type made for insertion into liquids, into the elec¬ 
trolyte of each cell. 

The battery temperature should never be allowed 
o exceed 110® F. Garage men who make a practice 
jf charging batteries in their plant should enforce 
this rule rigidly. 

Overheating should be avoided, because it expe¬ 
dites evaporation of water from the electrolyse, 
causes deterioration of plates and separators, and 
tends to buckle the plates. Overheating of one-half 
the battery should be guarded against. 

Sometimes heat will be produced at the connec¬ 
tors where they are welded to the posts of the 
plater., owing to improper welding. This, of course, 
would then necessitate re-welding, and would be 
external of the cell. 


Separators 

The purpose of separators is explained on page 
642. Where a high rate of discharge is requir^ 
from a battery, as with a starting motor, a freer and 
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more rapid circulation of the electrolyte with the 
active material on the plates is necessary. 

If a battery is used solely for low rates of dis¬ 
charge, as for ignition, then thick plates and per¬ 
forated hard-rubber separators are generally used, 
which give a very long life to the battery. 

Where a very high discharge is required at times, 
which in many instances may be over 200 amperes, 
then, as stat^ above, the rapid circulation of the 
electroljrte can better be accomplished through the 
pores of certain woods. The thin plates are used 
and many of them, in order to give sufficient plate 
area, and thus the action of the electrolyte on the 
plates is more rapid. 

The materials used for separators between the 
plates of various automotive starting and lighting 
batteries may be grouped as follows: 

1. Wood. 

2. Combination of perforated hard rubber and wood. 

3. Threaded rubber insulation. 

Various kinds of wood, and various methods of 
treating wood separators are employed by different 
manufacturers of storage batteries for starting, light¬ 
ing. and ignition purposes combined. Tliose woods 
wmch are porous and will withstand the chemical 
acid are such woods as cypress, white cedar, Cali¬ 
fornia redwood, Douglas fir, poplar, basswood, 
cherry, etc. 

The Exide battery uses a grooved, specially treat¬ 
ed wood separator of a veiy porous nature. The 
separators are given a special treatment to remove 
substances which would be harmful to the plates. 
They are also grooved on the side (see page 528, 
Fig. 26) which goes against the positive plate, and, 
in some types, a perforated rubber sheet is inserted 
between the wood separator and the positive plate. 
In other cases, a threaded rubber separator (no 
wood) is used. 

The Willard battery uses separators made of hard 
rubber sheets pierced by hundreds of cotton threads. 
The electrolyte is earned through the tlireflTi from 
one side to the other by capillary action. They are 
termed threaded rubber insulation." 

When wood is used for separators, it is specially 
treated after sawing and grooving. The sep i^rators 
are placed in a warm alkaline solution of about 3 
'>er cent caustic potash. This neutralizes the acetic 
acid which wood contains (and which if permitted 
to go into the cell would tend to dissolve the lead and 
cause it to crumble), and also removes resin from 
the pores. The pores must be fully open in erd r 
that the acid can act through them. 

The alkali is removed by soaking for about two 
to three days, and then washing in running water. 
The separators can then be used. If sepurat^r^ 
are not used after treating, then place them in u 
weak acid solution of about 1.025 or 1.050 sp. ct. 
The separators have a tendency to expand in ^e 
solution, and therefore, if they are not kept wet, they 
will shrink. 

When new separators are received, they should be 
soaked for about five days in a solution of electrolyte 
of about 1.250 sp. gr., so that they will expand to 
the proper proportions outside of the cell instead of 
allowing them to expand in the cell. Separators 
are the weakest part of the battery. 

If the pores of wood separators clog from dirt, 
impurities in the water, or lead sulphate, this will 
prevent the electrolyte from circulating and tltf) 
jMparators should be replaced with new ones. 


Battery Internal Short Circuits 

Battery short circuits may be external or internal. 

External battery short circuits may be due to 
acid on the top of the battery forming an electrolyte 
between terminals as at (A) (Fig. 31); to battery 
terminals being sulphated, or in contact with the 
top of the metal battery box, or to the battery wire 
connections being acid-soaked. 

Internal battery short circuits may be due to the 
internal condition of the battery, such as plates 
warped or buckled, or a collection of sediment at the 
bottom of cells due to disintegrating plates, although 
the latter is rare because of the heignt of the plates 
above the bottom of the jar (see A, Fig. 31). The 
usual cause is broken or rotted separators, which 
permit the plates to touch. 



Fig. 33. The arrow points (W) show how broken down 
wo(xl separators allow a plate to bend and to touch, causing a 
short circuit of the plates. Ruckled plates usually cause this 
trouble, and too much acid rots the separators. 

When one plate touches another inside of a cell, 

as at (W) (Fig. 32), it causes an internal short cir¬ 
cuit. . Owing to the fact that the cells are connected 
in series, the other cells will then send a current 
through the shorted plates in a reversed or discharged 
direction, and the negative plate (Pb) will have a 
coating of the active material (PbOj) of the positive 

late formed over it, and the positive plate will 

ecome a negative plate, through the reversal. 

This action also occurs when the terminals of a 
battery are reversed with the charging current. 
Most of the generators, however, on automobiles of 
tho present-day type of construction will reverse 
their polarity to that of the battery. 

Internal short circuits, if of long standing, will 
necessitate new plates and separators. If the short 
circuit is not senous, the plates can be cleaned and 
new separators can be put in. 

If a battery is charged in the wrong direction for a 
period of tim^ with the terminals reversed, or long 
enough to change the positive plates to negative and 
negative to positive, new plates and separators will 
usually be required. Sometimes batteries can be 
reversed by long-continued charging in the ri^ht 
direction. In fact, batteries have been used vuth 
plates reversed, while others in the same condition 
would fail to hold a charge at all. 

In time, even if batteries are kept in ^ood condi¬ 
tion, age will tell on them, and the positive plates 
will begin to crumble. The active material on the. 
negative plates will lose its porous, spongy lead! 
formation and become hard (porosity is very impor¬ 
tant in battery plates so that acid can circulate 
through the plates as well as through the separators)* 

From 15 to 24 months is the average life of a 
battery used for continuous daily start^ purposes 
and general use (150 to 250 amperes dis^r^), as 
starting work is very hard on any battery. A Mt- 
Uxy ptogerlj cared for may last % a longer periods 
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TESTING STORAGE BATTERIES: Voltmeter Tests; Capacity Tests; 
Cadmium Tests; High-Rate Discharge Tests; Short Circuit Tests 


TESTING A STORAGE BATTERY WITH A VOLTMETER 


Note: from 

pages 545 to and including page 555, the text has been changed 

and for this reason 

there may be some slight discrepancies between the Index and 
the text. 

When any trouble occurs to the electrical system 
of an automobile, the first step in diagnosing the 
cause is to determine the condition of the storage 
battery. 

The simplest and one of the most practical tests 
of the storage battery is made by means of the hy¬ 
drometer, as described on pages 531 and 532. This 
instruction contains more complete information re¬ 
garding storage-battery tests involving the use of 
voltmeters as well as hydrometers. 

The voltmeter can be used to determine the posi¬ 
tive and negative poles of the battery. Touch the 
voltmeter terminals lightly across the battery termi¬ 
nals to see if needle starts in the proper direction in 
order to prevent injuring the instrument. If the 
needle runs upward in the normal direction of the 
scale, the voltmeter is properly connected, and the 
wire which touches the positive met(‘r terminal is 
thus identified as positive. If the connections were 
reversed, the needle would kick off the scale, indicat¬ 
ing that the positive terminal of the voltmeter 
should be connected to the other wire. 

Note: Never eonnect an ammeter to the terminals of a 
battery unless a shunt is used. 

The voltmeter can be us^d to test a battery for 
its charged or discharged condition. W hen a 
charged battery is discharging at a normal rate, it 
will give, say, about 2 volts per cell until 50 per cent 
of its capacity is used, and then gradually drop to 
1.8 volt/S per cell. Therefore a meter reading in one- 
tenth part of a volt will give an accurate test if the 
battery is on discharge, telling the condition between 
the 2-volt drop and 1.8-volt drop in fractions of a 
volt. 

No cell should ever show less than 1.75 volts per 
cell, or 5.4 volts for a 6-volt battery (readings taken 
when battery is discharging at a normal rate). The 
normal voltage of a fully charged battery is 2.2 volts 
per cell when doing no work. If the electrolyte be 
1.250 sp. gr., it is usually lowered to about 2,1 volts, 
because of internal resistance. 

Bear in mind that a voltmeter test is not con- 
cliLsive unless it is made when the battery is dis¬ 
charging or charging. 

The storage battery, unless worked below 1.8 
volts, has a recuperative power of rising from 1.8 
volts to the normal 2.1 or 2.2 volts within a few 
minutes after the discharge current has been dis¬ 
continued. This fact has often led many users 
astray as to their opinion of the condition of their 
cells. If a voltmeter were put to the cells (with no 
current flowing), and they showed a reading of 2.0 
to 2.1, the conclusion might be reached that they 
were all in good condition, whereas, if the reading 
had been taken while the battery was discharging, 
the voltmeter would probably have read 1.8 volts 
or perhaps less per cell. 

A voltmeter is always used to test a battery when 
it is being charged, in combination with a hydrom¬ 
eter test Osee pages 547, 531, 573, 575). 

The voltmeter is generally used by battery repair¬ 
men, and is very necessary under certain conditions, 


if properly used, for testing for a defective battery, 
or for grounds and short circuits, etc. 

As previously stated, a battery is usually tested 
with a hydrometer in order to show if it is charged 
or discharged, but sometimes, the hydrometer read¬ 
ing will show 1.275 or 1.300, which, supposedly, 
represents a charged condition. Yet the battery fails 
to hold its charge. In this instance, it is necessary 
to use a voltmeter to determine the cause wloich is 
usually found to be internal of the cell. 

Voltmeters for Testing Batteries; Description 
and Instructions for Reading Them 

Some of the concerns supplying reliable volt¬ 
meters and other automotive electrical testing de¬ 
vices, such as high-rate discharge testers, etc., 
are: Burton & 

Rogers, Boston, Mass. (Hoyt); 


Jos. Weidenhoff, Chicago, Ill. (Weiden- 
hoff); Weston Electrical Instrument Corpn., Newark, 
N.J. (Weston). See also pages 555, 690, 585. 

As examples we will use the instruments described 
below. 



FiK. 1 . Weston model 45 low-reading voltmeter designed for 
battery-service stations called upon to repair, charge and test 
batteries on a large scale. This instrument is a direct-current 
permancnt-inaKnet nmving-coil voltmeter, having a scale in¬ 
tended for testing individual cells for low readings and also for 
making (he cadmium test. 



Fig. lA. The scale used on the model 45 voltmeter. Approxi¬ 
mately half actual size. It has 150 divisions from 0 to 3 volts, 
each division having a value of . 02 , or l/50th of a volt. 

The model 45 scale is also provided with a negative (—) 
reading to the left of 0 , of .2 of a volt, divided into 10 divisions, 
each division having a value of ,03 or l/oOth of a volt, for the 
purpose of making cadmium tests of the negative plates. 1 o 
make cadmium tests of the positive plates, the (-{-) scale from 
+2.35 to +2.45 is used. 

Fig. 2 . Weston model 443 low-reading voltmeter, designed 
for quickly testing individual cells of a storage battery before 
taking the battery out of the car. It can also be used for making 
tests of the battery in the shop. Note the spike terminal. 
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The ecele on model 44S TOltmeter does not have as many 
divieions as the model 45. The scale has 30 divisions from 
0 to 3 volte, each division having a value of. 1 volt. This range 
is admirably suited for testing the condition of the individual 
cells. Both opeu'cirouit voltage and voltage under load can 
be ascertained. 

The model 443 scale is also provided with a negative (~) 
reading to the left of 0 , of .2 of a volt, divided into 2 divisions of 
.1 volt each for the purpose of making cadmium tests of the 
negative plates. To make cadmium tests of the positive plates, 
the (4*) scale from 2.35 to 2.45 is used. 

Fig 3. The scale used on 
the Weston model 280 
volt-ammeter. Approxi¬ 
mately half actual sise. 
This instrument can be used 
^ to read either volts or 
amperes, as explained on 
pages 467, 468. As a volt¬ 
meter, the scale can be used to read from 0 to 30 volts, or it will 
read from 0 to 3 volts, by changing the connections on the 


instrument. The 0 to 3 scale is the one used most for battery 
testing, that is, for testinfc individual cells. There are 60 
divisions from 0 to 3, each division being .05, or l/20th of a volt. 

Fig. 4. Jewell garage 
testing volt-ammeter» 
type No. 37. The volt 
scale ranges for all 
automotive tests are 
0-300 millivolts for 
armature drop tests; 
3-0-3 volt for single- 
cell and cadmium tests: 
0-30 volts for general 
work, and 0-150 for 
electric car and pow¬ 
er work. The ampere 
scale ranges are 0-3.5 
amperes; 0-35 for charg¬ 
ing, etc., and 0-350 for 
discharge and starter 
tests. 




TESTING A 

There is no simplified classification or list of 
battery tests that are conclusive and applicable to 
average batteries in all conditions. The various 
tests used in general practice are stated below. 

The test is generally made on the car first, and 
if the battery needs a recharge, or is not in a normal 
condition it is removed to the bench and a more 
thorough test is given. 

There are three tests usually given a battery on 
.the car: 

Hydrometer test. 

Voltmeter test (open circuit). 

Voltmeter test (low-rate discharge). 

There are three tests usually given a battery on the 
bench, always in conjunction with a hydrometer test: 

Cadmium test. 

High-rate discharge test. 

Testing Battery on Car 

The hydrometer test is the first test given to a 
battery, as explained on page 531. 

If the cells test 1.276 to 1.300, they are fully 
charged. 

If near 1.226 sp. gr., either the generator charMg 
rate should be set up and the owner instructed to 
use his hghts and starting motor sparingly, or the 
battery is removed for recharging. 

If battery cells test below 1.226 sp. gr., the battery 
should be removed from car, and if none of the jars 
leak (see page 561 for inspection), it should be given 
a recharge at once, especially if the oar is used mostly 
at nij^t (see also page 563, explaining why a battery 
becomes discharg^). 

If battery cells vary more than 60 points in the 
specific gravity readings, use the voltmeter and test 
each individum cell. 

Open-Circuit Individual Cell Voltage Test 

TUs test consists of measuring the volti^e of each 
cell of the battery without any current being passed 
into or taken out of the battery. As an example, we 
will use the model 443 Weston voltmeter (Fig. 2, 
page 545). 

/ J gr'* ^ —T 1 Connect the Cable with prod 

J handle (Tl, Fig. 6) to the upper 

Ir^ binding post. Hold the instru- 

ment nim}^ in the hand and 
press the spike (T) into the (-f) 
i * terminal, and the cable prod (Tl) 

I f w into the (-*) terminal of the 
1 Fig. cell under test. Be careful to 

® penetrate into the metal of the 
cell terminals. Test all cells in the same manner*. 


BATTERY 

The voltage indicated should be 2 volts or a little 
higher for each cell. If it is 1.8 or lower on any cell, 
the battery should be tested under load, which can 
be either at a low rate (Fig. 5A) or at a high-rate 
(page 551). 

Note: There is a divergence of opinion regarding the value 
of an open-circuit voltage test of individual cells. The test's 
only value is the quick determination of a defective cell by 
noting that its voltage is lower than that of the other cells. 
Assuming that a customer had battery trouble, the first thing 
the battery repairman should do is to take specific-gravity 
readings. 

If the specific-cavity readings are normal, a further test may 
be made by quickly testing with a volt-meter to determine the 
difference in open-circuit voltage. 

If one cell reads .2 to .3 volts lower than the others, the cell 
should be inspected further. Or another comparative test could 
be given with a light load or low-rate discharge, as in Fig. 5A. 

Usually after a specific gravity test, if there is more than 50 
points difference, the battery is then removed from the car to 
the bench and a “high-rate discharge test” made, which would 
more definitely indicate the trouble. 

The approximate variation of open-circuit voltage 
of each cell compared to the state of charge ci 
battery is given below: 

Specific Approximate State of 

Gravity Cell Voltage Charge 

1.120. 1.75. Discharged 

1.210 .2.00. X Charged 

1.250 . 2.00. I Charged 

1 295 . 2 20.Charged 

While on charge, at the finishing rate, the voltage ner cell 
should be approximately 2 5 to 2.6 volts, but immediately after 
the charging lino is opened, the voltage will drop to about 2.20 
volts or slightly higher, until it begins to discharge, at which 
time it will drop to 2.00 volts per cdl, which voltage is held, if 
in good condition, until it is about one-half disoharged, after 
whioh it will gradually drop to 1.75 or lower. 

Cell voltage, however, should not be permitted to drop below 
1.8 volts, as it will Income sulphated too much and will require 
a very long charge in order to remove the sulphate. 

It is hardly worth while to make elaborate electrical tests of a 
batteiv in which the gravity of any cell does not come up to at 
least 1.260 at the end of the charging period, and the battery 
should be looked on with suspicion unless the gravity rises to 
1.270. Hydrometer tests are of great value in cheeking the 
condition of the electrolyte and should be made along witn the 
electrical tests. 

Testi]^ the Voltage of Cells with Current 
Flowing—Low-Rate Discharge Test 

Purpose of test: In what has preceded, the state¬ 
ment was made that if 1.8 volts, or lower, was indi¬ 
cated the cell should be testea under ioad. The 
object of this would be to find out if the fact that 
the cell tested onl^r 1.8 was due to a discharged 
condition or to a internal defect of the battery 
cell. 
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Procedore: When this test is 
to be made on a battery of the 
automotive type, connect a 
^^resistor’^ across the terminals of 
the battery, as shown in the 
illustration (Fig, 6A). 

This resistor can be readily made by 
winding about 9 feet of No. 16soft>iron 
wire in ^e form of a helix with the convo¬ 
lutions separated so as to prevent touch- 
Fig. 5A ing, and is for the purpose of having the 

battery on discharge during the teat. 

With the resistor in place as in Fig. 5A, the cur¬ 
rent is flowing throu^ it, and all of the cells of the 
battery are discharrinc. I^ess the spike (T) into 
the (+) terminal of the cell under test, and the 



spike (Tl) into the (—) terminal of that cell. Mak^ 
this test on all cells separately. 

If the tests on all cells of the battery show approzi* 
mately the same voltage, the batt^ is in a dis¬ 
charged condition, and should be charged. 

If any cell has a voltage which is lower than that 
of the others by a relatively large amount, it is quite 
possible that the plates of that cell are defective. 
When the voltage test with current flowing on the 
cells of a fully charged battery indicates defective 
plates, one thoroughly versed in the theory and ac¬ 
tion of storage batteries may find the cadmium test 
a valuable means for determining which ^up of 
plates is defective or which group contains defective 
plates. 


CADMIUM TESTS OF A STORAGE-BATTERY CELL 


Before going into the subject of high-rate dis¬ 
charge tests, &e subject of cadmium tests will be 
taken up here. 

All battery mantifacturers are not in agreement as 
to Ihe value of this test. Some discourage its use, 
starting that it is of value only under certain condi- 
ditions and then it should be made by experts, 
otherwise the results are very often misleading. 

One manufacturer says: “We do not believe in cadmium 
testa for average shop use, especially where cheap and low- 
reaistance voltmeters are used. A very high resistance volt¬ 
meter should bo used, one that draws practically no current from 
the cell while the test is being made. Furthermore, the cad¬ 
mium stick must be properly sulphated, and a number of other 
factors, such as temperature, amount of charge in the battery, 
strength of electrolyte, etc., must be considered in order accu¬ 
rately to tell the exact condition of a ceU. When all of these 
factors are known and the cadmium test is conducted by an 
expert, the readings are accurate. Nearly always a battery 
that is apparently in trouble must be opened up and a visual 
inspection will show what is wrong. Cadmium tests might be 
of value when new batteries do not operate properly, and the 
trouble cannot be determined by inspection.” 

Another manufacturer says: “It is our opinion that the open- 
circuit voltage test of individual cells is of no value whatever, 
for the reason that a completely discharged battery, if in normal 
condition, will show 2 volts on open circuit if it is allowed to 
stand for a few hours after discharging. 

“While it is true that a defective cell or dead cell will very 
often show a very low voltage, or no voltage at all, the times that 
a discharged battery would show 2 volts would be misleading 
unless hydrometer readings were taken at the same time, and 
even this would not be an*ab8olute indication of charge since 
it very often happens that a battery will show 2 volts when £lie 
negative plates are .2 of a volt positive. This can be detected 
only by the cadmium test. 

“As a matter of fact, the cadmium test is the only way in 
which a battery can be tested to determine if both sets of plates 
are fully charged, and the cadmium test does not indicate the 
condition of the battery except that it shows in what state of 
charge or discharge the active material of each set of plates is 
in. It does not indicate the capacity of the cell except when 
used in connection with the hydrometer and discharge test.” 

For those who desire to undertake the test the 
following instructions may be a guide. 

When is a Cadmium Test Made 

The puipose of a cadmitun test is to indicate the 
state of charge of either the positive or negative 
plates of the individual cells. The test is of no value 
unless the battery is charging or discharging. 

The cadmium test is usually made when a hy¬ 
drometer test indicates that the battery is fully 
charged, but when put into service the voltage 
drops rapidly and tne battery fails to deliver its 
proper capacity. 

If the battery volta^ failed merely because the 
batteiy was discharged after delivering its normal 
capacity, then there is no need of making a cadmium 
test. Tna batteiy in this instance ne^ only re- 
eharging. 


If, however, as mentioned above, the hydrometer 
tests show the battery to be charged, but that when 
put into service it fails to maintain its charge for its 
rated capacity, and the voltage drops rapidly on 
normal discharge, this condition is probably due to 
defective plates. The cadmium test will determine 
which set of plates are defective, or which set fails 
to hold its charge. 

The cadmium test is also made when a battery 
on charge does not attain its proper voltage (2.5) 
jier cell, and its specific gravity will not rise to a 
normal reading of 1.275 to 1.300 sp. gr. 

A voltmeter test, while battery is discharging, or 
a high-rate discharge test will tell if one cell has a 
voltage considerably less than another, indicating 
that something was wrong with that cell but it does 
not tell which group of plates is at fault. 

By making the cadmium test, we can tell if the 
negative group of plates is taking a charge as they 
should, or if positive group is taking a charge. 
If either shows a discharged condition, or even 
partially so, when they should be fully charged, then 
we know which group is at fault, the positive, or the 
negative. 

When a new group of plates is put into a cell and 
the battery is fully charged, the cadmium test can 
be made to see if the new ^oup as well as the old 
one is fully charged. 

When a battery is charged, and at the end of a 
charge, when the voltage and specific gravity no 
longer rise, the cadmium test can be made to tell if 
both positive and negative groups are fully charged. 

What Does a Cadmium Test Outfit Consist of? 

The cadmixun-test outfit consists of a low-reading 
voltmeter, as, for example, Fig. 6^ which is designed 
especially for the purpose of making cadmium tests. 
Gt can be used to make other voltmeter tests. See 
footnote page 548 where to obtain.) 

A test cable and point and a cadmium stick at¬ 
tached to another cable (Fig. 8, page 548) is nec¬ 
essary in order to make the test. 



Fig. 6. Ambu cadmium test 
voltmeter, $19 75 (extra for 
pair of test prods, t^t cables, 
and cadmium stick for making 
cadmium tests $2.50). Note 
the special calibration for cad¬ 
mium readings. 

There are two scales (Fig. 6). 
The lower scale has 2S divisions 
from 0 to 28 volts, each division 
having a value of 1 volt. This 
scale is used for general voltage 
tests up to 28 volts, and is also 
used for teeting generator out¬ 
put and general testing of the 
electrical system of a oar. 
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The umr scale has graduations from 0 to 2.8 volts to the 
right of **0”, there being 28 main divisions, each having a value 
of .1 volt and is used for general testing within this range, such 
as testing individual cell voltage, etc. 

This upper scale is used for cadmium tests. Note the 
special calibration and designating marks: “Pos. Discharged,’* 
“Pos. Charged," "Neg. Discharged," and "Neg. Charged." 
These markings actually appear on the scale as a guide for mak¬ 
ing cadmium tests. 

Note that between the range of 1.9 volts and 2.6 volts, each 

main division is divided 
in half, so that each half¬ 
division has a value of 
.05 volt. 


Fig. 7. Showing read¬ 
ing obtained when test¬ 
ing charged positives. 



Fig. 7A. Showing read¬ 
ing obtained when test¬ 
ing discharged posi¬ 
tives. 


When making cadmium tests of the positive 
plates, the scale to the right of “0” is used, and is 

teimed the (+) side of the scale. 

Note the marking “Pos. Charged,” which is in 
line with 2.42 volts on the (-f) side of “0” (Fig. 7). 

Note the marking “Pos. Discharged,” which is in 
line with 2.00 volts, also on the (+) side of “0” 
(Fig. 7A). 


Fig. 7B. Showing read¬ 
ing obtained when test¬ 
ing charged negatives. 



Fig. 7C. Showing read¬ 
ing obtained when test¬ 
ing discharged nega¬ 
tives. 


When making cadmium tests of the negative 
plates, a reading on the scale to the left of “0” will 
indicate that the negatives are charged (Fig. 7B), 
the state of charge being determined by how far 
pointer is to the left of “0” and how near —.2, and 
IS termed the ( — ) side of the scale. 

This (—) scale represents .2 of a volt, divided into two main 
divisions, each having a value of .1 volt, and each being divided 
in half, so that each half has a value of .05 volt. 

Note the marking “Neg. Charged,” which is in 
line with 0.175 volt on the — side of “0” (Fig. 7B). 

Note the marking “Neg. Discharged,” which is in 
line with 0.175 volt on the (+) side of “0” (Fig. 7C). 

Fig. 8. Cadmium 
stick, test-j^int, 
and cables. Thejr 
consist of two flexi¬ 
ble rubber-covered 
cables 6 feet long, 
having fork termi¬ 
nals on one end. 
One of the cables is 
provided with a 
plain spike termi¬ 
nal, and the other 
cable with a combi¬ 
nation spike and 
cadmium stick ter¬ 
minal. The cadmi¬ 
um stick is provided 
with a perforated 
insulating covering to keep the stick from coming in contact 
with the plates of the cell. 




^ A cadmium voltmeter (S30CJ with test prod and cad¬ 
mium stick) can be obtained of Burton-Rogers Co., Sales Div. 
Hoyt Electrical lust. Works, 857 Boylston St., Boston, Maas. 


Cadmium is a metal. It looks like zinc, but is a 
different metal. There is no other substance mixed 
with it. The cadmium stick is the part which is in¬ 
serted in the electrolyte and is always connected with 
the ( —) negative side of the voltmeter. The other 
test point is always attached to the (4-) positive side 
of the voltmeter. 

How Is the Cadmium Used to Make a Test? 

In order to obtain cadmium readings which are of 
value, the cadmium stick must have a layer of 
sulphate formed on its surface. This can best bo 
formed by immersing the cadmium stick in battery 
acid for a period of several hours. A layer of white 
sulphate will form and should not be scraped off, as 
it is essential for the proper funcitioning of this test. 

It is also desirable that this layer be kept moist, 

and accordingly, after the sulphate has been formed, 
the cadmium stick itself should be kept in weak 
battery acid or distilled water all of the time. If it 
becomes dry, it should be immersed in weak acid for 
at least one half-hour before making any readings. 

The cadmium should not be allowed to touch the 
top of the plates. A rubber top is usually provided 
on the end of the cadmium stick. 

The temperature of the electrolyte, when cadmium 
tests are made, should be approximately 70° F., and 
current must be passing through the battery. (See 
also page 551 for other pointers.) 

When making a cadmium test, the cadmium 
stick is placed into the electrol 3 rte through the vent 
hole of a cell (Figs. 8A, 8B), and the other end of its 
cable is connected to the (--) terminal of voltmeter. 

Allow cadmium to remain in the electrolyte for 
several minutes, or until the electrolyte has no 
further effect on the cadmium. 

The test point is placed on the terminal of the 
positive (-}-) plate group of a cell, to test the positive 
plates (Fig. 8A), and on the terminal of the negative 
(~) plate group of a cell to test the negative plates 
(Fig. 8B). 


Fig. 8A. Making cad¬ 
mium test on positive 
plates. 


Fig. 8B. Making cad¬ 
mium test on negaUve 

plates. 



Principle of the Cadmium Test 
In order to make clear what takes place when the 
cadmium stick is inserted into the electrol 3 rte in 
a cell and the test point is jplaced on one of the 
terminals of a group of plates, it will be necessary to 
give an explanation as follows: 

Consider the electrolyte in a cell as zero potential. 


The positive group of plates, when fully charged, 
then has a potential very much higher than that of 
the electrolyte; therefore it has a positive or (+) 
voltage. 

The negative |;roup of plates, wh^ fully charged 
has a potential slightly below that oi^the electrol^; 
therefore it has a negative (—} voltage. 
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As the negative plates become discharged, the 
difference in potential between the negative plates 
and the electrolyte begins to decrease; therefore the 
potential of the negative plates approaches and 
nnally reaches that of the electrolyte, or zero poten¬ 
tial^ and as the negative plates continue to discnarge, 
their potential continues to increase until finally it 
reaches a point slightly above that of the electrolyte; 
therefore its voltage is then positive or (+), as shown 
in Fig. 12. 

When a cadmium stick is immersed in the battery 
electrolyte above the plates (Figs. 8A to 12), 
through the vent hole, its purpose is that of a neutral 
electrode of fixed potential, to which the voltage of 
both positive ana negative groups of plates are 
measured. 

It may be compared to the zero point on a ther¬ 
mometer, with one group of plates being so much 
above zero and the other group of plates so much 
below zero, the total difference between them being 
the temperature difference on the thermometer, or 
the actual external voltage in the case of the battery. 

If we say that yesterday was 40 degrees hotter 
than today, but without giving the temperature with 
respect to zero, we really have no information what¬ 
soever. Yet, when we say that a storage cell shows 
2 volts, it merely means that this is the difference of 
potential between the positive and negative plates, 
and the positive plate may be charged with the neg¬ 
ative plate discharged, or just the opposite, with 
no evidence of which condition exists. By placing 
the cadmium electrode in the battery, we establish 
a zero point from which we can measure potentials. 

When we measure the potential of the positive 
plate to the cadmiiun electrode, we know its condi¬ 
tion of charge or discharge absolutely without re¬ 
spect to the negative group. 

In a similar manner, we may take the potential of 
the negative group ami from the results obtained we 
get real information as to the condition of the jdates. 

When the cadmium stick is placed into the electro¬ 
lyte vent hole of a cell, as shown in (Figs. 8A, 8B), 
and the test-point is placed on the terminal of the 
(-+■) positive plate group, to test the positive plates 
(Fig. 8A), and on the terminal of the negative (—) 
plate group, to test the negative plates (Fig. 8B). 
These tests really make two distinct cells out of the 
one cell. 

For example, let us take two plates of a cell, as 
shown in the simplified illustration (Fig. 9). The 
test is made of the positive plate when ^e battery 
is on charge, and of the negative plate (Fig. 10) 
when the battery is on charge, that is, when the 
battery has about reached its fully charged condition 
and is still on the line, being charged at the finishing 
or normal rate. 

Before making test, see that the needle of the voltmeter is 
set at “0.” This can be set by the zero adjustment. 

Fig. 9. Positive 
plate test when on 
charge (see also 
Fig. 7). 

Fig. 10. Negative 
plate test when on 
charge (see also 
Fig. 7B). 

Ftt 0 Fi, ,0 

Testing the positive plates of a cell on charge: 

With the prod (T) on the positive plate (Fig. 9), 
which is connectea to the (4*) terminal of the volt¬ 
meter, and the cadmium stick in the electrolyte, 
which is connected with the (—) terminal of the 
voltmeter, the cadmium acts as a negative (—) plate. 



Thus the voltage would be taken of the positive (-f) 
plate, and the voltmeter needle will read in its 
normal, or right-hand direction, because the current 
is flowing through it from the (+) plate, to (-f) of 
the meter, from (—) of the meter, to (—) of the 
cadmium. (Current flows from (+) to (—) out¬ 
side of the electrolyte.) 

Testing the negative plates of a cell on charge: 

If we now place the prod (T) on the negative (~) 
plate (Fig. 10), then the cadmium acts as a positive 
(-f) plate. 

Thus the voltage of the negative plate would be 
taken, but the meter needle would read in a reverse, 
or left-hand direction (if charged), because the 
cadmium stick, which is now acting as a {-{-) plate 
and from whicn the current first flows to the meter, 
being connected with the (—) terminal of the 
meter, will cause the voltmeter to read in the reverse 
direction, not only on this voltmeter but on any 
other. Hence the addition to left of (0) on scale of a 
voltmeter (Figs. 7 to 7C, page 548). 

When the positive and negative plate tests are 
made, as described in the foregoing explanation 
(Figs. 9 and 10), the test is being made when the cell 
is on charge. Therefore, when a cell is being tested 
while on charge, and is charged or almost charged, 
the negative plate readings should be on the left or 
(—) side of (0) on the scale of the meter. 

By adding the readings of the positive plate and 
of the negative plate, when a cell is being tested on 
charge, as described above, the sum should be the 
voltage of the cell, because, when tests were made, as 
in Figs. 9 and 10, the cell was divided into two parts. 

The purpose of making the test on charge is to 

determine whether the positive plates test up to the 
standard as they should when the cell is supposed to 
be charged, and whether the negative plates are up to 
standard voltage. If either of them fail to come up 
to this standard, then they are probably defective, if 
the electrolyte tests as it should. 

The standard voltage of the positive plates (when 
on charging line and when fully charged) should read 
approximately from 2.35 to 2.45 volts, or even 2.50 
if the battery is new, and that of the negative plates 
should read from .1 to .2 of a volt (to the left, or (—) 
of the scale), if in good condition. (The readings 
obtained from.old cells will not be quite so high.) 

Thus, if the two voltage readings are added 
together (2.454-.2=2.65), we have 2.65 volts as 
the total voltage of the cell, or a fully charged cell 
while being charged. 

Suppose, however, that a cadmium test was made 
after the battery was put on the charging line, yet 
the cells are not charged, being nearer a discharged 
condition than a charged condition. In this in¬ 
stance, the negative plate reading would probably 
be on the right, or (4-) side of (0) of the scale; and 
therefore the negative plate readings when on the 
(4-) side of (0) are subtracted or deducted from 
tee positive plate readings, and the difference 
should give the total voltage of the cell. See an 
example of a test of this kind in table, page 551. 

Should tee reading be less than 2.35, then the 
positive plates are not fully charged. 

Continue the char^, and if the positive plates will 
not then give a reading of at least 2.35, the positive 
plates are defective, and if several charges and dis- 
char^s will not bring them up so that they will give 
satisfactory cadmium readings, then the defective 
plates should be replaced with new onee* 



650 


DYKFS INSTRUCTION No. 48 


Should the reading be yery nearly zero, or if the 
needle swings to the rigjit (or (4-) side) of the 
(0) (Pig. 18), the negative plates are not fully 
diarged. 

Continue the charge, and if the negative plates will 
not gave a reading of from 0.175 to 0.2 volts or at 
least Detween 0.1 and 0.2 volt, to the left of the (0) 
on the scale, then the negative plates are probably 
defective, or in a sulphat^ condition requiring an 
extended period of charging and dischar^g to put 
them back in a healthy condition. If tms will not 
bring them up so that they will give satisfactory 
cadmium readings, the defective plates should be re¬ 
placed with new ones. 

Test the positive and negative plates of the other 
cells of the battery in the same manner. 

If the test on both the positive and negative plates 
gives readings which approach zero, the battery is 
short-circuited. 

In general, it is understood in the case of a battery 
on clu^e, tnat if the cadmium test to the negative 
plates does not give a minus reading, the battery is 
not up to capacity, but a minus reaciing is not nec¬ 
essarily proof that the battery is up to full capacity. 
This * can be determined by making a discharge 
test. 

As another example, let us use two plates of a cell, 
as shown in the simplified illustrations (Figs. 11 and 
12). The tests are being made when the battery 
cells are discharged to 1.8 volts and while the bat¬ 
tery is being discharged at 5 amperes. 

When making this test, the battery is first dis¬ 
charged at its normal rate, until the voltage drops 
to 1.8 volts. During the discharge, the battery is 
closely observed to see if it gives its rated capacity 
during the time it is discharging. See table, page 
675. 



Hi 11 



Fig. 11. Positive 
plate test when on 
discharge. 

Fig. 12. Negative 
plate test when on 
discharge. 


Fig 12 


Note: The needle on the voltmeter in Figs. 11 and 12 is shown 
too far to the right on (+) side. See Pigs. 7A and 7C. 

Testing the positive plates of a discharged cell: 
With the prod (T) on the positive (+) (Fig. 11) 
the cadmium now acts as a negative (—) plate. 
Therefore the test is of the positive plate. When 
the battery is discharged and is discharging at 6 
amperes, the reading of cadmium to positive (4) 
plate should show about 2.00 to 2.05 volts, if the 
plates are in good condition. 

If the hydrometer test shows that the battery is 
discharged, and the positive plates give a reading 
greater than 2.06, they are not discharging properly, 
or else there is an incorrect amount of acid in the 
electrolyte. 

If the reading to the positive plates is much below 
2 volts, it is probable that the positive group is 
defective. 

Testing the negative plates of a discharged cell: 

With the prod (T) on the negative plate ( 
the cadmium again acts as a negative (—) p 
the negative plate acts as a positive (4) plate when 
discharged). Therefore the test is of the negative 
plate, and the reading should show about 40.175, 
or to the right of (0) on the scale (Fig. 7C, page 648). 

When a discharged cell is tested while on dis¬ 
charge, the negative plate readings will be on the 
right, or the (4) side of (0). Therefore the negative 
plate reading is deducted from the positive plate read¬ 
ing, which sliould give the voltage of the cell being 
tested. 


Fig. 12) 
late, and 


A cadmium test of a discharged battery is usually 
made if a battery fails to give its rated ampere-hour 
capacity, for if it is in good condition, it should 
do so. 

The ampere-hour capacity or discharge rate of a 
battery is usually stamped on the nameplate of the 
battery. For example, if a battery had an ^^ampere- 
hour capacity’^ of 80 ampere-hours, and the ^‘dis¬ 
charge rate” was 5 amperes, it would discharge at 
6 amperes for 16 hours, gradually dropping to 1.8 
to 1.75 volts, at which time it is discharged, and, if 
in good order, has delivered-its full capacity. 

If the battery is known to be fully charged and 
the electrolyte tested to 1.275 to 1.3(X), yet in an 
appreciable difference in time it drops to 1.8 to 1.75 
volts before it has delivered its rated capacity, this 
may possibly be due to the condition of one of the 
group of plates, positive or negative, or of one or 
more cells, which discharged first. 

The pu^ose of the test on discharge is to deter¬ 
mine if it is the negative gp’oup or the positive group 
which is defective, or which failed first. If one or 
the other fails to come up to the standard voltage 
(mentioned farther on) imder certain conditions^ as 
outlined above, then the group (positive or negative) 
which differs Neatly from the standard is the one 
at fault. 

The cadmium test is then taken, after the cell 
is discl^pd to 1.8 to 1.75 volts ana with the bat- 
teiy discharging at 5 amperes in the following 
manner* 


For example, suppose the reading of the cadmium 
to the positive (4) plate (Fig. 11) is 42.05 volts, 
and the cadmium reading for the negative plate 
(Fig. 12) is 40.25 volts. The difference 'would be: 
2.05—0.25 = 1.80 volts, or 1,8 volts, which is the 
voltage of a discharged cell in good condition and 
the voltage the cell should test if the voltmeter is 
placed on the cell terminals. 

If the negative gives a reading between (0) and 
4-0.175, but less than 40.175, they are not dis¬ 
charging properly. 

If the reading to the negative group is greater than 
-|-0.25 volt, it is probable that the negative group is 
defective. 

What to Do If Cadmium Tests Show 
Defective Plates 

Usually, when the cadmium tests show that either 
positive or negative plates are not taking a charge 

satisfactorily, it is only necessary to continue the 
charge until the proper readings are obtained. 

If the specific gravity of the cell is not from 1.270 
to 1.300 when the cadmitun tests show that l^th 
positives and negatives are fully charged, some of 
the electrolyte should be removed and replaced by 
pure distilled water, or by 1.400 specific gravity 
electrolyte, as the case may require. 

If the specific-gravity reading is too high, add 
the distilled water. 

If the specific-gravity reading is too low, the 1.400 
specific gravity electrolyte should be added until the' 
gravity is from 1.270 to 1.300. 
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Should the specific mvity reading indicate that 
a cell is fully charged, that is, if the hydrometer tests 
give readings from 1.270 to 1.300, but the cadmium 
tests indicate that both sets of plates are not fully 
charged, continue the charge to see if the proper 
cadmium readings can be obtained. 

If it is impossible to obtain the proper cadmium 
readinip;s on one or both sets of plates, these plates 
are defective. 

If the operation of the battery on discharge is 
satisfactory, the only effect of the defective plates 
will be to cause the battery to lose its charge more 
quickly than normal, and thus require frequent 
charging. 

If the operation of the battery on discharge is not 
satisfactory, however, the battery should be opened, 
and defective plates repaired, or new plates put in. 

Example of Cadmium Test-Readings 
of a Battery 

The following table furnished by American Bureau 
of Engineering (Ambu) gives the voltmeter and 
cadmium readings taken at hourly intervals on a 
battery during the time when it was being charged 
at a normal rate. A healthy battery should not de¬ 
part widely from these readings. 




Reading 

Reading. 



positive 

negative 

Hours 

Reading 

pole 

pole 

on 

across 

ta cad* 

to cad- 

charge 

celt^olts 

mlum-votts 

tnium-voltg 

0 .. 

.... 2.10 

2.2& 

-f-.lS 

1 .. 

.... 2.17 

2.27 

H-.IO 

2 .. 

.... 2.10 

2.28 

4^.09 

8 .. 

.... 2.21 

2.29 

f .08 

4 .. 

.... 2.23 

2.31 

4- .08 

8 .. 

.... 2.24 

2.32 

-4- .08 

6 .. 

.... 2.25 

2.33 

-♦-,08 

7 .. 

.... 2.30 

2.35 


S .. 

.... 2.48 

2.43 

— .05 

V .. 

.... 2,60 

2.60 

*^.10 


(+) in front of the figures means that the reading is on the 
right or (+) side of “0” of voltmeter. 

(—) in front of figures means the reading is on the left-or (—) 
side of “0” of voltmeter. 

Whether the cadmium readings should be added to or sub¬ 
tracted from each other depends entirely on the question 
whether the negatives give a positive (-{-) (to the right of 0), 
or negative (—) reading (to the left of 0). 

Tf they give a positiye ( + ) reading, the cell voltage is the 
difference between the readings, while if a negative (—) read¬ 
ing is obtained, the cell voltage is the sum of the readings. 

With a battery on charge, the negatives will give a negative 
(—) reading as they approach a state of charge. 

While the cell is still in a discharged condition, the negatives 
will give a positive (-f) reading, even though the cell is being 
charged. 

If a charged battery is put on discharge, the negatives will 
give a negative (—) c^miuin reading until the cell approaches 


a discharged condition, and will then give a jKxntive (+) 
reading. 

Note that we have previously stated that when a cell was 
fully charged the voltage of cell should be 2.5 to 2.6, measured 
while the cell is on charge. 

In the table above, the battery was put on the charging circuit 
when the voltage of the cell was 2.10 (or 2.1) volts, as shown, 
which practically represents a fully discharged condition, as the 
voltage was measured while the cell was on charge. If the 
ceil voltage were measured on discharge, it would be about 1.8 
volts. Therefore, when the positive plate reading was made, it 
showed 2.25 volts, and thus positive plates are practically in 
a discharged condition. The negative plate readings showed 
-f .15, meaning that the needle moved to the ric^t or to the 
(+) side Qf zero, which it should do if the negative plate is dis¬ 
charged. 

Whenever the needle of the voltmeter moves to the right or 
the (4-) side of (0), when making a negative plate test, then 
the plate is not charged; and by subtracting the negative read¬ 
ings from the positive readings, the difference will be that of 
the cell voltage. 

For instance, note the first line of the table: The positive 
plates read 4-2.25 volts and the negative 4-15 volts. The 
difference between -f2.25 and 4*15«2.10, which is the cell 
voltage. 

Whenever the needle of the voltmeter moves to the left, or 
(—) side of (0), in making a negative plate test, then we know 
the negative plate is either near charge, or charged, and by 
adding the negative readings to the positive readings, the sum 
should be that of the cell voltage. 

For instance, refer cnce again to the table, and note the line 
where the battery has been on charge for 8 hours. The positive 
plates read 2.48 and the negative —.05, meaning that the 
ncedte of the meter is now reading to the left of (0). Therefore 
by adiling 2 43 and .05 = 2.48, we have the actual voltage of cell. 

After 9 hours, the positive plates read 2.50 and the negative 
plates —.10. Therefore, by adding 2.50 and .10 = 2.60 (or 
2.6), we get the true voltage of the cell. The plates and cell are 
fully charged. 

Pointers to Remember When Making 
Cadmium Tests 

(seo also pages 547, 548) 

1. Remember that current must be passing through the battery 
when you make the cadmium tests. 

2. The temperature of the electrolyte should be about 70® F. 
when cadmium tests are made, if accurate results are desired. 

3. Do not send out a new battery unless the hydrometer read¬ 
ings arc from 1.270 to 1.3(X), until the positive-to-cadmiurn 
tests give at lea.st 2.40 volts, and the ncgative-to-cadmium 
tests give about 0,175 volts. 

4. Do not scrape off the coating of sulphate which forms on the 

cadmium (see page 648). 

5. Do not allow the cadmium to become dry after you have 
made te.st3 with it. Keep the cadmium immersed in a glass 
of i>ure distdled water or diluted electrolyte. 

6. Be sure to get good contact when you hold the sticker on the 
battery terminal. Bear down on the handle so that the 
point of the sticker digs down into the terminal. 

7. If both positive-to-cadmium and negative-to-cadmium read¬ 
ings are verv nearly zero, the cell is short-circuited and must 
be inspected for excessive sediment, or defective separators. 

8. The end of the cadmium rod must not be allowed to touch 
the tops of either set of plates, as this would give worthless 
readings. 

9. Cadmium readings taken immediately after battery is put 
on the line are not reliable. Leave battery on the line at 
least one half-hour before taking rea^ngs. 


HIGH-RATE DISCHARGE TESTS 


When an owner wishes his battery tested or re¬ 
charged, the service station must determine its 
conmtion as quickly as possible. If any trouble is 
indicated, requiring the battep^ to be opened, this 
may be done while the owner is present. 

When the voltage of all cells at a hi^ rate of dis¬ 
charge is uniform, the cells are usually in normal 
condition. Thu may be determined by several tests 
differing with the apparatus used, the test being 
of value only when ^e battery is at least partly 
c^ged. A oattery discharged flat may show a wide 
variation; even when all cells are in good condition, as 
the cells may not all run down at the same instant. 

High-rate discharge tests to determine uniform¬ 
ity between cells are enumerated below* 

1. Variable resistance test: Connect the battery to 


a variable resistance^ and adjust the current to 
25 amperes per positive plate. Test the indi- 
yidual cells ydth a voltmeter, and if the difference 
in two readings is much as one-tenth volt, the 
low cell should be inspected for trouble, ana the 
battery should not be accepted for recharging. 


2. Fixed resistance test: Discharge each cell through 
a resistance of ,01 ohm, testing the cell voltage 
simultaneously. If there is a difference of one- 
tenth volt or more in any two readings, inspect 
the low cell for trouble. (The high-rate cell-tester, 
page 554, is an example of the apparatus required 
tor making this test.) 
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The high-rate discharge test is no doubt the most 
reliable for all practical purposes, as it more closely 
approximates the actual operating conditions that 
the battery encounters in service, and it is safe to 
assume that if it holds up under a high discharge 
test, it will perform satisfactorily in the average 
automobile. 

The Iligh-Rate Discharge Test (From 
Exide Manual) 

The high-rate discharge test is a valuable aid in 
determining quickly whether batteries or individual 
cells require repairs or not, particularly in cases 
where the hydrometer readings give false indications 
as explained below; but it must be used in conjunc¬ 
tion with hydrometer readings. 

For instance: if acid was added instead of water, it would 
have Btrengthened the solution, and a hydrometer reading 
might incorrectly indicate tho battery to be fully charged. A 
low indication would be shown if the solution luid beeji spilled 
and fipillage replaced with water. The way to conect false 
indications of nvdrometer readings is to give the batferv a 
charge until hydrometer readings will go no higher, and then 
adjust the strength of the solution to the proper value. (See 
page 536 for instructions for adj\isting gravity.) 

It may be used to test both incoming and out¬ 
going batteries, and the method of using it depends 
upon whether the battery is coming in or going out. 

In either case, the test consists of discharging the 
battery at a fairly high rate and taking the voltage 
reading of each cell while discharging. 

A suitable current rate for this test is approxi¬ 
mately 25 amperes for each positive plate for the 

usual t 3 rpes of automobile starting and lighting 
batteries (or twenty-five times the ‘^charge rate” 
shown in the Exide rating table, page 574). For ex¬ 
ample, take an Exide 3-XC-13 battery, which has 
13 plates per cell (7 negative and 6 positive plates^ 
The required amperage discharge would be G x 25 = 
150 amperes, which would be the approximate dis¬ 
charge rate of the entire battery. 

Hold the current for about 15 seconds, and then 
take the individual cell voltage readings. 

Test for Battery Coming in for Charging 
or Repairs (Incoming Batteries) 

First take a hydrometer reading of each cell. 

If the readings are within 50 points of each other, 

most likely all the battery needs is a charge, with a 
possible adjustment of the gravity. 

If the reading of one cell differs from the others by 
50 points or more, make the discharge test, and if 
the voltage readings are within 0.10 (.1) volt of each 
other, the battery needs a char^ with an adjust¬ 
ment of the strength of the solution, or else replace¬ 
ment of a leaky jar. 

If the voltage readings differ by 0.10 volt, and the 
battery is pretty well charged, there is something 
internally wionp with the cell naving the low read¬ 
ing, provided it has not been short-circuited in 
service. It should be opened and examined. 

With a disdiarged battery, the difference in voltage 
will be neater, depending on the extent of discharge, 
and only experience can guide the battery man in 
cowing correct conclusions. 


Test for a Battery after Charging and When 
Ready for Service (Outgoing Batteries) 

Just before putting the battery into service, make 
the test as a check on the internal condition, par¬ 
ticularly if the battery has been repaired or has stood 
for some time since feeing charged. (It is assumed 
that the battery has the strength of solution properly 
adjusted.) The battery shotUd not show more than 
O.IO volt difference between any two cells, and no 
cell should read less than 1.75 volts. 

If every cell reads below 1.75, it is probable that 
the battery is not completely charged. 

If one cell is more than O.K) volt lower than the 
rest, that cell still needs attention. 

Suitable commercial apparatus is on the market 
for making the liigh-rato discharge test, as mentioned 
on ])age 545. 


High-Rate Discharge Test; Variable Resistance 

As an example, the Allen Bradley variable 
resistance high-rate discharge test set is used. 

The t 3 rpe L-2502 set shown in illustration (Fig. 18) 
is a portable testing unit consisting of a variable 
resistor, ammeter, voltnuiter, voltage prong tester, 
and flexible cords. 



The resistor or rheostat consists of a steel tube (Fia. 19) 
lined with a ceramic insulation coating and provided with a 
terminal plug at one end. The tube is filled with scientifically 
prepared graphite disks, (Fig. 19) and the open end of tho tube 
18 closed with a pre.ssure plug or terminal attached to the 
threaded Btem of the pressure knob. These various parts 
which make up the Bradley unit Resistor are shown in Fig. 18 



iuc u«ii.ery curreni 
flows from the positive 
e batl 


terminal of the battery 
to the ammeter and 
then to the fixed ter?ni- 
nal in the steel tube 
It then flows through 
the column of disks to 
the other terminal and 
back to the battery. 
The amount of current 
flowing can be regulated 
by turning the pressure 
knob which applies or 
relieves pressure on the 
, , X. .. .. ... graphite disks, and this 

raises or lowers the battery discharge current. (As the pressure 
18 mcre^d, the resistance is less, because better contact is 
made; therefore the discharge will be greater.) 


The manufacturers claim that this is the most reliable test 
knoira, and la far superior to the single-ceU test, and that 
reliable battery manufacturers agree that the best method of 
testing a storage battery is to discharge all cells in series at the 
s^e moment and observe the voltage reading of each cell 
while the battery is being discharged at a hii^ rate. 


s From printed matter issued by Allen Bradley Co. 
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Allen-Bradley Battery Test Chart' 

As a further help to the service man, the Allen- 
Bradley Test Chart was developed in co-operation 
with some of the leading storage-battery manu¬ 
facturers. This chart is a wall hanger, 14" x 31". 
printed in two colors on heavy calendar stock, ancl 
IS intended to be hung in a conspicuous place near 
the test set. This chart used in connection with 
the test set will assist in diagnosing battery troubles 
accurately and quickly. 

The wording on the copyrighted Allen-Bradley 
test chart is given as follows: 

Incoming batteries: Should be tested, in the 
presence ofyour customer, if there is any possibility 
of internal battery trouble. 

This high-rate discharge test shows the condition 
the plates, separators, connectors, etc., and it also 
reveals the presence of internal short-circuits, due 
to the accumulation of sediment under the plates. 

This high-rate discharge test will also check the 
condition of charge of each cell, as indicated by the 
hydrometer reading, and show if the various cells 
of the battery have been discharged equally. . 

Avoids the delay and expense resulting from an 
attempt to charge a defective battery. 

Outgoing batteries: Should be tested, thoroughly, 
before they are returned to the customer to avoid 
any possibility of sending out a defective battery 
from the repair department. 

This high-rat(* discharge teat will reveal loose and 
poorly burned connectors, internal short-circuits* 
and a separator which may have been damaged or 
omitted. 

It also is highly desirable to compare the condition 
of charge, as indicated by the hydrometer readings, 
with the condition indicated by the high-rate dis¬ 
charge test, and thus determine if the electrolyte is 
of proper density before returning the battery to the 
customer. This test is a (jomplete check on your work. 

How to make the Allen-Bradley high-rate dis¬ 
charge test: Turn the pressure knob of the test set 
(sec Fig. 18) as far as it will go to the left, and then 
connect the two test clips to the outer battery 
terminals. Gradually turn the pressure knob to the 
right until the ammeter indicates the correct dis¬ 
charge rate, and if the current varies during the test, 
the pressure knob should be turned slightly to 
maintain a steady discharge rate. Be sure to re¬ 
move the vent caps from the battery. 

The discharge rate should be about 26 amperes 
er positive plate of one cell. For instance, a 
attery consisting of 13-plate cells would be dis¬ 
charged at a rate of 6 times 25, or 150 amperes, irre¬ 
spective of the number of cells. Never discharge one 
cell at a time, but always all cells in series. 

Read the voltage of each cell after the battery has 
been discharging for about 16 seconds, being sure 
to maintain a constant discharge rate during the 
voltmeter tests. A fully charged battery, in good 
condition, will maintain a cell voltage above 1.75 
volts, when under test; the variation in voltage be¬ 
tween cells will not exceed 1/lOth volt, and the cell 
voltage will remain steady during the test. Indica¬ 
tions of battery trouble are shown below: 

Diagnosis of Tests 

1. Charged cell: If cell voltage is relatively high 

during the high-rate discharge test (usually above 

1.75 volts), and if the hydrometer reading is more 

than 1.2()0. 


^ Copyrigbt<#‘'1 by Allen-Bradley Co., 1924. 




The cell is in good condition, and the exact state 
of charge should be determinea with a hydrometer. 
If the other cells are in equally good condition 
and if inter-cell connectors are tight, the trouble, 
if any exists, is outside of the battery. 

2. Dischar|;ed cell: If the cell voltage is relatively 
low during the high-rate discharge test (usuahy 
below 1.75 volts), and if the hydrometer reading 
is less than 1.200. 

The cell probably is discharged and requires 
a regular bench charge. If, after a careful 
charge, the voltage still drops, internal trouble 
exists. If only one cell gives this indication, it 
should be charged independently of the other 
cells of the battery. 

3. High gravity: If the cell voltage is relatively low 
during the high-rate discharge test (usually below 

1.75 volts), and if the hydrometer reading is more 
than 1.200. 

Internal trouble may exist, to be located by 
other tests, or the condition of charge is lower 
than indicated by hydrometer, because electro¬ 
lyte is high in acid. Charge the cell, re-test, and 
if correct, lower the density of the electrolyte in 
a separate vessel. 

4. Low gravity: If cell voltage is relatively high dur 
ing the high-rate discharge test (usually above 

1.75 volts), and if the hydrometer reading is lesv 
than 1.200. 

The condition of charge is higher than indicaby) 
by the hydrometer, because the electrolyte is lo^v 
in acid. Loss may be due to sloppage or a cracke-l 
jar. If the jar is not cracked, charge the batter/ 
and raise the density of the electrolyte in separate 
vessel. 

5. Reversed cell: If the polarity of any cell is re¬ 
versed, as indicated by the reversal of a voltage 
reading during the high-rate discharge test. 

The cell may be completely discharged, owing 
to neglect of battery or to internal trouble. If, 
after a careful charge, polarity still reverses under 
test, the cell must be opened for inspection of 
plates^ separators, or removal of sediment. A 
cell with polarity reversed will foam when given 
the high-rate discharge test. 

6. Loose connector: If the inter-cell connectors of a 
battery heat up during the high-rate discharge 
test after an interval of about fifteen seconds. 

The inter-oell connectors were not properly 
burned when the battery was assembled or re¬ 
paired. The defective joints between connectors 
and posts should be located by finding the warm 
spots in the connectors. The defective joints 
should be reburned carefully. 

7. Unlike voltages: If the voltage of a cell during 
the high-rate discharge test is more than 1/lOtn 
volt below other cells, or if the voltage falls during 
the test. 

Internal trouble exists, provided the inter-cell 
connectors are properly burned, and if the test 
is made after the battery has been fully charged. 
Such a cell must be opened for inspection. This 
test should not be made on a discharged battery. 

Note: The ElectroWte table and other tables which appear 
on the Allen-Bradley Chart are not shown here. 

The Hvdrometer Test: The density (specific gravity) for all 
cells of a Dattery, as indicated by a hvdrometer, should rise and 
fall together during charge and discharge. The variation be¬ 
tween cells should not exceed fifty points on the hydrometer. 

The loss of electrolyte from sloppage or Through a cracked 
jar will cause a lowering of density of the electrolyte in Chat cell, 
due to the addition of water. Low density may abo be an 
inchcation of defective plates. (See page 531, relative to test' 
ing battery with hydrometer.) 
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Low-Rate or Capacity Test 

The high-rate discharge tester can also be used 
as a rheostat to discharge batteries at a low rate for 
a capacity test, but in order to avoid overheating 
the apparatus, guard against any discharges greater 
than those shown in the table below headed ‘^Com¬ 
plete Discharge^^ and ^‘20-Minute Discharge.^* 


COMPLETE DISCHARGE 

20 MINUTE DISCHARGE 

6 volt battery 75 amp 

12 volt battery 37 amp 

18 volt battery 25 amp, 

24 volt battery 19 amp 

6 volt battery 150 amp 
12 voh battery 75 amp 
18 volt battery SO amp 
24 volt battery J7 amp 


Battery-Cell Tester* 

High-Rate Discharge Test; Fixed Resistance 

To ascertain the actual condition of a storage 
battery of the automotive type, it is desirable to test 
the voltage of each cell of the battery while a rela¬ 
tively heavy discharge current is flowing. A com¬ 
parison is then made of one cell with another. If 
it is found that one cell is weak and others are strong, 
then the weak one is a detriment to the others and 
should be detached and repaired. 


Fig. 20. Heavy discharge battery-cell tester with voltmeter 
separate. 

Fig. 21. Heavy discharge battery-cell tfjster with low- 
reading voltmeter, having a range of 3-0-3 volts. 


To use the tester, press points of prod into cell 
terminals with sufficient force so that reading of volt¬ 
meter does not increase if further pressure is applied. 
This will cause a very heavy current to flow in metal 
conducting strips, approximately equal in amount 
to that taken by a starting mo tor.‘ 

Test each cell, one at a time, and note the reading 
obtained on each one. 

For a battery which is not defective, the readings 
should be very nearly the same on all of the cells. 

When the reading on a cell differs by 0.1 volt or 
more from the reading on another cell of the bat¬ 
tery, the one giving the lower reading should be 
carefully examined for defects.^ 

If no reading is indicated, then that cell is in bad 
condition. 

If the reading of one cell is like that of the others 
at first, but then drops appreciably, the indication is 
that the cell is short-circuited. 

This test will tell the work that a cell of a battery 
will do, and this work is proportional to the voltage 
maintained across the cell wnile it is under a heavy 
discharge. 

The resistance of the conducting strip between the 
legs of ffie prod is very closely equal to 0.01 ohm. 
It is designed to carry 200 amperes at a potential of 
2 volts. 

The actual current taken from the cells when 
making these tests will vary with the capacity and 
condition of the battery. Its approximate value can 
be obtained by multiplying the voltmeter reading by 
100. For example, if the voltmeter reading is 1.8, 
the approximate current passing through the con¬ 
ducting strip will be 180 amperes. 

The passing of current through the conducting strip will cause 
the strip to heat, but this in no way affects the operation or 
reliability of the outfit. It is well, however, to keep the tester 
across the cell only long enough to procure the desired reading, 
as prolonged discharging of tiio battery at the high rate of cur¬ 
rent flow may harm an otherwise good battery. 
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A high-rate discharge test is usually sufficient. If a battery 
will stand a discharge of 25 amperes per positive plate forlS 
seconds, it will likely give ite capacity at a lower rate of die- 
charge. 

A high-rate discharge test of a battery does not always mean 
testing for capacity. It may mean simplv finding out how the 
voltage of a battery stands up at a high-rate discharge, and 
this discharge is not carried on until the battery is fully dis- 
oharaed as in a capacity test. In fact, a battery might have 
harcTplates and give a fairly satisfactory high-rate discharge 
test for a few seconds, and yet fall down on a capacity test. 
Usually the high-rate discharge test determines the voltage 
ability of a battery under a high discharge, thereby indicating 
the condition of the plates and separators (that is, how porous 
they are in permitting rapid circulation or diffusion of the acid 
into the plates during the discharge.) 

A capacity test is a test to determine the ampere hours a 
battery is capable of delivering at a certain rate of discharge. 
For example, page 674 gives the “lighting capacity” in ampere 
hours of a battery when discharged continuously for 20 hours 
at the rate specific in the table to a final voltage of not less than 
1.76 per cell at a temperature of 80“ F. The “starting capac¬ 
ity*' 18 a discharge for 20 minutes at a higher rate until a final 
voltage of 1.5 volts per ceil is reached.* 

Hard plates: When any cell shows less than 1.75 volts on a 
high-rate discharge test, and the hydrometer test is below 1.200 
sp. gr., the cell is either discharged or defective. Charge the 
battery carefully and test again. If the voltage still drops be¬ 
low 1.75 in any cell and the gravity of that cell came up on 
charge to 1.275 or 1..300, either the trouble is due to separators 
whose pores are clogged up, or which have never been properly 
treated to make them porous, or it is due to the plates them¬ 
selves being too hard. This is a condition sometimes found in 
poorly constructed batteries. 

When the plates are too hard, they nuiv be softened by charg¬ 
ing and discharging the cell five or six times. If this docs not 
improve the capacity so that the cell stands up under test, the 
cell should be opened and the separators changed. 

If, however, the gravity of the cell does not come up on charge 
to 1.275 or 1.300, and the cell does not stand up to 1.75 volts on 
testing after charging, the cell should be openM at once, as it is 
deiective internally. 

The standing test of a battery is snother test sometimes 
When oustomecs oomplam that the battery will not 


stand up, and where other tests have been made and indications 
are that the battery is in good condition, here is a test which can 
be tried, as follows: 

The battery should be left standing for a 24- or 48-hour period 
after being fully charged, and the gravity should be checked 
before the test and immediately after. Any large discrepancy 
in gravity readings would indicate that the battery is discharg¬ 
ing itself owing to local action generally caused by sulphated 
negatives or poor insulation. 

The only remedy of a condition of this kind is to try first a 
water charge, dumping all tho acid from the cells, replacing with 
water, and charging for 24- or a 48-hour period, dumping again, 
and refilling with the proper density of acids. If this fails to 
improve the condition of the negative plates, a negative group 
renewal or a new battery are the only alternatives. 

Lamp resistance; For low discharge rates^ a bank of auto¬ 
mobile lamps can be easily made. Bix- and twelve-volt lamps 
in sizes from 3 to 32 c.p. are available ^d can be arranged In 
combinations of different sizes in series or series-parallel con¬ 
nection to provide the proper discharge rate. See pages 565, 
567, 585 for resistance units and battery testers. 


1 See page 585, and footnote 2, page 555, for concerns who 
supply battery-cell testers, low-reading voltmeters, and com¬ 
plete battery testing equipment. See also page 600 under 
'‘Testing Instruments,” "Battery,” "Re-Wiring,” and "Wire 
(Cable) for instructive literature. 

• Another method to check the voltage of each cell with an 

accurate low reading voltmeter while a heavy discharge of cur¬ 
rent is flowing, is to operate the starter with ignition turned off 
so that the engine is being cranked. This will discharge the 
battery between approximately 100 to 200 amperes. The 
battery should, however, be discharged at a rate according to 
the number of plates in a battery. Many of the modern battery 
testers have adjustments provided so that this is possible. 
Some of the Manuals mentioned under "Battery” (page 6^) 
will more fully explain. * 

• The ratings and specifications on page 574 havd been 
changed. Some of the Monuala mentionea Under "Baited* 
on page 690 give later S.A.E. ratings. 

• If sulphated it may be^brought up, if not badly sulphated^ 
by charging and disc h a rgin g at a low rate. See page 575, 
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Battery Testers^ 

Btttery service station tester: The latest developments in 
battery-testing equipment is a device for quickly determining 
the internal condition of batteries without having to open them 
up. It usually consists of a carbon-pile variable resiator type 
rheoatcU^ which can be adjusted so that a discharge rate can 
be given according to the number of plates or battery size, and 
specially designedf voltmeters and ammeters combined in one 
unit. The actual operation and analysis vary with the dififer- 
ent electrical testers. ^ 

A high-rate discharge test with this type of teeter is usually 
conclusive proof of the condition of the battery itself. If the 
test shows the battery in good condition, then the battery can 
be eliminated, and otner units can then be tested, such as the 
generator, ground circuit, etc., until the cause is located. 

Low-reading voltmeter for testing battery and cable: This 
particular type of voltmeter (see Fig. 2, page M5), with a low- 
reading scale, calibrated 0 to 3 volts, with each division to .1 of a 
volt, is especially suitable for testing the condition and per¬ 
formance of battery cells while on the car.* It is also suitable 
for testing voltage orop* between the battery and starter switch, 
battery and ground strap, and lighting circuit while current 
is flowing. It will also teat the cells of a battery while being 
oharged. 

How it is used for testing individual cells on open circuit, 
also voltage of cells with current flowing, is explained on pages 
^6, 647. Instead, however, of a resistor being used, as shown 
in Fig. 5A, page 647, the starter can be operated with the igni¬ 
tion switch “off.” This will discharge the battery between 
100 to 200 amperes, and, if battery is tested under this load, 
it will determine its condition and performance under actual 
operating conditions.* 

Other tests which can be made are the lighting circuit,^ ad¬ 
justment of relays, and regulators on generators, etc. 

Hydrometer:® In addition to battery-testing instruments 
previously discussed, a good hydrometer is very necessary. 

Thermometers:®*7 Refer to page 532 and note how tempera¬ 
ture affects hydrometer specific gravity readings of the electro¬ 
lyte. It is therefore nece.ssary to correct specific gravity readings 
if temperatures are other than the standard temperature at 
which the hydrometer float is calibrated. Some hydrometer 
floats are calibrated 60®, 70® (see p. 533), and some to 80® F. 
as a standard temperature for making hydrometer speHfic- 
gravity readings. The following applies to 80^ as standard. 
If the temperature of the battery is more or less than 80® F., 
corrections must be made in the readings. For each 5 degrees 
the temperature is above 80® F. 2 points should be added to the 
reading. Example: Temperature of battery 100® F., gravity 
reading on hydrometer 1.260. Add 8 points to reading (2 for 
each 6 degrees), and the actual gravity of battery is 1.268, 
although the hydrometer reads 1.260. Likewise, for each 5 
degrees the temperature of the battery is below 80® F., deduct 
2 points. Example: Temperature 20® F., gravity reading 
1.240. Deduct 24 points from the hydrometer reading, and 
the actual gravity of the battery is only 1.216, which means 
that, particularly in winter, the battery needs a recharge. 
Temperature should be taken by inserting thermometer into cell 
of battery.® 

The thermometer is also used to tost the temperature of the 
electrolyte while battery is being charged. The temperature 
should never exceed 110® F. (see page 675), 

Diagnosing Battery Troubles® 

Testing of batteries will be of little value unless one knows 
how to diagnose the findings of the tests. As an example, if a 
battery becomes discharged, it is generally due to; (1) more 
current being used than is put into the battery by the generator; 
(2) will not hold a charge; (3) not properly maintained— 
neglected. 

(I) May he due to the battery not having sufficient capacity, 
that is, enough area and weight of active plate material and 
quantity of electrolyte. The drain and demand on a low- 
oapaoity battery by additional accessories, such as radios, 
heater, fans, eto., may tax the capacity of the battery. A 
greater generator chargi^ rate may not be sufficiont to keep 
the battery oharged. Generator may not have sufficient 
capacity, or the brushes may be worn out, or commutator may 
need attention. The engine may be stiff, especially in cold 
weather, when the oil is congealed, requiring additional current 
for the starter.^® The ground strap and battery cable may be 
loose or corroded, adding additional resistance. Wiring defects 
such as grounds will slowly discharge the battery. In this in- 
st&nce the car ammeter would likely show a constant discharge. 
Any condition that causes poor starting such as defective spark 
pluin, ignition, carburetion, or a poor Quality of gasoline will 
reemt in excessive, cranking which runs down the battery. 

(;9) May be due to sulphatod plates, or active material may 
have fallen off of the plates and formed sediment in the bottom 
of the cells and thus short-circuited the plates. Worn out* 
due to old age. Overcharging, freesing, etc. 

(5) May be due to low water level, or freezing, eto. 

First see if a recharge is necessary^ by taking a specific-gravity 
and voltaj» reading of the battery. If battery takes a charge 
satisfactory and the gravity and voltage is umform in all oeUa, 
it is an indication that the battery is in good condition. 


If battery doea not take a charge saHsfactorUy, or if there Is a 
substantial difference in the specific mvity and voltage reading 
between cells, then the battery should be given a high-rate dis¬ 
charge test to determine its internal condition. 

If battery takes a charge satisfactorily but does not hold ihe 
charge in service for any length of time, then see if the generator 
output should be increased, or if already increased, then check 
to see if there is an excessive drain upon battery. Maybe it will 
be necessary to occasionally charge the battery with a small 
charger while battery is in car, to keep it in good condition. 

A battery can also suffer from overcharging, and dually this is 
indicated by excessive use of water. For example, if battery 
is under capacity and generator charging rate is set high, battery 
will suffer from overcharging, and generator charging rate 
should be reduced (if there are no leaks). 

There is less drain on a battery in summer; therefore the ch^^ 
ing rate can be reduced, and increased in the winter. This is 
taken care of automatically on some generators with the proper 
voltage and current regulators. 

Battery Chargers 

The bulb-type rectifier of the half-wave or full-wave type and 
the motor-generator are in general use. See footnote, page 679, 
for manufacturers of motor-generators, and pages 685, 670 for 
bulb-typo battery chargers. Write for literature. A half-wave 
rectifier allows just ono-half of the alternation to pass into the 
charging circuit, and the other half is not drawn from the line 
at all. It uses one 6-atnpere rectifier bulb. A fuU-wave recti¬ 
fier us<^ the two sides of the alternating current wave and em¬ 
ploys two 6-ampcre rectifier bulbs. See also pp. 668-670, 579. 

Engine Tune-Up Equipment 

Testing equipment for tuning-up engine should be included 
in the battery service shop. Oftentimes the battery man is called 
upon to diagnose and rem^y carburetor, fuel pump, and ignition 
troubles See page 690 under “Testing Instrumente,” “Ignition 
Timing Lights,” “Battery,” and “Exhaust Gas Analyzers,” eto. 
See also. Addenda, page 43, “Carburetor Testers.” 

1 See page 585, and page 690 under “Battery,” for concerns 
who supply modern battery-testing equipment, 

*The first test of a battery is usually that of the specific 
gravity, then the voltage of the entire battery. This last-men¬ 
tioned test will require an additional scale of a higher reading 
than 0 to 3 volte. Voltmeters with two scales, 0 to 3 volte, 
and 0 to 9 volte or higher, can be obtained of the following con¬ 
cerns: Allen Electric and Equipment Co., Kalamazoo, Mich.; 
Burton-Rogers Co., Sales Div., Hoyt I^lectrical Inst. Works, 
857 Boylston St., Boston, Mass.; General Electric Co., Ap¬ 
pliance and Merchandise Dept., 1285 Boston Ave., Bridgeport, 
Conn.; Joseph Weidenhoff, Inc., 4349-68 Roosevelt llcT, Chi¬ 
cago, Ill.; The Electric Ilcat Control Co., Cleveland, Ohio. 

® See page 425 for meaning of "voltage drop” (also p^e 542 
for voltage drop of a battery cell). Quoting from Packard 
Electric literature, Copper Nerves: “Cable too small in gauge 
size for the load (lamps, starter and other equipment) will cause 
a drop in the battery voltage delivered to suen equipment. A 
10 per cent drop in battery voltage to the lamps will result in a 
30 per cent drop in candlepower. This means that if there are 
6 volte at the battery ana, due to undersize cable, ad^tional 
equipment, or a long run, the voltage at the headlamps is 6.4, 
a 32-candlepower lamp will deliver only 22.4 actual c.p.” 

* When testing while starter is in operation, the needle will 
probably move. This is due to piston going over the compres¬ 
sion point, greatest load period. Take lowest voltage reading. 

® Headlight relays are installed to overcome voltage drop. 
This subject is explained in booklet. Copper Nerves—The Certi¬ 
fied Re-wiring Manual. All these teste as well as other valuable 
information is contained in this booklet. See page 690 under 
“Re-wiring.” Horn relays are used for the same purpose. 

® A hydrometer and thermometer combined can be obtained 
of E. Edelmann & Co., 2332-66 Logan Blvd., Chicago, Ill. 

7 Other equipment for servicing the battery in the car are: 
a battery service kit, sometimes termed a “battery servicer.” 
It contains such as glass bottles for distilled water, self-leveling 
battery filler or syringe, hydrometer, seal tester, battery pliers, 
terminal nut wrench, holdown nut wrench, terminal puller ana 
spreader, clamp lifter, shims fur posts, terminal grease, and one 
snort and one long battery carrier, eto. See also pp. 680, 584. 
Keep batteries fully charged; fill to the correct level but don*t 
overfill (it will work out and cause corrosion); tighten firmly in 
batterybox; keep connections clean and tight. See p. 662. 

8 Excerpts from the Edison Complete Manual of Technical 
Information published by Thomas A. Edison, Inc., Emark 
Battery Division, Kearny, N.J. See page 690 under “Battery.” 

8 See also p. 556. 

1 ® A starter current indicator will measure (within about 60 
amperes in 400), the ^proximate amount of current drawn by 
the starting motor. It is placed over the starter cable. The 
current to oe measured acts on the meter by induction of the 
magnetic field. Calibrated 400K)-400. Battery discharge can be 
tested in the same way. Write Burton-Rogers Co., Sales Div., 
Hoyt Electrical Inst. Works, 857 Boylston St., Boston, Mass, 
(also ask for lit^ture on Hoyt low-reading voltmeters, eto.) 



INSTRUCTION No. 40 

A DIGEST OF STORAGE-BATTERY TROUBLES; EXTERNAL AND 
INTERNAL: Pointers; Care of a Storage Battery 


A DIGEST OF BATTERY 

Battery tnmbles can be classified under three 
headings: 

1. Failure of generator to charge battery. 

2. Battery will not hold charge. 

3. Battery voltage drops immediately after charg¬ 
ing. 

1. Indications of a generator not charging the 
battery can be observed on the ammeter, as ex¬ 
plained on page 471. 

The cause may be attributed to generator 
troubles, to defective cut-out (points not closing), to 
open circuits in the line, or to ground or terminal 
connections of the battery. Often poor connections 
at battery terminals and grounded wire will result 
in dim lights and weak current supply. Always 
clean battery terminals with a file when connecting 
the battery. Sulphated or corroded battery ter¬ 
minals are also a common cause of a battery not 
getting a full charge. 

For tests, see pages 482-489. 

2. Indications of the battery not holding its 
charge are: slow cranking of starting motor^ dim 
hchts when the battery supplies current; missing 
of ignition. 

Cause (a): The car is not nm enough in the day¬ 
time without lights, or at high enough speed for the 
generator to charge the battery and replace the 
current that is taken from it when the lamps are 
burning with the engine idle or running at very low 
speed. Or the car may be run mostly at low speeds. 

There is more trouble from discharged batteries 
in winter than in summer, owing to the fact that 
engines are usually more difficult to start and the 
battery is used more. Consequently the generator 
does not have an opportunity to put back the cur^t 
taken out—especially if the car is run more at night 
with the lights on. 

The engine crank is more difficult to turn over on 
cold days after standing a long while^ since the oil is 
heavy and congealed, and unvaponzed gasoline is 
present. 

The reason why a battery is less efficient in winter, or cold 
weather, is because the electrolyte becomes thicker or more 
dense: thus the diffusion or circulation of the electrolyte is 
retarded and the battery does not respond as quickly as when 
warm. In other words, if two liquids are added together, they 
will diffuse into each other much more rapidly at hi^er temper- 
atures than at lower. Just so, the higher gravity liquid from 
the body of the electrolyte will diffuse into the low-gravity 
liquid in the pores of the plates much more rapidly at higher 
temperatures. See page 529 for meanii^ of “diffusion,** and 
pages 544, 542, relative to meaning of “circulation.” 

Keeping battery charged: Keep the engine tuned 
up so that it starts on the second or third turn. This 
minimizes the amount of current used in starting, 
and, remember, this is very large. Be economical 
with lights. Use headlights only when absolutely 
necessary. Determine the car speed at which the 
cut-out reli^ makes connection with the battery, and 
operate the car as much as possible above this speed. 

If you drive much in a congested city district and 
stop your en^e many times, you will find that your 
battery can be kept more nearly charged by chang¬ 
ing gears in traffic whenever necessary, instead of 
trying to do it all on high gear. The reason for this 
is that by changing gears yon boost your engine 
speed so that the batteiy is charged, while if you 


TROUBLES (EXTERNAL) 

try to pull slowly on high you get down to a speed 
at which charging stops, because of the opening of 
the cut-out. 

Remedy: Have battery recharged from an out¬ 
side source. Use the starting crank as often as 
possible. Use the starting motor as little as pos¬ 
sible. Use dimmer lights instead of headlights^ thus 
saving on the current consumption. Provide a 
good “choker^^ or primer, which will start the enmne 
quickly. Throw clutch out when starting (see 
pages 563, 119). Use lighter body oil in the engine 
(consult car instruction book on tliis). 

Cause (b): The output of the generator may not 
be properly adjusted, as for instance, the third 
brush. Or the third brush, or the main brushes may 
not be seated properly. 

Cause (c): A ground in the car wiring: With the 
engine idle and all switches disconnect the 

battery wire and touch it lightly on the battery 
terminal a few times, as shown in Fig. 5, page 453. 
If there is a spark produced there is a ^ound in 
the wiring between the battery, the cut-out, and the 
generator. 

Remedy: See Index under ^‘Testing for ^ounds.^^ 
This may be done as follows: At night, or in a dark 
garage, turn on all the lamp switches, but remove 
the bulbs from the sockets and disconnect the bat¬ 
tery ground wire at the ground plate. Then strike 
the bare end or terminal of the ground wire against 
the ground plate; if sparks are noticed, there is a 
ground in the wiring, which should be looked for 
and removed. 

Cause (d); Cut-out is not operating properly. 

Examine the cut-out and see that it is properly con¬ 
necting and disconnecting the generator circuit (see 
page 351). The cut-out switch should be in the 
open position when the engine is not running, or 
should stay in the closed position when the engine 
is running above ‘‘cut-in speed.If the switch does 
not close, the windings may be defective, or there 
may be oil on the brushes or the commutator of the 
generator, or one of the brushes may be worn too 
short, or may not be seating properly. 

Cause (e): A constantly discharged batte^ can 
also be caused by an overload on the starting or 
lighting system. 

Quite often extra large lamps, or additional elec¬ 
trical devices, or a short circuit in the electric horn, 
will cause undue waste of current. Replace by 
lamps with a lower candle power and use the least 
number possible. Spotlights are handy, but con¬ 
sume current. Use the headlights. 

Cause (f): A constantly discharged battery, if 
not caused by lack of sufficient charmng current, 
or open or grounded circuits, is then to be attributed 
to internal troubles of the battery, such as weak 
electrolyte, water below the level of the plates, 
internal short circuits, defective separators, buckled 
lates, or connectors not properly welded to the 
attery plate posts. The battery jar may also be 
leaking. 

3. Indications of the battery voltage dropping 
immediately after charging are generally noticed 
by the starting motor turning over veiy slowly and 
the lights becoming unusuaUy dim. The voltage, 
even with a good battery, will drop probably to 1.8 
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volts wh^ about 200 atx^res are drawn from it for 
the starting motor, but if it drops to much less than 
this, when it is known to have just been fully 
charged, then the car trouble is probably internal. 

Causes: Internal short circuit of one or more cells; 

grounded starting switch; poor or loose connections 
at the battery terminals, ground connection or 
connectors; electrolyte below the level of the plates. 

Tests: The battery should be given a ^^high-rate 
discharge test.^’ 

If trouble should develop, as shown by the engine 
not cranking properly, li^ts burning dimly, or 
“missing” of the engine when the battery is used 
for ignition, look for the cause as indicated below. 

1. Make sure that all connections are tight and that 
all contacts are clean. 

2. Take a hydrometer reading of each cell. If the 
battery is found to be exhausted (gravity 1.150 
or thereabouts), give a special charge from an 
outside source. See that the electrol^e is above 
the level of the plates. 

3. If, after having been fully charged, the battery 
is soon exhausted again, there is trouble some¬ 
where else in the system, or the battery is defec¬ 
tive internally. In this case a ^'high-rate dis¬ 
charge test” and a “cadmium test’^ should be 
made. 

4. The wiring may have become grounded to the 
frame of the car, and cause a leakage of current 
which in time may completely discharge the bat¬ 
tery. 

5. If a broken jar or short-circuitea cell is indicated 
(gravity considerably lower than in other cells), 
have the battery repaired. 

When lamps bum dimly, turn on all the lamps 
and read the voltage with a low-reading portable 
voltmeter of each cell or of the battery (see pages 
545, 546, 483, 470). 

If the voltage per cell is 2 volts or thereabout, 
the trouble is in the connections. 

If cell voltage is low (1.8 volts or lower), the 
trouble is in the battery. 

When the lamps bum brightly, but the engine will 
not crank, notice when attempting to start the 
engine whether the lamps become very dim or go 
out; if they do, the trouble is in the battery. 

If they continue to bum brightly, the trouble is 
in the motor or motor circuit. 

Causes of a Battery Becoming Discharged 
through Lack of Care and Attention 

1. Frequent starts with but short runs. 

2. Insufficient input to the battery on account of 
short runs at low speed. 


3. Use of headlights while standing at the curb. 

4. Ignition switch left on the battery overnight. 

5. Unnecessarily high candle-power lamps, includ¬ 
ing spotlight. 

6. Lamps left burning overnight. 

7. Moving car in garage or elsewhere on the power 

from the battery. 

8. Prolon|;ed attempt to start in cold weather with¬ 
out priming and without warm water in the 
radiator. 

9. Prolonged attempt to start without investigating 
engine troubles, such aa: 

Poorly adjusted carburetor. 

Dirty or cracked spark plugs. 

Gummed and sticky valves. 

Carbon. 

10. Starting and lighting system: 

Worn generator brushes. 

Sticking of points in automatic cut-out. 

Loose belt (leather). 

Loose connections. 

11. Loose connections, generator, motor or battery 
terminals, fuse box, ground wire, switch or 
spark plugs. 

12. Grounds, due to loss of wire insulation through 
chafing. 

13. Corroded battery terminals. 

14. Infrequent testing and water filling of battery. 

Battery Box Acid-Soaked 

Grounds quite frequently result from old battery 
boxes which have become thoroughly soaked with 
acid, as a result of the covers not being sealed prop¬ 
erly, split covers, overfilling with water, or boiling 
when being charged at too high a rate. This acid 
" forms an electrical path between the terminals of the 
battery, through tne damp box to the metal frame 
on which it rests. 

A test can be made by disconnecting the terminals 
of the battery and connecting a voltmeter between 
one terminal and the metal frame. If there is any 
indication at all, examine the battery box and see 
if it is damp or soaked. 

Seo also, page 484 for testing with a 110-volt test- 
light. 

The remedy would be to place dry wood between 
the box and metal frame; clean the battery thor¬ 
oughly and paint it with acid-proof paint. 


DIGEST OF STORAGE-BATTERY TROUBLES (INTERNAL) 


Sulphation 

Indication: Gravity cannot be brought up by charging. 

Causes: Overdischarge; standing in discharged 
condition; raw acid added to replace evapora¬ 
tion; electrolyte level low; short circuits and 
grounds; local action. 

Remedy: Give a long 24-hour charge at a low rate. 
If this fails, replace the elements; oalance the elec- 
troly^ in eacn cell, and charge for a long period. 


Local Action 

Indication: Gravity will drop rapidly after a charge, 
owing to internal causes. 

Causes: Impurities in electrolyte; active materia) 
loose in grids. 

Remedy: Disassemble and wash the plates, and put 
in new separators and electrolyte. Put in new 
plates if the active material is loose. 
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Lack of Capacity 

Indication: Battery will not hold charge. 

Causes: Excessive use of lights or starter; external 
short circuit: local action; internal short cir¬ 
cuit; cracked jar; sulphation; clogged separa¬ 
tors; lotted separators; sediment. 

Remedy: Use lights and starter less. Dismantle, 
and clean out the sediment, and put in new plates 
and separators if necessaiy. and if the battery 
does not come up and hold the charge on as long, 
charge at a slow rate. 

Internal Short Circuit 

Indication: The gravity of an internally short-cir¬ 
cuited cell will always be low, as it is discharged 
internally, owing to internal causes. 

Causes: Rotted separators; sediment; buckled 
plates. 

Remedy: Disassemble and clean; replace the 
separators and plates if necessary. Plates may 
be pressed back when buckled, in some cases. 

Constant Low Gravity 

Indication: When gravity is 1.210, the battery is 
about half discharged. 

Causes: Usingstarter too much; sulphation; short 
circuits and grounds; stopped electrolyte— 
replace with water; cracked jar. 

Remedy: If below 1.200, remove and charge from 
outside source. See “Sulphation^’; see “Internal 
short circuit”; see “External short circuit.” 

High Gravity 

Causes: Evaporation replaced with electrolyte or 
acid; wrong gravity of electrolyte used. 

Remedy: Balance the electrolyte in each cell, 

Low-Voltage Reading When on Discharge 

Causes: Battery discharged. Do not permit the 
voltage to fall below 1.8 on discharge; internal 
resistance high; low-gravity electrol^e; dead 
cell. 

Remedy: Recharge. See “Sulphation”; see “Low 
gravity.” 

Buckling of Plates 

Causes: Sulphation; overheating. 

Remedy: See “Sulphation.” 

Terminals Corroded 

Cause: Slopping. 

.Remedy: Use ammonia wash, or soda. 

Separators in Wrong 

Cause: Flat side of separators in contact with posi¬ 
tive plate or inserted with grooves horizontal. 

Remedy: Insert properly. If the plates are 
damaged, replace them. 

Separators Rotted 

Causes: Overheating: gravity too high; buckling. 

Remedy: See “Overheating”; see “High gravity”; 
sec %uckW*” 


Separators Clogged 

Cause: Impurities in pores of separators. 

Remedy: New separators. Wash battery out. 

External Short Circuits 

Causes; Circuit grounded or shorted; battery 
terminals shorted; battery box acid-soaked. 

Remedy: Trace circuit. 

Lights Dim, Weak Starter 

Causes: Discharged battery; loose connections; 
dead cell or cells. 

Remedy: Test and charge battery. Tighten con¬ 
nections after cleaning. Test with hydrometer 
and cadmium voltmeter. 

Electrolyte Level Low 

Causes: Evaporation; slopping; broken jar. 

Remedy: Replace evaporation with distilled water. 
See that the battery is properly sealed. Re¬ 
place the jar. 

Negative Plates Harden 

Never allow negative plates to dry unless all acid 

has first been removed. 

Cause: Plates exposed to air. 

Remedv: New plates required if repeated charge or 
discharge fails. 

Active Material on Plates Soft 

Cause: Overcharge. 

Remedy: Press back, but better put in new plates. 

Battery Frozen 

Causes: Battery discharged; water added without 
charging. 

Remedy: New plates. 

Broken Jar 

Causes: Vibration; battery dropped or set down 
hard. 

Remedy: New Jar. 

Active Material Shedding 

Causes: Overdischarge; overcharge; buckling; 
short circuits and grounds; overheating. 

Remedy: See these headings. 

Overdischarge 

Indications: Gravity less than 1.150 and voltagQ 
less than 1.8 on discharge. 

Causes: Faults in electric system; improper opera^ 
tion of system. 

Remedy: Use caution in using starter, lights, etc. 
See if the generator is properly charging the 
battery. „ 

Overcharge 

Indications: Buckled plate^ shedding of active 
material; overheating. Gravity will be about 
1.275. 

Causes: Car used mostly during the day and on long 
runs: generator regulator out of adjustmeht or 
ihir4 brush adjust^ for too high a ^cdiarge. 
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Remedy: Burn lights part of the time. Test out¬ 
put. 

Internal Resietapce High 

This will result in overheating and loss of capacity. 

Causes: Sulphation; clogged or reversed separators; 
low gravity. 

Remedy: See these headings. 


Overheating 

Causes: Charging rate too hi^; discharge rate too 
high; high mtemal resistance; short circuits and 
grounds; dead cell; excessive temperature of 
atmosphere, and high charging rate. 

Remedy: See ‘^Sulphation”; “Separators”; see 
other headings in this Digest. Use the battery 
sparingly on warm days and also on extremely 
cold days. 


LOCATING BATTERY TROUBLES WITH A HYDROMETER 


Low gravity in all cells: If the starter occasionally 
fails to spin the engine, and if the battery lacks 
energy, it may be that on testing with a hydrometer 
and finding the “gravity” low, say below 1.225, all 
that the battery requires is an extra charge. The 
battery may have been previously discharged to so 
low a state that the normal generator output has not 
been sufficient to restore it. 

“ If failure, due to low gravity, recurs after this 
extra charge, then the generator is failing to put 
enough current into the battery. Or it may be 
that a short circuit in the wirmg is causing the 
battery energy to be wasted. It may be that the 
battery box is acid-soaked. 

Low gravity in one cell: If it is found that the 
gravity is low in any cell, say 50 points lower than 
in the others, then make hydrometer tests of the 
cells oftener to determine whether the difference in 
gravities of the cells is increasing. 

If the trouble increases, the cause undoubtedly is 
that a short circuit is just beginning. Some one 
of the following conditions may be the cause: 
separators wearing through, or sediment accumulat¬ 
ing in the bottom of the jar until it touches the 
plates, or a piece of metal has fallen into the cell 
and has bridged across the plates. Water contain¬ 
ing certain minerals may nave been put into the 
cell, preventing the cell from holding its charge. 

The remedy is to remove the element and remedy 
the cause. New separators should in almost every 
ins^«nce be installed in all cells. 

It is advisable to make a “high-rate discharg test” 
or a “cadmium test” before disassembling a battery. 

A broken jar is sometimes the cause of constant 
low “gravity” in a cell. A broken jar can be 
detected from the fact that you will have to add 
water more frequently to its cell than to the others, 
to keep the plates covered. The leak may be 
between the jar walls and the sealing compound. 
The addition of water to replace the electrolyte lost 
from such a cell will naturally reduce that cell’s 
“gravity.” 


Sulphation and low gravity: Suppeme the gravity 
of a cell is persistently low and water is added often. 
As a result, the tops of that cell’s plates may have 
been left exposed to the air for a period of time, and 
so the plate tops may have become sulphated, and 
the disease hjis proceeded downward so as to affect 
the plates throughout. If this evil had progressed 
far enough, the cell would not respond to charging, 
and the “gravity” would not rise. The cell would 
become unduly hot during charge, and would hasten 
the evaporation of water. 

1.160 or lower: With “cavity” as low as this, the 
battery cannot be depended upon, even to operate 
the lights. 

Gravity too low to read: Hydrometer readings 
usually run as low as 1.150. Batteries may be found 
with gravities too low to be measured with the ordi¬ 
nary hydrometer, so that you cannot fully diagnose 
the battery with this instrument alone. These are 
extreme cases, however. Possibly all they require 
is a thorough charge, but the special conditions of 
the necessary charge must be observed. Should 
there be sulphation—and there is likely to be if 
the battery has stood long in a state of low “mvity” 
—the rate of charge secured in the automobile would 
undoubtedly overheat and buckle the plates, and 
so injure both plates and separators. 

Constantly high “gravity”: While 1.285 is usually 
indicated as the proper top mark for full charge, a 
reading of 1.300 of itself need cause no alarm. 

However, if a few hydrometer tests show that 
the battery is being charged regularly, but that for 
considerable periods after charging the “gravity” 
reaches 1.285, it is then necessary to reduce the 
charging rate, for the battery is getting more than 
enough, and this is daily shortening its normal life. 

Excessive gravity: Gravity above 1.300 is cer¬ 
tainly abnormal and indicates that the battery has 
been “doped” by the addition of excessive acid. 
Prompt reduction of the acid proportion is needed 
to save the batterylife. 


STORAGE-BATTERY POINTERS 


1. Leam to prepare the electrolyte. Use a large 
earthen crock or lead vessel with burnt seams. 
One part of chemically pure concentrated sul¬ 
phuric acid is mixed with several parts of water, 
proportion of water varying with type of cell. 

2. Prepared electrolyte may be bought if desired. 

3. Always pour acid into water, never reverse. 

4. Use pure water, either distilled or rain water.^ 


1 Distilled water: Artificial ice is'not alwasrs made of distilled 
water. Rain water can be ui^ if it does not wme from 
m metal roof or where mineral substanoee will get into it. 


5. Allow the electrolyte to cool before placing in 
the cells. See 534, “Mixing electrolyte.” 

6. Grids should always be at least below the 
surface of the solution. 

7. Clothing is greatly affected by acid. 

8. Ammonia inunediatdy applied to a splash of 
acid on the clothes, neutralizes the acid and 
prevents a hole being burned in the material. 

9. In case a drop of acid splashes into the eye, wash 
well with warm water and put into the eye a 
drop of olive oil. 
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10. Avoid the use of an open flame in a room where 
a storage battery is being charged, or in which 
it has been left for some time, as an explosive 
mixture of air and hydrogen may be formed. 

11. Storage batteries are rated in ampere-hours, 
this bmng based on the steady current the bat¬ 
tery will discharge. A battery that will dis¬ 
charge at 5 amperes for 8 hours without the volt¬ 
age falling below 1.75 is rated as a 40-ampere- 
hour battery. This does not mean that 40 
amperes would be the output of the battery if 
discharged in one hour. The ampere-hour 
capacity decreases with the increase in current 
output. 

12. The current in charging should be kept within 
the maker^s specified limit. One authority 
advises for rapid charging, covering a period of 
three hours, 60 per cent, 33 per cent and 16 2/3 
per cent of the total current for each consecutive 
nour. 

13. The ejn.f. of the char^g current at starting 
the charge should be ^out 5 per cent higher 
than the normal e.m.f. of the battery. After a 
few minutes, this voltage may be 10 or 15 per 
cent higher than the normal battery e.m.f. 
However, the battery is kept in the best condi¬ 
tion by using a constant charging current, and, 
if necessary to maintain this, the voltage may be 
raised to 25 per cent higher than the normal bat¬ 
tery voltage. 

14. Be sure that the positive pole of the charging 
mains is connected to the positive side of the 
battery. 

15. To determine the polarity, hold the two wires in 
a glass of acidulated water or electrol)^e, keep¬ 
ing them at least apart. Gas will collect 
most at the negative lead. 

16. A cell is fully charged: (a) if, with a constant 
current, the voltage and specific gravity do not 
change in one hour; (b) when the plates de¬ 
cidedly increase the quantity of gas given off; 
(c) when the specific gravity measures 1.2?5, 
and the voltage from 2.5 to 2.7; (d) when the 
negative plate assumes a light-gray color and 
the positive plate turns a dark brown. 

17. Never adopt the method of putting a wire across 
the positive and negative terminals, to see if 
there is any ^^spark.” It is almost a dead short 
circuit, and if the cell be of a small capacity of, 
say, 30-ampere-hour, and the wire No. 16 
copper, the current may be anything from 30 to 
100 amperes for a fraction of time, which, w^hen 
calculated, is a very appreciable amount of the 
total capacity, if only for a second of time. It 
is also very detrimental to the cell, assisting the 
disintegration of the plates or active material 
thereon. 

18. Lead cells for starting and lighting purposes 
should not be discharged below 1.8 volts. 

10. Excessive boiling will loosen the active material. 

20. If the cells are hot while charging, reduce the 
charging current. 

21. If a battery is not in use, give it a short charge 
once a month. 

22. If white sulphate is formed on the grids, it may 
be reduced by chargmg at a high rate for a few 
hours and overcharging at a low rate for two or 
three days. 

28 . Continued sul^tinf; will buckle the plates, as 
will also too rapid discharging. 


24. A cell that has been short-circuited should be 
disconnected from the battery and charged and 
discharged several times separately. 

25. Manufacturers ftimish directions for keeping 
batteries when not in use. See pace 577 ex¬ 
plaining how to put batteries in “dry” or “wet^' 
storage. 

26. Never allow the cells to stand in a discharged 
condition, as it becomes very difficult to get 
them properly charged if they are left standing 
any length of time, unless great care is taken 
during the succeeding charge. 

27. If the terminals begin to corrode, use vaseline. 

28. Voltage readings should be taken only when 
charging or discharging. 

29. Do not let the battery get too warm; its tem¬ 
perature should never exceed 100° F. 

30. Use only distilled water to replace losses from 
evaporation. Add acid only in special cases. 

31. Each time you charge, bring the gravity up to 
maximum, or charge until it has remained 
constant, for at least one hour in every cell. 

32. When charging the battery, put in at least 20 
per cent more current (ampere-hours) than is 
taken out, and at every third charge give it a 
50 per cent over-charge, at the finish rate for the 
general good of the battery. 

33. Voltage readings are only approximate. Grav¬ 
ity readings give correct indications. 

34. Keep the box containing the battery perfectly 
dry. If any acid is spilled into the box, wipe it 
on carefully with a piece of waste dipped in 
ammonia water. 

35. When charging at the finish rate, or 24-hour 
rate, leave the battery on until bubbles begin to 
rise in the electrolyte, and then for at least one 
hour longer. 

36. Never add acid or electrolyte to the cells except 
to replace loss from spilling. See page 534. 

37. In cases where the specific gravity will not show 
any rise during or at the end of its charge, it 
indicates a short circuit, and the cell has not 
received its charge. 

38. In cases where the specific gravity comes up to 
1.260 at the end of its charge, but falls to a 
lower figure during a period of idleness or stand¬ 
ing for say twenty-four to forty-eight hours, 

. this also indicates a short circuit, or else local 
action (or internal discharge), due to contamina¬ 
tion of the electrolyte. 

Don’ts and Do’s—^Read Carefully 

Always disconnect the wire from the generator 
terminal before disconnecting the batteiy, and 
reconnect the battery before reconnecting the 
terminal. Otherwise the lamps may all be burned 
out if the engine should be started. 

Don’t use a piece of wire instead of a fuse. 

Don’t short-circuit your battepr with a pair of pliers 
or a screwdriver, to see if it is charged. 

Don’t advance the spark, but retard when you start 
with a starting motor, with the throttle partially 
open. 
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Don’t use emery paper on your commutator; use 
fine sandpaper. 

Don’t forget to see that your i^ition switch, spark 
lever, and gas lever are all in their proper posi¬ 
tions, before depressing foot switch to start engine. 

Don’t fail to push down the button of the foot 
switch to its limit. 

Don’t continue to crank your engine, if ignition does 
not take place after a few revolutions. There 
is something wrong. Look for the trouble. Just 
turning over the engine will not help matters, 
but it will exhaust your battery, if continued for 
any length of time. 

Don’t allow connections on generator, battery, or 
motor to become loose. 

Don’t blame the generator for every trouble you 
may have. As a matter of fact, 90 per cent of 
all troubles originate in switches or wiring con¬ 
nections. 

Don’t forget that it reouires twenty times as long to 
restore current to the battery as it takes to start 


the car. In winter, it is sometimes advisable to 
use the starting crank to save the battery current. 

Don’t put oil or grease on the commutator of the 
generator or motor. 

Don’t tighten up on the silent chain drive unless the 
slack becomes excessive from stretching. The 
chain must be run with a reasonable amount of 
slack to prevent noise and wear. 

Don’t fail to lubricate the silent chain drive at fre¬ 
quent intervals. Noise will be eliminated and 
wear reduced. 

Don’t run your car, if for any reason the battery is 
disconnected from the circuit, unless you have 
disconnected the chaiii driving the generator, or 
the generator itself has been removed, or the 
field-circuit is opened. See also page 366. 

Don’t forget to examine battery at intervals. 

Don’t allow battery to become loose in its box, and 
don’t lay metal tools on top of battery or permit 
terminals to touch metal. 


CARE OF A BATTERY IN SERVICE 


The care of a battery in service, or where there 
is a generator on the car to recharge it, is summed 
up in the fifteen following rules. 

1. Add distilled water to bring level of electrolyte 
in each cell above tops of separators and plates 
every two weeks in summer, or every month in 
winter. After filling, wipe clean. 

2. Take frequent hydrometer readings: they show 
if battery is receiving sufficient charge, but not 
immediately after adding water for reasons 
explained on page 531. 

3. Give battery a special charge whenever hydrom¬ 
eter readings show 1.2(X) or less. Many have 
their battery recharged when it gets below 1.225. 
If sp. gr. cannot be kept within 60 point’s of the 
full charge gravity by generator on car, investi¬ 
gate the cause. (See also pages 531, 563.) 

4. Keep battery terminals and “ground” connec¬ 
tions tight and clean. Grease terminals with 
vaseline (not other greases). 

5. Battery must be held firmly so that it will not 
move even when car takes a violent bump. 

6. Never permit battery to become completely dis¬ 
charged or remain discharged for two reasons: 

it will become sulphatcd; it may freeze if cold. 

Keep the sp. gr. at least within 60 points of full charge 
gravity. See also pages 531, 532. It wiU cost much less 
occasionally to have a battery recharged than to allow it 
to become exhausted possibly to a point whore it must be 
repaired. 

7. If battery is to be idle and not in use, charge fully 
and then every two months thereafter. 

Bven a char^^ed battery, if left standing for a long period, 
will discharge itself and should be given a prolonged charge 
just before using it. 

8. Avoid overcharging battery on long continuous 
daylight drives, particularly in hot weather; this 
develops high temperature and excessive gassing, 
which in turn will shorten the life of the sepa¬ 
rators by carbonizing or burning them and also 
ajffect the plates. 

Turn on the lights if metal connectors on top of battery 
feel warm to the nand and thus reduce oharging-rate. 

On long tours it is advisable to reduce charg- 
ing-rato by adjusting the third-brush and not 
permit overcharge, resulting in excessive tem¬ 


perature and gassing (not over 110® F. for hi^h- 
pavity batteries and 125® F. for low-gravity 
batteries). Engine and generator should be 
running when insjiection is made. Either turn 
on sufficient lamps to reduce rate to zero on 
ammeter, or cut generator out by grounding 
(on some makes), after battery is fully charged. 

9. If there is a slow leak, stop it by putting in a 
new jar. If sealing compotmd cracks, run it 
together with a hot iron. 

10. Never add acid except under conditions stated 
on page 534. 

11. Generator charging rate should be approximate¬ 
ly 10 to 15 amperes for a 6-volt and 5 to 7 
amperes for a 12-volt system, and even this may 
not be high enough for cars which do a great 
deal of night work and relatively little day work. 

The charging rate is determined by the amount of cur¬ 
rent used from the battery, and if tho specific gravity can¬ 
not be kept within 60 points of the full-charge gravity, 
investigate the cause. Bee also page 563. 

12. Never bring an open flame near the battery, 

especially when charging it. 

13. Keep vent hole in filler plug open. 

14. When a battery is brought in for recharging, 
make a general inspection by examining battery 
for height of electrolyte, specific gravity, voltam, 
generator charging-rate, corroded terminals, 
loose hold-downs, loose ground connections (con¬ 
nections between battery and frame of car); 
inspect the terminals on cable and all battery 
connections, and make sure they are ti^ht and 
clean, etc. Grease terminals with vaselme. 

Care of connections: If signs of corrosion' of 
any parts should appear, clean the parts 
thoroughly with a wire brush and weak ammonia 
and apply vaseline. Don’t fail to examine the 
pound connection of the battery (see page 428 
for the result of an open circuit). 

A poimd connection, even if tight, may give 
trouble, owing to foreign matter, such as paint 
or varnish on the contact surfaces. This must 
be removed with a file or sandpaper. The cont 
nections to the generator and the ground oonneo 
tion to frame of car must not be nes^ected. 
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Care of battery case: If water or electrolyte 
is spilled upon battery or in compartment, wipe 
dry with waste. 

V electrolyte is present in any quantity, use waste mois¬ 
tened with weak ammonia in order to neutralize the acid in 
the electrol^e. Do not allow electrolyte to collect upon 
the woodwork, as it will cause deterioration. 

15. Too high a gravity of acid attacks the plates and 
separators, and in connection with high tempera¬ 
ture w^ i^orten the life of separators and plates. 

Adding Water 

Water must be added often enough to keep 
plates and separators covered. Each cell is sup¬ 
pose to be filled with acid solution or electrolyte 
which completely submerges the plate assembly. 
Only that portion of the plates which is covered with 
the electrolyte bears any share of the burden of 
producing current. 

If a part of the plates is not submerged in the 
electrolyte, that part will become sulphated, that is, 
the pores will be closed up with a whitish formation, 
thus destroying the active section of the plate. Con¬ 
sequently, the capacity and life of the battery will 
be shortened (see pages 531, 532). 

Always add the water reg^ularly^ though the 
battery may seem to work all right without it. 

In freezing weather when necessary to add water, 
always do it just before running the engine. If 
temperature is extremely low, start the engine so 
t^t ^e battery is charging before adding water. 

The reason for this is that water, being lighter 
than electrolyte, will remain on the surface and will 
freeze in cold weadier. If the engine is run, how¬ 
ever, the gassing, owing to the charging current, 
will thoroughly mix the water with the electrolyte; 
also the motion of the car when running will have a 
similar effect. Thoroughly mixed electrolyte will 
not freeze solid, except at very low temperatures. 
^ also pages 531, 534. 

The reason why the solution (electrolyte) falls 
below the top of the plates is that when the battery 
is being charged it gasses or bubbles. This action 
changes some of the water into gas, which escapes, 
or evaporates. Thus the water evaporates when 
the battery is in service, and the acid does not. 
Therefore it will be necessary to replace the water— 
ovdng to evaporation but don’t add too little, and 
don’t add too much. Many a case of apparent leak 
has been blamed to an over-indulgence of water. 

Electrolyte Level 


Before water is added to the cells, take a hydrom- 
eter reading of each cell to see whether all cells are 
equally healthy. No cell can live imto itself—^if it 
goes wrong, it affects the others. 

How to Add Water 



Remove the filling plug 
(Fig. 1). turning it to the 
left, and if the level of the 
electrolyte is found to be 
below the bottom of the 
filling tube (Fig. 1), add 
water by means of 83 ninge 
(Fig. 2), or the hydrom¬ 
eter syringe (Fi^. 2A), un¬ 
til the level begins to rise 
in the tube. 


After adding water, be sure to replace the filling 
plugs and tighten. If filling plugs are not tightened, 
electrolyte will flood out of battery and cause 
damage. Also wipe off top of battery. 


Kind of Water 

The water used must be of reasonable purity, as 
the use of impure water, if persisted in, will injure 
plates. Distilled water, melted artificial ice, or rain 
water collected in clean receptacles is recommended. 

Water collected in rain barrels from metal roofs 
would contain a trace of mineral—avoid it. If acid 
of any kind, alcohol, or in fact anything but water, 
is added to the cells, it will result in injury to plates 
and may ruin them. 

There being no loss of acid, it is never necessary, 
during normal service, to add any acid to a battery. 

If electrolyte has been spilled from the battenr by 
apeident, the loss may be replaced with electrolyte. 
See pages 585, 530. 


Finding the Level of Electrolyte 

A method recommended by the U, S. L. Battery 
Co., is shown in Fig. 3. 

Unscrew the vent from its well, push 
a glass tube (Fig. 3) with both ends 
open, straight down, as shown, through 
the well and against the tops of the plates. 
Then close the top end of the tube with 
your thumb and remove the tube with 
the top end still closed. The height of 
liquid in the tube equals the height of the 
electrolyte level above the tops of the 
plates. Be sure to restore the electrolyte 
to the cell from which it was taken. If 
you persistently take electrolyte from one cell and put it into 
another, you will gradually get your cells unbalanced. Be sure 
to test the levels in all gells. 



The electrol 3 rte level 
to maintain above the 
plates and separators 
is usually about to 
14''. The idea is to 
" keep the plates cov¬ 
ered, but not high 
enough to cause it to 
Fig. 1. Section of cell, showing slop outof the Venthole, 
correct level of electrolyte, ^nd thus cause a loss 

of acid. On the Exide battery, and many others, by 
looking down into the filler tube it can be seen when 
the electrolyte is at the bottom of the tube, which is 
the correct level. Note in Fig. 1, the electrolyte 
level is exactly even with the bottom of filler tube 
and fully covers the plates. 

Not only should the electrolyte level be at the 
same height in all cells, but there should be the 
same amount of acid in the electrolyte in eadi cell. 
Therefore always restore electrolyte from syringe, 
when testing, to the cell from which it was taken. 



Locating Battery Trouble in Service 

1. Take a hydrometer reading in each filling tube 
of each cell (see page 531 on how to use a hydrom¬ 
eter). If all readings are within 50 points of 
each other and all below 1.200 (1.130)^, give the bat¬ 
tery a bench charge, following the instructions on 
page 673. Locate the cause of trouble and remove it. 

' If the readings are all above 1.200 (1.130)^ or if 
one cell differs from the others by 60 points or more, 
make the high-rate discharge test. 

If the solution is too strong, it indicates that acid 
or electrolyte has been added to the cell. 

If it is too weak, the cause is sloppage of the bat¬ 
tery solution and replacement with water, or else a 
broken, cracked, or leaky jar, or internal trouble. 

2. Just before replacing the battery in service, 
make the high-rate discharge test, to be sure the 
battery is in good condition. 

^Applies to tropical dimatea. 
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S. Hydrometer readings less than 1.226 (1.155),^ 
but more than 1.150 (1.080)^, indicate a battery less 
than half charged. If the car is equipped with an 
electric starting motor, use lamps and starter spar¬ 
ingly until readings become more than 1.250 (1.180)i. 
Readings less than 1.160 (1.080)^ indicate com- 

E lete discharge. In such a case the battery should 
e removed and given a bench charge. 

U readings in one cell differ from the others by 50 
points or more, it indicates loss of electrolyte, 
wrongful addition of electrolyte, or internal trouble 
in the battery. 

If the car is laid up, put battery into proper storage. 
4. Go over all connections. A loose or dirty 
connection is often the cause of trouble. If the 
connections between battery and cable terminals 
are not kept well coated with vaseline, they may 
corrode, causing a poor connection, or else opening 
the circuit altogether. If the connector is causing 
the trouble, remove it and clean the parts thoroughly 
with weak ammonia. Then remove all dirt, apply 
vaseline, tighten the connections perfectly, and give 
the whole connection a heavy coating of vaseline. 

5. There may be a leak or ground in the wiring. 
Test for this by turning on all lamp switches and 
then removing the bulbs from the sockets. Dis¬ 
connect one of the cables at the battery, and in its 
place tightly hold a file against the battery post, 
making sure there is good electrical contact between 
the file and post. Then rub the cable terminal 
along the file; if sparks are noticed, there is a ground 
in the wiring, which must be lookea for and removed. 

6. If the engine will not crank, turn on the lights 
and attempt to start in the usual manner. If lights 
become dim^ the battery is in poor condition and 
should be given a bench charge and the cause of 
trouble should be investigated and removed. If 
lights, continue to burn brightly, the trouble is else¬ 
where than in the battery. 

7. If the generator of the starting system is not in 
proper adiustment, the battery will not be kept sup¬ 
plied with the proper amount of current. If the 
supply is insufficient, the battery will become dis¬ 
charged; if it is too much, the battery solution will 
become hot (110° F.). The generator should be 
readjusted to deliver more or less current^ as the case 
may require. On all cars, the generator is originally 
adjusted to suoply an amount of current which 
experience has shown to be the most satisfactory for 
average rimning conditions. If the car is run only at 
nights, more current is naturally required because 
the lights use a large part of the current which would 
otherwise go to the battery. If long daylight runs 
are the rule, the opposite is true, because then almost 
all the current goes into the battery. 

When a Battery Needs Recharging 

On systems where a storage battery is kept 
charged by a generator run from the engine, the 
system is supposed to be automatic, but for various 
reasons the generator may not keep the battery 
charged, or the battery itself may be defective and 
so wSl not hold a charge for any length of time. The 
indications would be a weak starting motor, or dim 
lights. The battery, however, in this case ought 
not to be allowed to become weak. 

There are several causes for a battery becoming 
discharged: in fact, so many that it is advisable to 
refer to the “Digest of Battery Troubles’* (page 556). 

The usual and common causes are failure of the 
battery to receive sufficient current from the genera¬ 
tor, or permitting the level of the electrolyte to fall 


below the level of the plates (see “1. Examine bat¬ 
tery,” at bottom of page 478). 

When the battery is used in connection with a 
charging generator system, the system is so designed 
and adjusted that the amount of charging current 
received by the battery from the charging generator 
(dynamo) should about compe^te for the dis¬ 
charge current used when starting the engine, or 
when lighting the lamps from the battery. At 
medium or high speeds, the current for lamps does 
not come from the battery, but from the dynamo. 

Why Battery Becomes Discharged and How 
to Save Current 

1. When the car is driven mostly at night, at 
which time lights are on, or when there is an exces¬ 
sive use of lamps, and the battery receives but a 
small portion of the current from generator. 

2. When the car is driven mostly at very low speeds 

and the generator does not charge the battery. 

3. When the weather is cold^ a higher charging- 
rate is necessary, as the engine is stiff from colda^ 
congealed oil, and is difficult to start on cold, un¬ 
vaporized gasoline, thus requiring more current from 
the battery. It is sometimes advisable to use tlu# 
hand crank on a cold day when first starting the 
engine in order to save current; also throw out the 
clutch when starting on a cold day and thus save 
current by not having to turn over the transmission 
gears in cold, congealed oil. See also page 119. 
Lighter body oil is generally used in most engines, 
transmissions and rear axles in winter, in order that 
it may heat and circulate more quickly. 

4. The lights are used more in winter because it gets 
dark earlier, thus taking more current from battery. 

5. The battery does not operate as efficiently in 
winter as in summer, and should be tested often 
and kept well charged. Also keep connections 
clean and tight. See page 556 on why the battery 
is less effective in winter. 

A battery can be quickly discharged if the engine crank¬ 
shaft is tight after taking up bearings, or if pistons are stuck, 
which sometimes happens when the engine stands for long 
periods of time and all oil has drained from the cylinder walls 
into the crank case. Under these conditions it is advisable to use 
the hand crank; in fact, it is a good plan to test the engine occa¬ 
sionally with the hand-starting crank to see if it turns over easily. 

It is advisable to close the '^choker valve** on the carburetor 
in order that the engine may start easily: but use it sparingly, 
otherwise the oil in the crankcase will be thinned. 

Be sure the battery is kept charged, even though it be nec¬ 
essary to have it charged at an outside source occasionally, 
as a full voltage of the battery is also required for good ignition, 
which is also necessary in starting. By this means, too, cur¬ 
rent is saved. 

When lo Increase Generator Output 

In cases as mentioned above, the output of the 
p;enerator should be increased, if not already up to 
its capacity, and the least amount of current possible 
should be used from the battery (see pages 506, 561). 

Note: If on a long tour and the batterv becomes over¬ 
charged, the generator's charging rate should be reduced. 

To Tell when Battery Needs Charging 

1. Test the battery with a voltmeter when it is 
discharging, as when all lights are on. Test each 
individual cell, and if any is as low as 1.8 volts 
(usually less than 2 volts) during normal discharge 
with lights on, the battery needs recharging. (See 
also pages 545-555.) See also, “Di^t of Storage^ 
Battery Troubles” (page 556), and also page 478. 

2. Test with a hydrometer, as directed on pages 
631. 561, 662, 673, 659,545. This hydrometer test 
is the one used most. Always be sure battery con¬ 
nections are clean and tight. 


> AnpUai to tropiosl dimstet. 
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STORAGE-BATTERY CHARGING EQUIPMENT 


Kind of current: For charging a battery only 
direct current can be used. 


Connections: Connect the positive (-f-) wire of 
the charging circuit with the positive (+) terminal of 
the battery and the negative (—) terminal of the bat¬ 
tery with the negative ) wire of the charging circuit. 

Storage batteries are usually connected in “series” 
when being charged, and a “constant current” or 
amperage is generally used, as explained on pages 
665 to 578. 

Another method now used considerably is the ^‘constant 
potential/’ or "voltage system,*' where batteries are connected 
in **paraUel.” See page 570. 

Finding polarity: To determine which is the posi¬ 
tive and which is the negative terminal of a charging 
circuit, the best plan is to use a voltmeter and place 
it across the line. If the meter needle moves to the 
right, the wire connected to the (-f) terminal of 
the voltmeter, which is usually marked, will indicate 
the (f) or positive wire. The same test can be 
made on storage-battery terminals. If the charging 
circuit is 110 volts, the voltmeter should have a 
corresponding capacity. If a voltmeter is not at 
hand, there are several simple methods which can 
be resorted to, as shown in the illustrations below. 


Storage-battery terminals are usually marked 
“4-” and ” or “Pos.” and “Neg.” The storage 
battery positive (f) terminals can also usually be 
determined by their dark color, whereas the nega¬ 
tive (-) is of a light color. 



Fig. 1. To find the polarity of 
charging wires, or of any direct 
current source, dip the ends of the 
wires into a glass of water in 
which a teaspoonful of salt has 
been dissolved, care being taken 
to keep the wires at least one 
inch apart. When current ia-on, 
fine gas bubbles will be given off 
from the negative wire. 

Another method is to use a 
beaker (see (D) (Fig. lA), in which 
a small amount of electrolyte is 
added to water. The negative 
pole will have the most gas bub¬ 
bles around it. 

Fig. 2. A potato can be used as 
shown in the illustration; the posi¬ 
tive wire will leave a green stain. 


The charging wires from a rectifier, if connected wrongly (use 
a regular dash-type ammeter), will show 30 amperes. If con¬ 
nected correctly, they will show about 6 amperes. 


Charging Methods 

As already stated, only direct current can be 
used to charge stora^ batteries. There are several 
methods of doing this, which are classified as follows: 

1. From a 110; a 220, or a 500-volt direct current 
power and hghting line. 

2. From an alternating current power and lighting 
line, by the use of a motor-generator. 

3. From an alternating current power and lighting 
line, by means of a rectifier. 

Charging Resistance 

Charging resistance is a suitable apparatus in¬ 
serted in series with the charging circuit. By vary¬ 
ing the resistance, the current can be regulated. 

Resistance may consist of resistance wire, carbon, 
or graphite, water or lampe, etc. 


An Explanation of Resistance 
Resistance can be in the form of resistance wire 
(Figs. 3 and 4), carbon or ^aphite (Fig. 5), water 
(Fig. 6), or a bank of lamps (Fig. 7). There are also 
several resistance metals. Carbon or graphite and 
resistance wire is generally used, and when arranged 
so that the resistance can be varied to regulate the 
electric current it is termed a ^‘rheostat.” 


Principle of a Rheostat 

By way of illustration, wo will use a wire resistance 
unit (Fig. 3). German silver, 
tcrm ^ ls^ ^ wa nichrome, iron wire (some others 
also), offer resistance to flow of 
▼-fTb d electric current. The smaller the 
wire, for the same amount of cur¬ 
rent, the greater the resistance. 
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Fig. 3. Principle of a rheostat or resistance unit 
Fig. 4. A rheostat of standard construction 



If, for example, a coil of iron wire of 1/32" diameter 
and of sufficient length is wrapped around an insu¬ 
lated cylinder, such as porcelain or stone and con¬ 
nected to a llO-volt circuit, by connecting one wire, 
say, from the (-H) side of the 110-volt circuit to 
(X, Fig. 3), the current would then flow down the 
rod (T) to the sliding contact (C). 

If one terminal of the battery is then connected 
with (W2), which is one end of the wire coil (Cl), 
and the other battery terminal is connected with 
the other, or (—) side of the 110-volt circuit, this 
would form a circuit, and the amount of resistance 
wire in the circuit would depend upon the position 
of the sliding contact (C). 

By moving the sliding contact (C) down, more 
resistance is thrown into the circuit; by moving it 
up, less resistance will be in the circuit. This is 
the principle of a rheostat, and is similar to that of 
"resistance units,” as used for charging batteries, 
which will be discussed farther on. In some in¬ 
stances an ordinary stove pipe, covered with asbes¬ 
tos and wrapped with iron wire has been used. 

A rheostat of a more modem construction is 
shown in Fig. 4. The principle is similar to that 
shown in Fig. 3, except t^t the construction is dif¬ 
ferent. It consists of wire resistance mounted on 
the back of a slate base. The resistance can be iron 
wire, German silver, nichrome, or any other kind 
of resistance wire. 

The amount of resistance which can be cut into or 
out of the circuit is regulated by movement of 
the handle (H), and it serves the same purpose as 
the sliding contact (C) in Fig. 3. 

A rheostat might be termed a device for absorb¬ 
ing some of the electrical pressure. 

For example, suppose you desired to chargee a 6- 
volt storage battery from a llO-volt circiut. It 
would be necessary to absorb approximately 164 
volts in some sort of resistance or rheostat. 
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Principle of a Graphite Rheostat 

As an example, to explain how carbon is utilized 
to vary the re^tance for charging batteries from 
a direct-current source, the Allen-Bradley graphite 
compression rheostat will be used. 


regulated by changing their relative distance The 

farther they are apart, the greater the resistance. During the 
action of the rheostat, the water is decomposed into its natural 
elements, oxygen and hydrogen, and the loss must be made up 
occasionally by the addition of more water. 

The prime object of a rheostat is to out down the voltage. 


The graphite compression rheostat (Fig. 5) con¬ 
sists of a slate panel (A) on which is mounted a 
p-aphite compression rheostat (B) (consisting of an 
insulated steel tube containing graphite disks similar 
to Fig. 19, page 552), a SO^ampere double-pole switch 
(C). two 15-ampere plug fuses, and an ammeter 
wdth a 15-0-15 ampere scale. 

The charging rate or resistance is varied with 
pressure exerted on the column of graphite disks in 

tube (B), and this pressure can be adjusted to any 
desired degree by the hand wheel (H). As the 
pressure is increased, the resistance is less and the 
charging rate is greater, because the (‘urrent can 
travel through the graphite disks with less resistance; 
as the pressure is decreased the resistance i.s greater 
and the charging rate is less. 



Fig, 5 . A graphite type of rheostat, or battery-charging panel 
made in sizes to charge 1 to 5 six-volt batteries from 32-volt 
direct-current circuit: 1 to M six-volt batteries from 115-volt 
direct-current circuit; 1 to 28 six-volt batteries from 220 or 
230-volt direct-current circuit and at 1 to 15 amperes. 


Charging a Battery from a 110-Volt Direct- 
Current Circuit Using Lamp Resistance 

The amount of resistance to use depends upon 
conditions as will be explained. 

If only one battery is to be charged from a direct- 
current circuit, a combination of lamps of proper 
size and rating can be used for resistance. An 
arrangement for charging from a 110-volt circuit 
is show n m Fig. 7. 



Fig 7. Diagram of connections for charg¬ 
ing one 6-volt battery from a 110-volt 
direct-current line using a lamp bank re¬ 
sistance. Note that the bank of lamps is 
arranged so that any number of lamps 
from 1 to 10 can ho 8orewe<l into or taken 
out of the sockets. 110-volt, lOJ-watt, 32-r,p. lamps which 
draw 1 ampere each are used above. Remove the filler plugs 
to permit frequent hydrometer readings during charging and 
also for gases to escape. 


The path of the series charging circuit is from (D-f) direct- 
current charging source, through switch blade (Cl), through 
fuse (F), to (-p) terminal of battery, through battery (or 
batteries) to terminal (E) of carbon rheostat (B), through the 
rheostat graphite (carbon) disks, to amtucter, through ammeter 
to fuse (FI), to switch blade (C2), to (—) side of charging 
line (D—). 

The graphite resistance can also be used to dis¬ 
charge a battery (for testing purposes from 1 to 15 
amperes), as well as for serving as a charging 
resistance. To use for discharging, disconnect 
wires (D-j-) and (D—)‘from (G) and (Gl) and con¬ 
nect a jumper across the switch tt^rminals (G, Gl). 
(Mf’d. by Allen-Bradley Co., Milwaukee, Wis.) 

Principle of a Water Rheostat 


The lamps used are carbon filament lamps rated 
at 110 volts and of 32 candle power. As shown, 
they are arranged parallel with each other and the 
combination is in series with the battery. 

The amount of current or amperes passing to 
the battery will be determined by the number of 
lamps used, the watt capacity of the lamps, and 
the method of connection. 

A 32 c. p. 110-volt, carbon filament lamp vrill pass 
approximately 1 ampere and is a 100-watt lamp. 
Watts are found by multiplying the voltage of the 
circuit (100 volts used instead of 110, which is near 
enough in this instance) by the ampere capacity, as 
100 volts X 1 amp. = 100 watts. 


A simplified illustration (Fig. 6) gives the principle 
of a water rheostat. A 5-gal. stone r.ra.R.r carle 
jar is partially filled with salt water ^ / 

(or acidulated water), with one 
metal contact (B) in the bottom, 
and the other (A), which is a sheet, 
immersed more or less in the barrel. 

The movement of (D) regulates the 
resistance, i.e., the nearer the plates 
are together the less the resistance; 
the farther apart they are the 
greater the resistance. 

Th® construction and action of an acidu- 
latod wat®r rheostat isss follows: Let us 
suppose that current is to bo taken from a 
600-volt direct current, to pass 3 to 9 am¬ 
peres; use a 6-gallon stone jar and mix 1 
part sulphuric acid with 3 gallons of water. 

Use two plates of, lead or soft metal as 
electrodes, the niain requisite being that _ ^ , , 

they have sufficient area to keep the heating effect down as low 
M possible. Current applied at one terminal leav^ the plate 
and passes through the water to the other piate. One of thew 
li midestationary i^.the other movable, and the resistanoe is 

DTOsimately* 40 watt .364: 60 watt .455; 60 watt .545; 75 watt 
lower or higher voltages, figure 1% drop or increase In voltage 



Fig. 6. A water 
rheostat 


A 16 c. p. llO'Volt carbon filament lamp will pasf 
ampere and is a 50-watt lamp. 

With the arrangement shown in Fig. 7, each lamp 
will allow 1 ampere of charging current to pass 
through the battery, so that the number of lamps 
will depend upon the charge rate of the battery. 

If 32 c.p. lamps are not available, then use 16 o.p. 
carbon filament lamps. When using the 16 c.p. 
lamps it will be necessary to double the number, 
because a 15 o.p. lamp, being a 50-watt lamp, draws 
but a 3^ ampere at 110 volts. 

If tungsten or other high-efficiency lamps are 
used, more will be required than if carbon filament 
lamps are used, because they draw less current. 

NOTE: Carbon filament lamps mentioned above, are not now 
easily obtained. Since this subject was prepared tungsten 
filament gas filled incandescent lamps have come into general 
use and are designated by “watte” instead of “candle power,” 
The current in amperes when operated at 110 volts is ap>' 
.682r; lOQ watt .908; 150 watt 1.365; 200 watt 1.82. If operated on 
produces an approxmiate H% drop or increase in amperes. 
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Chargiiig a Battery from a 220-Volt Direct- 
Current Circuit 

If a battery is to be charged from a 220-volt cir¬ 
cuit, it will be necessary to place two 32 c.p., 110- 
volt lamps in series, as shown in Fig. 8, because, as 
the voltage increases, the amperage decreases. 
Therefore if two 32 c.p., 110-volt lamps are placed 
in series, the two lamps would draw 1 ampere. 

If there are four of these series groups connected 
in parallel, as shown in Fig. 8, then there would be 
4 amperes passing to the battery; if five groups, 5 
amperes; if six groups, 6 amperes, and so on. 

If two 16 c.p., 110-volt lamps are placed in series, 
instead of two 32 c.p. lamps, then the two in series 
on a 220-volt circuit would draw a H ampere. 
Therefore, in order to draw 4 amperes to the battery, 
it would require eight groups connected in parallel. 



Fig. 8. Fig. 9 



!F1g. 10. Method of connecting voltmeter and ammeter 
when charging. 


A 2 to 30-Ampere Lamp-Charging Outfit 

If the number of batteries to be charged varies 
from time to time, the lamp bank shown in Fig. 11 
is very convenient when charging from a 110-volt 
direct-current source. 

Thirty ordinary lamp sockets are mounted to a 
board (Fig. 11) and wired up to snap switches in 
groups containing two, four, eight, or sixteen lamps. 
A suitable main switch, fuse cut-out, ammeter, 
and terminal block complete the connections. 

With this equipment, from one to twelve 6-volt 
batteries can be charged in series at one time. 
Different combinations of switches on and off permit 
regulation of the current through the batteries. 


Charging a Battery from a 500-Volt Direct- 
Current Circuit 

To charge a battery from a 600-volt direct-current 
circuit, use 32 c.p., *100-volt lamps. In order not 
to burn out the lamps, place five m series, as (A) to 
(B) (Fig, 9). 

The five lamps, however, owing to the series 
connections, will allow but one ampere to pass. In 
order to pass two amperes, another group of five are 
placed in a parallel or multiple connection as^at 
(Al) to (Bl). For three amperes, another row 
from (A2) to (B2) would be necessary; for four 
amperes, another row (A3) to (B3). If five amperes 
were desired, five more lamps, connected as in Fig. 
9, would have to be used. 

Lighting a Garage with the Charging Current 

A current economy in charging storage batteries 
can be effected Dy utilizing the current that is ordi¬ 
narily consumed by the lamp resistance shown in 
Figs. 7, 8, and 9, while lighting the garage at the 
same time. The banks of lamps can be placed 
separate from where the chajwg is being done, if 
the correct size of wire is used. 

Use of the Ammeter and Voltmeter when 
Charging 

The ammeter can be connected in series with the 
charging circuit and will indicate the amperes flow¬ 
ing to the battery. 

The voltmeter must not be placed in series. It is 
ranerally used to test the voltage of the batteiy 
during charge or discharge, by placing its terminals 
across the hattf y terminals from time to time 
during the charge or discharge. 

A hydrometer is used repeatedly during the time 
a battery is on charge, as it is important to observe 
the specific gravity during the charge. Directions 
for uamg the voltmeter and hydrometer during the 
charging of a battery are given farther on. 



Fig. 11. Diagram of connectiona for charging one to twelve 
6 -volt batteries from a 110-volt direct-current source, using 
lamps. , 

Construction and connections of Fig. 11; A base 
of hard wood and No. 12 wire is used. Various 
charging Tates can be had by switching on banks of 
lamps mstead of unscrewmg lamps. Note that 
of 2, 4, 8, or 16 32 c.p. lamps can be used 
, or aU together, which would make 80 amperes 
Eaoh 32 c.p. llO^volt lamp ghres 1 ampere» 
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To obtain 20 amperes, switch on the 4 and 16 
bank: for 10 amperes, switch on the 8 and 2 bank; 
for 6 amperes, put 2, 16 o.p. J^ampere lamps in 2 
bank, which would give 1 amp., and use this with 
the 4 bank. 

The ammeter indicates the quantity of current in 
amperes passing to the battery. It can be con¬ 
nected in series, as shown in Figs. 11 and 10. An 
ordinary dash-type ammeter can be used if the rate 
of charge is not over the capacity of the meter. 
If in connecting the meter the hand points in a 
wrong direction, reverse the connections to the 
meter. 



Fig. 12. 'Method of connecting batteries in series to be 
charged, termed the “constant current” method. If there is a 
12 -volt battery in series with the 6-volt batteries, consider it 
as two 6-volt batteries. If an 18-volt battery is in series, 
consider it as three 6-volt batteries. 

Table Giving the Amperage or Rate of Charge 
Used When Charging from 1 to 11 
Batteries 

Place the batteries in ^'series,” as in Fig. 12. 
Then use the number of lamps as indicated m the 
table below. We are assuming that the charging 
circuit is a 110-volt direct-current circuit. 


I6ni%tr ef 
. BtUtllM 

Ko. sf 38 e. r 110 V. Luapa 

St '*tts|t”SBd sap's. 

No. Ltaps for 
"Stall" tits 

1 

lOL-lOs 

8 L 

s 

lOL— 9Via 

3b 

8 

IIL— 9^ 

3b 

4 

12L— 9^Ai 

4b 

6 

13Lr~ 9^s 

4b 

€ 

15L—Wirt 

4b 

7 

17L-10iirt 

9b 

8 

19L—]0%s 

6 b 

9 

21L— 99irt 

6 b 

10 

25L—10a 

6 b 

11 

;»L- 9^irt 

'9b 

L designates lamps in circuit and a, amperes passing to battery. 


It will be observed that, to charge more than one 
battery, more lamps are used in order to obtain the 
same amperage rate of charge, or nearly the same. 
This is due to the fact that as each battery is con¬ 
nected in series with another, the battery voltage is 
increased. 

When charging several batteries, the practice is 
to charge at 6 amperes during the day and 3 amperes 
at night. This permits watching during the day 
and avoids overheating at night. 

The table given above is figured for a discharged 
90 to 100 ampere-hour 6-volt starting and lighting 
battery. 

If smaller batteries are on the line, or if some are 
partially discharged, charge at the 24-hour rate until 
smaller ones or partially discharged ones are charged, 
then remove them. 

Resistanoe Units Instead of Lamps for Charg¬ 
ing Batteries 

Instead of lamps, ^^resistance units” of approxi¬ 
mately 35 ohms resistance and 3.3 ampgres capacity 
each may be used, or as shown in fig. 13. Tw 

NOTE: CSisngM have been made in the 


equipment will occupy less space than the lamps 
and serve the same purpose, each resistance unit 
replacing two lamps. 

Instead of either a lamp resistance or unit resist* 
ance panel, a special form of rheostat may be used. 
The size and type depend upon the conditions. 

When ordering a rheostat, it will be necessary to 
give the following information: 

1. The voltage of the charging mains. 

2. The number of cells to be charged in series. 

3. The lowest and highest current rate desired. 

Resistance of some sort must be used when char¬ 
ging batteries, except where the voltage of the 
charging mains is exactly the voltage required to 
charge the battery or batteries. Within certain 
limits, a motor generator set can be regulated to 
deliver the voltage required. Where much charging 
is done, a motor generator set is more economic^ in 
operation than a charging resistance. 

When resistance, or a rheostat, is used instead of 
lamps, the resistance should be such as to produce, 
when carrying the proper charging current, a voltage 
drop equal to the difference between the voltage or 
pressure of the charging circuit and that of the bat¬ 
tery being charged. 

Example of a Charging Battery Using Resist¬ 
ance Units, and Method of Construction 

The parts necessary to construct this 5-battery 
charging outfit are: 

1 Double-pole single-throw switch. 

2 10-amp. plug cut-outs (fuses). 

1 Ammeter, reading 0 to 30 amperes. 

40 ft. of No. 16 rubber-covered flexible wire. 

1 Resistance unit with two taps. 

1 Resistance unit with nine taps. 



Fig. 13. Resistance charging circuit 

Construction: The resistance units can be ob¬ 
tained of 

Ward-Leonard Co., Mt. Vernon, N.Y. 
They are merely coils of wire (spiral resistance wire) 
wound on cylindrical tubes over asbestos and baked 
on the cylinder. The tubes are encased in porcelain 
and measure approximately 22" long and 2"aiameter. 

Taps: There are two taps from each single resist¬ 
ance unit in the left-hand coil of Fig. 13. The coil 
in the center of Fi^. 13 has 11 taps or connections, 
Each resistance imit in this illustration has 15 ohms 
capacity. 

These resistance units are inexpensive, costing in 
the neighborhood of about two dollars each. 


oonstruotion of resisUnoe units Fig. 18. Write Ward-Leonard for Bulletin No. 2601. 




568 


DYKE^S INSTRUCTION No. SO 


Charging: Batteries are referred to generally^ as 
3-cell, 6-volt batteries. If a battery has 6 cells, it is 
treats as two 3-cell batteries; if it has 9 cells, it 
is treated the same as three 3-cell batteries, etc. 

To figure the amount of resistance necessary to 
charge 1 to 5 batteries, that is, 3-cell batteries, on a 
110-volt directKJurrent line, note the following: 

Resistance is always referred to as so many 
“ohms.” If one 3-cell battery is to be charged at a 
3-amperage rate, figure the resistance necessary to 
put it in series with the battery as follows: NxSV 
■■TV, in which N stands for number of cells, SV 
stands for single voltage, or the voltage of one cell, 
and TV stands for total voltage. Substituting 
figures for the symbols Getters), we have: 3 cells (N) 
X2.1 volts (SV)«6.3 volts ftV); i.e., the total 
voltage required for a 3-cell, 6-volt battery at the 
beginning of a charge is 8.3 volts, and the resistance 
to use for a S-ampere charge is: 

n0v~6.3v 

--—»34.0 ohms ■■resistance required. 

3 amp. 

Arrived at as follows: 110-6.3*103.7-5-3=34.6. 

If two 3-cell batteries are to be charged at a 3- 
ampere charge, multiply the 6.3v in the foregoing 
example by two—for instance: 

llOv- 12.6V 

--*■32.6 ohms’■resistance required 

3 amp. 

If three 3-cell batteries are to be charged at a 3- 
ampere charge, multiply the 0.3v in the first 
ixample by 3; if four 3-coll batteries arc to be 
char^ multiply by 4, etc. 

If battery is to be charged at 6 amperes, divide by 
5, instead of by 3. For instance: 

110V-6.3V 

-*20.7 ohms*resistance required. 

6 amp. 

To charge two 3-cell batteries at 6 amperes: 

110v-12.6v 

---- 19 5 ohms resistance required, etc, 

6 amp. 

To increase the amperage of a charge, to say, 10 
amperes per hour, divide by 10 instead of by 3 or 5 
amperes, and cut out enough units to give the 
required resistance necessary. 

To operate on a higher voltage th^ 110 volts, as 

explained in the example above, say, 220 or 500 
volts, in order to find resistance necessary, use 220 
or 500 instead of 110 volts, as used in the examples 

How to charge: The two resistance units (Fig. 
13) at the left and center of the diagram, give 15 
ohms each, or a total of 35 ohms ^tual addition 
shows 30 ohms, but will give 35). One of the units 
(that in the center of Fig. 13) has 11 taps, so that 
the entire 11 resistance coils (RW) caw be thrown 
into the circuit, or only part of them, as shown in 
the diagram. The resistance imit (at^the left of 
Fig. 13) is connected at all times, and la 15 ohms. 
The other 15 ohms in the center can be subdivided: 

By merely connecting the wire from the batte^ 
(—negative) to (A), all resistance (30 ohms^will 
give 36) is m the circuit. When connected with (J[) 
only the resistance in the unit at the left of Fig. IS is 
in circuit. The table (Fig. 14) will explain how awd 
why the resistance units are added or cut out. 

By following the arrow points on the diagram, 
from the + F wire, over the switch from the main 
wife, the circuit can easily be traced. The dotted 
lines represent the connections at different taps on 
the center unit of Fig. 13. 


Number 
to Charge 

To Charge Batteries at 3 Amps. |To Charge Batteries at 5 Amps. 

of 

Batteries 

S-oella 

Ohms of Resist' 
ance Necessary 

Tap to Which 
to Connect 
Battery— 

Ohms af Resist¬ 
ance Necessar; 

Tap lo Which 
Connect 
Battery 

1 

84.6 

A 

20.7 

P 

2 

32.5 

B 

19.5 

O 

8 

30.3 

C 

18.2 

H 

4 

28.3 

D 

16.9 

I 

5 

26.2 

E 

15.7 

J 


Fig. 14. Table showing ohms resistance required for bat¬ 
tery charging, using resistance as in Fig. 13. 


When connection is at (A), this gives the least 
current, as the entire 30 ohms is in circuit. When 
at (FX 22}^ ohms resistance is in the circuit.» 

The ampere current flowing may be read on the 
ammeter. The actual current will depend upon 
the number of batteries in series, as in diagram (Fig. 
15). If the current obtained at (A) is not sufficient, 
then cut out resistance by connecting with (B) or 
(C), and so on, each giving a greater current than 
the one preceding, the maximum being at (J). 



Fig. 15. Method of connecting more than one battery to 
charge. Note that batteries are connected in series—the pKwi- 
tive pole of one battery to the negative pole of another, etc. 
Letters (B), (C), (D), and (E) refer to taps, (M) refers to the 
connection on the ammeter. Thus to M” would include all 
resistance, except coils (A). 

As the batteries become charged, the rate will 
become less, but may be increased again to 3 
amperes, by proceeding with the next operation of 
cutting out resistance. Charge until the specific 
gravity has reached a maximum and remained there 
for five hours. This is the standard, indicating 
completion of charge. The cells should gas at the 
same time. If they do not, the maximum gravity 
has not been reached. 

The important point to watch in charging is, not 
to let the temperature of the cell get above 110° F. 

If it does, the charge must be temporarily stopped, 
until the cell cools down, and then he continued at a 
lower rate. But be sure to charge until the specific 
gravity has remained at a maximum for five nours. 
In case one batte^ becomes charged first, it should 
be taken out of circuit and the remaining batteries 
charged at 6 or 6 amperes until charge is completed. 

Charging Batteries from an Alternating- 
Current Circuit Using a Rectifier 

Alternating current flows alternately in opposite 
directions, and is used to a great extent for house 
lighting. Only direct current, which is constant, or 
a continuous current, is suitable for charging storage 
batteries. 

‘If each unit (Fig. 13) ia 13 ohma, the two would repreaent 
80 obma, and when the tap ia made at (F) thia would out otit 
one-half of the reaiatance of the center unit of Fig. 13, leaving 
22)4 obma in the circuit. Although the table (Iqg. 14) 
for 20.7 ohms at (F), thia would be near enoqgih forpractioal 
purpoaea. 
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Alternating current can be rectified so that it will 
flow in one and the same direction. It can then be 
used for charging storage batteries. A device for 
such a purpose is called a rectifier. 

There are several t 3 rpes of rectifiers,* as follows: 

1. Chemical rectifier. 

2. Mercury arc rectifier. 

3. Synchronous commutator type. 

4. Tungar rectifier. 

6. Mbrator type. 

Chemical Rectifier 

A chemical rectifier is not very; efficient and is seldom used. 
There is a tendency for liquid in jars to get hot and boil if too 
high a current is passed through it, otherwise water is not 
neoeesary (see Fig. 16). 



The amount of charging current is regulated by using 16 or 
32 c.p. lamps. Onc-huTf of 1 ampere will pass through u 16 c.p. 
lamp and 1 amp. through a 32 c.p. lamp. Therefore the more 
lamps, the more amperes flowing. About 2 amperes or four 
16 c.p. lamps is best with this outfit, which of course would 
require a long time to charge a lOO-ainpere-hour battery if the 
latter is entirely exhausted. 


^th this type it does not matter which of the 
terminals connects with the battery, as the volta^ 
from the battery will set up its polarity in the 
electromagnet. The disadvantage, however, is that 
if the battery is almost totally discharged there will 
not be sufficient voltage to excite the electromagnet 
which should determine the polarity of the charge. 

Vibrator Type of Rectifier with a Permanent 
Magnet 

The vibrator type of rectifier transforms the alter¬ 
nating current from 110 volts to 10 or 12 volts. The 
current then passes through an electromagnet, the 
amount of current to operate the vibrator being 
regulated by resistance (RE) (Fig. 17). 

The purpose of the electromagnet, vibrator, and 
permanent magnet is as follows: If the alternating 
current flowing through the electromagnet is 120- 
cycle waves per second, the core (N) of the electro¬ 
magnet would change its polarity with each cycle 
wave. 

If, however, some means were employed to cut 
out 60 of the cycle waves, and utilize only one-half 
of the waves, or only every other cycle wave which 
flows in one direction, and which would be a direct 
flow of current, then the vibrator would close the 
circuit to the battery at (VS), and charge the battery. 



Fig. 17 Vibrator type of rectifier. 

Fig. 18. Mercury arc rectifier for 60, 50, 40, 30, or 25 cycles, 
110 volta. 


Synchronous Type Rectifier 

The synchronous commutator type of rectifier is 
merely an alternating-current motor with which a 
commutator is used to change the alternating cur¬ 
rent to direct current. 

Vibrator Type Rectifier 

The vibrator type of rectifier is divided into two 
classes; one, whereby the storage battery being 
charged determines the polarity of the charge, and 
the other^ whereby a permanent magnet determines 
the polarity of the charge. 

With this last-mentioned typo and previously 
mentioned rectifiers, it is important that positive and 
aegafive poles of the battery be connected to the 
positive and negative poles of the rectifier. 

On one other type of vibrator rectifier, which is 
similar to that shown in Fig. 17, but riinus the 
permanent magnet^ there is another winding on the 
electroma^et, which is ^^shimted” across the bat¬ 
tery termmals and which takes the place of the 
permanent magnet. 

*Anoih«r ia the metallic dfy plate type (copper oxide, coppe 
"high rate'* and "fast** ebargere). For literature on ri^d 
Benwood-Linse Co., St, Louis, Mo.; Marquette Mfg. Co., Mil 
Conn. 


This is made possible by placing a ‘^permanent 
magnet” at the end of the electromagnet, as shown 
in Fig. 17, which keeps the electromagnet core 
definitely (N) and (S). During the time the 6(K 
cjTde waves per second are flowing one way, or in 
harmony witn the permanent-magnet polarity, the 
vibrator ‘‘cuts in” the battery, and during the time 
the fiO-cycle waves flow in the other direction, the 
vibrator is not attracted by the core (N), because 
current is flowing in an opposite direction to the 
polarized magnet core, and magnetism is not set up. 

A spring, not shown, is attached to the vibrator 
which is adjusted to hold the vibrator away from 
the core (N) until current flowing in harmony with 
the permanent magnet polarity, both coinbined, 
draws the vibrator to the core. The resistance (BR) 
is used to limit the amount of charging current to 
the battery, say 6 amperes. 

Positive and negative wires must be connected 
correctly, but on another type of vibrator rectifier, 
as explained above, this is not necessary. 

This kind of rectifier (Fig. 17) and most other 
rectifiers of this type are only suitable for charging 
one 6-volt battery at a 6-ampere rate, or a 12-volt 
battery at a 3-ampere rate. 

sulphide, selenium) used with rapid type charg;^ (also tenned 
battery <^argeni: Allen Electric A Eq. CJo., Kaiamaiop, Mich.; 
QeapoliB, Miim.; General Electric Co., Appl. Dept., Bridgeport 2, 
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The Mercury Arc Rectifier 

The mercurv arc rectifiei^ (Fie. 18) ia used con¬ 
siderably for charging electric v^icle batteries. A 
maximum of 30 amperes is the average. A large 
glass tube contains mercury in its base. Graphite 
terminals (1) and (2) are the ^'anodes.*^ Terminal 
(3) is the “cathode^^ for negative wire, there being 
only one. (G) is the transformer. A small elec¬ 
trode (4), connected to one side of the alternating 
current, is used for starting the arc across the 
mercury. Tilting the tube causes a mercury bridge, 
between the terminals and produces an arc when the 
tube is turned in a vertical position. 

Prindj^e: When the current alternates, first one. and then 
the other “anode” (1) and (2) becomes positive, and a con¬ 
tinuous flow is towards the mercury “cathode” (3), thence to 
the battery, back to the opposite side of supply. This type is 
often oallM a **tube type” rectifier. For further information 
write General Electric Co., Schenectady, N.Y. 

The Tungar Rectifier 

The Tungar rectifier (Fig. 19) consists of a hot 
argon low-pressure gas-filled bulb (B) (Figs. 19, 20), 
with a “cathode'^ (F) (tungsten filament) and an 
^^anode^' (A), a transformer (T) for exciting the fila¬ 
ment, a rheostat (R), and the load which is shown as 
a storage battery. The connections in Fig. 19 show 
the half-wave rectifier in its simplest form. 



Principle: Assuming an instant when the side 
(C) of the alternating-current supply is positive, 
the current follows the direction of the arrows 
through the load, rheostat, bulb, and back to tl^p 
opposite side of the altemating-cuirent line. A 
certain amount of alternating current, goes through 
the transformer (T) to excite the filament, the 
amount depending on the capacity of the bulb. 

When the alternating-current supply reverses, 
and the side (D) becomes positive, the current is 
prevented from flowing. In other words, the cur¬ 
rent is permitted to flow from the ‘^anode’^ (A) to 
the '^cathode'' (F), or against the flow of emitted 
electrons from the cathode, but it cannot flow from 
the cathode to the anode with the flow of electrons. 
This type of rectifier is extensively used and is often 
called a “bulb type” rectifier. 

The General Electric Co., Schenectady, N.Y., supplies 
Tungar rectifiers to operate from 105 to 125-volt 60-cycle 
alternating current for public garage use. No. 170492 Tungar 
rect^er will charge 1 to 10 six-volt batteries, or 3 to 30 cells, 
at 6 amperes. No. 235102 Tungar rectifier will charge 1 to 20 
six-volt batteries, or 3 to 60 cells at 6 amperes, or will charge 
1 to 10 six-volt batteries at 12 amperes. Smaller outfits are 
n^e for private garage use. Booklets 
will be sent to readers of this book who are interested. 

(See also page 530.) 


2. By the use of an electric motor operating on 
alternating current and driving a dynamo or 
generator which will generate * weet” current, 
from which current the battery is charged. This 
motor and generator is then “direct connected” 
on one base, and called a “motor-generator set.” 

3. Instead of an electric motor being used to drive 
the generator, this direct-current generator can 
be driven by belt power from a line shaft, or gaso¬ 
line engine, or other power. 

Where a limited amount of battery charging is to 
be done, the rectifier (Fig. 17) is recommended. 

Where many batteries are to be charged, motor- 
generator sets, shown below, are recommended. 


Description of a Motor-Generator Set' 

The motor-generator set consists of an alternating 
current motor to operate from any commercial 
voltage or frequency. Tlfis motor drives a direct- 
current generator from which current is derived to 
charge batteries. 


There are two t 3 q)es of motor-generators: the 

“constantrcurrent^^ or ^^series” charging type (Fig 
21), and the “constant-potential” type (page 679). 


With the constant-current 
type the batteries are charged 
at a constant anmerage and 
the voltage drops oft as the bat¬ 
tery becomes charged; this is the 
system used for long charging 
periods at low rates of charge. 


G 


With the constant-potential 
type the batteries are charged 
at a constant voltage and the 
amperage drops off as the bat¬ 
tery becomes charged; this is 
the system used for quick 
charging at high rates to begin 
with, and is also termed the 
8-hour charging system. 

Observe that in the constant- 
current type the generator gen¬ 
erates a high 
voltage but a 
low amper¬ 
age, whereas 
the constant- i 
potential type ' 
generator 
(page 679) 
generates a 
low voltage t 
and a high | 
amperage. 




Fig. 21. A motor-generator set with an alternating current 
motor (M), which driv'es a direct-current generator (G) of the 
“constant-current” type. (S) is the switch connected with the 
outside alternating current source and motor: OB) is the gener^ 
ator switch: (A) the amperemeter connected in the charging 
line; (C) the automatic out-out to open the circuit between 
battery and generator if motor should stom (R) the rheostat 
to regulate charging current to battery; (T) are the (+) and 
(~) terminals whion connect with the batteries as snown in 
Fig. 22. 


The Motor-Generator Set, for Charging 
Batteries 

Only direct current can be used to charge storage 
batteries, but in most towns and cities only alternat¬ 
ing current is available. 

There are three methods of charging batteries 
where only alternating current is available: 

1. By the use of a rectiflert as explained. 


This motor-generator set (Fig. 21) will charge 1 
to 10 batteries m series at 8 amperes. The generator 
delivers 76 volts, 8 amperes, 600 watts. 

This set will charge 20 batteries at 4 amperes, if 
two auxiliary rheostats are used as shown in Fig, 23. 


^ Some of the concerns who supply motor-generators arO 
_ , , The Hobart Broe. Co., Troy, Ohio 

General Eleotrio Co., Soheneotad^, N.Y. ^ 

See also page S70. 
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Auxiliary Rheostat 

The purpose of this device will be understood bet¬ 
ter after reading the explanation that follows. 

Construction: Resistance coils wound on asbestos 
board are placed about apart lengthwise on the 
back of a slate S|ab. This resistance can be cut in 
and out of the circuit by a handle (H) (Fig. 23). 

The ammeter (A) on the rheostat indicates the 
charging rate on that particular rheostat line, 
whereas the ammeter on the switchboard indicates 
the total amperes to all lines, or to 1 or 5 batteries if 
charged without this auxiliary rheostat. Maximum 
carrying capacity of auxiliary rheostat is 10 amperes. 

Refer now to Fig. 22. Note that there are ten 
6-volt batteries connected in series with the type 
6-G motor-generator set, without the use of the 
auxiliary rheostat. The charging rate is 8 amperes 
and this is the capacity of the 6-G motor-generator. 


fum OtARGIMG WINKS NO tO WICS 



Fig. 22 Fig. 23 


Now refer to Fig. 23. Note that there are two 
sets of ten batteries connected with two auxiliary 
rheostats (AUX. R1 and AUX. R2). Each set with 
its auxiliary rheostat, instead of being in series 
with the main charging line from the generator, is 
connected parallel to the line. 

Therefore, instead of each set of ten batteries 
(Fig. 23) drawing 8 amperes, as in Fig. 22, they only 
draw 4 amperes, or, m other words, the rate of 
charge is reduced one-haIf| in order to charge as 
many as twenty batteries. 

When charging with the use of the two auxiliaiy 
rheostats, place each rheostat handle (H) of (AUX. 
Rl) and (AUX. R2) so that all resistance is cut out. 

Then set the charging rate of the generator by 
moving its shunt-field rheostat (on the switchboard) 
until ammeter on switchboard shows 8 amperes. 

Then note the reading on each of the ammeters 
(A) on the auxiliary rheostats. A little resistance 
cap then be cut in or added to the line that is taking 
most of the current until each of the two auxiliary 
lines is cut down to the proper amount of current at 
which it is desired to charge each lot of batteries. 

The highest rate at which the twenty batteries 
can be olmrged, as shown in Fig. 23, is 4 amperes. 

When inquiring about a motor-generator of a 
manufacturer, give the following information: 

1. The number of cells to be charged. 

2. The highest and lowest charging rate. 

3. The voltage of the supply mains. 

4. If this is alternating current, give, in addition, 

5. The frequency in cycles per second, and 

6. Whether it is single phase or three phase. 

How to Change the Polarity of Shunt-Wound 
Generator 

It it poatiblt to chtnEo the poUrity of thimt-wound lenert- 
tort, and tinoe thia it the type of generator uted for oatteiy 
charging, it it well to know how to correct the polarity, which it 
woe by the following method: 


Cut out all the field resiatanoe by turning the rheostat handle 
to *‘high*’ (the reaiatance of the rheostat is in series with the 
shunt fiold-oirouit), and connect on a charged batteiy to the 
panel board (Rg. 22} (—) to (—) and (4-) to (-f). Close the 
battery switch, which will start the generator as a motor, and 
cause the ammeter to indicate “discharge**; then throw in the 
main line switch, and the meter will snow “charge,** and the 
polarity will be corrected. The polwity will never change 
while the set is operating. A change of polarity is caused by 
connecting the batteries wrong when the set is not running. 

A Direct-Current Generator Driven by a Belt 

A direct-current generator can be driven by a belt 
from a line shaft, engine, or any other source of 
power. A type 3-G generator with switchboard, 
cut-out, and belt pulley can be purchased (Fig. 24). 



Fig. 24. Belt-driven generator and switchboard. Parts: 

(I) bracket for support; (2) ammeter; (3, 4) bolts; (5,6) fuses; 
(7, 8, 9) double-pole, single-throw switch; (10) slate slab; 

(II) rheostat. 

The speed of this particular type of generator is 
1,800 r.p.m. It is a 300-watt capacity, 30-volt 
12-ampere generator. This generator will charge 6 
batteries at 6 amperes if two auxiliary rheostats are 
used, or 1 to 3 batteries in series at 12 amperes. 



Fig. 25. Rear of awitohboard showing oonneotiooB. 



INSTRUCTION No. 51 

CHARGING BATTERIES: Putting Batteries in Storage 


The different charging methods and connections 
were explained on page 564 and in the preceding 
instruction. We shall now deal with the charging 
of the battery in “series,” with a “constant current” 
or amperage (see page 579 for the “constant poten¬ 
tial” method). 

When a Battery Charge Is Necessary 
A battery charge is necessary; 

1. When discharged, that is, when each cell is as 
low as 1.8 volts and the specific-gravity reading 
is 1.200 or less. 

2. When a battery is received new and in a dry con¬ 
dition. 

3. When a battery is received new and in a wet 
condition. 

4. When defective. 

5. When repaired. 

6. When stored. 

A battery may be charged: 

1. When on the car. 

2. When removed from the car. 

Charging and Discharging Action 

There are two chief points to consider when charg¬ 
ing a battery. In other words, the proper charging 
of a battery depends upon two points, namely, 
gassing and temperature, explained as follows: 

To charge a battery^ direct current is passed 
through the cells in a direction opposite to that of 
discharge. This current, passing through the cells 
in the reverse direction, will reverse the action which 
took place in the cells during discharge (explained 
under the “Principle and action of a storage bat¬ 
tery,” p^e 539). It will be remembered that 
during discharge, the acid of the electrolyte went 
into and combined with the active material, filling its 
pores with sulphate and causing the electrolyte to 
Become weaker (merely water). 

Action of current: Reversing the current through 
this sulphate in the plates restores the active 
material to its original condition, and returns the 
acid to the electrolyte. 

Thus, during charge the electrolyte gradually 
becomes stronger, as the sulphate m the plates 
decreases, until no more sulphate remains, and all 
the acid has been returned to the electrolyte. It 
will then be of the same stren^h as before the dis¬ 
charge, and the same acid will be ready to be used 
over again during ohe next discharge. Since there 
is no loss of acid, none should ever be added to the 
elecbxilyte. There is, however, a loss of water from 
evaporation. 

Object of charging: The acid absorbed by the 
plates during discharge is, during charge, driven 
nom the plato by the char^g current and restored 
to the el^rolyte. 

Gassing: When a battery is fully discharged, it 
can absorb current at the highest rate. As the 
charge promsses, the plates can no longer absorb 
current at the same rate, and the excess current goes 
to form gas. In a battery which is charged, or 


nearly charged, the plates can absorb current with¬ 
out excessive gassing only at a low rate, and a high 
charging rate will be almost entirely used in forming 
gas, resulting in high temperature and wear on the 
plates. 

In starting and lighting systems, the aim is to 
provide sufficient current under average running 
conditions so that the battery will not be “starved^” 
and yet that the charge will be at a rate which will 
not cause injurious gassing. 

Normal and abnormal sulphate: The sulphating 
which takes place during an ordinary discharge is 
entirely normal. If, however, charging is insuffi¬ 
cient, the sulphate increases and becomes hard, and 
the plates become lighter in color, lose their porosity, 
and are not easily charged; this is the abnormal 
condition usually referred to as “sulphated.” This 
condition is usually the result of “starvation” of 
the battery. 

Overdischarge: It is not discharge at any rate 
which injures a battery, but overdischarge, or, 
what in time amounts to the same thing, under^ 
charge or “starvation.” 

“Starvation”: If a car is so run that the battery 
gets insufficient charge and is “starved,” it cannot 
be expected to do its work properly. 

Overcharge: Persistent overcharging not only 
tends to wash out the positive active material, but 
also acts on the positive grids, giving them a scaly 
appearance. 

Low temperature; Temperature has quite a 
marked effect on a battery. Low temperature (tem¬ 
porarily) both lessens the ampere-hour capacity 
which can be taken out of the Battery and Towers 
the discharge voltage. It is as if the battery were 
numbed by the cold and unable to make the same 
effort as at normal temperature. The effect of cold 
is only temporary, the battery returning to its 
normal state upon its return to normal temperature, 
even without charge. 

Starting batteries are usually designed with suffi¬ 
cient margin over the ordinary requirements so that 
they will still perform their functions under reason¬ 
ably low temperature conditions. It is just as well, 
however, to bear in mind the effect of cold weather 
and to aim to keep the battery unusually well 
charged in winter, and not to expose it unnecessarily 
to low temperatures. 

There is no danger of the electrolyte freezing in a 
fully cliarged cell: but in one which is over-dis¬ 
charged, or has had water added without subsequent 
charging, this is liable to occur. 

High temperature: High temperature is to be 
avoided from the standpoint of the life of the bat¬ 
tery; 11Q° F. is usually given as the limiting tem¬ 
perature, and even this would be harmful if main¬ 
tained steadily. 

Heating is ordinarily the result of charging at too 
high a current rate. If the temperature of the 
electrolyte in a battery is found to run excessively 
high, the system should be inspected; it may be out 
of adjustment and be charging the battery at toe 
high a rate. 
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The effects of continued high temperature are to 
distort and buckle the plates, to char and we^en 
the wood separators, to soften and sometimes in juri- 
ously distort the jars and covers. 

Charging a Battery on the Car 

If a battery is charged on the car, the chief points 
to determine are whether it is getting too small a 
charge, or whether it is getting too much of a charge. 

If it is not getting a sufficient charge, this is 
attributable to the following causes: 

1. Car is run mostly at night with lights on, and 
does not run enough in daytime with lights off. 

2. Overloading, such as additional electrical appara¬ 
tus drawing on it. 

3. Battery is old and probably sulphated. 

4. Loose connections, or sulphated battery terminals, 
or ground causing leaks, the latter causing the 
battery to discharge. 

5. Cut-out not opening and closing properly. 

6. Generator third brush, or main brushes not seat¬ 
ing properly. 

7. Generator output set too low. 

8. Cold weather driving caused excessive use of 
starter. 

If it is getting too much charge: 

1. The temperature of the battery is raised. The 
connectors will probably be found to be hot. 
Test the cells with a hydrometer and do not per¬ 
mit the temperature of the electrolyte to rise 
above 105°. Lower the charging rate. 

'2. If the charging rate cannot be lowered, then 
allow the lamps to burn in the daytime. (See 
also page 656, relative to charging rate when 
touring.) 

,A Bench Charge (Battery Removed from Car) 

A bench charge is a method of charging the bat¬ 
tery from a source outside of the car. 

If the car is not equipped with an electric genera¬ 
tor, a “bench charge” will be required periodically, 
-depending upon how often or how long the lighting 
-or the ignition system has been used. 

If the car is equipped with a generator, a “bench 
charge” will be necessary only in case of trouble, 
such as the battery being run down on account of the 
generator output being insufficient, or caused by 
driving too much at night with the lights on, or by 
•excessive use of the starting motor. 

Indications of the battery requiring a **bench 
charge” will be as follows: 

1. When the hydrometer readings of the specific 
gravity of the cells show less than 1.200, or as 
great a difference as 25 to 50 points. 

'2, When the cell voltage falls below 1.8 volts per 
cell, the test being made when lights are on. 

3. When the starting motor revolves, but lacks 
speed and power. 

'4. When the lights are dim while the engine is idle. 
5. When the electrolyte is below the level of the top 
of the plates and the battery is discharged. First, 
fill with water. 

^6. When the battery is *‘doped,” that is, when acid 
has been added in place of water. In this in¬ 
stance the battery may be discharged to where 
the cell voltage is but 1.8 volts per cell, yet the 
specific gravity readings will be 1.200 or more. 


How to Give a Bench Charge 

Use direct current only, never alternating. 

Connect the battery correctly to the chargmg 
source, the positive battery terminal to the positive 
charging wire, and the negative battery terminal to 
the negative charging wire. The positive battery 
terminal is marked POS or (+), or is painted red: 
the negative is marked NEG or (—), or is painted 
black. 

Limit the charging current to the anlperes given 
in the table below, by connecting suitable resistance 
in series with the battery (see Fig. 6, page 565, show¬ 
ing a method of charging a 6-volt typo XC-13 Exide 
battery from a 110-volt lighting circuit; direct- 
current only). 

Remove the filling plugs and add distilled or other 
“pure” water until the level reaches the bottom of 
the filling tubes. 

It will be necessary to take hydrometer readings 
while charging. If the plugs are left out or loose, 
the solution will flood out unless the valves (Fig. 28, 
page 528) are each given a quarter turn, bringing 
them into the position shown. 

As quite a few hydrometer readings are required, 
turning the valves after removing the filling plugs 
is less work than removing and tightening the filling 
plugs before and after every reading, as would other¬ 
wise be necessary. 

Charge at the rate shown in the following table 
until all cells are gassing or bubbling freely and 
evenly, and until the hydrometer reading of every 
cell goes as high as it will. Then charge for five 
hours longer. 

If, on charge, the hydrometer reading of any cell 
continues to rise above 1.310 (1.240)^, dump the 
solution, refill with “pure” water, and continue to 
charge at about two-thirds of the earlier rate until 
the hydrometer reading of every cell goes as high as 
it will. Then charge for ten hours longer. 

Keep the temperature of ihe solution below 110° 
(125)1 interrupting the charge if necessary. 

After the charge is complete, adjust the strength 
of the solution to between 1.270 and 1.300 (1.200i 
and 1,2300 as explained under “Exide instructions 
for adjusting electrolyte,” page 536. 

Just before putting the battery back into service, 
make the high-amperage-discharge test, as explained 
on page 553. 


TYPE AND SIZE OF CELL 


Rati 

AMtBMt 


KZ-3 


1X-13 

JX45 

jx.l9 


MHA- 


ZA-S. 

ZA.7. 

LX-5 LXR-5 LXRE-S.. 

KXD-5..XC.9 _ 

.SX-9 XC-11 XE-H 

KXD-7 LXR-9 LXRE.9 ....XC-U XE-U 

.SX-U XC-IS XE-15 

KXD.9 LXR-ll .XC.17 .. 

.LXR-13 LXRB-13 ..XC-19 XE.19 

KXD-ll LXR-15 LXRE-IS LXRV-IS XC.21 XE.21 

.....XC.23 ... 

LX.17 LXR.17 LXRE.17.XC-2S.... 

U .PHA-13 PHC-13.. 


1 

4 

5 

6 

7 

8 

9 

10 
11 

> 12 


Fig. 1. **Bench charge'* table^ applying to Exide batteries. 
Note that an XC-13 battery requires 6 amperes. To facilitate 
comparing other batteries with this table, see page 523. giving 
the meaning of X013, and also the capacity. (See page 574 
for later Exide tables.) 


> Readings for tropical olixnatee. 
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DYKE'S INSTRUCTION No. 61 


STORAGE-BATTERY RATINGS, CAPACITY, ETC.. 


S. A* £• Ratings and Capacities of Passenger- 
Car and Motor Truck Storage-Batteries 

Storage batteries used on automobiles have two 
duties to perform. They must supply current at a 
low rate for lighting and at a high rate for operating 
the starting motor. The Standards Committee of 
the Society of Automotive Engineers, Inc., therefore 
determined that combined starting and lighting 
batteries shall be given two separate ratings. The 
following ratings were established June, 1925. 

The first rati^ indicates the lighting ability, and 
is the capacity in ampere-hours of the battery when 
it is disenargM continuously at the 20-hr. rate to a 
final voltage of not less than 1.75 per cell. The 
temperature of the battery should be 80° F. when 
the test begins. 

The second rating indicates the starting ability, 
and is the minimum discharge rate in amperes when 
the battery is discharged continuously for 20 
minutes to a final voltage of not less than i .5 volts 
per cell. The temperature of the battery should be 
80° F. when the test begins. 

S. A. E. Standard Passenger-Car Storage- 
Battery Ratings and Dimensions 

Application: These 
specifications are in¬ 
tended to apply only 
to lead-acid storage 
batteries for auto¬ 
motive equipment. 

The table below 
pertmns to passen¬ 
ger-car battery rat¬ 
ings, capacity and 
dimensions. 


MOTOR-TRUCK STORAGE-BATTERY DIMENSIONS 



AifTTibir *" “*j 

ii! 

@ 

Sf 


SA 







PASSENGER-CAR.BATTERY DIMENSIONS 


41 

" 1 , 

No. of 
Cells 

Mm. Cap. 
IN Aup* 
Hb.at 
20-Hr, 
Ratb 

Mw. Amp. 

FOR 

20 Mm. 

Maximum Overall 
Dimensions, In.* 

Length 

U) 

Width 

Height 

1 

3* 

80 

95 


7H 

10 

s 


95 

111 

lOK 

7H 

10 

8 

3« 

no 

127 

12>i 

7H 

10 

4 

8* 

140 

159 

13 « 

7*4 

10 

5 

8» 

125 

137 

20il 

5H 

9H 

e 


60 

57 

12H 

7H 

lOH 


6* 

80 

95 

17h 


10 


Battery 

No. 

No. of 
Ceila« 

Mm. Cap. 
IN Amp- 
Hr. at 
20- Hr. 
Rats 

Mm. Amp. 

FOR 

20 Mm. 

Maximum Overall 
Dimensions, In. 

I^ngtht 

Width 

Height 

II 

3 

56 


lOK 

7H 

lOM 

12 

3 

74 


12H 

7 5t 

lOM 

18 

3 

02 

ii2' 

13 M 

7 ^ 

lOM 

14 

3 

no 

134 

l&H 

7 H 

lOK 

15 

3 

123 

156 

17 

7H 

10« 


UMmbly of oeIUih*!ll>e uwd M in Fif. 3A. 
t Th« overall end-to-end length include, hendlea, but not hold-down derioee. The 
hendlee end the hold-down devices ehall be attached only to the ends of the oaee. Ter.' 
minala and oonneotJona ehall not extend above the handke. the latter aball be the hicheal 
point. 

Batterlee Noe. 11 and 12 are for lithtinc aervice only; batterlee Noe. 18,14, and 16 are 
for combined atartinc end lifhtins service. 


Exide Ratings, Plates Per Cell, Charge Rates 
and Capacity of Automotive 
Storage Batteries 

The following specifications are later than the 
other (Exide) ratings and capacities shown elsewhere 
in this book. (From Exide Manual, Fourteenth ed.) 

The dimensions and other details of the type of 
batteries mentioned in the table can be found in the 
Exide catalogue; see also page 523. 


CHARGE 

RATE 


CAPACITY 


’^Tho overall end-to-end lencth of pes e e nger-or botteriee for eUrting end lighting 
Mrrie* Ineludee hnndice, but not hold-down devices. The hendles end the hold-down 
dnrieM ehnll bn nttnohed only to thn ends of the ease. TermiiuiU sod coruieotions ehall 
pot axtnnd nbovn the handles; thn latter abal I be the higheet point. 

^Arrangement of oelle to bn an shown in Fig. 8A. 

bBnd-to'«nd BMembly of iare ahown in Fig. 3B is not reeommended because of the 
Inherent weaknnnn of this type of eonatruotion. 

•Aifingnmnnt of nella to Im an ahown in Fig. 3C. 

Examples: In the table above, the lighting rating for battery 
No. 1 at the 20-hour rate is 80 amp. brs. If we divide 80 amp. 
hrs. by 20 hours we obtain 4 amperes. This battery should then 
discharge continuously at least 4 amperes for 20 hours before 
the voltage of each cell drops to 1.75. 

The table aMoifiea that the starting rating for this battery is 
95 amps, for 2^ minutes. It should therefore discharge con¬ 
tinuously at least 95 amps, for 20 minutes before the voltage of 
each cell drope to 1.5. 

In the same way, battery No. 6 should discharge conUnuoudy 
at least 50 amp. hrs. 4*20 hn.«»2| amps, for ^ hours before 
reac^ng a final voltage of 1.76 per cell. It should also dis¬ 
charge continuously atieast 57 amps, for 20 minutes before reach¬ 
ing a final voltage of 1.5 per cell. 

Se A. E. Standard Motor-Truck Storage- 
Battery Ratings and Dimensions 
Amdication: These specifications apply to lead- 
acid storage batteries for heavy-duty motor trucks. 

These specifications and 


TYPE 

OF 

CELL* 

PtATgS 

Per 


20-Minute 

20-Hour 1 

5-Ampere 

Cru.* 

Amperes 

Amperes 

Ampere 

Hours 

Approx- 
i mate 
Points in 
Gravity 

Ampere 

Hours 


RX 

13 

6 

98 

86 

174 

84 

XC 

15 

7 

114 

100 

176 

100 

XCR 

17 

8 • 

130 

ns 

178 

117 

XE 

19 

9 

147 

129 

180 

135 

XXV 

23 

11 

180 

158 

183 

i65 


25 

12 

196 

172 

184 

180 

HZ 

4 

1 


li 5 

128 

5*4 


5 

4 


44 

128 

36 


7 

6 


67 

137 

61 

KXD 

9 

7H 


89 

143 

86 

KXK 

11 

9 

115 

111 

147 

113 


IS 

12 

160 

155 

152 

170 


21 

16 

230 

222 

l';7 

258 

KZ 

3 

1 


9 1 

89 

4.3 

LXR 

9 

6 

85 

78 

185 1 

74 

LXRE 

11 

7H 

107 

98 

187 i 

99 

LXV 

15 

10 

150 

137 

194 1 

145 

MVE 

13 

14 

240 

236 

155 

246 

PHC 

13 

8 

152 

140 

172 

150 

KZR 

3 

5 

1 

2 


9.1 
18 2 

89 

92 

1 

LR 

2 



3 4 

90 



5 

3 


39 

161 



7 

4H 


59 

175 


LXL 

9 

6 


78 

185 



11 

7H 


98 

187 



13 

9 


118 

103 



*To identify type end pUtee per oell, note the merking on the tismeplate, or if 
there is do nnmepUte, on top of one of the lend eonneotors between eelU. Diaregerd 
(he flret numeral, whleh refers to the number of oelle in the buttery. Foe example, 
with the merking 3-XCII-16, look for XCll-16in the table. 


Charging rate: Batteries may be charged at any 
rate in amperes that will not immediately produce 
gassing or bubbling of the electrolyte. The temper¬ 
ature of the cell should never be permitted to exceed 
110° F. As soon as gassing starts, or before the 
cells reach 110° F., the charging rate should be re¬ 
duced and the charge should be completed at the 
finishing rate which is shown in the third column of 
the table. Do not charge at a higher rate than this 
while the cells are gassinge 

ratings have boeu chaused. 
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Capacity 20-minute indicates the rate that the 
t)attery should discharge for 20 minutes before be¬ 
coming discharged. 

. For example: The fully charged type XC-16 battery should 
discharge at the rate of 114 amperes for 20 minutes before be¬ 
coming discharged. 

Capacity 20-hour indicates the capacity in ampere 
hours to be expected from a battery when discharged 
for 20 hours while the specific gravity decreases by 
the amount shown in the column “Approximate 
Points in Gravity.*^ 

For example: Assume that a fully charged XC-15 battery has 
a speciiic gravity of 1.275, The battery capacity is 100 ampere 
iioura at the 20 hour rate; or 100-r20 equals 6, the rate in 
amperes for 20 hours at which it will discharge before it reaches 
a specific gravity of 1.275 — 0.176 = 1.099 (approximately). 

Capacity 6-ampere indicates the capacity in 
ampere hours to be expected from a battery while 
discharging at the rate of 5 amperes. 

For example: A fully charged XC-15 battery should dis¬ 
charge at the rate of 5 amperes for 100 ampere hours -f5 amps., 
whicYi is 20 hours before becoming completely discharged. 

Low-rate capacity tests: The last three columns 
in the table furnish data for making low-rate capac¬ 
ity tests as explained in the preceding paragraphs. 

Charging Rales 

Charging rates are given by the Exide manufac¬ 
turers in the table on page 574. 

Another table (below) gives an ampcrc-charge rate 
to start with, termed “starting rate,’' and a rate to 
finish with, termed a “finishing rate.” 


Liokting Capacities 


No. Hours Batteries Will Sustain Ampere 
Discharges of 


Charging Rates 
IN Amperes 


1 Ampere 

5-Amperes 

7i Amperes 

Sturtins 

Rate 

Finishing 

Rate 

90 Hr*.. 

14 lira. 

S lira. 

10 

2i 

110 “ 

18 

10 5 “ 

12 

3 

130 " 

21 2 “ 

13 

14 


150 " 

25.2 “ 

15.5 “ 

16 

4 

175 “ 

29 5 “ 

18 1 " 

18 

4| 

185 " 

33.2 « 

20.5 " 

20| 

5 


Example: When charging a battery that has a capacity of 
iliHcharging 1 ampere for 90 hours, the charge should begin at 
the starting rate of 10 amperes. Thisrate should be maintained 
until the cells gas freely. The charging current should then be 
reduced and the charge completed at the finishing rate of 2^ 
amperes. 


A battery charge is complete when, with charging 
current flowing at the finish rate given in the tables, 
all cells are gassing (bubbling) freely and evenly ami 
the gravity of all cells has shown no further rise 
during one or two hours. The voltage per cell while 
being charged should be 2.5 volts. 

The 24-hour rate is the one used for charging 
through the night, and cells charging at this rate 
may be left on continuously. The 24-hour rate is 
equal to the finishing rate. 

If charging rates are not known, the following 
rates may be used with safety on automotive bat¬ 
teries. The starting rate should not exceed three or 
four times the finishing rate, so that the cells will 
not gas or bubble excessively and the temperature 
will not exceed 110° F. (125° F. for batteries in 
tropical climates). 

The finishing rate may be 6 or 6 amperes for 
8-volt starting and lighting batteries; 4 amperes for 
12 - volt starting and lighting batteries; 3 amperes for 
lighting batteries, and 1 amp. for motorcycle lotteries. 


Procedure of Charging 
Commence the charge at the “Starting Rate.” 
Be sure that the rate is correct for the particular type 
of battery. Continue to charge at the maximum 


rate until the cells begin to gas or bubble freely, at 
which time the voltage will be approximately 2.5 
volts per cell (7.5 volts for a 6-volt battery). When 
one or both of these conditions are obtained, reduce 
the charging current to the value given under 
“Finishing Rate,” by unscrewing the proper number 
of lamps (if charging with lamp resistance), and 
continue to charge at this rate until cells again gas 
freely, and specific gravity of electrolyte ceases to 
rise, as indicated by successive half-hour readings 
taken for one or two hours after cells begin to gas. 

At the end of charge, the voltage will be approxi¬ 
mately 2.5 volts per cell with the current flowing at 
the minimum rate, but on a new battery this voltage 
will be greater, reaching as high as 2.65 volts per cell. 

The specific gravity of the electrolyte at the end of 
charge should be at a maximum between the value 
1.270 and 1.300. Correct all specific-gravity read¬ 
ings for temperature as described under “Specific 
Gravity,” pnge 532. Make sure that the battery 
is full, but do not overcharge. 

The temperature of the electrolyte should not be 
allowed to exceed 110° F. during charge. If this 
temperature is exceeded, cool battery by reducing 
charging current, or by temporarily stopping charge. 

Hurrying a charge: This is not recommended, but 
when unavoidable, put the battery on double the 
“starting rate” given for the size of battery. 

If you have no voltmeter nor hydrometer, it is 

possible to determine when battery is charged by 
observing when gas bubbles rise freely from solution 
while battery is charging at 24-hour rate. 

Charging Small and Large Batteries 

It is not advisable to place small batteries in series 
with large-capacity batteries and then give the small 
ones the rate of charge required for the large ones. 
This practice wdll cause the temperature of the small 
ones to rise more quickly than in the large ones, and 
will thus cause overheating. 

If charging more than one size in series is unavoid¬ 
able, then cnarge all at the rate required for the 
smaller battery; then when the latter is charged, 
take it off tlie line. It is best to have separate 
charging lines for series circuits of different sizes of 
batteries, for then the charging rate can be controlled 
accordingly. 

Charging and Discharging Sulphated Batteries 

With the sulphated battery, the charging should 
begin at about a 2 or 3-ampere rate and should not 
be allov/ed to rise beyond 5 or 6 amperes. A ther¬ 
mometer reading should be made often, and the 
temperature of the solution should never be much 
over 100° F. Never let it heat more than 110°. 

When the cells begin to gas and give off bubbles, 
take the battery off the charger and discharge bat¬ 
tery by connecting some lamps or some resistance 
across its terminals. Put in enough lamps or resist¬ 
ance to draw a discharge current equal to 1/10 
the ampere-hour capacity (if you have 80 ampere- 
hour batteries, discharge at an 8-ampere rate, or a 
10-ampere rate); discharge the battery until each 
cell has a voltage of 1.8 or 1.75 volts while the bat^ 
tery is discharging. Repeat this process from twi) 
to three times and the sulphate will be well broken 
down and the battery will be in good condition. In 
some instances it may be necessary to charge and 
discharge for a week or more. 

See also item 2, page 589, relative to the “watei 
treatment” of sulphated cells. 
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When discharging battery, observe as suggested 
above, the discharge rate and the time it reamres for 
battery to discharge to 1.75 or 1.8 volts. Multiply 
the two together and you have the ampere-hour 
capacity of the battery. Compare it with the rated 
ampere-hour capacity of the battery, and if your 
result is considerably less, the cell or cells should be 
opened for inspection. 

If the temperature rises in the cells, yet does not 
gas freely, then there is trouble inside of the battery. 
Open it for inspection. 

Charging a “Doped’’ Battery 

Where a battery has been doped with acid, it 

should be given an immediate charge. Then 
remove some of the electrolyte and add water during 
the time the cells are freely gassing, while on charge, 
until the hydrometer test shows about 1.275 or 
1.280, but do not take the hydrometer reading for at 
least an hour after the water is added. 

The length of time to charge will depend upon 
the amount of acid added and the condition of the 
battery resulting from the acid. If the plates are 
not badly sulphated, a long-time charge at a low 
rate may bring the battery back to normal. 

If the acid has caused sulphation, see above. 
The battery may also require new separators if 
the battery has been doped often (see also pages 535, 
543, 544, 588). 

Charging Repaired Batteries 

This subject is dealt with on pages 589, 5!)0. 

Reversed Charge 

Should a reversal occur, put the battery on charge 
at the 24-hour rate, and leave it on for several days. 
Do not take it off until its voltage and gravity have 
both reached a maximum, with the battery at 
normal temperature, 70° F. 

Receiving a Battery Filled or Wet (Charged) 

When a “charged” battery is received, it is one 
which has had the solution added and which has been 
given its initial charge at the factory. It leaves 
fully charged^ and contains the proper amount of 
solution and is intended to be put into service. 

Before putting it into service, however, it should 
be examined by testing the strength of the solution 
by taking a hydrometer reading (see page 531, Fig. 
iMn each cell. All readings ^ould be more than 
1.250 (1.180).' Add distilled water through each 
filling tube until the level reaches the bottom of the 
tube and replace and tighten plugs. 

In freezing weather, charge the battery for an 
hour at the proi^r rate (see page 577), in order to 
mix the water with the solution. 

If all cells, or some cells read less than 1.250 
(1.180),' give the battery a “bench charge’' (p. 573). 

If there is not enough solution to ^ive a hydrom¬ 
eter reading, and if there is no evidence that the 
solution has been spilled in shipment, add approved 
water to the proper level, and replace and tighten 
the filling plugs. Then charge for an hour at the 
proper rate (see *T)ench charge,” page 573). Then 
test the strength of the solution. 

If the solution has been spilled in shipment, then 
use electrolyte having a strength of 1.250 (1.180)' 
instead of water to make up the loss (page 534). 

1 The reading in parentheeee apply to batteries used in tropi- 
sal climates. The term ''tropical climates" is applied to con¬ 
ditions where the temperature is never low enough to freese 
water—or warm climates. 

* Item Elide Manual (9th and 13th editione). 


Just before putting the battery into service, make 
the “high-amperage discharge” test. 

Receiving a Battery Dry or Unfilled 

Batteries are often shipped unfilled, or “bone- 
dry,” as it is termed. A “bone-dry” battery is one 
which has never liad solution added and which, 
therefore, has not been given an initial charge at 
the factory. To it is attached a tag, reading 
“unfilled” or “dry.” 

A bone-dry battery may stand a considerable lengt h of time 
before being put into service, the time limit being given on the 
tag. 

Bone-dry batteries are .shipped to all foreign countries and 
many battery distributors order batteries dry, preferring to give 
them their initial clmrge wlnui sold, thus preventing tlie de¬ 
terioration that would result if a fully eliargod battery was kept 
on their shelves over a long period of time. 

Care of Battery When Received “Unfilled” 

(Damp Separators) 

1. Store it in a dry, clean location and keep the 
temperature above freezing and below 110° F. 

2. Put it into service before the expiration of the 
time limit given on the tag attached to the battery. 
The i)rocess of putting into service will require abou:» 
five days. 

3. If the battery has been allowed to stand beyond 
the time limit, a coll must he opened up and the 
separators examined just before lotting the battery 
into service. If the separators are cracked, warpccl, 
or split, the entire battery must be provided with 
new separators; ()tlicrwise, reassemble the cell and 
put the battery into service. 

Putting an ‘^‘Unfillcd” Battery into Service' 

1. Fill with elec^trolyte of the proper strength and 
give a long initial charge at the proper rate. 

2. Remove the filling plugs and pour electrolyxe 
of the proper strength carefully into the cells until 
level with the bottom of the filling tubes, using 
china or glass vessels or a rubber syringe. The 
proiK3r strength for filling varies with the different 
types of Exide cells and should be as follows: 

For types DX, LX, LXR. LXRE, LXRV, RX, XC, XE, XX, 

and XXV, it is LS-lo (1.245).^ 

For types IIZ:, KXD, KZ, MHA, MVE and PHC it is 1.300 
(1.230) .a 

Electrolyte of proper strength can be made as ex¬ 
plained on page 535. (Allow it to cool before using.) 

3. After filling, allow the battery to stand at least 
12 hours before starting the initial charge. It is 
important that the full time be allowed. 

4. Arrange charging circuit as follows: 

Direct current only must be used. 

The positive terminal of battery must connect with the 
ositive of the charging circuit, and the negative of 
attery with the negative of the charging circuit. The 
battery positive terminal is marked POS or (-f-), or is 
painted red; the negative is marked NEG or (—), or is 
painted black. 

Arrange the resistance in series with the battery, so that the 
charging rate will be that given in the table. 

5. Not sooner than 12 hours after filling the 
battery with electrolyte, add more electrolyte to 
restore the level, if it has fallen, and replace the 
filling plugs, screwing them tight. Never charge 
with filling plugs out or loose. 

Start charging, and continue at the amperes 
shown in the table (Fig. 2) until the hydrometer 
reading of every cell goes as hi^ as it will and then 
remains there for 10 hours. The ampere-hour input 
must be equal to at least the amount shown in the 
table. If the rate is maintained, the time required 
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will be eighty-four hours. The initial charge is not ■ - 

complete until the hydrometer reading of every cell 

goes as high as it will and then remains there for ten 

hours. Be sure to make charge absolutely complete, type of cell 

as the entire future of battery depends upon it. 

1 

PI.ATES PER 

CELL 

INITIAL CHARGE FOR “UN¬ 
FILLED” AND “dry” 
BATTERIES 

Amperes 

Minimum 
Amp. Hrs. 

0# -iVCCp T/IiC T/6lJlip6jrci vUl 6 01 uli6 SOllUlOIi DCIOW 

110° (125°)i F., interrupting the charge if necessary, dx | 

11 

13 

33^ 

315 

380 

7. After the charge is complete, the strength of 
the (Solution should be between 1.270 nnd 1,295 , ^ .. 

4 

i 

60 

(1.200^ and 1.225/). If it is not between these f 

limits, adjust as in* Exide instructions page 536. KXD 

8. Wipe off the toio and sides of the battery case ^ 

.5 

7 

9 

n 

\ 3^ 

4 Vi 

5»^ 

190 

290 

385 

480 

with a rag dampened with ammonia to n'lnove any kz 

3 


40 

clcc/ti iiTcL^ lid VO • 

9. Just before putting the battery into service, 
make the “high-rate discharge test.” 

Batteries shipped “dry,” nicaning with dry separators, with- f'vpv 

OTit electrolyte ever having been added and with plates which 
require an initial charge, should bo put into service according 
to the tag attached to it. A difTerent filling gravity will be 

5 

9 

13 

1.5 

17 

25 

IH 

3^ 

6H 

7y2 

11 

155 

310 

470 

645 

625 

940 

re<piir('d from that for an ‘unfilled” battery (about 8.5 points a-iha 
f.085 sp. gr.l lower). An initial charge should be given for at ^ ttlA 

11 

73i 

620 

least 84 hours. MVF ^ 

13 

12 

1020 

Batteries shipped dry-charged,” tneaning with dry sepa¬ 
rators and nla(<'H and witiinut electrolyte ever having been n<lded PIIC 

13 

i 7li 

620 

but with the plates in a charged condition, should be put into 
service in accordance with the inslruction.s attached, which a c 
briefly as follows: Fill each cell with elect roly t(; of 1.290 sp. gr. 

(for Exide type LXW) until level rise's to above plates. He HX 

sure temperature of electrolyte is below 00^ F. before placing X(^ 

into cell. Then allow battery to stand one hour; then charge XE 

for six hours at about 1 j times the rate for ‘‘unfilled” battwrics, 

After 24 hours in service, remove vent plug and see if level 
is low; if 80 , add pure water to bring level above plates. 

9 

11 

13 

15 

17 

19 

21 

2.3 

25 

3 

^V2 

6 

7 3i 

R}i 

9 

250 

315 

380 

440 

605 

566 

6.30 

696 

7.55 

it IS very important tnat tne instructions be loiiowea careruiiy 
as too much acid or improper charging raP'.s will ruin the plates. Fig. 2. Table for initial charge of Exide batteries. 


BATTERIES IN STORAGE^ 


It is necessary to put batteries into storage: 

1. When a car is to stand idle for a (considerable 
period, as when it is held for future delivery. 

2. When a car is laid up for the winter. 

3. When batteries are kept in stock. 

Should it be “dry” storage or wet storage? That 
depends on the condition of the battery. 

Any battery which is to be out of commission 
should, if possible, be put into wet storage, provid¬ 
ing it will not soon require dismantling, in which 
case it should be put into “dry” storage. 

“Dry” storage requires no attention during the 
storage period. The battery must, however, be dis- 
mantlecl and reassembled, and if its condition is 
such that this will soon bo required, anyway, dry 
storage is obviously the better method. 

Putting a Battery into Dry Storage 

1. Provide a dry place for storage, free from dust. 

2. Have on hand enough ^‘pure” w’ater to fill all 
the cells. 

3. Empty the battery solution by tilting and turn¬ 
ing over the battery, and immediately replace the 
solution with the water. 

4. Allow the battery to stand filled with water for 
approximately ten to fifteen hours. 

5. Give the battery a char^, as outlined in the 
first five items ol “Charging a Battery after Repair¬ 
ing” (page 6d0). 

^ Applies to tropical climates. 

* From Kxide Manual (0th and I3th editiona). 


(>. Unseal the (cells and pull out of the jars the 
elements comph^to with covers, that is, without 
removing the scaling nuts. 

7. Remove the separators. 

8. Wash the plates by dipping them several times 
in water. 

9. Replace the separators, using new ones for the 
wood separators. Be sure these are thoroughly 
saturated (see page 588: “When New Separators 
Are Necessary”). Where there are rubber separa¬ 
tors, they may be used again, if they are not broken 
or cracked. 

10. Pour the water out of the jars. 

11. Put the elements back into the jars and reseal 
before the negatives dry out. 

12. Put a tag on each battery, giving the date 
put into storage. 

13. Replace and tighten filling plugs. 

14. Within twelve months put the battery into 
service, as outlined on page 576 (‘Tutting an 
Urfillcd or Bone-Dry Battery into Service”). (It 
is preferable to do this immediately and then keep 
in wet storage on “trickle charge.”) 

15. If it is impossible to reseal the cells, proceed 
as in items numbered 1 to 6 inclusive (above). 
Then remove the wood separators and throw them 
away. Where there are rubber separators, replace 
them between the plates. Allow the plates to drain 
and to become thoroughly dry. Pour the water out 
of the jars. Put the elements back into the jars, but 
do not seal. 
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Putting a Battery into Wet Storage 

1. Provide a bench or shelf in a convenient loca¬ 
tion and of sufficient size to allow a little air space 
all around each battery. 

2. Place the batteries upon wood strips in order 
to keep the bottom of the batteries clear of bench. 

3. Install the necessary wiring, switches, and 
charging resistance, so that batteries can be easily 
connected up and charged where they stand on bench. 

4. Apply vaseline freely to the battery terminals 
and to the exposed copper wires. 

5. Batteries may be kept in wet storage by means 
of either the ^^trickle charge” or ^‘periodic charge.” 

Trickle Charge 

When a number of batteries are to be held in wet 
storage, the most satisfactory results can be obtained 
by charging con^uously at a very low rate, which is 
so low that gassing is avoided and yet gives enough 
charge to maintain the batteries in good condition. 

This charge is termed a trickle charge, and in 
many cases will be found more convenient to arrange 
for than the “periodic charge.” It has the added 
advantage of keeping the batteries in condition for 
putting into use at any time on short notice. To 
apply, proceed as follows: 



1. Give a bench charge. 

2. Connect a tungsten lamp or lamps of appro¬ 
priate resistance in series with the cells, across* a 
charging system adapted for continuous charging. 


Fig. 3 gives an example of connections for a 
“trickle charge,” and the table below gives suggested 
lamp resistances to provide proper rates for various 
numbers and sizes of cells of the Exide make. 

3. Every two naonths interrupt the “trickle 
charge,” remove filling plugs, add water to the bot¬ 
tom of the filling tubes, replace and tighten the filling 
plugs, and continue the “trickle charge.” 


Type end Slxe 
olCeU 

KXf).Sorr 

LX or LXR-S 

SX-» 

XC-9 

IX-ll. 13 or IS. 
lUCD-9 or 11 

LX orLXR-9tol3 
LXRE-9 or 13 
SX-13 

XC-l!, 13 or 15 
XE-13or IS 

JX.19 

LX or LXR.1S or 17 
LXRB or LXRV.IS Of 19 
MHA-11 

PHA or PHC-1) 

XC-17. 19 or 21 

X&.19 or 21 

Approxlmete 

Current 

O.Of Amnere 

0.10 Ampere 

O.IS Ampere 

0 

3 

5 15-w«tt lempa 
in Mxie* 

3 25'wett tempi 
in Krin 

2 2S-wett tempt 
la teriee 

■sSs 

l:| 

30 

2 IS'Watt lampi 
in teties 

1 25-wett temp 

1 25-wett leap 

1 

45 

1 t5*watt lamp 

2 2S>wett temps 
in perailei 

3 2S-wett temp* 

In parallel 


Fig. 4. Tungsten lamps to use for a “trickle charge.” 
Lamps are rated at 110 volts. Combinations given are to be 
used in series with batteries across a bus of 105 to 115 volts. 


Periodic Charge 

This is a method of wet storage in which the bat¬ 
teries are given charges periodically, and is used 
where it is not practicable to arrange for the “trickle 
charge” method. To apply proceed as follows: 

1. Give a bench charge. 

2. Store in a dry. clean location, and keep the 
temperature above ireezing and below 110® F. 

3. Once every month remove the filling plugs, add 
distilled or other “pure” water to the proper level, 
replace, tighten the filling plugs and charge for five 
hours at the proper rate given in the “bench charge 
table” (Fig. 1, page 573). 

4. Before putting the battery into service, add 
“pure” water and give a bench charge. 


QUESTIONS AND ANSWERS ON CONNECTING A 6 AND 12-VOLT BATTERY 


Q. i: If a la-volt battery is connected to a 6-voIt battery: posi¬ 
tive (+) to positive (+) and negative (—) to negative (—), 
as in Fig. i, what would be the voltage? 

knn.: The resultant voltage impressed on the circuit would be 
6 volts in the direction of the 12-volt battery and opposed 
to the direction of the 6-volt battery, 'The 6-volt battery 
would be charged at 6 volts. 





0* a: What amperage would 



to the 6 -volt battery? 


Ana.: This would depend upon the resistance of leads, internal 
resistance of the 6-volt battery, and internal resistance of 
the 12-volt battery. 

First, it will be necessary to find the ohms resistance of 
the 6-volt battery; therefore we will insert a resistance 
wire into the circuit as in Fig. 2. 

On an open-circuit test of the 6-volt battery we will 
assume that it tests 6.25 volts with a voltmeter across the 
(+) and (—) terminals with the switch open. 

We will now discharge the battery by closing the switoh 
and cutting in resistance. At (C) we will say the discharge 
b 302 amperea and the voltage drops to 2.08 volts. 


Thus at a 302-ampere discharge the voltage has dropped 
from 6.25 to 2.98, or a drop of 3.27 volts. (These are 
only approximate figures.) 

The ohms resi.stance would then ••volte dropped + 
amperes, or 3.27V-f302A«.0108, or approximately .01 
of an ohm resistance of the 0-volt battery. 

We will assume, for the purpose of explanation, that 
the ohms resistance of the 12-volt battery is twice that of 
the 6-volt battery, or .02 of an ohm. 

Therefore, to find the amperes that would flow to the 
6-volt battery from the 12-volt battery (not considering 
the resistance of the leads, connections, etc., which is 
negligible), we will proceed as follows: 


Amperea volts+resistance, thus: 

_ 6 volts __ 

Amp.- ^y 2 ohms (R)+.01 ohms (R)" 

6 volts 
.03 ohms (R) 


•200 amperes. 



Q. 3 : What would be the voltage of battery if the 6 -volt and 
z 3-volt battery were connected together (in series) as la 
W®* 3 ! (+) to (—), as shown? w 
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Ans.: The resultant voltage would be 18 volts, in the direction 
of both batteries. Both batteries would discharge. If 
the 6-volt battery was discharged, it would be charged in 
an opposite direction, thus rever8e>charging or depolariz¬ 
ing the plates. 

Q. 4: At what ampere rate would the 12*volt battery charge 
the 6-volt battery if the 6-volt battery was completely dis¬ 
charged? 

Ans.: Considering the ohms resistance as .02 ohms for the 
12 -volt and .01 for the 6-volt battery,’it would figure 
approximately thus: 

. 12 volts 12 V 

^■"P*™".02+:oT(R)".03W“‘‘°° 

Q. 6: Suppose a lamp of 18 volts, drawing 2 amperes, was 
placed across the circuit (Fig. 8A). What would be the 
ampere discharge and voltage? 

Ans.: The voltage would be the same as in Fig. 3: 18 volts. 
The ohms resistance of the lamp would be found as follows: 
18 volts+2 ampere = 9 ohms (or R). Therefore, 

^ ,. , 18 volts 18 V 

Amperes d.schsrge- 

Thus it is observed that there is quite a difference in the 
rate of discharge, where batteries are connected together 
as in Fig. 3, and where a lamp or^othcr equal resistance is 
placed in the circuit. 

We have assumed in these examples that the internal 
resistance of a battery while being charged is the same as 
its internal resistance while being discharged. This is not 
strictly true. 

Q. 6: Isn’t it the usual plan to connect batteries together as in 
Fig. 3, that is, to connect (+) to ( —), and to connect 
several batteries together to charge them. Then how 
could a battery be charged in the wrong direction? 

Ana.: By referring to Figs. 4 and 4A, the explanation will be 
made clear. In these illu.strations only one set of plates is 
shown to make the explanation clear. One sot of plates, 
to the right, represents the internal circuit of the 12-volt 
battery, and the set of plates to the left, the 6-voIt battery. 



12V. 4V, IgV. 

n04. R0.4A 


Referring to Fig. 4: When batteries are being charged, 
connected (-b) to (—), as shown, the current from the 
charging source must flow from (-f) of the dynamo to (+) 
of the battery, and through the battery, (d-^ to (—), 
then to (-f) of the next battery and (-f) to (—) internally, 
to (—) of the dynamo, forming a complete circuit. This is 
as it should be. 

When on a discharge, however, as in Fig. 4A, note that 
if both batteries start fu’.ly charged, then the discharge 
current from the 12-volt V-attery would pass from (-f) of the 
12 -volt battery to (—) of the 6-volt battery, and it is clear 
that the 6-volt battery would discharge in the same direc¬ 
tion as the 12-volt battery, and depolarizing is not probable. 

If, however, the O-volt battery was discharged, the rule 
is to connect the (d-^) terminal of a charging source to (d") 
of the battery, and in this case, the direction of charging 
would be as in Fig. 4 (note the arrow in the 6-volt battery). 
However, as the (d-) of the 12-volt battery (Fig. 4A) is 
connected with the (—) of the 6-volt battery, it is clear 
that the cuirent would flow in the wrong direction inter¬ 
nally of the 6-vclt battery, and the (—) plate of the 6-volt 
battery would become a (d*) plate, and the (d-) plate a 
(—) plate. • 

This is why we frequently find one cell in a battery having 
become depolarized, owing, probably, to internal troubles 
which discharged it, whereas the oliicr cells are charged, 
and thus, as current is pa.ssing through this discharged 
cell in the wrong direction to charge it, it will be depolarized 
or tlie plates will bo reversed in polarity. 

Note. It is not advisable to charge a battery from 
another battery. The explanations given above are used 
for the purpose of making clear how one cell of a battery 
can sorr'Ctimes be depolarized and then show opposite 
polarity from that of tne other cells, if defective internally. 


CONSTANT POTENTIAL BATTERY CHARGING^ 


The method previously treated in this book might be termed a 
"constant current” system. It con.s .stcd of connecting a 
sufficient number of battene-s in series to approximate a voltage 
of 110 or 220 volts supplied by a direct current charging line, 
there being an adjustable rosi.stance so that the amperes can 
be properly adjusted to the battery requiring the lowest ampere 
charge. The amperage is usually kept constant and the voltage 
varies according to the state of charge of battery. This 
results in it being necessary to have the batteries on the lino 
anywhere from 12 to 48 hours in order to charge them properly. 



Fig. 6. Circuit of a constant potential battery charging 
system. 


The "constant potential,” or "constant voltage" memod of 

ohai;ging storage batteries consists of connecting the batteries 
in parallel across the low-voltage 7)^ and 15-volt circuit, in¬ 
stead of using a 110 or 220-volt line, and the voltage, or poten¬ 
tial, is held constant regardless or load. Each oattery will 
draw current from the constant potential bus bars in accordance 
with its counter-electromotive force or the amount to which 
the battery has been discharged. In other words, a battery 
fully discharged will draw more current than one which is 
only partially discharged. No resistance is used. The 
battenes are connected to the bus bars with as low a resistance 
AS possible. Batteries can be charged in from 6 to 8 hours by 
this method. 

In practice, a three-wire generator is usually employed, this 
generator having two commutators, one at either end of a 
single armature, and two separate and distinct windings, one 


connecting to each commutator. Such a generator will give a 
three-wire system, as shown m Fig. 5, the negative brush of one 
commutator being connected to the positive brush of the other. 
Such a sy.stem is capable of giving 7 !'2 volts for charging 3-ccll 
batteries and 15 volts for 6-cell batteries. In the smaller sizes 
a single-commutator, 7 ) 2 volt, two-wire generator is often used 
for charging 3-cell batteries. These generators are built in 
sizes from 125 to 200 amperes, 7^2 volts rating, and also 300 
arnpere^s to 600 amperes, 7 H to 15 volt rating. Larger machines 
can be had if required. 

The generator is shunt wound with an automatic voltage 
regulator in scries with the shunt fields. This regulator is very 
semsitivo in operation and insures a constant voltage at all 
times, regardless of load conditions. The shunt-wound gen¬ 
erator also 1ms the advantage that if current supply to the 
driving motor is accidentally shut ofT, the generator will operate 
as a motor in the same direction of rotation (on the battery 
current) and will not injure the batteries, whereas the 
compound-wound generator will reverse the direction of 
rotation with probable serious results. 

Question 1: Why can a battery be charged at a high rate 
the constant potential svstem, whereas by the series method it 
would cause heating and gassing which is injurious to a battery? 

Answer: The charging of a battery by the constant potential 
method is tapered. The amount of current drawn by each 
battery will be dependent upon the condition of the batteries 
and how much they have been previously discharged. The 
ampere charge starts at a high value and tapers off rapidly as 
the battery builds up its counter voltage (c.e.m.f.) as it becomes 
charged. By the series method the current or amperage is 
constant, and the voltage varies and a certain amount of 
current is forced through a string of batteries. Under these 
conditions, if an accurately reading voltmeter is placed across 
the individual terminals of the several batteries in series, it 
will be found that there is quite a difference in the voltage or 
potential of each individual cell, this being due to the fact that 
some of the batteries are more run down than others. A 
battery that is almost charged, if in series with other batteries 
that are run dorwn, will be forced to take a higher current than 
it should, and this current will'be dissipated in heat and gassing. 


1 Concerns supplying motor-generators of the "constant- 
potential” type are 

Hobart Brothers Co., Troy, Ohio; Joseph Weidenhoff, Ino., 
Chicago, 111. 
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EQUIPMENT FOR STORAGE-BATTERY WORK: Layout of a Shop 
for Storage-Battery and Electrical Work; Tools and 
Supplies; Charging Equipment 


LAYOUT OF SHOP FOR BATTERY 

The illustrated layout (Fig. 1), for a storage- 
battery repair shop 

The layout is one 

that has many advantages, as will be noticed by a 
study of the illustration. The space is divided into 
two sections (A) and (B). The diinensions are given 
on the illustration. 

(B) shows the layout of the room for battery work, 
such as for charging, putting in new plates, new 
separators, new jars, burning-in straps, discharging 
and testing. The room is 12' x 19' and is a part of 
the '^Service Station," as shown on page 691. 

Note: The battery compartment should be provided with a 
drain, and all water, oil and dirt must be prevented from 
accumulating in this compartment. 

(A) shows layout of a room for the electrical 
department for starting, lighting and i^?nition work, 
such as putting in new brushes, new w iridings, test¬ 
ing and repairing armatures* (if the job is not too 
complex), undercutting mica in the commutator, 
recharging magneto magnets, putting in now con¬ 
densers in magnetos, timers and coils, regulating 
the charging rate of generators, testing and repairing 
electric horns. Each of these subjects is cxplaine<l 
in this book. See the Index under the appropriate 
captions. 

Supplies should be carried in the electric depart¬ 
ment, such as lamp bulbs, spark plugs, fuses, con¬ 
densers, generator and motor brashes, timer points 
for Delco Remy and 

other ignition timers. See also page 481. 

A wiring diagram book for tracing circuits is 
very important. On the subject of electric testing 
iustruments, see pages 448, 463, 473, 554-555. 

Equipment for Storage-Battery Work 

The eauipment necessary to repair storage batter¬ 
ies may be classified under four headings as follows 
(there are four classifications of the major parts): 

1. Charging equipment (see pages 570, 579, 564- 

568). 

2. Testing and repairing equipment. 


AND ELECTRICAL REPAIR WORK 

3. Material and supplies. 

4. Small tools and miscellaneous. 

Testing and Repairing Equipment 

Suggestions of a few essentials are here given 
along with the list of purposes. 

Anyone undertaking to care for or repair batteries will in 
time gather together the equipment ho considers necessary or 
tlesirai>lo for the work. Many of the tools are questions of 
personal taste. 

1. Instruments and testing devices: To read the 
specific gravity of battery electrolyte and cell * 
voltage a hydrometer, portable voltmeter, and 
high-rate discharge tester are necessary (see 
page.s 531, 533, 545-555). An ammeter is also 
necessary (sec page 464). 

2. A lead-burning outfit (sec pages .581, 582). 

3. To remove connectors: a brace with and a 

wood bit.^ 

4. To tighten or loosen sealing nuts: a special 
wrench. There are three sizes. 

5. To tighten or loosen tie bolts: a screwdriver, or 
else a special spanner bit. 

6. To unseal covers: a putty knife. See Fig. 3 (9). 

7. To remove element from jar: two pairs of 6" 
or 8" gas pliers. See Fig. 3 (10). 

8. To prepare surfaces for lead-burning: knife, 
scraper, wire brush, file or end-cutting pliers. 

9. The handle sealing compound: receptacles in 
whi(di to heat and from which to pour. 

10. To handle electrolyte: non-metallic or lead ves¬ 
sels for storing, mixing, and pouring; rubber 
gloves or fingers for protection; soda or ammonia 
solution for neutralizing effects of spillage or 
sloppage. 


1 A battery repair outfit designed for use witii a K" portable 
electric drill is a serviceable lot of tools for a battery man. It 
can be used for drilling connectors, slotting plate straps, etc. 
See page 700 for a list of manufacturers. 
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Fig. 2. The illustrations and itemized list below 
are additional suggestions for equipment suitable for 
battery work. 



3. Electrolyto 1.400 or 1.300 sp. gr. test should be kept in a 
closed stone or glass vessel. Electrolyte is sold by manu¬ 
facturers. Electrolyte is mixed with water to the density 
required when using. (See footnote, page 534 and page 685 
for where to obtain.) 

4. Distilled water: A supply should be kept on hand for bat* 
tery use. 

5. Extra battery connectors should also be kept on hand, as 
well as other connections and parts, such as extra jars, 
covers, vents, separators, etc. 

6 . Pure lead (10 lbs.) for burning connections together. 

7. A 10 lb. bundle of antimony and lead bars for burning to 
straps. 

8 . Burning strip for lead burning. 

9. Miscellaneous: Baking soda, olive oil, paraffine, ammonia, 
lead-oxide, solder, etc. 


Small Tools and Miscellaneous 

Fig. 3. The illustrations and itemized list below 
are suggestions for some of the small tools and mis¬ 
cellaneous material for battery work. 




^ Hydrometer syringe 

Plate Scraping tool _ 

burning rack 

=<12SES2aa2BgS L \y 


Compound ladle 


Lead cutters 8 


11 . Work bench and seats. 

12 . Sink for washing plalo.s, etc. 

13. Plate press. In discharged negative plates the active 
material is bulged out and must be premised back flush with 
the grids. As the acid is pressed from the plate.s, it flows 
into lead-coated troughs. Length of jaw of press, 10". 

14. Battery steamer for softening the sealing compound so that 
it can be opened. 

15. Lead-burning outfit (see pages .'>81, .')82). 

16. Distilled water. 

17. Electrolyte. 

18. Carboy of acid. 

19. Bat tery-discharging outfit for discharging battery (see pages 
5,^)2 ruyry). 

20. Post drill to drill top of connectors. 

24. Motor-generator battery-charging outfit. A rectifier or 
other methods could be used (sec pages 570, 579, 564-565). 

26. Shelf and bins for spare parts. 

Materials, Supplies and Parts 

A stock of spare battery parts should, of course, 
be kept on hand, and with these should be included: 



Putty knife 9 tUement pnllera lo 


1. Plate-burning rack. 

2 . Scraping tool for cleaning parts to be burned. 

3. Hydrometer syringe for testing and mixing electrolyte. 
(See kind to use, page 5.31). 

4. File for cleaning lead before burning, 10". 

5. File card for cleaning lead from file. 

6 . An acid tank, lead-lined for mixing acid, storing and soaking 
separators 24" x 36" x 24". Senarators, when new, are 
usually dry and should bo soakea in a weak solution of 
electrolyte before using. 

7. Compound ladle for melting scaling compound. 

8 . Lead cutters for cutting excess lead and for cutting post 
straps to necessary size. 

9. Putty knife for scraping scaling compound. 

10. Element pullers, or regular gas pliers. 

Rubber gloves (not illustrated). 

Thermometer for determining temperature of electrolyte in cells. 

Lead funnel for filling batteries with electrolyte. 


1 . Compound for sealing jars and surrounding jars. This 
can be made of gum asphaltum 50 per cent, paraffine wax 
25 per cent, and resin 25 per cent, melted together. Bat¬ 
tery stations usually buy this compound in bulk. 

2. Solution for making battery box acid proof (see page 585). 
This can be purchased at battery supply houses. 


Glass tube for testing the acid level. 

Electric soldering iron. 

Battery plate press; Separator cutter. 

See page 585 for a list of concerns who supply battery mate¬ 
rial, parts and supplies. 


LEAD-BURNING 


The parts of a battery which must be burned 
together by melting the parts to be joined are the 
post-straps to the plates, connecting links to the 
post and terminals to the posts, and lead terminals 
on the battery cables. 

Methods for lead-burning are as follows: 

1 By an electric arc. 

2 By gas, or a combination of gases. 

3. By a well-tinned soldering iron, with pure lead 
as a solder. 


The Electric Arc for Lead Burning 

The electric arc method consists of one terminal of 
a spare 6-volt battery connected to the terminal to 
be burned on the battery being repaired. Clamp (C) 
(Fig. 4, page 582) is connected to other terminal 
of the spare battery, or on one of the connectors of 
the adjoining cell, depending upon whether the bat¬ 
tery is partially discharged or fully charged. In the 
latter case, 3 cells will give too much voltage. The 
number of cells should be sufficient to heat the car¬ 
bon (CR) to at least a bright cherry red while it is 
in contact with the joint. 
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Fig. 4. An electric arc lead-burning outfit. 

At the end of cable (W) a carbon holder (H) 
ohould have a piece of carbon (CR) sharpened to a 
long point like a lead pencil which should project 
not more than 3" from the holder. When contact 
jjs made at the terminal to be burned, this completes 
the circuit and an “electric arc” is formed. This 
outfit is not meant to be used where considerable 
lead-burning is done. 

Although this is called the ‘*arc burning outfit,” 
more satisfactory results can be obtained by using 
the carbon, after it becomes heated, like a soldering 
iron, without actually drawing an arc. 

The carbon should be cooled off occasionally by 
plunging it, carbon and all, into a pail of water. 
After being used for h short time, it will be found 
that the carbon will not heat properly, because of a 
film of scale that will be found to have formed on 
the surface. This should be cleaned off with a knife, 
or file, as occasion requires. 

As in the case of flame-buming, additional lead to 
make a flush joint should^ not be added until the 
metal of the pieces to be joined has melted. The 
carbon should be moved around to insure a solid 
joint at aU points. The electric arc outfit can be 
secured of Electric Storage Battery Co., Philadelphia, 
Pa.; also General Electric Co., Schenectady, N.Y. 

Lead-Burning with Gas 

Where there is considerable work of this sort to 
be don^gas or a combination of gases should be 

used. Different methods are explained on this 
page. In addition to using the flame for lead-bum- 
mg, it can be used for welding light metals. 

Gases which can be used, other than as stated on 
this page, are hydrogen and oxygen, hydrogen and 
compressed air. The combinations most used, 
however, are those shown in Figs. 5 and 6 following. 
The illuminating gas and compressed air can be 
used, but it does not give as intense or hot a flame 
as the combinations shown in Figs. 5 and 6. 



Fig. 5. A lead-burning outfit for use with acetylene and 
oxygen.^ Consists of type F oxygen regulating valve with 
16 Ids. pressure gauge; type 10H acetylene constant pressure 
regulator: 35' 3/16'^ rubber hose; bench-block with 5 needle 
valves; type Llead-burning torch with 4 tips; 1 wrench ($26). 
A torch with 4 tips, bench-block, 16 ft. hose can be bad for $9, 
where one is alre^y equipped with a weldinfi[ outfit using oxy¬ 
gen and acetylene. This method gives four times the intensity 
of heat that is provided by the method shown in Fig. 6. 


< Can be secured of the Imperial Brass Mfg. Co., 1200 W. 
Elanison St., Chicago, lU. See also page 6Sfr 



Fig. 6 Fig. 7 


Fig. 6. A lead-burning outfit for use with illuminatihg 
(hydro-carbon) gas or natural gas and oxygen^ in high- 
pressure tanks. Consists of same outfit as shown in Fig. 5, 
except that an Imperial hydraulic back-pressure valve and puri¬ 
fier for coal gas or natural gas takes the place of the acetylene 
regulator and typ>e L-2 load-burning torch is provided ($25). 

Fig. 7. A lead-burning outfit for use with illuminating 
(city) gas and compressed air. On account of the relatively 
lower temperature of this flame, this outfit works much more 
slowly than the others, but costs less to operate. Air pressure 
is obtained from a compressed-air tank which is used in most 
arages for filling tires. The outfit consists of a type O 
mperial torch; type O bench-block; 17 ft. hose; gas shut-off 
cock; air shut-off cock ($12)h 

The gases, which can be used for lead-burning are: 

Acetylene and oxygen. 

Illuminating or natural gas and oxygen. 
Illuminating gas and compressed air. 

Acetylene and oxygen (Fig. fi) are used most. 

To use gas, it is necessary to have the proper kind 
of lead-burning torch, and also two valves for prop¬ 
erly mixing the gases to control the size of flame, 
called the “bench block.” In addition, rubber hose 
and regulators on the gas tanks are necessary. See 
Index, under “Gas torches.” 

Acetylene gas is not suitable for batte^ lead burning because 
it makes too slow a flame. a.s the terminals melt down before 
the flowing lead fills up the cup to make the joint, and it is 
necessary to obtain a faster flame by using oxygen in conjunc¬ 
tion with acetylene. Acetylene is suitable for soldering, brazing, 
etc. Soe also page 751. 

Soldering Iron 

In the absence of a lead-burning outfit, a fairlv 
good job can be done by using a very hot, well- 
tinned soldering iron, with pure lead as a solder. 
This is not advised, except for temporary work. 

Pointers on Lead-Burning 

Cleaning surfaces: In all lead-burning, absolutely 
clean surfaces are essential to good workmanship. 
Lead is soft and very readily cleaned with a scraper 
or file. In the case of a battery which has had elec¬ 
trolyte in it, the surface to be burned should first be 
wiped with ammonia to neutralize the acid, and 
then allowed to dry before scraping. 

Before starting to bum,* the connector or terminal 
should bo lightly tapped to a snug fit on the post. 
The top of the post should be }/s" below the top ot 
the connector to allow space for burning. If the 
post is too long, remove the connector and trim off 
the post. 

Method of burning: The top of the post should 
be melted first, then fused to the connector, after 
which lead from a piece of burning strip can be run 
in until the joint is flush. 

The color of the flame, when using gas and air, 

should be greenish. If too much air is being used, 
the color will be blue, and the flame will gradually 
become invisible and deficient in heating power. 

3 In order to avoid the poesibility of an explosion of the gase¬ 
ous mixture when using a flame near a battery, place the mling 
plugs in the battery and cover the entire battery with a wet 
cloth, pressing it down over the vents of the cells, except on 
that part on which the burning operation is to be performed. 
The gasea can also be removed irom the cells by blowing them 
out ^th compressed air. ' 
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Questions and Answers on Lead Burning 
with a Blow Torch 

Q, x: Can a blow torch generating 1 , 500 *’?. be used for lead 
burning on a storage battery? 

Q. a; If not, can a double*jet torch generating 3 , 000 ** F. be 
used for the burning? 


Ans.: Lead melts at approximately 600** F., from which note 
that either of the torches mentioned produces sufficient 
heat for lead burning, but it is also necessary that the 
torch produce an extremely small and concentrated needle^ 
point flame for successful load burning on stora^-battery 
work. Note therefore that heat alone is not sufficient for 
lead burning, but the required heat must be combined 
with the needle-point flame. 


MISCELLANEOUS BATTERY REPAIR DEVICES’ 


Moulds for battery parts: Junk lead can be used 
for making connectors, terminals, pillar posts, etc.," 
with moulds as shown in Fig. 8.‘ 


Fig. 8 Fig. 9 

Battery clipsThe battery clips shown in Fig. 9 
are handy for snapping over battery terminals. 


Fig. 10 Fig. 11 


Flexible service connectors: A very serviceable 
jumper lead or connector is shown in Fig. 10. It is 
Wndy for connecting batteries when charging, te.st- 
ing, etc., as shown in Fig. 11. They can easily be 
made by soldering cable to two of the battery clips. 


Lead-Burniiig Rack 

When burning post straps to the plates, great 
care should be exercised that the plates are kept a 
proper distance apart. The plate-burning 

racks are shown in Fig. 12. 


Fig. 12 


In the work of buming-in plates, great care must be exer¬ 
cised to see that the plates are kept the proper distances apart. 
The Ambu plate-burning racks accomplish this work in half 
the time required with ordinary racks; the plates are held at 
exactly the correct distances apart. The single plates are set 
in the rack and rest in the slotted grooves of their particular 
size. Special fittings are used to simplify the work and to hold 
the plates in position. These fittings also prevent the hot lead 
from running away when burning, and permit of puddling 
die lead. 

There are two types of plate-burning racks: 

Type **A,” the imall rack, will take care of practically all 
H'^plates. 


On this rack there are two slot groups, one group 
having slots of 5/32" and 7/16" between centers; the other has 
slots of and H" between centers. 

Type “B,** the large rack, is designed to care for over 95 per 
cent of all types of plates made. There are six slot groups on 
this rack, as follows: 5/32^' and 29/64" between centers; 7/32" 
and betSveen centers; 6/32" and 31/64" between centers; 
6/32" and 7/16" between centers; and 5^" between centers; 
and 3/16" and between centers. 



Fig. 13 Fig. 14 


Fig. 13. A home-made steam generator for softening the 
composition, so that the battery top may easily be removed. 
Consists of kettle (P), gas stove (S), and tubes. Steam is 
generated and pa.ssed into the cells. The acid should first be 
removed with a syringe. 

Fig. 14. Crating a battery for shipment; note its shape in 
illustration. Inside diameter shoula be 2 " larger than the 
battery and the crate should bo stuffed with exceUior. Label: 
“Handle with care—ACID,” and “Do not Drop.” Procure a 
copy of the latc.st ruling of the Interstate Commerce Commis¬ 
sion and follow its provisions. 


Fig. 16 Fig. 16 

Fig. 15. Method of making a temporary battery terminal. 

Fig. 16. Method of refilling a battery with distilled water. 
Note the drilled vent-hole in the bottle. A glass or quill 
can bo used for a spout. 



Fig. 17. Simple method of connecting many individual 
batteries to one pair of supply wires. (P) and (K) are large 
bare wires; (1) and (2) are separate circuits. Smaller leads 
to individual oatteries can be made. 


* Storage battery supplies and equipment can be secured of 
supply houses list^ on pages 685 and 687. 
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Fig. 18. A special battery bench'with concrete basin filled 
with eawclust serves to make the battery work cleaner. The 
•awdust absorbs the acid. 



Fig. 10 Fig. 20 

Fig. 19. Battery sendee kit. A rectangular box is divided 
into lour compartments, as shown. One contains the hydrom> 
eter, in a cylindrical pasteboard box for testing; the second 
contains distilled water, in an old battery jar for replenishing 
water; a third holds a syringe for placing the water in the bat¬ 
tery. The fourth 8];>ace runs the entire length of the box, and 
is used for miscellaneous tools, such as screwdriver, pliers, 
meter, etc. 

Figs. 20 and 21. Voltmeter and copper contact, or test- 
points for testing voltage of cells. The points can easily be 
made by using file handles and heavy copper cable ground to.a 
point, with flexible leads wrapped around the upper part of the 
points (Fig. 21), and sweated on with solder. 


Fig. 23 



Fig. 23. The principle of the syphon may be used in many 
places in repairshop work. For example, it provides a simple 
method of drawing distilled water for the storage batteries. A 
glass tube extending to the bottom of the bottle is inserted in 
the cork and a rubber tube is attached as shown. The end of 
the rubber tube must extend below the bottom of the bottle: 
consequently it is advisable to place it on a shelf. The tube 
may be made long enough to reach to the storage batteries. 
The flow of water is controlled by a simple spring device which 
pinches the tube. This may be made, or purchased at a drug 
store. 

To put the syphon in operation it is merely necessary to suck 
on the tube until it is filled with water. Once this is done the 
^ water will remain in the tube and the syphon will always be 
ready for instant operation until the bottle is emptied. The 
illustration (Fig. 23) shows how to construct a syphon. This is 
handy for keeping distilled water ready for instant use and free 
from dust, etc. 

The same principle may be resorted to for drawing gasoline 
from a tank, oil from a crankcase, or electrolyte from a storage 
battery, and is adaptable to many other uses. Of course, it ia 
usually more convenient to drain a gasoline tank or crankcase 
in the ordinary way, but sometimes the syphon principle will 
be found quicker. 

Battery Steamer and Water Condenser 

Battery steamer. The tubes (P) are inserted in the cells to 
be opened. The steam w'ill quickly soften the sealing compound 
and prepare the battery so that the elcriients can easily be 
removed. Some of the electrolyte should first be removed 
with a syringe so as to give the steam a chance to circulate. 



Fig. 22. Ambu steamer and condenser. 

Water condenser. Only pure water can be used in storage 
batteries. The best water to use for filling storage batteries 
is distilled water. Distilled water can be obtained at drug 
stores. Where considerable battery work is done it is best to 
have a condenser for distilling water, an example being shown 
in the illustration. Steam passes from the boiler through pipe 
(R), to a copper vessel, lined with bloc tin, inside of an outer 
vessel. Cold water circulates between the two. As steam 
passes into the copper vessel it is cooled (duo to the circulation 
of cold water around it) and thus condenses info distilled 
water which is drawn off into an earthenware or glass vessel 
(not metal) at the distilled water outlet. Water stills can be 
obtained of storage-battery equipment concerns mentioned on 
page 585; also from supply houses listed on page 687. 

Note. All stills must be r‘»gistered. Any revenue officer 
will register a still. This is a government requirement. 

Melted artificial ice, or rain water can be used if distilled 
water cannot be obtained, providing it has not come into 
contact with metal pipes or roof. A good methfxl of collecting 
rain water is directly into an earthenware vessel during a 
rain. The use of well or hydrant water or boiled or filtered 
water should be avoided as it is likely to contain iron or alkali 
detrimental to the plates. 


MISCELLANEOUS STORAGE-BATTERY REPAIR INFORMATION 


Corrosion of the terminals or other parts of the 
connectors should be prevented by coating them 
with vaseline or petroleum jelly. Sometimes they 
get so badly corroded that it is almost impossible 
to unscrew the terminals, and ^easing them in this 
way will prevent recurrences of such trouble. 


When overhauling a battery, it is a good plan to 
put all the connectors, terminals, and other remov- 
^le pieces at the top in a strong solution of soda 
and hot water and to let them stay in it for about an 
hour, 80 that the solution wiU, b»ve plenty of time 


to clean them thoroughly. Then put on the vase¬ 
line, and no more corrosion should appear. In the 
first instance, corrosion is usually the result of over¬ 
filling the jars or spilling the solution^ which in time 
acts upon the lead and brass terminals. 

A Cracked Battery Jar 

Never attempt to repair a cracked or broken bat- 
te^ jar, as this is impossible. When the jars g|9t in 
this condition, they must be discarded as useless. 
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Celluloid jars can be repaired by making a cement of celluloid 
and acetone. Dissolve the celluloid in acid until it is gunimy; 
then clean the seams and coat. 

Cracked Compound 

Sometimes the tar composition material that is on top of the 
cells crackSf and very often these become serious points of leak¬ 
age of the cell solution. The boat and simplest way to remedy 
these is to seal them together with a hot iron, such as an old 
cold chisel or similar tool. Press the hot iron on the sides of the 
crack and gradually work them together until the hole is sealed 
over. If more of the tar material (sealing compound) is 
needed, can be secured from battery supply house. See p. 581. 

To Make a Battery Box Acid Proof 

Use 6 parts of wood tar and 12 parts resin; melt them together 
in an iron kettle, after which stir in 8 parts of finely powdered 
brick dust. The surface to be covered must be thoroughly 
cleaned and dried before painting with this preparation, which 
should first be warmed. 

Spilled Electrolyte 

If there is evidence that electrolyte has been spilled from the 
cells, use electrolyte of 1 250 sp. gr., instead of water, t<i make 
up the loss. See also pages 576, 584. After adding solution or 
water, replace and tighten the filling plugs by turning to the 
right, and give the battery a charge at the proper rate. 

Never add electrolyte to a cell after the gravity has been 
adjusted to proper point, unles.s to replace loss by spilling. 

Prices to Charge for Battery Work 

Prices vary in different sections of the country. 

For testing battery, which includes testing, adding water, and 
cleaning terminals is free at some service stations and at 
others, a charge of 15c or 25c is made. 

Price for charging a starting and lighting battery which includes 

testing (according to voltage).50c to $1.25 

Thc.se prices include changing batteries. (Tn some localities a 
price of .$1.00 include.s te.sting, charging, and a loan of a 
rental battery while the other one i.s being charged without 
extra cost, for a period of twenty*four hours.) 

Price per day for rental of a battery, while battery is being 
charged, 10c to 2.5c. (Ilcntal batteries should be branded 
on connectors and painted some distinguishing color.) 
Starter rental will not be installed until the generating system 
on the car has been tested and a.ssurance is given that the 
battery w ill receive proper charge while the cur is in use. A 
deposit to insuio the return of the rental battery is some¬ 
times reejuired. 

Price for testing the electric system, other than disconnecting 

and connecting battery, per minute.Ijc to 2ic 

(usually for a few minutes time no charge is made) 

Price for repair work, per hour.75c to $1.00 

Notice: Storage batterie.s left over 80 days will be coiLsidered 
ahniulimed, and will be junked without^ recourse. 

A part of the foregoing was taken from a printed placard on 
the wall of a leading .storage-battery repair shop. 

Some of the Storage-Battery Manufacturers 

Battery Distributing Corp., Division of Electric Auto-Lite Co., 
Niagara Falls, N.Y. “Auto-Lite,” "USL” 

Delco-Remy Divi.sion, General Motors Corp., Anderson, Ind. 
“Delco” 

General Lead Batteries Co., Newark, N.J. “Titan,” “Durex” 
Globe-Union Inc., Milwaukee, Wis. “Globe” 

Gould Storage Battery Corp., Depew, N.Y. “Gould” 
Prest-O-Lite Battery Co., Inc., Indianapolis, Ind. “Prest-O-Lite” 
The Electric Storage Battery Co., 19th St. and Allegheny Ave., 
Philadelphia, Pa. “Exide” 

Thomas A. Edison, Inc., Emark Battery Division, Kearny, 
N..T. “lOdison-Emark” 

USL Battery Corp., Niagara Falls, N.Y. “USL,” “Auto-Lite” 
USL Battery Sales Corp. of California, Oakland, Calif. “USL,” 
“Auto-Lite” 

Vesta Consolidated, Inc., St. Paul, Minn. “Vesta,” “Kathanode” 
Willard Storage Battery Co., Cleveland, Ohio. “Willard” 

Storage-Battery Service Equipment^ 

Names of some of the concerns who supply battery service- 
station equipment, battery testers, batterv-char^ng equipment, 
parts, supplies, etc., are mentioned below. The items men^ 
tioned after the names indicate some of the material the different 
concerns supply. Write for literature which is instructive in 
Itself. See also pages 690, 655. For wind-driven electric 
plants see page 1002. 

There are many other concerns supplying storage-battery 
service equipment, parts, etc.; limited space prevents our listing 
all of them; subscribe for an automobile trade magazine and see 
the advertisements’. It is best to order plates and parts of the 
manufacturer of the battery being repaired. 


Allen Electric & Equipment Co., Kalamazoo, Mich. (Battery 
testers* cell and cable testers, low-reading voltmeters, 
chargers,* charging racks, carriers, tools, etc.) 

Baldor Electric Co., St. Louis, Mo. (Battery teeters, cell and 
cable testers, chargers, charging racks.) 

Burton-Rogers Co., Sales Div., Hoyt Electrical Inst. Works, 
857 Boylston St., Boston, Mass. (Battery cell testers, low- 
reading voltmeters, cell and cable testers, voltmeters, 
ammeters.) 

E. Edelmann & Co., 2332 Logan Blvd., Chicago, 111. (Hydrom¬ 
eters, thermometers, fillers, battery servicer, etc.) 

Ero Mfg. Co., 714 W. Monroe St., Chicago, Ill. (Battery tejit- 
ers, cell and cable testers, chargers, fillers, carriers, etc.) 

General Electric Co., Appliance and Merchandise Dept., 1285 
Bo.ston Ave., Bridgeport, Conn. (Chargers [bulb type), 
battery te.sters.) 

Hobart Brothers Co., Troy, Ohio. (Battery testers, charger 
[motor-generator, constant potential system], charging 
racks, etc.) 

Jo.seph Weidenhoff, Inc., 4340 Roi^cvelt Road, Chicago, Ill. 
(Battery testers, cell and cable testers, chargers [bulb type, 
and motor and generator type constant potential system).) 

Kent-Moore (Organization, Inc., Detroit, Mich. (Battery test¬ 
ers, chargers, servicing equipment, etc.) 

Packard Ele'*tric Division, General Motors Corp., Warren, 
Ohio. (Cables, ground straos, terminals, connectors, bat¬ 
tery- and cable-testing voltmeter, etc.) See page 690 
under “Re-Wiring a Car” for booklet on testing, etc. 

Reliance Battery Products Co., Council Bluffs, low’a. (Plates, 
separators, cjises, jar covers, vents, sealing compound, 
battery acid, terminals, cell connectors, etc. Also bat¬ 
teries for farm lighting.) 

The Bastian-Blcssing Co., 240 E. Ontario St., Chicago, Ill. 
(Lead-burning outfits.) 

Sterling Cable Division of the Electric Auto-Lite Co., Port 
Huron, Mich. (Cables, battery cable tester, ground 
straps, terminals, connectors, etc.) 

The Crescent Co., Pawtucket, R.I. (Cables, ground strap.s, 
terminals, connectors, carriers, etc.) 

The Electric Storage Battery Co., Nineteenth St. and Alle¬ 
gheny Ave., Philadelphia, Pa. (Buttery testers, service 
equipment, battery chargers.) 

The Electric Meat Control Co., 9123 Inman Ave., Cleveland, 
Ohio. (Battery testers, cell and cable testers, low-reading 
voltmeters, chargers.) 

The Imperial Brass Mfg. Co., 1200 W. Harrison St., Chicago, 
111. (Lead-burning outfit, hydrometers, fillers, etc.) See 
p. 582. 

The liinde Air Products Co., 30 E. 42d St., New York, N.Y. 
(Lead-burning outfit using Prest-O-Lite torch.) 

The Superior Oxy-Acetylene Machine Co., Hamilton, Ohio, 
(Lead-burning outfits.> 

The Turner Brass Works, Sycamore, Ill. (Blow torch with 
double jet for lead-burning.) 

Torit Mfg. Co., St. Paul, Minn. (Lead-burning outfit using 
Torit torch and Prest-O-late acetylene gas.) 

Triple-A-Specialty Co., 2101 Walnut St., Chicago, Ill. (Bat¬ 
tery testers, chargers, cables, ground straps, terminals, con • 
nectors, tools, etc.) 

Universal Battery Co., 3410 S. LaSalle St., Chicago, 111. 
(Plates, separators, cases, jar covers, sealing compound, 
battery acid, terminals, cell oiiunectors, etc. Also batteries 
for farm lighting and wind-driven electric-lighting plants. 
See page 1002 for latter.) 

■Valley Electric Corp., St. Louis, Mo. (Battery chargers.) 

Vesta Consolidated, Inc., St. Paul, Minn. (Battery testers, 
battery chargers, service equipment, etc.) 

Ward Leonard Electric Co., Mount Vernon, N.Y. (Battery 
charging rheostats and resistors. Ask for Bulletin 2501. 
See also page 567.) 

Westinghouse Electric & Mfg. Co., 150 Broadway, New York, 
N.Y. (Battery chargers.) 

Willard Storage Battery Co., Cleveland, Ohio. (Battery 
testers, chargers, hydrometers, thermometers, cables, 
terminals, ground straps, burning racks, battery paint, 
carriers, tools, service kits, etc.) 


* Additional battery information: See page 690 under “Bat¬ 
tery,” • ' “Re-wiring a Car” and “Wire 

(Cable).” See also page 655. 

* Batte^ testers as mentioned on this page refers to a com¬ 
plete testing unit and usually consists of a carbon pile variable 
resistor type rheostat for making high-rate discharge tes(«s, and 
specially designed voltmeters and ammeters combined in one 
unit which, in some instances, will also serve to test the genera¬ 
tor, voltage regulator, starting motor, battery cable, and wiring. 

* Refers to the rectifying bulb t3rpe unless otherwise men 
tioned. 






INSTRUCTION No. S3 
REPAIRING STORAGE BATTERIES 


To be able to repair storage batteries pro perly^it 
h nece4ssary to have on hand the tools and supplies, 
as well as a lead burning outfit, as previously de¬ 
scribed. 

The usual battery troubles are sulphating and 
buckling of plates, broken down separators^ and 
sediment accumulation in the bottom of the jar. 

When Repairs Are Necessary 

1. A battery terminal or connector warmer than 
the others indicates a loose or poor connection, 
which must be repaired. 

2. Broken, cracked, or leaky jars must be re¬ 
placed; they cannot be mended. 

3. A cell leaking'around the cover should be 
resealed. 

4. If the cause of trouble is not apparent, take 
hydrometer readings and make the hign-amperage- 


discharge test, as described on pages 553, 559. If 
this incpcates internal trouble, take the battery or 
the indicated cell apart and inspect it. 

When to Take a Battery Apart 

When one or more cells of a battery do not take 
a charge after being on charge for 24 hours, make a 
high-amperage-discharge test, and note the indicar 
tions, as sugested in the ‘^Digest of Troubles” and on 
page 553. Then make a cadmium test, as directed 
on pages 547 to 552. 

If the testa prove defects to exist inside, then the 
battery must be disassembled. 

Before disassembling, the defective cell should 
be located by testing, and inasmuch as other cells 
may be on the verge of a breakdown, it is advisable 
to disassemble all cells. If other cells are not 
defective, they should at least be washed, and have 
new separators added. 


DISASSEMBLING BATTERY* 


As an example, the Exido *‘3-XC-13” battery 
will be used. 

Removing Connectors 

The connectors are solid lead links (Fig. 1) or 
fiexible lead-coated copper strips, and may be re¬ 
moved by taking a wood bit and boring the connec¬ 
tors deep centrally over each post as shown in 
Kg. 2. For all but t3^s KZ and ZA, use a bit, 
and for these a bit. 



Fig. 1. A lead connector. 


Another method is to play a burning flame on 
the joint, at the same time pulling the connector 
with a pair of pliers until it comes loose. 

Be careful to see that no gas is coming out of the 
sell when handling a fiame about it. 

Unsealing CeUs 

1. Cle^ any dirt or lead from the top of the bat¬ 
tery, taking care that none gets inside the cells. 

2. Remove the filling plugs and blow gently into 
the fiUine tul^ to remove any gas which may be 
there ana which might ignite later when a flame is 
brought close. Hand bellows are convenient for 
this purpose. 

3. Types JX^ LX, LXR, LXRV, PHC, SX and 
XC have the smgle-flange type of cover, which has 
sloping sides flanged outwardly at the base to fit 
the inside of the jar snugly, while at the top it clears 
the jar, giving a space of about for sealing 
(Fig. 3). 


iFrom IiMtruotion Book of The Eleotrio Storage Battery 
So. (Elide); eopyrighted, 1921. 



Fig. 2. Boriiig a lead ooimeotor. 


To unseal, it is not necessary to remove the cell 
from the case. Heat a thin-bladed knife, such as a 
putty knife, and run it through the sealing com¬ 
pound close to the jar wall all the way around. This 
will loosen the compound and the element with 
cover attached can be pulled from the jar. 

4. Types KXD. KZ, LXRE, MHA, PHA, XE 
£md ZA have the double-flange type of cover, which 
is made with the two flanges projecting downward, 
one fitting inside and the other outsiae of the jar 


see 
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walls. The two flanges form a channel or slot, hold¬ 
ing the jar walls and sealing compound between the 
flanges (Fig. 3). To unseal, warm the cover all 
around the edges, and the compound will soften so 
that the element with cover attached can be pulled 
from the jar. The warming may be accomplished 
by passing a moderate flame around the cover, tak¬ 
ing care not to hold it on one spot long enough to 
burn the rubber. 

6. A very effective way of softening the compound 

for unsealing any type is to place the cell or battery 
in a steam box. This consists simply of a box or 
oven into which live steam is injected at low pres¬ 
sure. By this means, the rubber parts are made 
somewhat pliable and are much less likely to be 
cracked in handling, especially in cold weather. 
Another method is to stand the cell in very hot 
water, taking care that the water docs not get inside 
of the cell. 


Removing Elements from Cell 

1. Remove the connections. 

2. Unseal the cell. It is unnecessary to remove 
the cover from the element, but this may be done. 

3. Take hold of the two posts with gas pliers and 
pull the element from the jar. If it should stick, 
pull the jar along with it and place the cell in very 
hot water to within an inch or so of the top of the 
jar. This will soften the rubber and permit the 
element to be pulled out. 

4. Before pulling all the way out, let tho element 
rest a few minutes on the top of the jar at an angle 
so that the battery solution may dram back. 

5. If the element is to be used again, place it in 
water or in a battery solution until ready to use. 
This prevents the negative plates from drying out, 
and will save considerable time during the charge 
following reassembly. 

Removing Jars from Case 

1. Remove the connections. 

2. Note at which comers of the case the battery 
terminals are placed, so that they will not be put at 
the wrong place upon reassemblmg. 

3. Unseal the cells. 

4. Remove the elements. 

5 . Types KXD, LXRE, MHA, PHA, XA and 
XE have the mrs separated in the case by painted 
wood spacers mvideo horizontally^ and between tha 


two sections runs a tie bolt (Fig. 3). These bolts 
should be unscrewed one or two turns with a screw¬ 
driver, thus releasing the jars. 

6. Heat a thin-bladed knife, such as a putty knife, 
and work it down all around the outside of a jar. 

7. Lift out the jars. If they stick, empty the 
solution and fill the cells with very hot water, allow¬ 
ing them to stand a few minutes. Then pull them 
out with pliers. 

Removing Covers from Cell 

1. Remove the connections. 

2. Remove the sealing nuts by unscrewing them 
with the special wrench designed for the purpose. 
Do not use gas pliers or anything except the proper 
wrench in removing the sealing nuts, oecause both 
the nut and the thread on the post are lead and may 
be injured. 



Fig. 4. Sealing nut wrench. 


3. Unseal the cells as outlined above, and pull off 
the covers. 

4. If the cell is out of the case and has a double¬ 
flange cover, tho cover may be removed. 

Procure two stout boards about longer than 
the height of the jar and rest the side flanges of the 
covers on these so that the cell is raised. By warm¬ 
ing tho cover all around the edges, the compound 
will soften so that, by pressing down on the posts, 
the jar with the element in it will readily drop free 
from the cover. 

Taking Elements Apart 

1. The cover must be removed. 

2. Lay the element down with the plates on edge. 

3. Slightly spread the plates and withdraw the 
separators ono at a time, first separating them from 
the negative plates by running a thin-bladed knife 
between. 

4. Tho positive and negative groups can then be 
separated from one another. 

5. If the negative plates are to be used again, do 
not let them dry, but place the group in water oi 
in a battery solution. This will save time in the 
length of charge after reassembling. 

To Tell When New Positive Plates Are 
Necessary 

The positive plates should be examined particu¬ 
larly for washing out of material and buckling 
(warping). 

If the plates are buckled so much that the element 
will not go back into the jar, the positives should 
be discarded. 

If the plates are only slightly buckled, they can 
be replaced as they are, since this generally does no 
harm. 

To Tell When New Negative Plates Are 
Necessary 

The negative plates are nearly always in good 
condition mechanically, as they are not affected by 
abuse as readily as the positives. 
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DYKE^S INSTRUCTION No. 53 


If the pc^tiTes are buckled, the negatives will be 
also; but if they are in a charged condition, they 
can readily be straightened as folllows: 



Fig. 5. Straightening plates. 


Place boards of suitable thickness between the 
plates and outside of the group, and slowly apply a 
gradual pressure. This may be done in a vise, 
leaving the pile in the vise for some minutes during 
the operation to give the plates a chance to 
straighten without undue strain (Fig. 6). 

If the battery has been badly abused, “starved,^' 
or neglected, the negatives may have shed material. 
In this case, it is best to use a new group. If the 
negative material is very hard and not spongy, it 
is "''sulphated,” and particular care should be used 
that the subsequent charge is made complete. 

To Tell When New Separators Are Necessary 

Unless a battery is new, it will be found advisable 
to install new separators whenever a cell is dis¬ 
mantled for repairs, since it is of vital importance 
in a battery to have the separators in good condition. 

No wood separators should be used except the 
specially treated separators furnished by the manu¬ 
facturer. These should be kept in stock wet, 
preferably in battery solution. 

New separators may be dark, light, hard or soft, 
according to the kind of wood used. However, 
none of these qualities affect the value of a separator, 
wiiich depends on its having been selected and 


treated prop^ly, so as to have correct porosity and 
ability to withstand the chemical action of plates 
and electrolyte. 

Before being used, separators should be soaked 
in battenr solution, at least overnight, so that they 
will be thoroughly saturated before being put into 
the cell. 

Perforated nibber sheets, when used, are nearly 
always in condition to put back unless broken in 
handling. It is advisable to carry a small stock 
of these for emergencies. 

Sediment 

The sediment in the bottom of the jars will rarely 
be found to have reached the plates, but whenever a 
cell is taken apart for any purpose, it is advisable to 
wash the sediment out of the jar. 

In types KXD, LXRE and XE there are four soft- 
rubber buffers, each resting on one of the ridges in 
the bottom of the jar. These must be replaced. 

Using Battery Solution Over Again 

Sometimes impurities get into the, solid ion 
through carelessness or ignorance, but their detec¬ 
tion is not practicable except by an expert chemist. 
As a precautionaiy measure, the use of new elect-ro- 
lyte of known purity is recommended when repairing 
a battery. 

Wien the positive plates are badly disintegrated, 
it is often a sign of foreign matter in the electrolyte, 
and in such a case it is safer to discard the negatives 
and separators as well, since they may hold some of 
the impurity and be the means of ruining the new 
positives in a short time. 

To Tell When a New Case Is Necessary 

Unless the jars have been broken or the battery 
has been abused in some manner^ the battery case 
will usually be found to be in good condition. If the 
case has become acid-soaked and rotted, a new one 
should be used. When the old case is to be used 
again, it should be soaked in a solution of baking 
soda and water. This w ill neutralize any acid and 
prolong the life of the wood. Kinse with water and 
allow it to dry thoroughly Repaint the case 
inside and out with asphaltum or other acid-resist¬ 
ing paint. 


REASSEMBUNG BATTERY^ 


Replacing Elements 

1. Slip the positive and negative groups together 
without the separators. 

2. Replace the covers. 

3. Insert the separators. 

Replacing Covers 

1. Place the covers in hot water for a while. This 
makes them somewhat pliable. 

2. Wipe the posts with a piece of waste moistened 
with ammonia, rinse with water, and dry thoroughly 
with clean waste. 

3. Place the cover in position, being sure not to 
omit the soft rubber washers under the cover. 

4. Lubricate the sealing nuts with a little graphite 
mixed to a paste with water; but never use grease 
or vaseline. 


> From Instruction Book of the Eleotrio Stotage Battery Co. 
(Elide); copyrighted, 1921. 


5. Put on the sealing nuts and tighten them, using 
the special wrench (Fig. 4). 

Inserting Separators 

1. Place the groups on edge (Fig. 6) and insert 
the separators from the bottom, one at a time. One 
separator goes between each positive and negative 
plate with the flat side of the separator against the 
negative plate. Separators should be so placed 
that the grooves will be vertical and not crosswise 
when the element is in the jar. 

2. Types KXD, KZ, LXR, LXRE, LXRV, 
MHA, PHA and rHC have, in addition, rubber 
sheets, one of rhich should oe placed against the 
grooved side of ^ach wood separator before insertmg. 

3. When all the separators are in place, count 
them to be sure that none are missing. 

4. Stand the element up and tap the edges of the 
wood separators with a wood block untU th^y pro¬ 
ject equ^ly on each side of the plates. ^ 
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Fig. 6. Inserting separators. 


5. Tighten up the sealing nuts, using the special 
wrench (Fig. 4). 

6. Lock the scaling nuts. 

Replacing Elements in Jars 

1. Place the jars in hot water for a while. This 
makes them somewhat pliable and less likely to 
crark under si ress. 

2. In Types KXD, LXRE and XE be sure to 
replace first the four soft-rubber buffers in the bot¬ 
tom of the jar, one over each ridge. 



tig 7 Applying scaling compound to doublo-flaiigo cover 

3. For Types KXD, KZ, LXRE, MHA, PHA, 
XE and ZA, which have the double-flange type of 
(’over, have ready a string or worm of sealing com¬ 
pound about 3/16" in diameter, made by rolling 
oetween boards *somc of the special compound 
furnisW for the purpose. 8tand the element up¬ 
side down with the cover resting upon two strips 
(Fig. 7). Lay the string of compound all around 
the cover channel and then turn right side up. 

4. Grip the element near the bottom, in order to 
keep the plates from flaring out. Take care not to 
let the outside plates start down over the outside of 
the jar. 

5. The element should fit snugly in the jar. If it 
does not, place one or more wood separators between 
the end plates and the jar, taking care that such 
separators are cut 3 ^ 2 " narrower than the plate, so as 
not to throw extra strain on the corners of the jar. 
The ribs of the separators should go agamst the jar. 
Do not, however, crowd the jar so that it bulges. 

6. Tighten the sealing nuts again and then lock 
them. 


Sealing the Cells 

1 . Before sealing, always wipe the surfaces to be 
sealed with ammonia, and then allow them to dry 
thoroughly, otherwise the compound may not stick, 
and a leak may result. 

2. For Types JX, LX, LXR, LXRV, PHC, SX 
and XC, which have the single flange type of cover, 
slowly heat the sealing compound until it runs, but 
do not get it so thin that it will run down into the 
cell between the cover and jar. Then pour it into 
the channel between the cover and the jar walls. 
Allow it to cool, and finish it off flush with *a hot 
kn’fe. When pouring, be sure the compound is 
liquid and not lumpy, as in such a case a poor seal 
will result. A glossy, finished appearance may be 
given to the compound by passing a flame over it 
after the job is finished. 

3. For Types KXD, KZ, LXRE, MHA, PHA, 
XE and ZA the sealing compound should already 
be in the cover channels. Apply heat carefully to 
the edges of the cover and force the cover down 
gently. If too much compound has been used, so 
lhat it squeezes out around the cover, scrape off 
the excess with a hot knife while forcing the cover 
down. 

When Cells Should Be Filled with Electrolyte 

As soon as the cells are sealed, electrolvte of the 
proper strength should be added to keep the separa¬ 
tors and plates from drying out. 

Strength of Electrolyte to Use After 
Repairing Battery 

1. After a complete renewal of plates and separa¬ 
tors, fill with electrolyte of the proper strengtn, as 
given on page .576 under, ‘Tutting a bone-dry 
battery into vservi(‘e": see item (2). See also page 
534. 

2. After a positive plate or separator renewal, or 

both, fill with “pure" water instead of electrol;^e, 
since batteries received for repair have the plates in 
a more or less sulpha ted condition. This filling 
with water, together with the proper charge after 
repairing (see page 590, “Recharging battery after 
repairing"), is known as the “water treatment” for 
sulphated cells. 

How to Fill Cells with Electrolyte 

1. Use vessels of glass, china^ earthenware, rub¬ 
ber, or lead; never use metallic vessels unless of 
lead. 

2. Carefully pour the liquid through the filling 
tubes until the level rises in the tubes. If the cover 
is not on the cell, fill to above the tops of the 
plates. 

Replacing Cells in Case 

1. Be sure to put the cells into the case properly, 
so that two positives or two negatives will not he 
connected together, and also so that the battery 
terminals will not come at the wrong comers of the 
case. 

2. In Types KXD, LXRE, MHA, PHA, PHC 
and XE, which have wood spacers between the cells, 
take care that the spacers are in position and then, 
after the cells are in place, tighten the tie bolts with 
a screwdriver to clamp the jars. 

3. In Types JX, LX, LXR, LXRV, SX and XC, 
the cells should fit tight in the case; pack them in 
mth thin boards if necessary. 
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How to Make Connections 

1. The cells must all be sealed and in the case. 

2. Connectors must be lead-burned. First see 
that the posts and eyes of the lead connectors are 
clean and bright. In all lead-burning, absolutely 
clean surfaces are essential to good workmanslup. 
Lead is soft and veiy readily cleaned with a knife, 
file, scraper, or wire brush. 

Place the connectors over the posts, lightly tap¬ 
ping them to a firm seat. 

Before lead-burning, blow into the filling tubes to 
remove any gas which may be there. 

Lead-bum the joint by first melting the part.c to 
be joined and fusing them together, and then imme¬ 
diately melt in burning strip until the joint is flush. 
Do not melt in burning strip until the parts have 
fused together nor after the joint has cooled, and 
do not use any soldering acid or other flux.^ A little 
ractice may be necessary before a good joint can 
e made. 

Recharging Battery after Repairing 

Note. This method is also used for charging badly sulphated 
cells, and is known as the “water treatment” for sulphated cells. 

1. Not sooner than ten to fifteen hours after filling 
a battery with electrolyte or water^ as the case 
requires, add more to restore the level if it has fallen. 

2. With filling plugs out, give the valves a quarter 
turn, bringing them into a position so that hydrom¬ 
eter readings can be taken. This is to allow of 
taking hydrometer readings while charging and at 
the same time prevent flooding, which might occur 


if the filling plugs were left out and the valver 
were not turned. 

3. If a complete renewal has been made, start 
charging and continue at the amperes shown in the 
table under ‘Tnitial Charge and Repair Charge,” 
page 577, until the battery has received at least the 
number of ampere-hours also shown. If this rate 
is maintained, the time required is ninety-six hours. 

4. If a renewal of positive plates or separators or 

both has been made, charge at amperes shown in 
the same table, just mentioned, until all cells are 
gassing or bubbling freely and evenly, and until the 
hydrometer reading of every cell goes as high as it 
will. Then charge for ten hours longer. 

5. If the hydrometer reading of any cell continues 
to rise above 1.310 (1.240)h dump the solution, 
refill with '^pure” water, and continue to charge at 
the same rate until the hydrometer reading of every 
cell goes as high as it will. Then charge for ten 
hours longer. 

6. Keep the temperature of the solution below 
110® (125^)1 F., interrupting the charge if necessary. 

7. After the charge is complete, adjust the 
strength of the solution to between 1.270 and 1.300 
(1.200^ and 1.230^), as explained under ^^Exide 
Instructions for Adjusting Electrolyte,” page 536. 

8. Wipe off the top and side^ of the battery case 
with a rag dampened w ith ammonia to remove any 
electrolyte that may have been spilled. 

9. Just before putting the battery into service, 
make high-amperage-discharge test (see page 553). 


THE EDISON STORAGE BATTERY 


The elemeats of the Edison storage battery are as follows: 

The positive plate, i.e., plates attached to the positive pole, 
are cylindrical tubes of nickelplated, perforated, spirally seamed 
thin steel ribbon, filled with alternate layers of a specially pro* 
pared nickel hvdrate and flakes of pure metallio nickel; the 
former being tne^ initial state of the positive active material, 
while the latter is the conductive medium. These tubes are 
hydraulically crimped at their flattened ends into nickelplated 
steel mds, a right-hand spiral alternating with a left-hand 
spiral!or equalization of stresses. « 

The negative plate, i.e., plates attached to the negative pole, 
are rectangular pockets of nickelplated, perforated steel riboon, 
^led with a solid mass of a specially prepared electrochemically 
active iron oxide and a small proportion of mercury oxide 
evenly distributed; the former being the initial state of the 
negative active material, while the latter is the conductive 
mraium. These pockets are hydraulically crimped at their 
grooved edges into nickelplated steel grids. 

The electrolyte is an alkaline solution consisting of (mecially 
prepared potassium and hydroxide in distilled water. 

Cell and battery voltage: At the 5-hour rate, or the normal 
rate of discharge, the average voltage per cell is 1.2 volts, while 
at the S^hour rate of discharge the average voltage is 1.24 volts, 
Pherefore, when it is desired to discharge at the 5-hour rate, 
5 cells would be required for a 6-volt battery. 

The advantages of the Edison cells are endurance, reliability, 
low maintenance, ruggedness, and light weight. The Edison 
storage battery is the only storage battery made of steel. Its 
loi^ ufe is a leadinij; feature in which it is without equal. Its 
reliability, low maintenance, and ru^edness are proverbial 
owing to the fact that there is very nttlc sedimentation and, 
ther^ore, a very low maintenance, and owing to the fact that 
it is entirely built of sieol, the battery is extremely rugged. 
There are ho iara to break, rjid the abuse which arc common 
to all types oi batteries, which have bee; the causes of various 
diseases in the lead-,.cid type, ore almost entirely foreign to 
the Edison battery, there being no such thing as sulphation^ 
buckling, and growth of plates. 

The light weight of the Edison battery is well known, it being 
for equivalent capacity from 20 to 25 per cent lighter than any 
other battery on the market, and in the case of the storage- 
battery vehicle this saving in weight on the battery may be 
added to the paying load that the vehicle oan carry. 

The Edison battery is pailioularly adapted to installations 
where ruggednees and reliability, not to mention long life, are 


^The reading in parentheses applies to batteries used In 
tropical elimatee. 


the main factors. It is u^d for electric vehicles of all types, 
including electric trucks, tractors, industrial trucks, storajje- 
battery locomotives, and the more severe classes of station 
battery work. It is not suited to gasoline automobile starting 
work, owing to the fact that its inherent characteristics making 
for reliability, endurance, low maintenance, ruggedness, and 
light weight prohibit the drawing of tremendous rates of cur¬ 
rent for short intervals, os is necessary in gasoline automobile 
starting work. There have been, however, numerous instances 
of the applications of Edison storage batteries to starting work 
on gasoline engines up and above the horsepower generally 
found on automotive vehicles. 



trig, g Part tsoflonal view of.ths Edison storage batten 
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TIRES 


Tires are used on automobiles to overcome the 
vibration. If the wheels of an automobile were not 
properly tired, the machine would soon rack itself 
to pieces. The great weight and speed of the auto- 
mooile, and its delicate construction, necessitate 
provision for protection additional to that of the 
springs alone. 


There are two types of tires, the solid and the 
pneumatic. The solid tire is used to a great extent 
on electric vehicles and trucks, because they are 
usually slow-speed vehicles. If solid tires were 
used on high-speed cars, the vibration would be 
so great that the car would soon rack itself to 
pieces. 


PNEUMATIC TIRES 


The pneumatic tire is the type of tire used on all 
pleasure cars and on some truclcs. With pneumatic 
tires, the car is suspended on air, which is the most 
elastic of substances. There are two forms of 
pneumatic tires: the single and the double tube and 
the high-pressure and low-pressure pneumatic tire. 




Fig. 1. The old-style and original pneumatic tiro was a 
“single-tube tire.” The casing itself held the air and xlid not 
contain an inner tube. 

Fig. 2. The double-tube pneumatic tire. Note that the 
inner tube sustains the air. 

Single-tube pneumatic tire. The first, and now 
obsolete, method, was a single-tube tire, made air¬ 
tight and without an inner tube. This type of tire 
was merely an outer Rasing made air-tight, and was 
fitted with an air valve. It was used extensively 
during the early days of motoring, but inasmuch as 
it is now obsolete, we will confine our instruction 
mainly to the modern type of pneumatic tire. 

The double-tube pneumatic tire is the type of tire 
in general use. It consists of two chief parts: the 
'‘inner tube,’’•which holds the air, and the “shoe” or 
“casing,” which retains the inner tube, and protects 
it from wear (Fig. 2). 

A steel rim is placed around the felloe of the wheel, 
and shaped to fit the tire, its exact shape depending 
on the design of the tire. 

Double-tube tires have projections on the aide, 
called “beads,” which fit under grooves or into 
channels in the side of the rim, the pressure of the 
air in the inner tube holding them in place. 

The high-pressure pneumatic tire is the type using 
46 lbs. or more pressure. The low-pressure tire 
is the “baloon type’^ (page 628) using 18 to 35 lbs. 
pressure. 


Inner Tube and Valve Stem 

Inner tubes used on automobile pneumatic tires 
are of the endless type. The only opening into the 
tube is the inner valve (A) (Fig. 3), through which 
the air is forced. As the tube becomes inflated by 
air pumped into it, the bead of the tire is forced 
outward and tightly clinches to the rim channel and 
can be dislodged only by deflating the tube. 



Fig. 3. Schrader No. 777 inner-tube valve; full siee for 
3" tubes and under. No. 725 for 3 H" and over is larger. 

(A) inner valve; (B) valve-cap; (C) rubber disk (for cap 
(D) rubber packing; (N) locking nut (for dust cap); (M) 
leather wa.sher; (G) valve-stem base, goes inside of tube; (P) 
locknut (for valve-stem); (S-T) clamp disk; (L) valve- 
spreader. 

The inner-tube valve-stem is the part shown in 
Fig. 3. Ifc is the part to which the inner tube is 
connected as shown in Fig. 4, (T) being the inner 
tube. The base (G) of the valve-stem is passed 
through a heavy, tough piece of rubber, called the 
“valve-stem seat,” which is vulcanized to the tube 
at this point. By stretching the opening in this 
valve-stem seat, the base (G) is placed mside of 
the tube and locked by clamp nut (ST) (Fig. 4). 

The valve-stem is passed through a hole in the 
felloe of the wheel when the tire is applied to the 
wheel and the rim, as in Fig. 27, page 596. ^ The stem 
is held rigid, after being apphed in this manner, 
by locknut (N) and washer (M) (Fig. 3). 



fig. 6. The dust cap screws over the valve-cap into the 
valve-stem, thus protecting the inner parts of the valve-stem 
from dust, water, etc. 


m 
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Inner^Valve Principle 

The inner valve (A) (Pig. 3), also called the “valve plunger,” 
18 an automatic air check valve for retaining the air in the tube. 
It is screwed into the valve-stem opening, usually by the 
notched end of the valve-cap (B) as shown in Fig. 5. 

^ is the threaded part which screws into the valve-stem; 
(W) is metal, with rubber packing (D) around it, which makes 
an air-tight joint with the walls of the valve-stem; (Y) is a cap 
holding spring (S) in place, and on its upper part is a rubber 
washer which is the “valve-scat” which is hetw'een the bottom 
of (W) and the upper part of (Y). This is the scat, or point 
where the air pressure in the tube is retained because the lower 
p>art of (W) is in contact with the rubber washer seat on t<m of 
(Y), which is held together by the tension of the spring. This 
seat is shown open in the illustration. 

Pin (XT) is firmly attached to (Y), but works freely through 
enlarged holes in (V) and (W), and these holes also serve as the 
air passage to or from the valve-seat. The spring holds the 
valve to its seat, but can be depressed at (U), or air from the 
air pump will be suflBcient to force the valve from its seat. 

To inflate the tube, unscrew valve-cap (B) and screw in its 
place the hose coupling from the air line. Inside of this hose 
coupling is a projection which presses the pin (U) down against 
the tension of spring (S), which separates the seat on the upper 
part of (Y) from the lower part of (W). The air then passes 
in through the enlarged hole in (V) and (W) and out at the 
bottom of (W) at the seat, w’hich is now open. When tlie air¬ 
line coupling is removed, pin (U) rises and brings the upper 
part of (V) and the bottom part of (W) to a firm sea» and pres¬ 
sure of air in the tube also assists in forcing spring (S) against 
(Y) and in tightening the scat. 

To deflate the tube, valve-cap (B) is removed, turned upside 
down as in Fig. 5, and pin (U) is pressed down by it, which 
opens the inner-valve scat. Or the valve-cap (B) can be used to 
unscrew the inner valve at (V) and can be removed entirely, 
which is the proper thing to do when removing a punctured 
tube or when rolling it up as showm in Fig. 13, page 613. 

Sometimes the inner valve leaks, owing to the valve cap (B) 
being screwed down so tight that the rubber disk (C) spreads 
and forces pin (0) down (see page 613, for inner tube troubles). 

The usual cause of a leak in the inner valve is a little re<l 
rubber gasket at top of (Y) (Fig. 3). 


Treads of Tires or Outer Casings 

The tread of a tire is the part of an outer shoe or 
casing, which is the part that comes in contact with 
the road. 

The treads' of tires or outer casings are divided 
into three types: the smooth tread, the non-skid 
tread (Fig. 7), and the ribbed tread (Fig. 8). The 
latter tread is used on ‘‘cord tires/' as will be ex¬ 
plained farther on, as well as on fabric tires. 



Fig. 7 Fig. 8 


There are several different makes of non-skid 
treads (as shown in Fig. 9), but the principle or pur¬ 
pose of all is to prevent skidding. The onginal non- 
skid tire was the Bailey tread. The Firestone non- 
skid tread was introduced soon thereafter. 


i The smooth tread has been discontinued. Fabric tires are 
DOW made with “ribbed” or “non-skid” tread, and cord tires 
are likewise made with “ribbed” or “non-skid” treads. 



The number of accidents which have occurred on 
account of skidding on slippery pavements has 
shown the need for some method of prevention. 

The original method was by the use of tire chains 
(Figs. 10 to 13) which, so far as the prevention of 
skidding was conf;erned, fulfilled their purpose. 
But the use of chains was found to bo detrimental 
to tires when introduced between the blow-up tire 
and the hard pavement. And, in addition, chains 
were found to be hard riding and noisy. 

The non-skid tread was introduced to overcome 
this difficulty, but while they prevent skidding to a 
certain extent, the chain still remains the only posi¬ 
tive preventive of skidding, after all The extra 
wear and gripping surface, however, obtained with 
the non-skid tread is well worth the difference in 
price, and this sort of tire ought at least to be placed 
on the rear wheels. 

The usual tire equipment consists of smooth or 
ribbed tires for the front wheels and non-skid tread 
tires for the rear wheels, with rims of the demount¬ 
able straight side type. 


The Non-Skid Tire Chains 

For heavy weather and snow time and wet, frozen, 
or slippery streets, there is nothing equal to a good 
set of chains: one on each wheel. If only two are 
usedj they should be on the rear wheels. If only 
one 13 used, it should be on the left rear, to avoid 
being damaged against the curb. Fasten them 
tightly, but not so tightly that they cannot creep. 
If they are held rigidly in one place they wear into 
the tread and ruin it. 

The method of applying Weed tire chains over 

tires is shown in Figs. 10 to 12. 



Fig. 10. Lay the chains over the wheel with the hooks 
toward the rear, and tuck the slack under the front part ol 
the wheel. 


Fig. 11. Start the oar forward just enough to run over the 
slack ends. 
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Pig. 12 Fig. 13 


Fig. 12. Hook the chains as tightly as possible by hand. 

Fig. 13. Tire chain adjusters, consisting of springs with 
'.empered helical hooks and chain as shown, which automatically 
takes up any stretch in tire chains, and thus keeps the chain 
close to the tire. Prevents grinding action and insures silence. 


Fig. 14. Weed chain pliers for opening the hooka on Weed 
cross-chains. 

Fig. 15. Weed chain pliers being used to close the hooks. 
Cutting pliers for repairing chains can also be secured (American 
Chain Co., Bridgeport, Conn., Mfrs. of Weed Chains). 

Tire Protectors 

The steel disk type of puncture-proof tire (Fig. 1ft) consists 
of three layers of 7/lft" diameter steel disks about 1/04" thick, 
imbedded in rubber between the fabric and tread of.the tire. 
The layers of disks are placed in such a manner that it is impos¬ 
sible for a nail to enter the tread of the tiro without striking a 
disk. This tire is called the Lee puncture-proof tire. 

The leather-lined puncture-proof tire consists of a specially 
made tire on the inside of which is a puncture-proof atrip of 
chrome leatner which is intended to prevent puncture.s without 
stiffening the tiic. This tire is known as the Woodworth 
trouble-proof tire. 


Fig. 16. Lee puncture-proof tire. Fig. 17 

Another example is the outer leather cover made of water¬ 
proof chrome leather studded on the tread surface with steel 
rivets. These covers completely enclose the tire, and are 
attached to the rim, as shown in Fig. 17. The manufacturer 
claims that they are particularly valuable to use over old tires 
or to re-tread and strengthen them, and that they are also 
valuable to people who have to run over roads that are rough, 
rutty, and rocky, and who travel at less than 25 miles per hour. 

Air Pressure in High Pressure'Pneumatic Tires* 
There are four ways in which one can save on tire 
bills: first, by keeping the tires at all times well 
inflated; second, by using your brakes with caution; 
third, by not overloading the car; fourth, by repair¬ 
ing small cuts in the tread as they appear, and being 
sure that the wheels are in alignment. 

More than three-fourths of all tire trouble is 
caused by under-inflation. A soft tire, by having 
its sides bent at a sharp angle, will soon have its 

»The sixes and inflation pressures of tires, etc., as mentioned 
on this page are now different. Obtain literature giving the 
latest standards from your local tire dealer. See, also, specifica¬ 
tions, pages 1066-1062, for tire sizes iLsed on different cars. 


fabric loosened from the rubber, with consequent 
liability of an early rupture. Besides, a hard tire 
presents less surface to the road, and is therefore 
less likely to suffer cuts and punctures. 

The most important thing to fix in mind on the 
subject is that load as well as inflation must be con¬ 
sidered to get good results. These two factors are 
interdependent. You cannot consider one properly 
without regarding the other. 

If you increase the load imposed on a given tire, 
you must increase the inflation pressme —and vice 
versa—if you are to maintain the proper degree of 
flattening. 

From this it will be seen that there is no fixed 
pressure which can be set as a standard for any 
size of tire, regardless of load. 

That the inflation pressure should vary in tires of 
a given size according to the load they are obliged to 
carry, is obvious when you consider, for instance, a 
4-inch tire used on a heavy touring car and another 
4-inch tire used on a light roadster. Obviously the 
weight on the former is a great deal more than that 
on the latter, so that the former tire will be flattened 
or distorted a great deal more, providing tire pres¬ 
sure is 1 he same. In order to prevent this flattening 
from becoming abnormal and in that way affecting 
the tire detrimentally, it will be necessary to main¬ 
tain a higher inflation pressure in the touring car 
than is used in the tires on the light roadster. 

If the tire is inflated so that it does not flatten at 
all under the load, more service will probably be 
received from it. However, this will cause the car 
to ride harder. 

If the tire is underinflated, that is, if the amount 
of air allows too great a degree of flattening, the 
constant distortion at its point of contact with the 
ground as the wheel revolves will generate heat in 
the side walls of the tire. This heat destroys the 
rubber between the individual plies of fabric and 
tends to separate them. Separation of this kind 
weakens the tire so that it is not long able to stand 
up under ordinary road conditions. 

The tires are primary shock absorbers. If you wish to get 
the full benefit from tires, keep them inflated up to the point 
of supporting the load. This does not mean squashing, but 
neither does it mean 70 pounds pressure if 40 lbs. is sufficient 
to keep the side walls up straight. Tires with low pressure 
are easier on the car and passengers but this usually lessens 
the mileage of the tiro. 

Pressure to Be Carried in Tires and Maximum 
Load per Tire* 

The pressure to be carried in tires and the wheel¬ 
load that the different sizes are intended to carry is 
shown in the table (Fig. 18). 


Tire 

Size 

Fabric Tires for 
Passenger 

Cars 

Cord Tires for 
Passenger 

Cars 

Cord Tires for 
Commercial 
Vehicles 

Maxi¬ 
mum 
Load 
per Tire, 
Lb. 

Air 

Pressure, 
Lb. per 
Sq. In. 

Maxi¬ 
mum 
Load 
per Tire, 
Lb. 

Air 

Pressure, 
Lb. per 
Sq. In. 

Maxi¬ 
mum 
Load 
per Tire, 
Lb. 

Air 

Pressure, 
Lb. per 
Sq. In. 

3 

375 

45 

400 

40 



3^ 

670 

55 

600 

50 



4 

815 

65 

8.50 

60 

850 

70 


1100 

75 

1200 

70 

1200 

75 

5 

1600 

85 

1700 

80 

1700 

80 

6 





2200 

go 

7 





3000 

100 

8 





400t 

no 

9 





5000 

120 

10 





6000 

136 


Fig. 18. Carrying capacities and inflation pressures of 
pneumatic tires. The difference in constructicz of the “fabric'* 
and “cord” tire is explained farther on. 
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To find the wheel load for any particular car: 

First, it is necessary to know the weight of the car, 
with all the passengers and accessories, water and 
gasoline tanks filled and on board. After weighing 
the whole car, weigh back of car. To do this, the 
middle of the step of the car should be over the ed^e 
of the platform scale—if a regular wagon scale is 
not available. 


inch to the diameter. For instance, suppose your 
present tire is a 32 x 3 by adding one inch to the 
diameter we have 33 and adding one-half inch to the 
cross-section we have 4, therefore a 32 x 3}^ rim will 
take an oversize tire 33 x 4. 

When tires are changed to oversize, the oar should be taken 
to the SMedometer service station and gears changed. See 
Index: “Tire sizes for different cars.” 


Weigh the front of the car in the same way, the 
middle of the step being over the other end of the 
platform. If this has been carefully done, the last 
two weights added together should give within 
twenty pounds of the total weight of the car when 
weighed complete. Of course the wheel loads are 
one-half of the respective axle loads as found in this 
way. In tliis way you can see it your car is tired 
properly by referrmg to the scale showing the size of 
tires to use. 

Inflation Pressure during Hot Weather 

The question of whether or not inflation pressure 
in tires should be reduced in hot weather is a very 
interesting one, because it is generally supposed that 
the pressure should bo reduced in the summer time. 

A test was made with a 33 x 4 tiro on one of the 
hottest days in June, and it was found, that even 
if the car was driven at excessive rates of speed, the 
increase in inflation pressure amounted to only 4 
pounds. 

It may be assumed, therefore, that the same pres¬ 
sure can be used the year around. 

To Get Better Cushioning: Change to Oversize 

If it is desired to increase the durability or mileage 
obtained from the tires, the inflation pressure* should 
be increased. In extreme cases, where better 
cushioning effect is desired, tliis can be done by 
decreasing the inflation pressure. However, that 
is bound to cut down the mileage received from 
the tire. The best way to get better cushioning is 
to change to oversize tires, because in that case a 
lower inflation pressure can be used. 

For instance: Suppose that a 4-inch tire carrying 
a weight of 815 pounds per wheel should, according 
to the table, be inflated to 65 pounds. If the motor¬ 
ist found he wished easier riding, the best thin^ he 
could do would be to change over to 43^ inch tires, 
which, with a load of 1,100 pounds, would need to 
be inflated only to about 75 pounds, (^e also 
page 628, ^^baloon tires”.) 

Oversize Tires 

All tire makers agree that a larger size tire, giving 
a larger air cushion, is better than a smaller tire 
with a smaller air cushion. If you think your tires 
are too small, place a larger size tire on the rim, 
in accordance with the table below. 

Standard Oversize Tires 

Standard Tire Sizes Oversizes Made to Fit Same Rims 

30x3HC (23”).31 X 4 C 

32x3^88(25”).33x4 SS 

32x4 SS(24”)..33x4^88 

33x4 SS(25”).34x4V^SS 

34x4 88(26”).35x4^88 

32x 4H8S(23)'^.33 x 5 88 

34x4^83(2.5”).35x 5 88 

36x 4^ 88(27”).37 x 6 88 

C means clincher. 

88 means straiebt side 

Figures in parentheses represent the dia.ncter at tire seat. 

The oversize tires listed above are mode in fabric construc¬ 
tion. The cord tire construction is also to be had in all of 
the sizes mentioned except 31 x 4C. 

You can figure the oversize tire your rim will take 
by adding one-half inch to the oross-section and one 


Transposing Tires 

Ruts, curbings, and similar tire destroyers may 
wear the outer wall of a casing nearly to the fabric, 
but if the tire is reversed,^ and that side which has 
been exposed and most worn is placed nearest the 
car, it will still be serviceable. 

As the rear tires sustain more than half the burden 
in every movement of the car. they will wear more 
rapidly than the front tires; tney also have to bear 
the traction strain, that of carry mg the car forward, 
and for these reasons they are subject to more wear 
than the front tires. Furthermore, whenever the 
car is stalled in a mud hole, the rear wheels revolve 
a great many times without the front wheels moving. 


In ordinary wear it is usually 
true that tires on the right side become worn more 
quickly than those on the left. This is due to their 
being run into ruts and stones, when the car is 
turned out of the traveled roadway, and because the 
tires of the right side suffer most from curbings and 
the like as the driver uses the right side of the street. 
They also carry more than hdlf of the weight when 
the car leans, which it does mostly, on the right side. 

The right rear tire wears faster because of the 
curve of the streets and roads. The actual cause 
is probably that the weight is more on the incline. 

Second tires aro marked "second” on the side wall of the 
tire and are sometimes marked "N.F.C.,”.meaning not first class. 

Standard Sizes of Pneumatic Tires^-* 

The standard sizes of fabric and cord pneumatic 
tires, as adopted by the leading tire manufacturers, 
are as given in the list following: 

Standard Sizes: High-Pressure Fabric* and 
Cord Construction for Passenger Cars 

30 X 3 Clincher 33 x 4 H straight side 

30 X 3 H Clincher & S3 34 x 4 straight side 

32 X 3 ^ straight side *35 x4^i straight side 

31x4 Clincher & 88 *36 x 4 straight side 

32 X 4 straight side 33 x 6 straight side 

33x4 straight side 35x5 straight side 

*34 X 4 straight side *37 x 6 straight side 

32 X 4 straight side 

* Not technicslly coofidered standurd. y«t are still being made. 

Standard Sizes:* Cord Construction for 
Trucks and Busses (MotorcoachJ 

Standard sizes of pneumatic commercial or truck tires. Made 

only in cord construction and non-skid tread—giant tires of high- 
pressure type and of 6, 8,10,12,14-ply construction. 

30 X 6 S3 (32 X 6-20") 36 x 8 SS (38 x 9-20") 

32 X 6 SS (34 X 7-20") 38 x 7 SS (40 x 8-24”) 

34 x 6 88 (36 x 6-24") 40 x 8 SS (42 x 0-24") 

34 X 7 88 (36 X 8-20'0 42 x 9 88(44x10-24") 

36 X 6 SS (38 X 7-24") 44 x 10 SS 

Note that all of these tires are for straight-side rims of the 
one-piece, side-ring type. 

Note. The sizes shown in parentheses aro oversize that can 
be used on the same rim, and the other figure is the diameter 
at tire seat. 

iSee pages 628, 607, 616, for standard sizes of balloon tires. 

< Fabric tires are now ma^e only in 30 x 3 and 30 x 3 ^ an4 
31 X 4 for clincher rims. 

* The standard sizes of tires, eto., as mentioned on this page, 
are now different. Obtain literature giving the latest standaids 
from your 1 ocal tire dealer. £ee speoinoations, pages 1065-1062, 
for tire sizes used on different oars. 


Note: See footnote page 628 relative to applying the be 9 ( or new tire or itree on the front or rear whede. There is a difference 
of opiaion. 
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The straight side-bead tire is now the popular 
f>pe of bead. In fact, the clincher tire is now made 
only in sizes of 30 x 3,30 x 3and 31x4, the latter 
size being an oversize for 30 x 3 } 4 , i. e., it can be 
fitted to 30 X 3 rims. 

Ford Model “T” Tires 

The Ford uses 30 x 3 in front and 30 x 3 H in the rear, plain 
clincher on one-piece clincher rims permanently fitted to the 
wheel on the touring car and roadster. On the Ford sedan and 
coupelet, and also on the 1920-21 Maxwell, Chevrolet “490,” 
and the Overland "4,” the 30 x 3H tire on “one-picce clincher 
rims” but with the "demountable” feature is employed. 


METRIC TIRES AND EQUIVALENTS 


Metric 

Approximate 

Metric 

Approximate 

Sizes 

Size in Inches 

Sizes 

Size inlnchc', 

650x 65 

26x2^9 

870x 90 

34x3 3^ii 

7tX)x 65 

28x2^ 

910x 90 

36x3 H 

750x 05 

30x2 U 

900x 90 

38x3 3-2 

80()x 65 

32x2 3^ 

lOlOx 90 

40x3 3-2 

830x 65 

33x2 H 

815x105 

32x4 

860x 65 

34x2 H 

875x105 

34x4 

700X 85 

28x3 H 

915x105 

36x4 

750x 85 

30x3 H 

820x120 

32x4 34—5 

800x 85 

32x3 H 

850x120 

33x412—5 

860x 85 

34x3 K 

880x120 

34x4 32-5 

7t)0x 90 

30x3 32 

920x120 

36x1 \<i —5 

810x 90 

32x3 3^ 

1020x120 

40x4 14 -5 

840x 90 

33x3 H 

1080x120 

42xl3/ii—5 


• Fipre* In first column represent millimeters. See Iiui .x for explanation 
of millimeters. 


Beads of Tires and Rims 

There are three tjrpes of tire beads: (1) plain 
clincher (Fig. 19), which is flexible, and is intended 
for one-piece clincher rims; (2) quick-detachable 
clincher, with a clincher bead which is hard, and is 
for use on the quick-detachable side-ring type of 
rim; (3) straight-side bead (Fig. 20) for use on rims 
with straight sides. 


Fig. 19 Fig. 20 

Note. The hard-head clincher tire formerly used on quick- 
detachable clincher rims is no longer manufactured. 

The flexible bead clincher is now made only in 30 x 3, .30 x 
3and 31x4 sizes. The tire in general use is the straight-side 
bead tire. 




THE CLINCHER BEAD TIRE AND RIM 


There are three kinds of clincher rims: (1) a one- 
piece clincher rim which is firmly fastened to the 
wheel felloe, as shown in Fig. 21; (2) a quick- 
detachable clincher rim where one side of the ring 
is removable, and the tire is removed, as in Fig. 22; 
(3) a demountable one-piece clincher rim, 

where the tire can be removed with the rim, and 
another tire and rim, fully inflated, c;ui be put on 
the felloe rim of the wheel in its place (sec also page 
597). 



Fig. 21. Clincher bead tire on one-piece clincher rim. 
Fig. 22. Clincher bead tire on a quick-detachable rim. 


To attach or detach a tire on a one-piece clincher 

rim it is necessary to raise the beads of the tire over 
the rims as shown in Fig. 21, and that is why the 
bead is made flexible. 

To attach or detach a clincher bead tire on a 
quick-detachable clincher rim, it is only necessary 
to remove the “locking ring” and “clincher side 
ring,” as in Fig. 22, and the tire can be slipped on or 
off without much stretching. For this reason it is 
not necessary to have a flexible bead. 

Therefore a flexible-bead clincher tire can be 
fitted to either a “one-piece clincher rim” or to a 
“quick-detachable clincher rim,” but it would be a 
difficult matter to stretch a hard-bead clincher tire 
over a “one-picce clincher rim.” 

Tire lugs or staybolts This device was formerly used to a 

^ eat extent when the use of clincher tires predominated, but it 
now seldom used. It consisted of a bolt which passed 
throu^ a hole provided in the felloe of the wheel, as shown in 


Fig. 2, page 501. The wedge-shaped head was canvas, or 
rubber-covered, and wlien drawn tight would spread the beads 
of the tires firmly into the clincher part of the rim. 

usually 

placed clo.se to the valvo-stem, to provide againsi creeping of 
the tiro on the rim. 

When a tire creeps on the rim, or slips, it causes the valve- 
stem to pull away from the tube, resulting in a bad tear in 
the tube. 

Spreader: The purpose of a spreader (L) (Fig. 3, page 591) is 
to keep the inner tube from being pinched at the stem hole in 
the rim, and also to act os a protection in case the dust cap is 
screwed down too tight. This is very often the case, and as a 
result, the inner tube is partly pulled or pinched in the rim hole. 

Sprca<lers are not absolutely nece.ssary, but, as stated above, 
they greatly lessen the chances of tubes ‘‘going bad” around the 
valve-stem, V>efore the rest of the tube has given all the service 
that has been built into it. 

The difference in size of spreaders is necessary, owing to the 
difference in space between the beads as they set oa the rim. 

Flaps: These are canva.s strips which are placed inside of the 
tire to insure against pinching of the inner tube by the too of 
the bead, and to prevent injury to the inner tube by rim rust. 
Flaps may be u.*jed in all casings, except the flexible clincher type. 

To Remove Inner Tube from a Tire on a 
One-Picee Regular Clincher Rim 

Jack up the wheel. Remove the valve cap (B) 
and the inside valve (A) by reversing the cap head 
and unscrewing it, as shown in Fig. 23. Remove 
the locknut on the valve-stem (see P, Fig. 3, page 591). 



Fig. 23. Shows how the valve cap (B) is reversed to unsorew 
the inner valve (A) when the tube is to bo deflated. 
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Push the edge of the casing from under the lip «f 
the rim with a tire tool as shown at (A) (Fig. 24). 
Pry off as shown at (B) and (C). This operation 
must be repeated all around the tire until the outer 
bead is loosened. The inner tube can then be 
removed, and the outer casing slipped off, as shown 
in Fig. 25. 



Fig. 25 


When taking an inner tube out of a tire, turn 
the wheel until the valve-stem is at the bottom, as 
in Fig. 25, then remove the tube, beginning at the 
top. 

Always make it a point to run your hand around 
the inner tube in the casing until you detect the 
cause of the puncturCj because very often the offend¬ 
ing object is hidden in the tire and cannot be seen 
or felt from outside. 


Replacing Inner Tubes 

Place powdered soapstone or mica in the case 

before inserting a tube (Fig. 26). (Too much of 
this however is likely to work up into little balls and 
cause inner-tube trouble.) 

Then run your hand around the inner tubti, 
smoothing out the crcase.s and i)lacing the tube 
evenly around in the rim. 

Put in a new tube, or patch the old one in accord¬ 
ance with the instruction farther on. 


the tire is replaced, the inner tube should be slightly 
inflated. 

Do not inflate the tube too much when placing it 
in a tire, for if you do, you will have difficulty in 
replacing the locting rim over the bead of the csising. 



Fig. 28. Replacing an inner tube in a tire, using a one-piece 
clincher rim and showing precautions to observe to prevent 
pinching of the tube. 

Replacing tire casing on rim: With the inner tube 
carefully placed in the outer casing, one side of the 
leasing IS easily applied. The other side is more 
troublesome. The hooked end of the lever is used 
to work the edge of the cover back into the rim, as 
shown in (D) (Fig. 28). 

In using this lever, the inner tube may be piradied, 
as in (E); therefore care must be exercised to avoid 
this. 

After the bead of the tire is worked into i)lacc, it 
sometimes happens that the tiro lugs or staybolts 
are not proi)erly placed, as shown in (F). Note 
that the inner tube has become nipped between one 
of the lug bolts and the cover, and, unless released, 
f his will result in a burst tube. This risk is avoidecl 
by taking care to inflate the tube moderately before 
replacing it in the cover. 

The tire lug should be pushed upwards, or towards 
the inside of the tire as in (G), before screwing it 
down, thus perniitting the coyer,and tube to fit into 
the correct position. Some tire lugs have a canvas- 
covered head which sometimes causes inner tube 
defects, such as nipping and chafing. If bolts with 
moulded rubber heads be used, these defects an' not 
likely to occur. 

The inner tube and tire are i)roperly fitted as 
shown in (H); the tire lugs are in place, and the 
inner tube snugly in its place, with no nipping at. 
any part. 

The inner tube should now be carefully inflated 
and, when pumped up, should be even all the way 
round the rim, and run truly when the wheel is 
rotated. 


The msertion of the tube may be done with the 
casing remaining on the rim or with it removed. 
In either case, it is desirable to turn the wheel until 
the valve-stem hole is on top (Fig. 27). Before 


Fig. 21 Ftg. 27 


The air pressure should be in accordance with the 
table on page 593 (Fig. 18). During the process of 
inflating, the air pressure can be tested. A very 
handy device for this purpose is a Twitchell air 
gauge, shown in Fig. 30. 


Pig. 29 Fig. 30 

Note. The instructions for the removal and replacement of 
inner tubes, as explained above, will apply to all t^ojes of inner 
tubes, except the method of removing and applying the tire to 
the rim, which varies on different kinds of rims. 
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THE QUICK-DETACHABLE RIM-SIDE-RING TYPE 


The words, ^^quick-detachable,” as* applied to a 
tire rim, were originated several years ago, when 
the one-piece clincher rim, shown in Fig. 21, page 
595, was extensively used. 

It was a great source of trouble to remove a 
clincher bead over the clincher part of the rim. 
Consequently a quicker method was introduced, 
termed, the “quick-detachable” method, as shown 
in Fig. 22, page 595. Note that the tire could be 


BEAD 
SIDE RING 



Fig. 31 


removed by removing a “locking ring,” (C) and a 
“clincher side ring” (B) (see Fig. 22, page 595, and 
Fig. 31, this page). The tire could then easily be 
removed. This type of quick-detachable rim was 
termed a “side-ring” ty])e. This type is now 
obsolet e for clincher-tire use, but is used for straight- 
side tires, as on wheels, where the entire wheel 
is removable. 


Quick-Detachable, Deiiioiintable Rim - Side- 
Ring Typ e 

The next improvement to follow was a quick- 
detachable type of rim, using “side rings,” similar 
to those shown in Fig. 22, page 595, but with 
demountable features, as shown in Fig. 33. 

Demountable rims are those rims which are not 
permanently fastened to the wheel and can be 
removed with the tire, usually by loosening the 
clampbolts on the side. This feature, of being 
able quickly to detach the rim and tire, and thus 
demounting the tire and rim combined, was a great 
advancement, as it relieved one of the drudgery of 
having to remove a tire and repair it on the road. 
Instead, a spare tire fully inflated on a rim, was car¬ 
ried on a rack, on the rear or side of the car, and was 
replaced on the wheel instead of the defective tire, 
and defective tire and rim were placed on the rack 
to be repaired later. 



Fig. 32 Fig. 33 


Fig. 32. A clincher demountable rim (not now made for 
clincher tires) (Firestone, type A). 

Fig. 33. A universal rim; for clincher or straight side-bead 
tire (Hrestone, type B). 

Parts: (A) rim base; (B) side ring; (C) locking ring; (D) 
clamping ring: (E) flat clamp; (F) clamp bracket; (G) felloe 
bond; (H) bolt washer. 


A quick-detachable, demountable clincher rim 

is shown in Fig. 32. Note 
the difference between this rim and the quick- 
detachable rim without the demountable feature 
(Fig. 22, page 595). The difference is, that clamp¬ 
ing bolts (E) (Fig. 32) and a clamping side ring are 
provided to hold the clincher rim (A) (Fig. 32) in 
place, and this, when removed, permitted the rim 
(A) to be demounted with the tire. At this time, 
the clineher-bead tire was the type in general use, and 
the hard clincher bead was used for Ihis type of rim. 

The imiversal rim (Fig. 33) was the next type of 
rim to be used. It was necessary, because the 
straight-side tiro came into existence and proved to 
be superior to the clincher bead, in that rirn cutting, 
whieh was a great source of trouble with clincher- 
bead tires, was eliminated. Therefore, the univer¬ 
sal rim would take either a clincher-bead tire, or the 
straight side-bead tire. Note that*the rim (B) (Fig. 
33) is reversible. By having the rings (B) as shown 
in Fig. 33, the rim would take a “straight side-bead” 
tire; by reversing (B), the rim would take a “clincher- 
bead” tire. 

Side-bead tires on clincher rims: A great deal of 
complication existed, because the majority of tires 
in use were clincher-bead tires, and those who had 
wheels fitted with the clincher rim (Fig. 32) who 
desired to u.se straight side-bead tiros found it neces¬ 
sary cither to have the wheels fitted with straight 
side rims, or to use filler beads, which consisted of 
strips of fabric like the bead of a tire. These filler 
beads could be placed in the clincher part of the 
rim at (R), and thus fill up the clinch, and by this 
means straight-side tires could be used. This type 
of rims is now obsolete. 


Straight-Side Bead Tires and Rims; Demount¬ 
able, Side-Ring Type Rim, Q. D. 

The clincher bead tire gradually became obsolete, 
the straight-side bead having taken its place. 

An example of a straight-side, quick-detachable, de¬ 
mountable rim is shown in Fig. 34. 

Note that this rim (Fig. 34) is similar in principle 
to that shown in Fig. 32, but is different, in that it 
takes a straight-side bead tire only. It is quick- 
detachable, as in Fig. 32, because there are side 
rings, which can be removed. Thus the tire can 
be removed from the rim while on the wheel, or 
the tire and rim can be demounted from the wheel. 



Fig. 34. A straight-side, quick-detachable, demountable 
side-ring type of rim for use with straight-side bead tires only. 
Note that the tire can be removed from the rim while on the 
wheel, or the rim and tire can be demounted from the wheel 
(Firestone type “C” rim). 

This type of rim (Fig. 34) is the ^ype, or principle 
(there are many different make®;, used on com¬ 
mercial cars, or trucks. 
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Example of Demounting Rim and Tire from 
Wheel and Removing Tire on a Quick- 
Detachable Side-Ring Type of 
Rim—Demountable 

This example refers to the type of rim shown in 
Figs. 32, 33, and 34. This rim is not split, but is of 
the side-ring type. 

Tlxis type of rim is used quite extensively for*com- 
mercial cars or trucks, with straight-side bead tires. 

It will be found on a great number of older cars 
with clincher rims, as well as with straight side rims. 
Note that the rim and tire are demounted from the 
wheel, and that by removing a side rin^, the tire 
can be removed from the rim; or the tire can be 
removed from the rim without demounting the rim. 
An example of this process is as follows: 

To Demount Rim and Tire from Wheel 

Jack up the wheel* and loosen clamp (E) (Fig. 35), using the 
socket wrench (W) which accompanies each set of rims. Slide 
each clamp down as far as it will go; then tighten the nut suffi¬ 
ciently to hold the clamp in that position. 

When all clamps have been freed, turn the wheel so that the 
valve-stem (A) is at the top; then swing out the lower side of 
the rim (Fig. 36), and lift rim, tire, and all ofif the wheel. 

The valve hole in the felloe is tapered, so that this can be 
done without straining the valve stem. Note: 11 is not neces¬ 
sary to remove the dust cap when demounting the rim. The 
dust cap should always be kept screwed tightly against the valve 
sleeve, except when detaching the tire from its rim. 


Fig. 35 Fig 36 

Fig. 35. Loosening clamping bolts. 

Fig. 36. Demounting rim and tire from wheel. 



Fig. 37. To remove tire from rim: pry off locking ring (C) 
and remove side-ring bead (B). 

To Mount the Sparc Rim with Inflated Tire 

Having taken the clamping ring (D) (Fig. 34, page 507) from 
the rim just removed, place it in the same position (with point 
toward inside) in the spare rim carrying an inflated tire. 

Turn the wheel so that the valve hole in the felloe is at the 
top; insert the valve-stem (with dust cap and valve sleeve 
already in place) through the hole and swing the lower part of 
the rim snugly into place. The ends of the clamping ring (D) 
(Fig. 34, page 597) snould come under one-of the clamps. 

Restore each clamp (E) in turn to its original position, over¬ 
lapping the clamping ring, giving the respective nuts one or two 
turns with the wrench to hold the clamp fairly tight. Then 
continue around the wheel again, tightening down all nuts and 
clamps firmly. 


To Apply Tire to Rim 

Place the slightly inflated inner tube in the casing, using 
plenty of soapstone or talc, and set the casing back on tne rim. 

Put on the side ring (B). Apply the locking ring (C), by 
engaging the pin in the notch in the edge of the rim, and then 
force the locking ring into its groove around the wheel. Inflate 
the tire to proper pressure. Screw the dust cap on tight against 
the valve ueeve. 

The spreader is held in position in the base of the tire by the 

{ iressure of the screw dust cap against the valve sleeve. No 
ocking nut or other device is necessary. 


To Remove Tire from Rim 

Remove the dust cap and allow the air to escape. Push the 
valve-stem up into the tire as far as it will go, thereby releasing 
the pressure of the spreader inside. 

Insert the point of a screwdriver between the side ring (B) 
and the locking ring (C) (Fig. 37). Pry downwards, causing 
an opening between the two rings. Drop a coin or other con¬ 
venient piece of metal into this opening and hold the opening 
thus gained. Pry downwards with a screwdriver, which will 
remove locking ring (C). The bead ring and tire may now be 
removed from the rim. Note that the valve-sleeve will remain 
in the valve-hole of the rim or felloe. 




THE ONE-PIECE STRAIGHT-SIDE DEMOUNTABLE SPLIT RIM 


This type of rim (Fig. 38) 

As will be noted farther 
on, the rim is demountable by loosening the clamp 
bolt (E), which relieves the pressure on (D), and 
thus the rim (A) and the tire are demounted from 
the wheel. 



Fig. 38. A ftraight-side, demountable, one-piece rim for a 
•timigbtHiide bead tire only. This rim is a ‘‘split” rim. Ilie 
tire is not removable from the rim while on the wheel The rim 
and tire must be removed (Firestone, type £). 


Note also that the side rings (B and C) (as in Fig. 
34), which was the so-called “quick-detachable” 
feature, has been eliminated, and that therefore 
the tire could not be removed from the wheel while 
on the rim. When the rim and tire are removed 
from the wheel, a much simpler method is used to 
remove the tire from the rim^ which is by separating 
the rim, which is split (see Fig. 45, page ooO). 


The pur¬ 
pose of having a rim demountable is to permit 
removing the tire and rim, so that a spare tire, 
inflated, and on another rim, can be placed on the 
wheel in place of the defective tire. 

If one did not have a spare tire and rim along, then 
the tire and rim would nave to be demount^, and 
the tire removed. It is easier to remove the split- 
rim type, than is the case with the side-ring qtuck- 
detadbable type. ^ 
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There are many different types of one-piece, 
straight-side demountable split rims. On some 
m^es, instead of having a side-clamping ring (D) 
(Fig. fe), which is held tight in place by a clamp 
bolt (E), a wedged clamp is used, as shown in Fig. 42. 

Principle of the Demountable Split Rim 


There are many different makes. 


The difference is chiefly in the 
method of seating the rim on the felloe band of the 
wheel, fastening it to the wheel, and the method of 
holding the split part of the rim together. Split 
rims are made demountable only. 

An example of how the Stanweld, No. 21 or 76, 
split rim is held together and separated, so that the 
tire can be removed from the rim, is shown in Fig. 39. 

A split rim is shown with a locking lever (C). The rim is 
called a "split rim" because it is not endless, but is cut through 
on one side. 

When the rim is removed from the tire, the lockintt lever (C) 
is thrown to one side as at (D). The rim is then pried out or 
lapped as at (E), and the tire is pulled off. 



When the rim is put back in place, the lever (C) is put in 
lace as at (B), The type E rim (page 598) is of the split type, 
ut has a different locking device. 

Another type of split rim is shown below in Figs. 40 to 41, 
and is similar, except for a different locking principle. We will 
use this typo to explain how the rim and tire are demounted, 
and how the tire is removed from the rim and how replaced. 
The procedure is very similar on all types of split rims. 

How the Demountable Split Rim Is Held to 
Wheel 


The rim is held securely to the wheel by wedge- 
shaped clamps iind bolts, as shown in Figs. 40 and 41. 



The difference in construction of different makes 
of rims of this type is chiefly in the shape, or in the 
method of applying this clamp, and also in fastening 
the split part of the rim as explained in connection 
with Fig. 39. 

On the Firestone, E, split rim (Fig. 38, page 
598), the clamp (E) is flat, instead of being w^ge- 
shaped. The clamp (E) presses against a triangular- 
shaped clamping ring (D). With the type of split 
rim shown in Figs. 40 and 42 (the Baker) and many 
other split rims, the “clamping ring’^ as mentioned 
above is not used, the “wedge clamp” serving 
instead. 



The purpose of the wedge clamp (see Figs. 40 and 
42) is to wedge in between the rim and steel rim on 
the felloe of the w^heel. The tighter the bolt is 
drawn, the tighter it wedges. The wedge clamps 
are placed equidistant all around the side of the 
felloe of the wheel, and it is important that they 
be drawn equally tight all around, else the tire will 
be thrown out of line and will wabble. 


Example of Removing a Demountable Split 
Rim and Tire from Wheel 

The wheel used in this example is what is termed 
an “artillery t3rpe,” in which the spokes meet at 
the center and are bolted between the flanges of 
the metal hubs. A steel felloe is shrimk on the 
wooden spokes to carry the demountable rim and 
tire. 



Procedure: Jack up the wheel. Remove the dust cap and 
nut from the air-valve stem (A) (Fig. 43). With the rim 
wrench, remove all of the nuts from tne bolts except the ones on 
either side of the rire valve. 

Insert the screwdriver end of the demountable rim wrench 
between the felloo and wedge clamp, to pry loose and remove 
(Fig. 43). After the wedges have been removed, turn the 
wheel until the tire valve is in upper position, and pull the lower 
portion of the tire toward you until it clears the felloe auffi* 
ciently to raise up so as to disengage the valve-stem from the 
fdloe (]|^g. 44). 
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Mounting Spare Rim and Tire 

The next procedure is to place on the wheel the 
spare rim and tire which should be carried on 
the “tire carrier^’ at the rear of the car, with the tire 
fully in^ted. 

Procedure: Loosen the nut at the lower edge of the “tire 
carrier” with a rim wrench and turn the lug until it clears the 
rim. Remove the air^valve stem-cap and nut, and lift the rim 
off the carrier. 

Insert the valve-stem in the proner hole in the felloe, and the 
driving stud in the driving plate (Fig. 43) and force lower part 
of rim on the wheel with the foot. Replace the two wedges 
opposite the valve-stem, drawing them up evenly, but not to 
their final position; then replace the remainder of the wedges 
and draw them up evenly until all are tight. Note that tne 
edges of the rim at the split are even and not more than 1/32" 
apart. If the bolts are not tightened uniformly, the rim will 
Tun out of true. 


To Remove Tire from the Split Rim 

As an example, the Kelsey No. 110 split rim 

Note that the locking device of the split part of 
rim on this make is different from the locking 
device (C) (Fig. 39). 

It is not a difficult task to remove a straight-side 
tire from the rim, as used on Studebaker cars; 
nevertheless, we outline l^elow the very best pro¬ 
cedure in order to reduce tliis lal)or to a minimum. 

First, be sure the tire is fully deflated, then loosen the bead 
of the tire thoroughly from the rim before proeceding with the 
following operations; 

Operation No. 1: Place a screwdriver between the locking 
plates of the split part of the rirn, as shown in Fig. 45, and force 
the rim apart, by bearing up on the handle. 

Operation No. 2 : With the rim slightly forced apart, as 
show’ll in Fig. 45, bear down on the handle of the screwdriver, 
so that one section of the rim will bo telescoped into the other, 
as shown in Fig. 40. 




Fig. 45. Forcing split apart 
Fig. 46. Lapping split. 



Pig. 47. Starting tire from rim. 
Fig. 48. Pulling rim from tire. 


Operation No. 8: By meana of a screwdriver or a tire tool 
remove the tire from the rim at the telescoped seotion (Fig. 47). 

Operation No. 4 : Supporting the tire between hand and foot, 
as shown in Fig. 48, pull the rim from the tire with the other 
hand. 


To Mount Tire on Rim 

Operation No. 1: In mounting the tire, place the rim on the 
floor, and, after having installed the tube in the casing very 
carefully, insert the valve-stem into the rim hole provided (F‘g, 

49) . 

Operation No. 2: By following around the tire, pressing with 
the heel of your shoe, the casing can be forced into position (Fig. 

50) . 



Fig. 49 (upper) Fig. 50 (upper) 

Fig. 51 (lower) Fig. 52 (lower) 


Operation No. 8: With the rim still telesroperl, force a screw¬ 
driver, or preferably a tire tool, between the casing and rim 
(Fig. 51) and slide around the entire rim, noting carefully if 
the flap is in proper position. If the flap is allowed to become 
folded over the bead of the tire shoe, a blow-out may re.sult and 
expanding the rim and removing operation becomes difficult. 

Operation No. 4 : By using a screwdriver (Fig. 52\ and re¬ 
versing the operation as shown in Fig. 46, the rim can be locked 
in its proper position. 


Additional Pointers on Mounting Tires on 
the Split Rim 

To flvoid tire troubles, mount the tire i>roi)erly on 
the rim by observing the following: 

1. See that the tube is itartially inflated when 
inserting. 

2. See that the inner tube valve docs not leak. 

3. When inserting the tube, use tale to lubricate it. 

4. When the rim and tire are mounted on the wheel, 
draw the wedge bolts evenly, or the wheel will 
wabble. 

5. Before inserting the tube in the easing, see that 
there is no dirt or other substance in it which 
might injure the tube. Run your hand all the 
way around the inside of the casing. 

6. If the rim is rusty, scrape off all the rust you can, 
and then apply a coat of rim paint. 

A few pointers as to the method of placing an 
inner tube in the casing and mounting the casing 
on the rim are given on the next page. ^ 
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Fig. 53 Fig. 64 


Fig. 53. Inserting tube into casing: Sprinkle tale inside of 
casing, being careful not to use too much, or it will form balls. 
Then inflate the tube just enough so that it will assume sufficient 
shape to make it easy to handle. The tube is then put into 
the ca.sing. A very handy tool for spreading the tire when 
inserting a tube is a “bead spreader” shown in the illustration. 
Do not permit the tube to touch the ground. Dirt or grit 
may cut through. 

Fig. 54. Placing flap over tube: A flap is then placed as 
shown. Do not stuff it in and permit it to wad. but spread the 
bend w'ith the hand ns shown, and place it evenly and flat over 
the tube. If it watls, it may cut the tube. 

After the inner tube and flap are placed on the 
casing, then place the casing on the rini. Stand 
t-he rim np and insert the valve-stem through the 
hole in the rim. Next place the rim on its si<lc, as 
shown in Fig. 55. 

Sparc Rims and Tires 

We often see a spare rim on the rear of a car with an inflated 
tire on it. This indicates fliat the rim is of the demountable 
type. 

These rims are usually the straight-side. 

aide-ring demountable type. 



Fig. Spreading the rim apart so that it will lock: There 

are many methods for joining the lap of the split rim where it 
telescopes. One method, and a good one is to use a jack as 
shown in Fig. 5t>. 

Fig. 57. Inner-tube valve not in correct position: This is a 
trouble which often occurs and is one that will not be noticed 
until the beads of the tire are on the rim. The valve should bo 
perfectly ac.raight. If it is left in the position shown, it will 
rc!5ult in the inner-tube valve seat being torn from its base, and 
this might occur when the telescoped part of the rim is sepa¬ 
rated, as this will only cause it to be drawn farther. If not, it 
will tear sooner or later. 


Fig. 55. Forcing one side of casing over rim: Use a tiro tool. 
One of the best lire tools obtainable is a piece of spring leaf; 
the longer, the better. With this tiro tool, and by striking the 
bead of the tire (not the rim) lightly with a hammer, one side 
of the casing will go over the rim. 

When one bead of the tire is over, then start the other bead 
of the tire into the bead of the rim by means of the tire tool, 
and a few blows of the hammer. Use the tire tool first and do 
not use a hammer any more than necessary. W'hcn using the 
tire tool, be careful it does not injure the tube. 


WIRE WHEEL RIMS 


The wire wheel uses a rim which is not demount¬ 
able. Instead, the wheel itself is demountable. A 

spare wheel and inflated tire is usually carried on 
the tiro rack at the rear of the car, and when tire 
trouble occurs, the wheel and tire are de¬ 
mounted and the spare wheel and 

tire are placed in their place. 

The type of rim generally used on wire wheels is 
the plain straight side rim which is permanently 
fastened to the wheel. The tiro is removed from 
the rim by first removing the side ring (Fig. 58). 
The removal of tliis side rmg is an operation similar 
to that shown in Fig. 22, page 595, except that a 
straight side rim is used instead of a 

clincher rim. 


If a spare wheel and tire are not at hand when 
tire trouble occurs, then the tire can be removed 
from the rim by jacking up the wheel and removing 
the side ring. 



Fig. 58. Illustrating how a hub cap wrench is always movefk 
downward toward the front of the car when the hub cap is to 
be taken off, and toward the rear of the car, when put on. 
Note that the side ring is removed in order to detach a tiro. 
The rim is not demoimtable. 
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Wire wheel hub nuts have right-hand threads on 
the left side and left-hand threads on the right side. 
A large hub-cap wrench is usually provided for 
removing wire wheel hub nuts. 

To Remove Wire Wheels—Front or Rear 

Jack up the wheel until clear of the ground and place the 
special wrench over the hexagon of the hub cap. Putting on 
the wrench releasee the hub-cap lock-finger, so that the cap can 
be removed by turning towarci the front of the oar. 

The two hubs on the left-hand side of the car have right- 
hand threads, while those on the right-hand side have left-hand 
threads. The hub caps are marked with arrows pointing the 
direction they turn on. To remove, turn in the direction 
opposite to the arrow. 

Should the caps be so tight that trouble is experienced in 
loosening them, let the wheel down until it rests on the ground, 
to keep it from turning and then tap the end of the wrench for¬ 
ward with a hammer. When the cap is once started, jack up 
the wheel and unscrew the rest of the way by hand. After 
the hub cap is removed, the wheel can be pulled straight off 
the hub. 

When replacing the wheel, be sure to push the wheel on the 
hub all the way, and see that the wheel draws up tightly on the 


inner hub. To screw the hub cap on, turn towards the rear of 
the oar—in the direction of the arrow. 

Do not attempt to tighten the hub cap when the wheel is on 
the ground, as toe weight of the car prevents free action of the 
wrench on the cap, and while the wheel may appear tight, it is 
only binding and will loosen with driving, when a clicking 
noise is heard in the wheels, it is generally the result of the hub 
caps not being drawn tight. 

Care of Wire Wheels 

It is never necessary for an owner to tighten or touch the 
spokes unless in case of accident. All spokes have the proper 
tension when they leave the factory. If new spokes are 
inserted, do not draw up too tightly with a spoke wrench. The 
new spokes should be only as tight as the ones already in, of 
the same length, and ring true with them. 

To keep wheels in good working order, they should receive 
the following lubrication: 

The taper of the. inner hubs, both tapers in the wheel hub 
shells, and the threaded portion of the hub caps should be 
wiped clean and covered with light grease every thirty days. 
Also, oocasionally look over the locks in the hub caps; place a 
few drops of oil in between the spaces provided for clearance. 
This will assist the locks to work freely and help to counteract 
the accumulation of dirt, dust, etc. 


DISK WHEELS* 


The disk steel type of wheel is now very popular, 
and in order to explain the advantages of tnis type 
of wheel we will use the Disteel wheel as an example. 


DETACHABLE 
Side Rlt4Q 
OF RIM — 



BRAKE DRUM 


Fig. 69. The Disteel wheel using the Goodyear type of rim 
permanently riveted to the disk. 


The advantages of tliis type of wheel are as follows: 

Strength: Being disks of steel they have no spokes 
to break. 

Permanent rims: Rims are not demountable, but 
are riveted to the disk. 

Curved and tapered disk: Shocks cannot be trans¬ 
mitted in a direct line to the axle, but are carried at 
an angle, thus deflecting the full force of the blow. 
The tapered construction of the disk diffuses the 
shock on the same principle as in the case of tapered 
roller bearings and springs. 

Proper distribution of weight: The weight of tho 
wheel is concentrated at the hub, so that the fly¬ 
wheel effect is lost and easy starting and stopping 
results. The contrary effect—throwing the principsd 
weight to the rim—makes stopping and startmg 
less easy. 


Convenience: Disk wheels are easy to clean and 
change. Wheel itself can be removed at hub. Method 
of changing a tire is to remove the side ring, or to 
carry an extra spare wheel and tire mounted ready 
to replace the other wheel. 

’•‘Wheels and rims of more modem design for passenger 
cars, trucks and buses are briefly described below. Although 
this Instruction has not been revised for some time, it will be to 
the reader’s advantage to study same, because, a knowledge of 
the early principles will enable one to more readily understand 
later developments. 

Wood and wire-spoke wheels have been supplanted by metal 
disk and spoke type wheels as (‘xplained below. Wheels are now 
much smaller ana have larger brake drums, and balloon tires 
arc in general use. 

Passenger cars and sorno light commercial trucks now use 
disk wheas with drop-center rim welded or riveted to a steel 
disk .^idcr bolted to wheel hub. Wheel a? o unit is demountable 
at hub. For examples see pages 1103-1106. 

The drop-center constrtiction makes it possible to install a tiro 
on a soliil rim. A later imjirovernent, termed "safety drop- 
center rim'* is whore a small hump is provddod on each side of 
the <lrop-centcr or tube well, which tends to keep the tire bca<lB 
against the rim flanges—out of the tube well, even though 
deflation occurs. 

Trucks and buses now generally use either disk or spoke 
type wheels. 

On light trucks or commercial cars, the pressed or stamped 
steel disk wheel with drop-center rim is often used. On heavier 
vehicles rising the disk wheel, the disk spider is a steel forging 
or stamped plate with sections out away giving the appearance 
of flat spokes. These sections or holes .allow air oireulation 
which tends to cool the brake drum. With this tyi)e, where 
larger tiros are used, a flatdxise rim with a detachable side ring 
for installing tire on rim is generally employed. In both cases 
the wheel as a unit is demountable at the hub. 

Some trucks use a spoke type of wheel made of malleable 
or cast steel with a fUit-hase rim demountable from wheel and 
having a side ring for installing tire on rirn. Tho rim is fastened 
on the hollow spoke spider by lugs or clamps provided on the 
ends of spokes. For example sec Insert No. 3. 

Dual wheels are extensively used on trucks in order to get 
sufficient load carrying capacity without using extremely 
large tires. The usual practice is to mount side by side (either 
on the same whciil, or by using two disk wheels attached to ono 
hub) two standard comniorcial sizes of tires interchangeable 
with other trucks or trailers in a fleet. 

Example of disk type dual wheels is shown on page 1161G. A 
separate stamped disk spider is used for each wheel but both 
are fastened to one hub. The brake drum is also fastened to 
the same hub. Wheels are demountable at hub. A side ring is 
provided for installing tire on rim. 

Example of spoke type dual wheels is shown in Insert No. 3. 
Note that a single spoke spider is used for supporting tho dual 
wheel rims. Rims are demountable from spoke spider by loosen¬ 
ing lugs or clamps provided on ends of spokes. A side ring is 
provided for installing tire on rim. 

For literature giving latest information on wheels, rims and 

parts write Borbein, Young k Co., 3315 lA} 0 U 8 t, St. Louis 3, Mo. 

For literature dealing with latest balloon tire sizes, wheel 
loads, air inflation pressures, etc. —see your local tire dealer. 
Borne popular sizeA are given on p. 973, and advantages over 
high pressure tires on pp. 627, 628, 
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(Table referred to in text on page 606.) 
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Approved Tire Rims 

All rims approved by The Tiro and Rim Association, Inc., are 
carefully inspected at the rim factories, and those which are 
approved by the association inspectors are stamped with one of 
the brands shown in Figs. 1, 2, 8, according to the type of rim. 

Fig. 1 brand appears on all rims into which 
"I'jT wire wheels are laced, all disc wheels with 

AK Y T non-demountable rirns, and all rims with 
two or more transver.se splits approved by 
Fi'a!"? FIoTa the a.ssociation. Fig. 2 brand appears on 
all rims not transversely split approved 
by the association. Fig. 3 brand appears on all transversely 
split rims approved by the association. ’ 



Rim Sizes, Tiro Sizes, Wheel Load, Air Pres¬ 
sure, Etc., for Full Balloon Cord Tires 

The explanation of “balloon tires” is given on page 628. 
Explanation of "wheel load" is on pages 593, 594. 


Rim 

Diameter 

Width 

Size 

At 

Between 


Tire Seat 

Flangci 


20" 

2*/4" 

28x3^ 

21- 

2«^- 

29x3 H 

22- 

2%- 

38x4 

20" 

2%" 

29x4 

21" 

2V4" 

30x4 

22" 

2vr 

29x4 5,^ 

20" 

3%" 

30x41/, 

21" 

3%- 

31x4'/, 

22" 

3'4" 

30xS 

20" 

sr." 

31x3 

21" 

3%" 

33x6 

21" 

4 ‘/«" 


The true or full balloon tire is r 
and to fit rims of either 20 or 21- 


Tire 

Other Sizea 

le Generally That 

Uked 

iCan Be U*cd 

28x4 40 

29x4 95 

29x4 40 

29x4.75>n 

30x4.40 

30x4.95 w 

30x4.7$ 

31x4.95 M 

30xS 2$ 

32x6.00 V- 

30x5.77 

32x6.20 S 

29x4.9$ 


30x4.9$ 

33x6.00 

31x5.25 

32x6 20 

3US.77 


30x4.75 

32x5 7; 

*1x4 95 

30x5 77 

32x6.7$ 

32x6 00 

34x7.30 

32x6.20 

31x5.77 

33x6 60 

33x6 00 

33x6.75 

33x6 30 

32x5.77 


32x6.00 

32x6.75 

32x6.20 

34x7.30 

33x6.00 

33x6 60 

33x6.20 

33x6.75 

33x6.60 

33x6.73 


35x7.30 


nade only in cord construction, 
•inch diameter. 


When ordering rims for balloon tires, the first column will 
give the size of rim to order. Walloon-tire rims are not marked 
20 ", or 21", but are marked and made according to the size 
in this first column. For example, a 20" rim for a 28 x 4.40 
balloon tire is marked 27 x 3H. and bo on down the column. 

The 20" diameter is arrived at by multiplying 3)^ x 2 and 
deducting from 27, as follows: 2x3H=®7 and 27—7 “'20". 
This rul6 will apply to the sizes mentioned in this first column. 

As a rule, balloon tires themselves are marked as in the fourth 
column, with the additional marking of the rim diameter at 
tire seat, as in the second column. 


Load capacity per wheel of balloon tires of he following 
cross-section is as follows: 4.40, 600 lbs.; 4.76, 690 lbs.; 
l-!5* 725 lbs.; 8.26, 820 lbs., 6.77, 880 lbs.; 6.00, 1,000 lbs.; 
e,20, 1,075 lbs.; 6.76, 1,225 lbs.; 7.30, 1,375 lbs. 


The air pressure for each tire is 25 pounds, provided the 
carrying capacity above is equally distributed. If the rear wheels 
carry a greater load, the pressure should be increased propor¬ 
tionately; for example, if a 28x4.40 tire carries a load of 700 
pounds instead of 600, the air pressure should he increased 4 to 
6 pounds for every 100 pounds additional weight. 


AddreBses of Some of the Tire Manufacturers 


Diamond Rubber Co., Akron, Ohio; Firestone Tire and Rubber 
Co., Akron^ Ohio; Fisk Rubber Co., Chicopee Falls, Mass.: 
B. F. Goodrich Rubber Co., Akron, Ohio; Goodyear Tire and 
Rubber Co., Akron, Ohio; Hood Tire and Rubber Co., Water- 
town, Mass.; Kelly-Springfield Tire Co., 250 W. 57th St., New 
York, N.Y.; Lee Tire A Rubber Co., Conshohocken, Pa.; 
Mohawk Rubber Co., Akron, Ohio; Michelin Tire Co., Mill- 
town, N.J.; The Miller Rubber Co. of New York, Akron, Ohio; 
Pennsylvania Rubber Co., Jeannette, Pa.; United States Rubber 
Co., 1790 Broadway, New York, N.Y. 

Manufacturers’ Standard Tire Warranty 

Effective August 16, 1928, all Members of The Rubber 
Manufacturers Association, Inc., adopted a new standard 
pneumatic tire warranty as follows: 

"Every Pneumatic tire of our manufacture bearing oTir name 
and serial number is warranted by us against defects in material 
and workmanship during the life of the tire to the extent that if 
any tire fails because of such defect, we will either repair the 
tire or make reasonable allowance on the purchase oi a new 
tire." 

The standard solid and cushion tire warranty reads as follows: 

"We do not warrant Solid or Cushion tires for any specific 
mileage. Every Solid or Cushion tire bearing our name and 
serial number is warranted by us against defects in material or 
workmanship which are disclosed within 180 days from date of 
first road wear. 

No claims hereunder will be considered unl^ the tire claimed 
to be defective is presented to us within the said 180-days period, 
all transportation charges prepaid, end accompanied by this 
Company’s claim form duly filled out, personally signed and 
certified to by the owner of the tire. 

If upon examination of the tire so presented it is our j udgment 
that the direct cause of its failure is attributable to defective 
material or workmanship we will make a reasonable allowance 
on the purchase of a new tire. 

Tires used under loads or at speeds in excess of those recom¬ 
mended by us, used on wheels out of alignment, abused or mis¬ 
used, injured through accident or design, or by non-skid de¬ 
vices, are not subject to claim hereunder. 

This Company’s Warranty is given solely to the first con¬ 
sumer (owner) and only to the extent above expressed. No 
dealer or agent is authorized to make any other or additional 
‘Guaranty’ or ’Warranty.”’ 


Tools for Tire Changing 


For removing wheels, demountable rims and tires, the work 
will be greatly lessened if the proper tools are used. 

A good garage jack is necessary (see 4, also pages 675, 699): 
a universal rim wrench (5) is necessary to remove nuts on all 
demountable rims. The one shown is adjustable to 13/16"; 
wire-wiieel hub-cap wrench (6) for wire wheels; a blacksmith’s 
hammer, about 2 lbs. (7), (rubber mallet is best for tire use); 
a large screwdriver; pliers for removing valve and dust cape 
(8); tire tools (9); tire tool (10), for removing and replacing 
casings, made of spring steel 1" x 12", or a piece of spring leaf; 
rim tool; an air compressor. If the shop is not eciuipped with 
a power air compressor, see page 624. See also pages 618, 674. 


Devices, such as tire spreaders, buffing machines, tire 
changers, etc., for general tire- 
repair shops, see page 674. 

A good jack should bo carried 
in the car. The hydraulic type 
(see page 699) is recommended. 

With a good jack the heaviest 
car can be raised with 
the slightest pres¬ 
sure. This caves time, 
and will save the car 
from dropping at a crit¬ 
ical time. A flat block 
should be placed on 
the ground under the 
I jack to prevent turning 
over and sinking. 




» The sizes of tires, wheel loads, air pressure, etc., mentioned 
on this page are now different. Obtain literature giving the 
latest standards from your local tire dealer. See also specifica¬ 
tions, pages 1055-1062, for tire sizes used on different cars. See 
also footnote^, page 611. 

» Readers who are engaged in the tire business, or those who 
are interested, can obtain a Tire and Association Year 
Book by writing The Tire and Rim Association, Inc., Akron, 
Ohio, and enclosing two dollars. ^ It contains valuable informa¬ 
tion on the subjeot of rims and tires, loads and inflations, valvt 
equipment, etc. 



INSTRUCTION No. 55 

TIRE CONSTRUCTION; CARE AND REPAIR OF TIRES 
Vulcanizers; Tools 

CONSTRUCTION OF PNEUMATIC TIRES 


There are two kinds of pneumatic tire construc¬ 
tions: the ‘‘fabric,” and the “cord” construction. 

In the fabric construction the carcass is made of 
closely woven and interwoven cotton fabric. 

In the cord construction, the carcass is made of 
cords and not interwoven. 

The fabric carcass type of tire can be constructed 
by two methods: the “full-molded” method, and 
the “wrapped” method. 

The full-molded method of construction is 
explained on page 609. It is built up on an iron 
core or mandrel, and is then placed in a mold (Fig. 
2), which in turn is placed in a hydraulic press vul- 
canizer, the object of the press being to close the 
halves, (L) and (U) of the molds tightly. With a 
full-molded type of tire, the entire construction is 
cured or vulcanized complete at one operation. 

With the wrapped-tread method, the fabric car¬ 
cass, side walls, cushion and breaker-strip are 
formed or built up in the same manner as a molded 
tire, but they are semi-cured (half-cured) only in 
this mold. After this semi-curing operation the tire 
is removed from the molds (Pig. 2), and the part 
where the tread goes is buffed off and cemented 
with several coats of high-grade vulcanizing ce¬ 
ment. A semi-cured tread is then treated with sev¬ 
eral coats of vulcanizing cement and allowed to 
dry, after which the tread is applied to the carcass 
and is rolled down under pressure to remove all air. 

An air bag is then placed inside of the tire and 
the entire tire is wrapped tightly with canvas cloth 
strips about 2” wide. Then, instead of putting it 
back in the mold (Fig. 2), where it was semi-ci.red, 
it is placed in a horizontal vulcanizer (large kettle), 
and the final cure (vulcanize) with live steam is 
given, after which the tire is left standing until 
cooled. The canvas strips are then removed and 
tire is laid away for a few weeks to “after-cure.” 

A wrapped-tread tire can always be distinguished 
by the slightly roughened surface, which is the 
impression left from the cloth wrapping. 


The rubber used in making th v tread and cushion 
stock of a tire consists of a gummy substance 
obtained from the milky juice of certain tropical 
trees, mixed with sulphur to tend to harden it and 
give it strength. When heated, it changes from a 
sticky mass resembling chewing ^m, to the elastic 
fr>nn in which we see it in a completed tire. 

The best rubber is called Para, which comes from 
the city of Para, near the mouth of the Amazon 
River. Other good rubber comes from Africa, 
India, Ceylon, and South America. 


The white dust often seen on rubber goods is 
called “bloom*^ and comes from the sulphur not 
chemically combined with the rubber. Old tires in 
stock a long time accumulate considerable bloom, 
and hard. 

The strength of the tire lies in this fabric or cord 
carcass; the cushion and protection for the carcass 
of the tire is in the rubber. Sea Island cotton, 
which is very strong, is used for the carcass of the 
fabric tire, and cords are used for the carcass of 
the cord tire. 

Construction of a Fabric Tire 

The carcass, which is the strength of the tire, is 
built up by placing several layers (4 to 7) of closely 
woven cotton fabric on a mandrel or core-shaped 
like the inside of the tire. The carcass is dependent 
upon the tread, cushion, and breaker for i)rotection 
(see Fig. 1). 

Cotton fabric is used because it is flexible, easily 
ermeated with rubber, and is best adai)ted to resist 
eat. If too many layers of fabric wore used, it 
would thicken the carcass, causing it to be stiff, and 
less flexible, and inside plies would break easily, 
and heat would be difficult to expci. Heat has a 
tendency to loosen the “frictioning” between the 
fabric plies. 



Fig. 1. Construction of a fabric tire. 


The tire assembly construction is as follows: 

1. One layer or ply of fabric is placed over a core 
on which the tire is to be formed. 

2. A bead is formed by placing the lower edge of 
the fabric around the bead form; hard rubber 
is used to form a bead of a clincher tire, and 
small wires for straight-side tires. 

3. Other layers or plies of fabric are placed, one 
over the other, but before doing so, rubber V 
infused bv pressure into and between, each laj^er 
or ply of fabric, which impregnates the fabric 
thoroughly; this is called “frictioning,** 

4. A cushion of soft gum rubber is placed ovei 
the fabric carcass. 


Note. This instruction has not been revised for sometime. The "interwoven fabric tire" is not made now. The "cord tire’ 
is iii general use. The "full-molded" method of vulcanising is now generally employed in its construction. The "wrapped trei^' 
method is seldom used. Obtain literature of latest tire construction from local tire dealers. Bee also, pages^OlS, 622. 
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51 A breaker-strip is then placed over the cushion. 
It is made of coarse loose-woven fabric, and it 
serves to ward off attacks of sharp objects that 
may penetrate the tread. When a tire wears 
through the tread, the ^'breaker” is exposed. 

6. A chaffing strip, consisting of a strip of fabric 
about 2" wide, is applied to the edge of and 
above the bead. 

7. Then the side walls, made of thin tough rubber 
(made thin to expel heat) are applied. 

8. The tread, made of thick tough rubber, is 
applied last. 



Fig. 2. Iron molds. 


9. The tire on the forming core is then placed in 
an iron mold divided into halves (see Fig. 2). 
The part (U) of this mold is ]ilaced over the part 
(Lb covering the tire, and is fastened down. 

10. The mold with the tire is then placed in a 
cylindrical tank, or kettle, or hydraulic press 
vulcanizcr, and ^'open cured.”^ 

11. Live steam is turned into this tank at a pressure 
of 50 to GO lbs., which corresponds to about 
300° F. This tank h(dds from 25 to 30 tires. 

12. After curing, the tire is placed in storage to 
‘‘after cure.^^ 

Construction of a Cord Tire 

The cord tire differs from the fabric tire previously 
described in that instead of 

closely woven and intenv^oven fabric being 
used for the carcass of the tire, cords are used which 
are and not interwoven. 

There are two kinds of cord tires, the “cable 
cord,’’ and the “multiple cord.” 


The difference between the cable-cord and the 
multiple-cord tire is in the size of the cords and 
the number of plies of cords. In the cable-cord 
tire there are two to four plies of heavy cable cords. 

In the multiple-cord tire there are six to eight 
layers or plies of smaller cords or threads. 

The cord tire is far stronger than the fabric tire, 

one principal reason being that the cord tire is not 
so closely woven or interwoven as the fabric carcass 
tire, and is therefore not broken so easily. The 
fabric tire is continually sawing itself, as if it were 
being bent back and forth, and eventually breaks. 
Another advantage is that a cord tire is not subject 
to stone bruises, as explained on page 610, as the 
cords all run one way and are not interwoven as 
fabric. The result is that they will give without 
breaking when the tire strikes a stone at high speed. 
In other words, the carcass will have the same ac¬ 
tion as the tread—^it will stretch under a blow 
without breaking. 

^ For an example of the construction of the cord 
tire we will use the “cable-cord” tire as shown in 
Fig. 3. 

The inner lining of a tire is made of a rubber 
sheet j then the first or inner layer or ply of cable 
cord IS laid; then two sheets of pure gum are ap¬ 
plied to act as a cushion between this and the next 
j)ly of cord. 

The second or outer layer of cord is then applied 
at right angles to the first 

layer; then two layers of gum cushion stock, then a 
fabric breaker-strip, and then the tread, are suc¬ 
cessively applied. 

The body or carcass of the tire, as will be noted, 
is made of two plies or layers of cords, instead of 
fabric. Those cords are made of cotton fiber, about 
the size of her.vy sewing cotton, twisted into cords 
about the size of ordinary grocery store twine, but 
stronger. These cords in turn are woven into cables. 

Throughout the process, all iinits are impregnated, 
under heavy pressure (hundreds of pounds to the 
square inch), with a solution of pure, fine rubber. 
This has much the same effect as waxing shoe¬ 
maker’s^ thread. The solution permeates every 
fiber, being literally driven into it. 

Treads; There are two types of treads used on 
cord tires, the “ribbed tread” (Fig. 8, page 592) and 
the “safety” or “non-skid” tread. 



Fig. 3. Construction of the cord tire 


The multiple-cord tire is made by 

tire manufacturers. 


‘“Cured*' means vulcanising; “open-curing** is a process 
wh^e live steam comes in contact with the raw rubber; “dry 
curing*' is where steam is not in direct oontaot; “unoured” is 
raw, unvulcanised rubber. 


The air pressure carried in the cord tire is given 
on page 593. 

Cord tires are made in sizes given on page 594. 

Beads of tires are made for tires as on page 595. 

A heavy truck tire of the cord type is made in 
sizes given on page 594. 

Airplane tires of the cord type are made in 26 x 4 
and 32 x 4J^ sizes. 

The cord tire is a higher-priced tire than the 
fabric tire, but is the popular tire, as it will outwear 
the fabric tire and is well worth the difference. This 
is due to its strong construction. Yet it is resilient 
and easy riding, and the cords do not break as 
readily as interwoven fabric. 

Cord tires made by the “molded” 

method. 

The Balloon or doughnut tjrpe of tire is explained 
on page 628. 


Note. The “oable-oord tire” shown in Fig. 3 is not made now. The "multiple-cord,” more often referred to as the "cord tire,” 
w?tb mcMlern refinements of oonstruotion is in general use. See also, footnot.e page 627. 
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TIRE TROUBLES: CAUSES AND REMEDY 


Some of the tire troubles are: stone-bruises, 
iwse treads, sand blisters, worn treads, chafed tires, 
rim-cuts, punctures, cuts clear through the carcass, 
blow-outs. 



Fig. 4. Inside break in fabric at (H). Note tbe tire 
spreaders (W) used to hold tbe tire apart when examining or 
repairing it. 

Stone bruises are caused by the tire striking a 
stone at a high rate of speed, resulting in one or all 
layers of the fabric breaking, yet the tread may not 
even be cut. The inner tube works into this break, 
and a blow-out (Fig. 6) results. 

Tires have been known to blow-out while standing 
in the garage, as a result of a stone bruise, and it is 
no doubt often a mystery why it occurred. The 
reason is simple. The tire struck a stone, or some 
obstruction when running at a high speed, and 
the fabric being hard, broae at (R) (Fig. 4) on the 
inside of the tire, yet the tread showed no effect of 
the trouble. This is termed a stone-bruise. Examine 
the tires when off the rim and feel the fabric, inch 
by inch, for a weak spot. If a break has occurred, 
you can see it (Fig. 4). 

A temporary repair can be made by using “inner” and “outer” 
shoes (page 611), but it is advisable to repair as shown on page 
617, as a blow-out may occur even with this “inner shoe” 
covering the weak spot. 

The cord tire is not as susceptible to stone bruises 
because the cords are not interwoven, or cross- 
woven^ like a fabric tire, and instead of breaking, 
they give. 



Fig. 6. Illustrating the different troubles that a tire casing 
is heir to. 


Sand blisters are caused by a small hole or cut 
in the tread through which sand and dirt work under 
the tire, causing it to pucker up. These will result 


in a loose tread if not closed up (see Fig. 5). The 
hole through which the sand worked into and under 
the tread may be several inches away. Close it up 
with a plastic substance called ^^tire dough,or 
vulcanize it. See page 621: ^^Sand-blitster repair.” 

Loose treads result from running a tire not 
properly inflated, or from moisture getting under 
the tread through a cut in the tread, or from a defect 
in the tire where the rubber compound is poor and 
does not adhere, or from setting brakes suddenly. 

Loose treads can be repaired, unless the tread is loose about 
one-third of the way. In tliis case a new tread must be applied 
'—providing the fabric carcass is not out (if it is, repair it first)-;— 
and providing layers or plies of fabric in the carcass are solid 
and are not separated. 

The molded t]rpe of tire is more subject to loose treads than 
the wrapped-tread construction. 

Worn treads in the center, or slightly to the side 
of the tire, usually are the result of driving in street¬ 
car tracks, wheels being out of line (usually on the 
front) caused by the steering knucldes being bent 
or the steering apparatus being out of order. See 
Index under ^‘Alignment of wheels.” 

Chafed tires, usually worn on the side, result 
from driving close to curbstones, in strect-car tracks, 
ruts, etc. This permits water to rot the fabric. 
Repair by rebuilding the side walls, and vulcaniza 

Rim cuts are the result of running the tire flat 
after a puncture, or running on the rim which 
damages the curve in the rim and which in turn cuts 
the tire at the rim just above the bead. Improper 
inflation is also a common cause. This permits the 
edge of the rim to cut the bead when the deflated 
tire receives a heavy jar. Rim cuts can be repaired 
if cut in only two or three short places, but if cut at 
sections all around the tire, it cannot be repaired. 

This refers to the old-style clincher rims. Now that most 
tires are of straight-side construction, rim cutting is not as 
common a trouble as forniorly. 

Punctures through tread and carcass, if small. 

will not cause damage to the carcass, but the tread 
should be closed by vulcanizing with the small 
vulcanizer while the tire is inflated on the car, or by 
some kind of plastic material, such as “tire dough,” 
being stuffed into it to keep water and sand out. 

Where tires we cut through the carcass, they 
can be repaired if the cut does not extend too long 
and the plies of fabric are not separated. Repair the 
same as for a blow-out repair (page 617). 

Rim squeaks, due to loose rims, can usually be overcome by 
tightening the rim bolts. To tighten rim bolts, be sure to 
tighten bolta directly opposite each other in turn, in order to 
insure equal tension. 

Retreading 

Retreading; It is no easy matter to form a correct judgment 
about any tire with regard to retreading. In some instances a 
tire case may appear to be sound, and yet may prove to have 
stone bruises in the carcass on inside examination, or tho layers 
of fabrio may be separated from each other. On the other 
hand, there are undoubtedly covers condemned, because of 
local damage, which if properly examined, would be worth 
retreading. 

Tbe age of tbe tire and condition of the fabric and cost of 
the retread will determine if it is worth while to retread. The 
strength of the tire is in the carcass. The rubber tread is merely 
a protection. 

Therefore the condition of the carcass must be determined 
when deciding as to retreading. There are three questions to 
determine: (1) is the carcass badly out in several places—if so, 
don’t retread or repair; (2) are all the layers of fabrio of the 
carcass together and not separated; sometimes these fabrio 
layers separate and pucker up, owing to improper adhesion in 
manufacture, or to water getting under the (read and into 
oaroaes; (3) is the tire rim out badly? 
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Blow-Outs' 

The greatest tire trouble is blow-outs. A blow¬ 
out is simply a hole blown through the carcass or 
fabric. There are two classes of blow-outs; those 
occurring near the rim, and those in the tread or on 
the side. 

We will desipiate the first-mentioned as a “rim 
blow-out,^’ and the latter as a “tread blow-out.*' 
Wherever a blow-out occurs, that spot always 
remains weak, because the fabric can never be 
joined again, but can be repaired (see page 617). 

FiR. 6. (left) When a 
blow-out occurs it always 
leaves a weak spot, even 
though it is repaired. 

Fig. 7. (right) The tire 
is made thin hero for a 
purpose. 


Cause of rim blow-outs; A tire is made tliin at 
the point shown in the illustration (Fig. 7), near 
the rim, for a purpose. Very nearly all the “bend" 
and “give” is at this point. If it was made thick and 
heavy, it would break; therefore, it must be thin 
and flexible. 

If you were to take a wire and bend it quick and often, it 
would get hot and break. The same is true with this bending 
point of the tire near the bead—especially if the tiro is not 
properly inflated. 

Inside breaks in the fabric are due to stone 
bruises and to running the tire improperly inflated. 

If you were to take a deck of cards and bend them back and 
forth, it would bo noticed that the bottom cards would receive 
most of the sawing strain. Just so with the several plies of 
fabric, when the tire is not properly inflated. 

Keep the tire inflated, therefore, and many of 
the tire troubles will be avoided. 

A tire may look sufficiently inflated 

No amount of kicking, feeling, or looking will tell; 
the only sure way is to have a reliable air gauge. 

Tread blow-outs are the result of cuts on the 
tread and of stone bruises. Cuts and jabs on the 
tread of tires permit dampness, oil, or dust to get 
between the rubber and the fabric, which soon rots 
and weakens it. 

Inasmuch as the fabric must sustain the air pres¬ 
sure, a weak place in the fabric is enlarged by the 
pressure, and a blow-out is the result. Once a blow¬ 
out occurs, it can never be repaired so that it will be 
as strong as it was at first. 

Therefore repair cuts in the tread and examine 




tires for internal fabric cuts caused by stone bruises, 
when the tire is off the wheel. 

External cuts in the tread can be treated as ex¬ 
plained on page 616 while the tire is inflated and on 
the wheel. 


A temporary repair of a blow-out or of an internal 
fabric cut, or of weak places in the carcass, can be 
effected by inserting an inner shoe between the 
inner tube and the carcass and an outer shoe over 
the tread (Figs. 10,11, and 12). The defect should 
be repaired as soon as possible, however, as a cut in 
the fabric will soon work larger and cause a blow*- 
out from rim to rim. 


How to get additional mileage or service out of old 
tires: Very nearly ever\' motorist has one or more 
old tires which is of no use. These old tires can be 
made serviceable again by placing inner shoes inside 
of the tire, covering the weak spots or holes, and 
then placing rcliners inside of the tire over those 
reinforced places (see Figs. 8 and 9). Reliners are 
liard on inner tubes and are not advisable to use in 
new tires. They should be used only for temporary 
repair of old tires. 




Fig. 8. Insert an inner shoe for 
small blow-outs or weak places in 
tires. 

Fig. 9. For bad cuts or large 
blow-outs, or when using an old or 
^ worn-out tire. First insert inner 

shoes over the holes, then the reliner in the inside of the tire, 
as shown. 


Fig. 10. Inner shoe,* to go on the inside of the tire to protect 
fabric cuts, breaks, or weak places resulting from small blow¬ 
outs or stone bruises or rough spots, and also as a protection to 
rim cuts. Made of 3-ply fabric with wings, to go under the rim. 



Figs. 11, 12, Outer shoe, 
outside of the tire when it is ( 
Note that the lower part fils 
under the tire for a straight s 



Fig. 12 

be placed temporarily on the 
or damaged, until vulcanized, 
ior the rim for a clincher, and 


CARE OF TIRES 

Proper inflation: Keep tires inflated to the pres¬ 
sure recommended by the maker (see page 593). 
Nothing ruins a tire so quickly as running it so soft 
that the canvas continually bends. It is almost 
impossible to over-inflate a tire with a hand pump. 

Running a flat tire, even a short distance, is sure 
to be costly. Better run on the rim, very slowly 
and carefullv, if imperatively necessary, and the 
distance is short. 

Keep grease and oil away from your tires and 
tubes always. They destroy rubber. 

' Refers to fabric tires (interwoven or old-style tire). Is also 
applicable to cord tires in most instances. See pages 619-621 
for cord tire repairing. 

* Applies to fabric tires. When placing an inner shoe or patch 
inside of a high-pressure cord or low-pressure balloon tire to 
'^oanize a blow-outpatoh or nail-hole patch, it is essential that 
the patch be of flexible construction as the balloon cord tire 

Note. Booklets formerly mentioned on this page are now out 
on pages 618, 622 and 608. Blow-outs are not as frequent with 


AND TUBES*. » 

is much more flexible than a fabric tire. An inside patch made of 
cord fabric with a facing of raw gum, so that it can be vulcanized 
in place, is recommended. 

* A booklet treating on the Cart of Tires can be 

obtained by writing 

The Good¬ 
year Tire & Rubber Co., Akron, Ohio (mention this book). 


• See also page 028 for “Care of Tires.” 
of print. Ask local tire dealer for literature. See also, footnotes 
cord tires as formerly with interwoven fabric tires. 
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Speedy deflation demands instant attention. 
Carry an extra casing and inner tube. 

Equalizing traction: It is important that tires of 
the same diameter be used on the rear wheels. 
Furthermore, special treads and chains should be 
used in pairs. If there is a variation in the diameter 
of the rear tires or in the traction of the wheels, the 
^fferential is caused to work whenever the car is in 
motion. In this way, considerable power is lost, 
and the differential parts are unnecessarily worn. 

Alignment of wheels: It is very important that 
the wheels should be in alignment. If they get out 
of line, the tire treads will wear in a very short while. 
As usual in this case, the tire manufacturer will not 
guarantee or rebate on a tire tread ruined by wheels 
being out of line. See Index for “Alignment of the 
wheels.^' 

Wheels running over a fraction of an inch out of 
alignment cause a grinding wear on the rubber. 
Front wheels suffer most. 

Side skidding and roimding comers rapidly will 
cause rim cutting. Avoid running in car tracks. 

Setting brakes suddenly, causing the tire to drag, 
causes loose treads, and worn treads, and damages 
the tire. Alwavs set brakes gradually. See Index 
under “Brakes.” 

Do not drive in the ruts or bump the side of the 
tires against the curbing or pavements, and don't 
start your machine with a jump. 

If one of your tires sustains a cut to the extent of 
exposing the fabric, an emergency band or patch 
should be applied at once. 

Keep an odometer record of the mileage of each 
tire. You will find that you are getting better 
mileage than you would otherwise imagine. 

Keep rims in good order, straight and true. Rust 
is destructive. Paint preserves. 

The rims, if rusted, should be thoroughly cleaned 
and sandpapered, and then painted with liquid 
graphite (common stove polish will answer). Also 
apply to bead of tire. 

Inner tubes: Carry them in the coolest part of 
the car^ away from oil cans and tools. The best 
protection is a soft bag, well dusted with soap¬ 
stone, in which the carefully folded tubes are put. 
See page 613, “How to fold an inner tube.” 

Unless some pressure is retained however, the 
tube will have a tendency to crack when again 
inflated, if left folded for a long time. 

Occasionally examine your tires and remove 
small pieces of glass, etc., that may have become 
lodged in the rubber. They are likely to work their 
way through, and cause a puncture. 

Spare tires should be kept in a place where they 
are not subjected to light, neat, or rapid changes in 
temperature. 

Nothing will wear a tire faster than sudden lock¬ 
ing of the rear wheels with the brakes, and turning 
comers at considerable speed. Use your brakes 
with judgment, and turn comers slowly. 

Never allow a tire to wear tmtil the canvas fabric 
becomes injured, because the wall of the tire is prone 
to become too thin to prevent the pressure of the 
inner tube from bursting through the weak portion. 
Remember that the strength of the tire is in the 
fabric. The rubber is merely a binder which unites 


the various layers of fabric ar^ forms a covering over 
the whole. 

Tire pamt^ for painting the inside and iitside of 
tires is mixed as follows to make 1 gallon: Mix 1 
quart of gasoline and 5 lbs. of whitening, stirring 
until thoroughly mixed. Add 1 quart of No. 1043 
Firestone cold-patch cement (or any other cold- 
patch cement) gradually, and stir until mixed. 

IDie solution is applied with a brush and leaves a 
white surface which will not crack because of the 
elasticity of the cement. 

Another similar tire paint, for finishing the inside 
of a tire after repairing, may bo made by mixing 
thoroughly one gallon gasoline, one half-pint C-35 
cement, IH lbs. soapstone, and lb. whiting. 


Inner Tube Pointers 

The cross-sections of inner tubes are made a 
little smaller than the normal air space inside of 
the cases. It is not, therefore, advisable to use a 
tube in a 4” case. This usually wrinkles and 
creases the rubber with bad results. Do not use a 
4” tube in a 4 cas(‘ for any length of time. When 

this is done the rubber is required to stretch tof» 
much, and the heat and the action resulting from 
displacement of air in the tire quickly use up the 
nerve and life of the tube. 

Lubrication is important to the conservation 
of the tube. 

Practically all tire manufacturers treat 
the inside of cases with a solution to prevent 
tubes from sticking to the casing, and to reduce 
the frictional wear. 


A gray inner tube is not colored. The best gray 
tubes use pure Para gum with sulphur, to give it 
strength. This sulphur causes a “bloom,” or white 
gray dust which gives it the color. 

A red iimer tube has been dyed to give it color, 
and instead of sulphur, antimony is used, which will 
stand a greater amount of heat. Heat causes rub¬ 
ber to harden and crack, 
red tubes will not stick as freely. 

Some dust soapstone inside of the case 

when changing a tube; others use the soapstone sparingly 

If a quantity of it be 
dumped into the case it will collect at one point, and during 
the hot weather will heat up to such an extent as to burn the 
rubber of the tube, making it very thin, brittle, and lifeless; 
this can be recognized by the honeycombed appearance. 


Powdered mica has proved a more durable lubricant than 
soapstone and quite as effective as graphite, as well as more 
pleasant to handle. The lubricant should be applied with a 
soft rag and rubbed into the pores of tho tube, ana also on the 
fabric all around the case. 

The life of an inner tube- 

As the tube grows older, the rubber becomes hard and 
porous, and hnally reaches the “past repair*’ stage, which is 
noticeable through constant slow leaks. New tubes are then 
advisable. 

How to oreserve extra Inner tubes: Deflate tube and fold, 
as shown in Fig. 13; powder the tube with a generous amount 
of talcum powder, then wrap in a ‘piece of canton flannel oi 
cheesecloth and pack in a small wood box with a sliding top 
This will protect the tube indefinitely. 


^Liquid tire paints can be seeared of auto supply bouses. 
See also page 647. 
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Fig. 14 


Fig. 13. To 
fold an inner 

tube: Remove 
“inner-valve,” 
then roll slowly 
as at (A) and 
(B) to exclude 
air. Then lay 
flat and fold as 
at (C).(D),(E). 


and (P). A flannel bag is suitable for carrying extra tubes in. 

Fig. 14. Four-in-one valve tool: die for recutting threads 
forvalvecap; tap for inner-valve threads; inner valve remover. 


Inner Tube Troubles 

Punctures may result from a puncture through the 
tire from outside, or they may result from rough places 
inside of the case, such as soapstone balls, etc., or 
from the tube being pinched. 

Tube pinching; This is one of the most common 
causes of damage to inner tubes. Many tubes are 
pinched beneath the bead of the tire; see also “stone- 
bruises,” page 610. 

A slow leak may be due to the inner valve (sec 
page 591, Fig. 3), and the condition may easily be 
supposed to be duo to a puncture. If no visible 
sign that the tire has been penetrated is discovered, 

a test of the valve-stem can be made without re¬ 


moving the inner tube, by putting a few drops of 
water in the top of the valve-stem after removing 
the valve-cap. Bubbles will indicate a leak, or the 
valve can be tested as shown in Fig. 15. 

If such is found to be the case, the valve parts 
should be tightened with the notched cap (B) of 
the valve-stem inserted in the valve and used as a 
wrench, as shown in Fig. 23, page 595; then test 
again. If it still bubbles, put in a new inner-valve (A). 

A slow leak may also be due to the valve-stem 
base being loose, or to the inner tube rubber being 

E orous, through age. Old tubes in time harden, 
ecome porous, and leak slowly. The average life 
of a tube is perliaps two years; but once it begins to 
harden, it is advisable to replace with new tubes. 



Fig. 1.5. To test valve for a leak: inflate 
the tube; place the end of the valve, with 
valve-rap removed, in a glass of water; if bub¬ 
bles appear, the inner-valve leaks. Put in a 
new one. (This test can bo made without re¬ 
moving tire or tube.) 



Fig. 16. To test an inner tube for a 
leak: partially inflate the tube and place it 
in a pan of water; air bubbles will appear 
at the leak. Mark leaks with indelible 
pencil. 

To test the base of a valve for leak, sub¬ 
merge the valve part of the tube in water, 
with the tube partially inflated. 


METHODS OF REPAIRING INNER TUBEi 


When the inner tube is punctured, but the casing 
l)ractically uninjured, as in the case of puncture by 
a nail or tack: First of all, satisfy yourself that the 
tack or nail is not sticking in the casing, for if it is, 
your repaired tube will be punctured again before 
you have gone 1,0(X) hict. Having done this, the 
inner tube may be removed (wholly, or in part, as 
may be necessary) and either repaired or replaced. 

There are two methods of repairing an inner tube: 
(1) by cementing a patch over the puncture, and (2) 
by vulcanizing. The cement patch does not hold, 
and will leak in time; but the vulcanizing of the 
tube, as shown on page 614, will make a permanent 
repair. Many motorists insert a new tube and vul¬ 
canize the damaged one later, but it is just as easy 
and quick to vulcanize and be done with it. These 
little vulcanizers can bo used anyw^herc. An inner 
tube properly vulcanized is as good as new. 

Do not carry inner tubes in the tool box where 
they are liable to be bruised or otherwise injured. 

The modern method is to have a spare rim with a 
tire inflated, ready to put in place of the damaged 
tire, as previously explained. Without this equip¬ 
ment, it will be necessary to repair the tube, or to 
put in a new one. 

Cementing a Pateh 

If a cement patch is necessary, owing to the absence of a 
vulcanizer, then proceed as follows: 

Select a patch of the right size, that is, large enough to extend 
three-fourths of an inch or an inch beyond the puncture in earh 
direction. Wipe off every trace of moi.sture or bloom, and 
roughen with emery cloth the surfaces to be joined. Apply 
two coats of cement to the tube surface and to the patch, 
removing with the fingers all superfluous cement; the less of it 
there is, the quicker the repair. 

Allow the cement to dry until it adheres strongly to the fingers 
(five minutes at least will bo needed), then, and not until then, 
apply the patch; compress strongly and look carefully to see 
that the edges of the patch do not loosen. 

Before putting in the tire, assure yourself that the cause of 
the puncture is removed, such as a nail or tack or rough spot 
inside of the casing, or else the tube will puncture again. 

Note. Never try to join two surfaces while they are still 
damp, for rubber cement joints are of no value unless every¬ 
thing is dry. Never apply friction fabric to an inner tube, but 
always a patch of pure caoutchouc. Friction fabric is not 
air-tight, and besides, does not stretch with the tube. 


Even though a sound tube has been inserted on the road, 
the punctured tube should be mended promptly to bo ready 
for another emergency. There is scarcely a limit to the number 
of repairs a tube will bear, but patches applied with cement 
cannot safely bo considered permanent repairs. It is a paying 
investment to make vulcanized repairs as opportunities present. 

When a patch becomes loose: It will sometimes happen that 
a tire will become partially or even entirely deflated without 
apparent cau.se—that is, without any nail or other puncturing 
instrument being visible. If you have had experience with 
occurrences of the kind, you will immediately su.spect a loosened 
patch. The leak can be located in the usual way by inflating 
the tube and listening for escaping air, or by immersing the 
tube in water. 

To remove a cold patch, use a little gasoline to soften the ce¬ 
ment, or heat the pateh by pres.sing it against your hot radiator. 

(foment patches are only temporary or emergency repairs, 
w'hile vulcanizing makes permanent repaiis that will not loosen 
from the heat of driving. 

Small Vulcanizers for Inner Tubes 
A simple method of vulcanizing an inner tube 
with a small gasoline or alcohol vulcanizer (now 
seldom used) is shown in Figs. 17 to 19 in order to 
exemplify the principle of application of heat to the 
part to be vulcanized. 



Fig. 17. Repair rubber applied to a punctured tube ready 
to be vulcanized. 

Fig. 18. Repair rubber applied to a tube which was pinched 
or torn. 

Fi|j. 19. Showing inner tube being vulcanized, and hoAV th# 
gasoline or alcohol neats the vulcanizer on the Adamson typ* 
of gasoline vulcanizer. 

Fig. 20. Shaler s-Minute Vulcanizer h 
widely used by motorists for tube repairs. 
Patching units are used, consisting of a small 
tin pan containing prepared solid fuel (gaso¬ 
line not used) and having raw rubber on 
bottom of pan. Complete unit is clamped 
over puncture and fuel lighted. Exactly 
enough heat is generated to vulcanize a permanent repair in 
five minutes. Useful for water bags, boots, etc., as well as for 
tube punctures. Also made in large sizes for repair shops. 
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What Is Vulcanization? 

Vulcanization is the process of cooking or curing 
vulcanizing rubber. Exactly as in baking a loaf of 
bread, the oest results can be obtained only when the 
proper amount of heat is used. 

The temperature ranges from 250® to 300® F,, 
about 265® oeing considered best. 

It requires 15 to 20 minutes to vulcanize a layer 
of Para 1/16" thick at 265® F. temperature, and 5 
additional minutes for each additional 1/16". 

It is immaterial whether the vulcanizer be heated 
by electricity, gas, gasoline or steam. The idea is 
to keep the vulcanizing surface at a steady and 
proper degree of heat. 

Vulcanizing Rubber 

Vulcanizing rubber is crude rubber compounded 
with such other materials as sulphur, lead oxide 
(litharge), white lead, zinc oxide, magnesium oxide, 
gas black, and lamp black. 

Vulcanizing rubber is known as tread gum, and 
is used for tread and sidewall work; cushion gum is 
used between the tread and fabric; combination 
fum (cured one side) is used for cold patches or 
mner tubes and reinforcing blow-outs in tubes; 
tube gum is used for inner-tube vulcanizing. 

When we speak of rubber being “cured,** it 

means that it is vulcanized (see footnote, page 609). 

Old rubber and so-called ''self-curing" gum cannot be used 
for vulcanising. 

Repair-Shop Methods of Vulcanizing Inner 

Tube Punctures, Cuts, Tears, Blow-Outs^ 

The following paragraphs treat on the method 
of repairing inner tubes. Any steam or electric 
vulcanizer can be used for vulcanizing after the 
repair is prepared. 

Preparation of Puncture Repair 

Clean the tube thoroughly with clean, high-test 
gasoline and coarse sandpaper or rasp for at least 1" 
around the pimcture; then wipe off the dust with 
waste or a cloth moistened with gasoline. If gasoline 
is used, let it evaporate and then apply vulcanizing 
cement to the edges of the hole and spread a thin layer 
around the hole to cover a space as large as a dollar. 
When this has dried for 10 t-o 15 minutes apply a 
second coat of cement and let it dry thoroughly. 

Note: The success of repairs is largely dependent on clean¬ 
liness. Gasoline has a certain amount of oil in it 

and may hinder repairs from sticking. If you can not get good 
high-test gasoline free from grease, use sandpaper and wipe off 
the dust with a rag dampened in water. 

If the hole is only a very small one, push a little 
piece of the raw rubber into it and then take another 
piece as large as a quarter and place it over the 
puncture. Cover with waxed paper and put on 
the vulcanizer for 15 minutes at a temperature of 
265 degrees (35-40 pounds of steam). 

Larger Cuts, Tears and Blow-Outs in Tubes 

Trim the ragged edges of the rubber with shears 

(Fig. 21) so to leave a slit in the tube about a quarter 
of an inch wide. Wash and clean the tube inside 
and out for an inch or more around the cut, using 



1 From intiruotion book. 


clean gasoline. Roughen with a rasp. Coat the 
entire cleaned surface with two layers of cement, 
letting each dry separately. Insert into the tube 
an inside patch (Fig. 22) of one-side-cured rubber 
by folding and setting in place with pliers. 

Tho uncured side of this patch comes next to the bole in the 
tube and the cured side prevents the repair from adhering to 
the opposite side of the tube. 

Then fill the cavity with strips of raw rubber, 
pressing each down firmly (Fig. 23) so that the 
edges of the raw rubber are stuck to the edges of' 
the tube all the way around, and finally roll tho 
repair lengthwise and crosswise with a stitcher 
(Fig. 24), which is a small-toothed wheel that 
insures the repair being firmly united to the tube. 


There is practically no limit either in length or area to the 
size of renair that can be made by this method, and the finished 
repair will be at least as strong as the original tube. If the 
repair happens to extend partly around the tube, it is prepared 
all at once, although the vulcanizing process may require two 
or three settings in order to get all of the repair into contact 
with the vulcanizer. 

Splicing an Inner Tube 

When a tube has been so badly blown out that a 
patch is impossible, it may be repaired by splicing 
in a new section. This must be done carefully so 
as not to twist the tube or change its length. The 
section to be inserted is taken from an old tube of 
the same size, and should be cut five inches longer 
than the piece which was removed, so that two and 
one-half inches will be left at each end for the joint. 

Bevel the edges of the tube and section by cutting 

with a sharp knife or by placing over a piece of 
board and grinding on an emery wheel. Clean 
the ends of the tube on the outside for three 
inches and clean the ends of the new section for the 
same distance on the inside. 

For ease in putting the splice together, splicing 
mandrels (Fig. 25) are generally used. These 
consist of a pair of sheet metal tubes about eight 
inches long which are split down one side. One of 
these tubes is about smaller in diameter. 

Put one end of the tube through the smaller 
mandrel and turn it back over the mandiel for 6 
inches: then turn it forward again half that distance, 
thus making a double fold. Put one end of new sec¬ 
tion through larger mandrel and turn it back 2J^". 



After the tube and section are on the mandrels, 
the method of joining will depend on whether the 
repairman prefers to use acid-cure cement, or 
whether he prefers to vulcanize. 

Vulcanizing is preferable, because, although it takes a little 
longer, it makes a repair that will not loosen in case a puncture 
makes it necessary to again vuleaniae the,tire at a point that 
will bring the splice in contact with a heated vuloaniser. 
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If acid-cure cement is uaed, proceed as follows: Apply two 
coats of acid-oure cement to the cleaned surfaces of toe tube 
and section. Give them plenty of time to dry. Bring the two 
mandrels together and appy the acid to the cemented ends with 
a wide brush. Then quickly transfer the end of the section from 
the end of the large mandrel on to the end of the tube on the 
small mandrel. Immediately wrap the joint with strips of old 
inner tube (Fig. 26) to give the necessary pressure while the 
acid is working on the cement. Twenty minutes is sufficient. 
Then straighten the tube out and remove the mandrels by 
pulling the tube through the slits in the sides of them. 

If the splice is to be cured on the vulcanizer ordinary vulcan¬ 
izing cement is used and at least three Infers are applied to the 
cleaned surfaces of tube and section. The ends of the splice 
are brought together and the mandrels removed. The vulcaniz¬ 
ing is done in three operations, the first of 20 minutes duration; 
the last two of 15 minutes each. 



Fig. 27. Method of using a block of wood to prevent pinch¬ 
ing edges of inner tube when vulcanizing. 

Valve-Stem Seat Repair 

Select a good place on the tube and clean a place 
about 23^x4", and in the center cut a hole about 
34" in diameter (Fig. 28). 

Remove the nut from the metal valve stem and 
push the stem through the hole in the tube, allow¬ 
ing it to remain clear inside and away from the patch 
until after vulcanizing. 

Cement the cleared surface around the hole in the usual 
manner and cut an oval or diamond-shaped piece of thin raw 
rubber about 2x3 inches. Make a hole m the center to corre¬ 
spond with the hole in the tube and roll it down on the tube so 
that the holes register. Cover this rubber with a piece of fabric 
of the same size and shape. Then cover the fabric with a layer 
of thin raw rubber yj' larger than the fabric. Holes should be 
cut in the fabric and in the last layer of rubber to match the 
hole in the tube. Place a wad of paper in the hole and vulcanize 
40 minutes. When the patch has cured, shake the valve stem 



Fig. 28 (left). Valve-stem seat repair. 

Fig. 29 (right). The electrio vulcanizer 

is connected to a lamp socket. 


to the vicinity of the hole and force it through the opening until 
the base (G) (Fig. 3, page 591) rests against the inside of the 
tube. Screw down the clamp disk (S-T) on the outside, then 
the locknut (P). 

Pointers When Vulcanizing Inner Tube with 
Steam Vulcanizer 

The time required for vulcanization is determined 
by the depth of the new material inserted, and not 
by the size or area of the repair. The following is 
based upon the maintenance of a uniform steam 
pressure of 45 pounds. 

If theTube is in a very much worn condition, place a piece 
of inner tube larger than the repair under the repair, and vul¬ 
canize at a lower steam pressure and more slowly. With a 
steam pressure of 45 lbs. (this varies with different systems): 

For tubes 1/16" thick, vulcanize for 7 minutes. 

For tubes 1/ 8" thick, vulcanize for 13 minutes. 

How to test a repair: Test the part vulcanized by pressing 
the thumb nail into it. If it is responsive and elastic to the 
touch and resembles the rest of the tube in this respect, it is 
perfectly vulcanized. If, however, it clearly retains the mark 
of the nail, it is under-yulcanized and should a^ain be placed 
in the vulcanizer and given a longer heat. It is best to add 
time, not temperature. 


How to Put a Tube on Vulcanizer 

A piece of waxed paper or a sheet of Holland backing cloth 
is laid over the repair to keep it from sticking. The repair is 
then placed on the tube plate. A block of wood is then placed 
over the tube and clamped. Sometimes a piece of old inner 
tube is connected to the under side of the block to give it 
yielding pressure to the repair. 

There is not much danger of tubes sticking together as the 
inside of the tube is covered with soapstone. On large tube 
repairs, paper is sometimes placed inside to prevent touching. 
Be careful not to pinch the edges of the tube. 


METHODS OF REPAIRING TIRE CASINGS 


As previously stated, it is the writer’s intention to 
deal with the vulcanizing subject only in an ele¬ 
mentary way. The tire repair business is one in 
which expert knowledge can be gained only by 
actual experience. The material following, however, 
will give one an idea as to the principle, and also of 
the equipment needed, and how to make ordinary 
repairs. (See footnotes pages 611, 622, relative to 
books and pamphlets dealing with the tire subject 


The carcass of tires known as “fabric tires” is a 
closely cross, or inter-woven fabric (see page 608, 
explaining). This type of tire carcass is now seldom 
used. 


The carcass of cord tires which is extensively used 
is a fabric made of cable-cords which all run one way 
and the cords are not inter-woven. See page 609 
for explanation. 

There are two kinds of cord tires as they are 
known today: (1) low-pressure or balloon cord tires, 
and (2) Mgh-pressure cord tires. All tires of cord 
construction nave straight side beads (except some 
80 X 3 and 30 x 3H clincher). 


Low-pressure balloon-cord tires have from 4 to 
6 plies of cord fabric, depending upon the size of the 
tire. The sizes run from 4.40 to 7.30, as on pg. 607*. 

High-pressure cord tires for passenger-car work 
have from 4 to 6 plies of cord fabric, depending 
upon the size of the tire. 

High-pressure cord tires for commercial work 
have from 5 to 12 plies of cord fabric, depending 
upon the size of the tire. 

(see also pages 607,627, 628 for 
additional information on balloon tires). * 

Quoting from tire repair manual: *‘The 

balloon-cord tire, as it is known today, contains 
either four or six plies of cords, depending upon 
the size of the tire. If one ply of cords were to be 
injured in a four-ply tire, 25 per cent of the tire’s 
strength at the point of injury would be destroyed: 
similarly, an injury to two plies would take away 50 
per cent of the carcass strength. In the six-ply tire 
16| per cent of the carcass strength depends on each 

ply- 

It is, therefore, important that the method of 
repairing be such that the strength of the carcass 
be restored. There are two kineb of repairs, minor 
and major. 


tire subject has not been revised ior sometime. For later tizta of passenger car and truck tires —see specifications, Pf^es 
1060, 978. Also, obtain literature of local tire dealer which will give up to date information. So-oallod extra ply balloons are olaaeined 
ae high preeevre tires. For tire sties used on wheel-type tractori see page 996. 


616 


DYKE’S INSTRtJCTlON No. 65 


Minor Repairs 

Minor repairs are those made for the purpose of 
keeping moisture and dirt from reaching the carcass 
and where the strength of the carcass has not been 
impaired. Among these are punctures, tread and 
side-wall cuts. 

1, Tread and side-wall cuts, which permit moisture, 
sand and dirt to work between the tread and 
carcass and cause ^^sand blisters,^* etc. Moisture 
rots the fabric and weakens it, and will eventually 
cause “blow-outs.” 

2. Punctures. 

Repairing slight tread and side-wall casing cuts 

which do not go through one of the cord plies may be 
remedied by the timely use of one of the plastic 
preparations on the market. The method of using is 
shown in Figs. 30-32. 

Figs. 30-32, Clean the cut 
in the tire with gasoline and 
fill with a plastic compound 
such as *‘Michelin Mastic/’ 
“Tire-Doh,” etc., which 
quickly adheres to the rubber tread. Can be obtained of auto 
supply houses. 


have been injured. Such injuries are either cuts or 
bruises involving one or more plies of cords. 

1. Cuts clear through tread and carcass: When a 
cut is made through tread and carcass, it is a 
perfect cut, but if blown out, the edges are ragged. 

2. Fabric broken and weakened inside, through 
striking a stone on the tread of the tire. 

3. Blow-outs are the result of surface or tread cuts. 
The admission of moisture causes the fabric to 
rot, and the pressure of the tube blows through 
the weakened place with a loud report. 

The blow-out is also frequently attributed to a 
“stone bruise,” as explained on page 610. 

4. Broken back is a serious and common injury, 
and is the result of insufficient inflation. The 
layers of fabric separate. This might be termed 
a “fabric separation.” 

Tread or sidewall cuts through one or more out¬ 
side plies of fabric, although not through the car¬ 
cass, weaken it; therefore the strength must be 
restored, by reinforcing with new fabric. 



In repairing tread and side-wall cuts, where the 
cut does not go through one of the cord plies, the 
tire may also oe cured (vulcanized) and treated as 
follows: 

Skive* the rubber around the injury on a 45® bevel to the 
denth of injury; buff and clean; cement wHh two coats of 
vulcanizing cement; apply cushion gum 1/32 ’ gauge to the 
cemented surface; fill with tsead stock or sidewall stock; trim 
surface so that edges are flush with old material but 1/32'’ to 
1/16" higher in the center; cure or vulcanize. 


Blow-outs or cuts clear through the tread and 
carcass are also repaired by reinforcing. 

There are two general methods for reinforcing 
and building-up tire casings for repairs: (1) by step- 
cutting and building-up from the outside, termed 
outside sectional repairing, and (2) step-cutting or 
cutting-down and building-up from the inside, 
termed inside sectional repairing. . 


Note that where cement is used, these directions should be 
followed: Apply first coat of cement to buffed and cleaned 
cords or to skived and buffed rubber. Allow to dry for one 
hour; then apply second coat and allow to dry for two hours 
more, depending upon the weather. If last coat is left over¬ 
night to ary, so much the better. 

Repairing a puncture: Buff and clean small spot about 2" 
in diameter inside of tire case; cement with two coats of vul¬ 
canizing cement; prepare a round patch from cord fabric con¬ 
sisting of two plies laid crosswise, the larger ply to be about 
diameter, the smaller 1" diameter, \^en laid together 
the patch will have a step; put a small piece of cushion 
gum over the injury on inside of tire; place the patch 8tep-,«ide 
towards the carca.s8, and roll down; cover edge of the patch 
with a strip of 1/32" cushion gum; cure or vulcanize by placing 
casing over an inside arm or mandrel. 

Repairing sand blisters: Cut half-way around the blister 
(Fig. 33), cutting through the rubber to canvas (C), and leave 
the rubber attached on the side nearest to the tread of the tire. 

Turn back the flap (F) thus 
formed, and remove all dirt; 
then clean and cement as di¬ 
rected above for casing cuts. 

Cut a strip of vulcanizing 
rubber as wide as the rubber 
on the tire is thick, and stick 
it on the edge oi cut (E). 
Then cut a thin sheet of 
vulcanizing rubber the exact 
size of the canvas, and roll 
back in place and stick it down tightly (P). 

At (3) is seen the repair after vulcanizing. Be sure to vul¬ 
canize the hole where dirt entered and caused the blister. It 
may be a foot away. 

Repairing s section of a tire where tread is loose: Cut 
through the tread; clean the under side of the tread and canvas 
thoroughly. Apply two or three coats of cement; when dry 
replace the tread; wrap with tape (this is the wrapped method 
of vulcanising); then cure with inside and outside heaters. 

Major Repairs 

Major repairs are those required to restore the 
carcass strength where one or more plies of cords 



Fig. 33 


* "Skive” means to cut down. For example, "to skive the 
rubber" means to cut it down to a bevel edge; "to skive 
fabric" means to cut it down from several plies to one ply. 
Rainforepments to be placed inside of tires are "skived" to give 
H a bevM edge. *8ee pages 611,622 for books on tire repainng« 


There are two general methods for vulcanizing 
the repair: (1) vulcanizing on the outside of tire 
with cavity molds and air bags, often termed the 
“sectional method of repairing,” and (2) vulcanizing 
on the inside of tire with insid^ mandrels and wrap¬ 
ping the repair to be vulcanized with tape or strips 
of cloth, often referred to as the “wrapped” method 
of repairing. 


Outside Sectional Method of Repairing Tire 
Casings 

An example of how a blow-out or cut clear through 
the carcass is step-cut from the outside and prepared 
for reinforcing and building up by the “outside sec¬ 
tional” method on a cross-woven fabric tire is shown 
in Figs. 34, 34A. Note how each layer of fabric is 
“stepped off.” For example, there may be four 
layers of friction duck (canvas interwoven fabric) in 
the carcass. 



Fig 34 Fig. 34A 

Fig. 34. Preparing a blow-out for vulcanizing by step-cutting 
on the outside of tire casing. 

Fig. 34A. Preparing side-wall blow-out for vulcanizing by 
<Step-cutting on the outside. 


To proceed, the tread stock is cut down with a 
knife. The first cut made (Fig. 34) goes over each 
bead, and all fabric within these limits is removed. 
The second cut does not go over the bead, but falls 
inside, and borders the first cut by a^ut one inch. 
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This removes two ply of canvas and the reverse 
process, or building up, replaces this canvas, ^‘break- 
in^ joints'^ as a mason breaks joints in stone or 
brick setting, and the final layer of fabric adds one 
ply to the original strength. The casing is then 
reinforced with one layer of canvas on the inside, 
and the total strength, or four ply, has been restored. 

A side-wall blow-out in the process of repair is 
shown in Fig. 34A. The same principle of ‘^stepping 
oft” and reinforcing is used. This ‘‘stepping off” is 
one of the most important points to observe in 
making good tire repairs. 


There are two methods of holding the tire in the 
mold for tread repairs: (1) by a clamp, pad, or sand¬ 
bag, as in Figs. 37, 38, and by the use of an air bag 
(Fig. 36) which expands the tire, used in connection 
with a cavity mold (Fig. 35). 

Where side walls or beads are repaired, the 
clamp and bead mold and pad (P) (Fig. 38), or the 
air bag and bead mold (Fig. 35) can be used. 

Sectional cavity molds as a rule are one-fifth and one-fourth 
of the circurnferorico of tire. A one-half-section repair would 
have to be shifted twice, and this applies to the inside mandrel. 

Sectional Steam Vulcanizer; Cavity Mold Type 


Viileani/ing with Cavity Molds 

A repair made by the outside sectional method is 
usually cured in a cavity mold, which is logical, be¬ 
cause the repair is made on the outside of the tire and 
usually quite a large area of the tread is replaced. 

Where the repair is on the tread, after repairing, 
the tire is placed in the sectional or cavity mold (3) 
(Fig. 40, to be vulcanized or cured, and is held down 
by a clamp (C) (Fig. 39). This vulcanizes both 
inside and outside. 

Where the repair in on the side-wall, or for a 

rim-cut repair, it is necessary to insert an “air bag*’ 
(Fig. 35). Then the bead mold is placed over the 
tire, and entire repair is completed at one operation. 

Where inside repairs only are cured, or where the tire is to 
be dried out before vulcanizing, the mandrel or “inside patch 
vulcanizer,” at. (4) (Fig. 40) is suitable. 



There are two cavity molds in this example: 
(CB) for 43^"and 5" tires, and (CD) for 4" and 
tires. Tires of 3" size can be vulcanized 
by placing the 3" reducing shell (BM) in the 
cavity mold (CD). These molds vulcanize from 
the ’^‘outside” of the 
tire. See Fig. 35, and 
note tho “bead mold,” 
also (M) (Fig. 39). 

After the tire is pre¬ 
pared to be vulcanized, 
an air bag is inserted 
and it is then placed in 
mold (CD or CB, ac¬ 
cording to size of tire) 
with bead plates in po¬ 
sition and 4 lain])f;d with 
(C). Steam in the mold 
should legihter about 
55 or GO lbs. on a gauge. 

(The (ire manual, men¬ 
tioned in footnote 2 on 
page 622, gives exact 
steam temperature, 
steam pressure, and 
time for (firing different 
kinds of jobs.) 

Inner tubes are vul¬ 
canized by placing them 
■ (IR) .. 


over rack (IR) (Fig. 39). 
The part to be vulcan- 
iz^ is placed on ^ilate 



(IT) through 
steam passes. 


ich 


Fig. 39. Vulcanizer with a self- 
contained steam boiler (B) Fuel can 
bo gas or gasoline connected at (G) 


A Large Steam Vulcanizing Plant 

An example of a steam vulcanizing plant of large 
capacity is given below. 


Fig. 40. Exam¬ 
ple of a large 
steam vulcaniz¬ 
ing plant. 



tos«w«ror 0 


1. Steam boiler, using coal or wood as fuel (most vulcanizers now have self-contained boilers). 

2 . Inner tube vulcanizer. The steam passes through the iron plate (IT); part of the tube to be vulcanized is placed on this 
plate and the other part hangs over the rack above it. 

3. Sectional or cavity molds for repairing tire casings. These are used to vulcanize the inside and outside of the tire in 
sections, and is often referred to as outside sectional and molded method of repairing. These molds (C) are made to take different 
sized tires. See Fig. 35, and note that a bead mold is placed over the tire when it is in the cavity mold (C). These bead molds 
are made for clincher or straight-side beads. 

The air bag, shown in Fig. 36, is placed in the tire and blown up to a pressure of about 50 lbs. to hold it in shape when 
being vulcanized in the cavity mold (C). Steam passes through the cavity mold, thus giving the necessary heat. 

4. Maddrels or inside patch vulcanizer, consisting of an iron core shaped like the iaside of a tire, through which the steam passes 
The tire is placed over this core when onjy inside repairs are being made. The repair is wrapped with tape, as shown, and ie 
often referred to as a wrapped tread, or inside sectional method m repairing. Also used for drying out tires when repairing. 
Tires should be free from all moisture when being vulcanized, as moisture turns to steam when heat is applied, and forces 
the fabric layers apart, making a weak repair. 

6 . Vulcanizing kettle, used » Vcuilding or retreading tires. This is used only in very large shope. 
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Equipment for an Average-Size Tire Repair 
Shop Using Vulcanizers of the 
Cavity Mold Type^ 

The capacity of this shop with equipment ad 
enumerate should be sufficient to take care of 
from about ten to fifteen tires per day with two 
men. Three or four more men could be put on 
and the capacity doubled. If greater capacity is 
desired, add vulcanizer for passenger car tires. 

Equipment should be provided to take care of the 
following types of tires: 

1. High-pressure passenger-car type pneumatic 

tires, of cord construction. 

2. Balloon low-pressure pneumatic tires, for passen¬ 
ger-car work of cord construction. 

3. High-pressure heavy-duty pneumatic tires, for 
truck and bus work, of cord construction. 

The equipment should consist of: vulcanizers of 
the cavity mold type, air bags, tools, and repair 
material. Different sizes of vulcanizers and air 
bags will be required for each of the above-men¬ 
tioned types of tires. The list of tools and material, 
farther on, will serve for all three types. 

Steam is generated by a boiler and most of the viilcanizers 
of today have self-contained boilers. Gas is best to use for 
fuel for generating eteam in these equipments. Where gas is 
not available, gasoline burners are next beat. 

!• High-Pressure Tires,-Cord and Fabric* 

The vulcanizer listed below will take care of 
sectional repairs from 3" fabric to 5" cord, and is 
of the cavity mold type. 

cavity-mold vulcanizer with tube plate. 


Price $214.50.* 


Sizes of air bags necessarv for high-pressure tires 
under this heading are listed below. 

Note: The numbers refer to “Miller super-air bags,” 
manufactured by Miller Rubber Co., of Akron, Ohio. 


3 X 14 fabric.., 

X 14 fabric 
3H X 16 cord.. 

4 X 16 cord.... 
4}^ X 16 cord.. 
6 X 16 cord.... 


$3.65 each 
3.95 “ 

4 45 « 
4.85 « 

5 80 

7.70 “ 


(Note. All prices are subject to change.) $30.40 


2. Balloon or Low-Pressure Tires, Cord 

The vulcanizers listed below will take care of 
sectional repairs from 4.40 to 7.30 cord. 

single cavity vulc, cures 28 x 4.40 to 32 x 5.25 
single cavity vulc. cures 30 x 5.77 to 34 x 7.30 


Price of eacn. $205. .50 

Sizes of air bags necessary for tires under this 
heading are listed below. 

4.40 x14. $ 5 00 each 

4.95x14. 5.50 “ 

5.25x14. 6.80 " 

6.00x16 . 8 40 « 

6.20x16 . 8.90 « 

6.75x16. 9.25 “ 

7.30x16. 9.65 “ 


$53.50 


3. Pneumatic Truck and Bus Tires 

The vulcanizer listed below will take care of 
sectional repairs from 6" to 8" cord. 

single cavity vulcanizer with reducing shells, 
cures sizes 6", 7" and 8". Price $298.00. 


^ ims suuiect was prepared Bometime ago and prices have 
now changed. 


*For literature on tire repairing and tire service station 
equipment, such aswulcanizers, tire repair tools, tire spreiiders, 
tire groover^ retreading equipment, air compressorK, etc., 
write James C^. Heintz & Co., Cleveland, 0. See also, 


Sizes of air bags necessary for tires under this 
heading are listed Delow, 


6 x22. $10.60 eioh 

7x22. 13.60 * 

8x22. 16.25 • 


$39.25 

Tire Repair Tools 

The following hand tools are necessary and suit¬ 
able for work on all of the above-mentioned tires. 
A set will be required for each man. 


1x6 square point rubber knife. $0.45 

1x1^ notched knife. 0.60 

6'' pinchers.90 

lO''shears. 2,25 

Awl.10 

1 H X 1/16 corrugated stitcher, ball bearing. 1,10 

1 M X 1 H flat roller, ball bearing. 1.25 


$6.56 



CF.MCNT BRUSH- 


friRE SPREADER if 


A form for holding Ure* 
while preparing , 



RUBBLR ROUCHI NLR lor ruu.li.iting up 
end cleutins tub«.and cuing bdorc ccmcno.t- 


Fig. 41. Illustration showing some of the small hand tools 
used for tire repair work. 


Miscellaneous Tire Repair Equipment 

Bufifer with a flexible shaft of about h.p., $100.00. 

A serviceable tire-buffing outfit is yi" 

electric drill for operating on D.C. or A.C. current; price 
$28.00, and the tire-repair outfit, consisting of 4" wire- 

wheel brush, arbor, round-nose rasp, taper rasp, 3" emery wheel, 
arbor, stand for , K" drill. 

This outfit will buflf tubes and casings with a wire-wheel 
brush; buff the fabric or tread with the round-nose rasp; cut 
holes and rough up work for vulcanizing, clean rims and sharpen 
knives, tools, etc. Price of outfit, not including W" 

drill, $10.75 

Large-size shop tire changers ($58); tire spreatlers ($22 50); 
garage jack.s ($36); a set of three tire mandrels for building up 
sectional repairs (@ $10: $30); tire anvil ($6.60); portable 
tire rack ($13.50); and other service station equipment (prices 
approximate only) can be secured of Weaver Mfg. Co , Spring- 
field, Ill.; Manley Mfg. Co., York, Pa. See also page 007. 

Repair MaleriaP 

The following list of repair material will be re¬ 
quired to start with. 

The numbers refer to the Miller brand (Miller Rubber Co. 


Akron, Ohio). 

No, 23 Rebuilding fabric, 25 lbs. @ $1.25. $ 31 25 

No. 30 Cord fabric, 25 lbs. C® $1.25. 31.25 

No. 8 Black tread gum, 25 lbs. @ 80 c. 20.00 

No. 10 Cushion gum, 25 Ib.s. ^ $1.20. 30.00 

No. 40 Tube gum, 25 lbs, @ Sl.li). 27.50 

No. 37 Combination gum, 25 lbs. @ $1.05. 26.25 

No. 099 Cement for tire work, 6 gal. @ $1.60. 7.50 

No. 093 Cement for tube work, 1 gal. 1.90 

No. 048 Patching cement (splicing; applying valve 

pads), gal. 1.50 

Valve pads for replacing valves in tubes 1 doz. 1 1)0 

Soapstone, 25 lbs. .85 

Lot of assorted sizes Schrader inner valves, caps, etc. 7.5 0 
(Note. All prices subject to change.) $186 6() 


An air-compressor outfit, inchiding compressor, electric- 
motor air tank, automatic starting and stopping equipment, such 
as the "Curtis V-2A" outfit, will cost approximately $180.()0. 


page 691 where to obtain a mrnu'd of tire repairing 
8 For literature on tire repair material such as air bags, fabric, 
gum, material for retreading and eements for vulcanizing tires 
pnd tubes: also cold patching rement. etc,, write: The Goodyear 
Tire and Rubber Co., Ino., Repair Material Dwt., Akron 0 
and Miller Tire Division of the B. F. GoodriohXo., Akron (i* 
When writing, mention Dyke'a AtUo, Encyclopedia, ’ 
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Inside Sectional Method of Repairing 
Tire Casings 

There are two kinds of cord tires, low-pressure 
balloon and high-pressure. 

They are both repaired in a similar manner, and 
the method of building up repairs to cord tires is 
equally well applicable to repairing fabric tires. 

The inside sectional method of step-cutting, or 
cutting down, and reinforcing by building up is con¬ 
sidered the most practical method for repairing cord 
tires, especially for balloon cords with only a few lay¬ 
ers of cord fabric and in view of its extreme flexibility. 

Cutting: When repairing cord tires 

instead of cutting the repair in a straight 
line from bead to bead and cutting the new stock on 
the bias, the fabric being repaired is cut on the bias 
(the way the cords run), while the cord fabric or 
stock is cut square (straight across). This saves 
repair material and also removes the least possible 
number of uninjured cords from the tire. 

When repairing, it is important to remember that 
both old and new fabric should be covered with 
cushion gum to prevent chafing and to secure better 
adhesion where the repair is spliced. 

In building up the repair, it is essential that the 
new fabric be given the same stretch as the old fabric 
wh^n the tire was originally cured, otherwise the 
repaired section may bulge when the tire is inflated 
on the rim. 


prepared for reinforcing and building up by the 
'Inside sectional method” is shown in ligs. 42, 43. 

Spread the beads of the tire to make it accessible 
for working on the inside, but never turn a tire 
inside out, as this distorts beads and injures the tire. 
To “cut-down” proceed as follows: 

Measure back 1 ^/i inches from extreme points of injury in all 
directions, as shown in out (A), (B), (C), (D). Cut all cords at 
right angles, not on the bias. Cut through first ply of cords 

(A) to (B). Pull one or two cords from (A) to (C) and from 

(B) to (D); then cut from (C) to (D). Do not pull cords be¬ 
yond cutting point, as this would leave loose ends and cause a 
sawing action. Now remove all cords of this ply. 

With a step down of IH inches along (A-C) and (B-D), 
remove second ply, (E), (F), (G), (H), leaving three or four 
uncut cords along (A-B) and (C-D). 

In exactly the same way take out third ply, (I), (J), (K), (L), 
stepping down inches from (A-B) and (C-D). Do not 
remove fourth or outside ply. Cut all cords at right angles. 

Clean repair thoroughly. Buff out all old rubber—use buffer 
with brush rotating with cords so as not to loosen ends. (A 
flexible shaft buffer is very essential.) 

With shears or sharp knife trim off ragged edges around 
injury; apply two coats of cement, allowing each to dry 
thoroughly in a room free from dirt and dust. Cement should 
bo applied over the entire repair and inches beyond (A-B) 
and (C-D) and one-half inch beyond (A-C) and (B-D). Do not 
under any circumstances apply cement until surface has been 
buffed rlcan. 


Building-Up Repair 

After step-cutting down on the inside of tire, as 
shown in Fig. 42, the repair is then built-up as follows: 


The approved method of vulcanizing or curing is 
with inside molds or mandrels which apply the heat 
from the inside, where the repair is lo(;ated instea(l 
of from the outside through the tread, and thus pre¬ 
vent ovcrcuring the tread by forcing heat through 
it. The time of cure is also shortened, for it is not 
necessary to penetrate the mass of neat-re.sisting 
fabric and rubocr to reach the repair. 

Cutting Down a Repair on a Four-Ply Balloon 
Cord Tire 

An example of a repair on a four-ply balloon tire 
showing how a blow-out, or a cut which is clear 
through the carcass, is cut down from the inside and 




Fig. 42. Cutting down: In repairing a four-ply balloon ti 
when injury extends through enure carcass, three plies arc 
ways removed, except in case of injury just above the bead 
shown in Fig. 46, page 620. 


Nota The method of repairing tires now generally emplo 
pages, but to remove damaged and loose cords only and ap 
dee footnote pa^e 622 for a manual of tire repairing. The 
mold using an air bag as per page 617. See “Note*’ page 6 


Fig. 43. Buildmgup; Fill injury and space (I), (T), (K), (L), 
with cushion gum, letting it extend slightly over edges of next 

ply. 


Apply new cord fabric to fill space represented by white 
lines 1. 2. 3, 4. This is just wide enough to cover actual injury 
and reinforce cords of outside ply (wo are working from the 
laside). which were not removed. In length it is 1 inch less 
than (A-B) and (C-D). The cords run in the same direction 
as the original cords, that is from 1 to 2. 



In the same way apply new cords to fit (A), (B), (C), (D) 
To reinforce inside ply, pull new cords, equal in width to (A-B) 
and cut for length four inches longer than (A-C). This gives 
a lap of two indies on each end. 

Note especially in the foregoing method that all broken or 
cut cords in each and every ply are replaced in their original 
]• direction and with all cut or broken ends lapped. In other 
“ words, you have built into the tire its original construction, 

aa strength and flexibility, with very slight additional weight. A 

stiff, heavy reinforcement or repair at any point will cause 
pounding and throw the tire out of balance, which will cause 
senous results. 

y^ed is not to step-cut or tear down the injured tire as shown on these 
jly the “cross-patch’’ repair, also known as the “criss-cross’’ method, 
approved method of vulcanizing repairs is with the sectional cavity 
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Stretching Cord Fabric 
In applying new cord fabric over a repair it is 
essential that all plies be properly stretched to avoid 
bulging of the tire at the repair when put back in 
Service. Fig. 44 shows clearly the very simple meth¬ 
od of stretching the plies. 


Fig. 44. Stretching: 
The cords are cut slight¬ 
ly shorter than the space 
they are to fill in the re¬ 
pair. Fasten one end 
(AC) securely to its 
proper place, then 
stretch across the 
are of the tire 
and fasten the 
other end (BD). 
When this is 
done, the new 
material should 
stand approx¬ 
imately three- 
fourths of an 
inch away from 
the center of the 
This will vary with the length of plies. Stitch (roll 



arc, (EF). Aina wm vt»ijr vriin i,in7 i\;tiK>'n vii {Jiico. 
with small hand tool, termed stitcher; see Fig. 41 
both ends (AC) and (BD) securely in this position. Now stitcl 
. thi 


, page 618) 
Now stiten 


at center (FG) and roll it down from this point toward both 
ends. Repeat this operation with each ply of new cords. 

How to Repair Cuts in the Sidewall 

In this example the injury is supposed to be about 
two inches above the bead. Proceed as follows: 


How to Repair Tread and SidewaU Cuts 
In this example the injury is supposed to be in the 
tread, that is, the injury is in the rubber only. The 
same procedure is apphcable for a sidewall cut. 

Fig. 47. Tread and sidewall 
patches: Note the method of re¬ 
pairing tread or sidewall cuts or 
in.iurie8 on the tread of tire. 

bevel edges. Roughen all surfaces 
to which gum is to be cured. An 
ordinary screw-driver bent at right 
axigles one-half inch from end and 
notched with small three-cornered 
file makes an excellent tool for rough¬ 
ening these surfaces. Cut all out¬ 
side repairs down to fabric. Clean 
out all loose particles of gum. Use 
two coats of cement, allowing each to dry thoroughly. 



Bo sure to keep the cushion gum buried beneath the tread 
gum. In other words, do not allow edges of cushion to show 
at tread surface. Build center of patch higher than remainder 
to insure pressure while vulcanizing. 

How to Make a Cross-Patch 


Fig. 45. Sidewall repair 
(approximately 2 inches 
above bead): step down bv 
the method just de.scribej, 
except remove the inside 
ply clear to the bead (C-D). 
rill injury (I-T-K-L) with 
cushion gum (Firestone No. 
91), letting it extend slight¬ 
ly over edges of next ply. 

Apply new cords to fill 
(E), (F), (G), (H). This 
joins cords in third ply bro¬ 
ken from (I) to (J) and (K) 
to (L). In the same way 
apply new cords to fit (A- 
B-M-D). 

To reinforce inside ply, use new cords equal in width to (A-fi), 
and cut for length ^ inches longer than (A-C). This gives a 
lap of two inches over cut edge (A-B) and allows 1 inch beyond 
the bead (C-D), to take care of any “slippage” which may take 
place during cure. This should be trimmed flush along the 
bead line (C-D), after cure is completed. 

How to Make a Bead Repair 

In this example the injtiry is supposed to be im¬ 
mediately above the bead. Proceed as follows: 

Fill injury with cushion gum as in sidewall 

repair. Apply new cords to fill (E-F-G-H-). In the same way 
apply new cords to fit (A-B-C-D). 

Put reinforcing or last ply in from 2 inches beyond cut edge 
(A-B) up to bcaa line (C-D), as in sidewall repair. 



This light, flexi¬ 
ble patch gives suflicient strength, without the stiff, 
unbalancing effect of the heavy blowout patch. 

Fig. 48. Cross-patch 
repairs for small injuries, 
such as nail holes and 
small punctures, to pre¬ 
vent dirt from getting in 
between tube and ca.siiig 
in well-worn tires; 

First prepare the tread, 
cutting straight down to 
top ply of cords, cleaning 
out old rubber and dust, 
and roughening edges 
with which the new gum 
will come in contact. Build 
up the same as any out-' 
side job. 

Trim the edges of the injury inf^ide, to avoid chafing. The 
cross-patch does not require cutting of plica. 

Apply cement in form of cross-over and in injury as shown 
in Fig. 48. When thoroughly dry fill hole with cushion gum. 
Then cut new cords, wide enough to cover injury with two or 
three cords overlap and long enough to allow a 3-inch lap over 
injury on each end. First layer of cords should be placed at 
right angles to cords in tire, the second layer being reversed. 
In applying cords, place strip of cushifin gum under all cut ends 
as well as over all edges of patch to assure adhesion and prevent 
chafing of the tube against patch. It is essential that each new 
layer of cords be thoroughly stretched in applying. 




Fig. 46. Bead repair (immediately above beadIn tearing 
down section of this type, take care never to disturb chafing 
atrip. Remove only two plies, as shown, and replace three, 
•ocording to following instructions. Remove inside ply clear 
^b^Une (C-D). 


How to Make a Tread Matrix 
To preserve the appearance of a non-skid tread 
design of the tire is essential to turning out good 
repair work. This is readily done with a rubber 
matrix as follows. 

Fig. 49 . How to make 
tread matrix: The tread 
impression, large enough 
to cover the injury with 
an inch or so overlap on 
all sides, is made in tread 
gum, built upto three 
thicknesses. Where the 
tread is worn, one or two 
thicknesses may suffice. 

Aim to keep the matrix 
thin, BO ^at heat can 
reach tread rubber in curing repair. Place the gum on some 



See **Note" page 019. Retreading or renewing the tire tread ie done by removing the old tread and applying *‘oamd baok" 
(tread stook) and then vulcanizing with a full oirue mold. Tire regrooving to produce a non-skid effect bn tire treads worn smooth 
It another procedure now followed by repairmen. Hee footnote page 618 wher# to ohtstn literature and equipment. 
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uninjured section of the tread corresponJing in appearance to 
the point of injury, being careful to dust tread surface with 
soaiMtone. This will prevent matrix curing to tire. Apply 
outside heater with wraps, the same as for curing, and cure 45 
minutes. Remove matrix and apply to repaired section, after 
dusting soapstone as above. Be sure that grooves of matrix 
mesh with tread of tire. Apply wraps and cure. 

When removed, this matrix can be used for a number of cures. 
Do not use fabric in making matrix It is more expensive and 
hinders the curing. By following this outline, a matrix can be 
made to fit any section of the tread or sidewall, no matter where 
the injury is located. 

Cutting Down and Building Up a Repair on a 
Six-Ply High-Pressure Cord Tire 

The example of ‘'cutting down’' and "building up” 
repairs under Figs. 42 to 48 was for cord tires with 

four plies of fabric (balloon tires). 

When "cutting down” and "building up” high- 
pressure cord tires which have from six to twelve 
plies of fabric a greater number of plies must be 
cut down, depending of course on the injury. 

For example, in a six ply tire you will wish to 
remove five plies, as shown in Fig. 50. Remove the 
first ply 3 inches from the injury on two sides and 
1 % inches on other sides. This provides the nc<‘e.s- 
sary step-down on various plies. 

In like manner, in case of an eight-ply tire, to remove seven 
plies, start 3 inches on all sides. 



Fig. 50 

The number of plies to be taken out will depend on the size 
of the injury. This must be determined by the repairman in 
each individual case. 

In building up, reinforce the two outside plies, as shown by 
white lines. Then proceed to lay in other plies as described 
(or balloon tires (Figs. 43, 44). 


Vulcanizer for Inside of Tire or Wrapped 
Tread Repairs 

The inside sectional or “wrapped tread” method 
of repairing tire casings is different from the outside^ 
sectional method. Instead of repairing a tire by 

See footnote fl), page 622 and (1), page 610. See page 616 
for land blister’^ repair, formerly on this page. See (1) pg. 613. 

See “Note” page 619, The “wrapped tread” 


step-cutting on the outside of the case, it is cut down 
and built up on the inside. 

After the repair is completed and the tire is ready 
to be cured (vulcanized), instead of placing an air 
bag inside of the case and then placing the case into 
a cavity mold, as explained on page 617^ the tire is 
placed over an inside arm or mandrel (Figs. 51, 52), 
then wrapped with tape. The tape, or canvas strips 
about 2'_ wide, is used instead of air bags and gives 
the required pressure necessary to force the repaired 
parts together so that they can be vulcanized, hence 
the term “wrapped tread.” 

An example of a vulcanizer for repairing tire 
casings by the wrapped method is shown 

in Fig. 51, 

This vulcanizer 

employs the 

inside method of vulcanizing tire casing repairs. Capacity of 
this vulcanizer is 160 tubes and from 15 to 20 casing repairs per 
day. 



Fig. 51, type BPR vulcanizer, which vulcanizes tires 

by the wrapped-thread method. The cost is approximately .$200, 
including a full set of 81 nterchangeable mandrels for tires from 
3' to 7.30". A tube plate (Fig. 53) can also be supplied. The 
steam boiler, steam-pressure gauge, water gauge, and safety 
valve are shown in the illustration. The fuel for generating 
steam can be gas or gasohne. 

The mandrels and outside ca.sing heaters can be purchased 
separate from the boiler and connected to a steam line. 


Fig. 52 This illustration 8how.s one of the “casing mandrels” 
(about 15" long), inside of which steam i.s admitted and the 
tire, after the repair is completed, is placed over this mandrel, 
then taped securely and then cured (vulcanized) inside. For 
curing outside repairs, such as tread and sidewall repairs, the 
“outside casing heaters” (Fig. 51) are used at the same time, 
so that the time for a complete cure is only about 45 minutes. 

Fig. 53, Tube plate which can be mounted to the vulcanisec*. 
of repairing tires is now seldom used. 
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MISCELLANEOUS TIRE REPAIR INFORMATION ^ 


Kind of Tire Repairs and Prices 

Below are listed the various kinds of work that 
may be enumerated in doing tire repair work. The 
prices are approximate only. Actual prices may dif¬ 
fer \vddely in various localities. The purpose of sub¬ 
mitting these suggestions is to enumerate the differ¬ 
ent kinds of repairs and to indicate the approximate 
relative prices sometimes charged, but these are in 
no way intended to be considered as a standard. 

Sectional repairs on high-pressure tire casings are usually 
about 10" to 14" long, and the price varies according to the 
site of the tire, approximately as follows: 3", 12.60; 3H"» 
$3.50; 4", $4.00; 4^", $4.50; 6", $5.00. 

Sectional repairs on low-pressure or balloon tires are usually 
about 10" to 14" long and the prices are approximately as 
follows: 4.40, $3.50; 4.75, $4.00; 4.95, $4.50; 6.25, $5.00; 
5.77, $5.50; 6.00, $7.00; 6.20, $7.50; 0.75, $8.00; 7.30, $9.00. 

Retreading high-pressure tires (this means to apply “camel 
back" uncured tread gum, which comes in sites according to size 
of tire and in lengths to apply around tread of tire with cement 
and cushion gum and then cured or vulcanized): The approxi¬ 
mate prices run about as follows: 30" x 3", $4.50; 30" x 33^", 
$6.00; 32"x3>^" $6.50; 31" x 4", $7.00; 32" x 4" $8.00; 
33" X 4", $9.00; 34" x 4", $10.00; 32"x4H". $12.00; 33" x 
4H", $13.00; 34"x4H", $14.00; 35"x4K", $15.00; 36" x 
$16.00; 35" X 5", $17.00; 37" x 5", $18.00. 

Retreading balloon tires: The prices are approximately as 
follows: 29^'X 4.40, $8.00; .30"^ 4.7.5, $9.00; 30" x 5.25, 

$10.00; 30" X 6.77, $13.00; 32" x 6 00, $13.00; 32" x 6.20, 
$15.00; 33" X 6.75, $18.00; 34" x 7.30, $22.00. 

Tread repairs (repairs on outside of tire on the tread) run 
approximately on 3" to 4" casings from $1.75 and up, and on 
4H" to 5" casings $3.00 and up, according to the work involved. 

Reinforcing tires means to reinforce from the inside with 
fabric or a boot in a tire which has been partially cut through 
^one or two plies of fabric) but not all the way through. The 
prices run about the same as for tread repairs. 

Tube repairs run approximately as follows: Valve cores ap¬ 
plied 15c.; tubes demounted and puncture repaired and re¬ 
mounted, 75c. to $1.00; additional punctures 25c. each; tubes 
demounted or mounted, 50o.; new valve bases applied 75c. 
(mounting 25c. extra); new valves applied, not including base, 
76c. (valves on truck tires $1.00 to $1.50). 

Flaps and flap repairs: Flaps are made of fabric and rubber 
and are necessary on all straight side tires. They go inside of 
the tire and prevent beads from pinching the tube and rust 
from the rim getting on the tube. Old flap repair, 50c,; new 
flaps, 3>^" and 4", $1,00; new flaps, 4)^" and 5", $1.50. 

The repairman reserves the right to turn down any tire dflring 
any stage of inspection, and is not liable for so doing if he telkj 
the customer beforehand. A tiro should be examined in the 
presence of the customer where possible, however. 


Pointers for the Tire Repairman^ 

Do not repair a wom-out tire. Repair only those 
tires that are actually injured. The tire must be 
serviceable enough to warrant the expense of the 
repair if the customer is to be satisfied, and a satis¬ 
fied customer is a business asset. 

Inspect the tire for i^e. ply separation, tfead 
separation, and other injuries. This is best done 
with a tire-inspection or tire-spreading machine (see 
page 674). 

Some of the manufacturers are Weaver Mfg. Co., Springfield, 
ni.; Manley Mfg. Div., Bridgeport, Conn. 

Age of tire: Ask the owner. After some experi¬ 
ence one can tell by the ‘‘feel’' of the rubber if it has 
resiliency and life. Ob.serve if the rubber is checked 
or cracked. Sidewall checks do not always indicate 
an old tire, but if the tread is checked and spongy, 
the tire is probably too old for repairs. Treads ana 
sidewalls that have a white or brown color are usual¬ 
ly very old. 


or by pressing all the way around the tire with the 
thumbs. 

After examining a tire, if posable mve the cus¬ 
tomer an idea as to how much mileage he should get 
after repairing. Compare this cost per mile with Qie 
service he has already received. 

When treating a tire injury, all of the injured 
fabric and rubber or decayed and diseased parts, as 
the dentist would say, must be trimmed away until 
a firm normal condition is reached. It is better to 
trim away too much than not enough, as any rotten 
fabric left in the repair will result in trouble. 

The use of the buffing machine is a very important 
operation in tire repairing. Every surface to which 
cerhent is supposed to cling must be buffed, as this 
roughens the surface so that the cement will take 
hold. Edges of injuries particularly should be 
thoroughly buffed. Where it is impossible to ^et 
into the injury and round the edges of small injuries 
with a power buffer, then use a wood or rat-tail file. 

When buflUng the inside of a tire case, before putting in an 
inside reinforcement bo suro to buff out all ‘‘lining cement" 
(which i.s put in all new tires at the factory). The presence of 
"lining cement" will prevent your repair from sticking. 

When repairing, be sure there is no air trapped 
which will cause a blister and later separation. 

Cementing a repair is what will really spell the 
success or failure of a repair job. Cement is princi¬ 
pally rubber and solvent. The rubber is heavier 
than the solvent, and gradually settles to the bottom. 
Unless this is thoroughly mixed, you will be applying 
only the solvent, and the repair will not hold. 

After applying the first coat of cement to the 
buffed and cleaned cords, or to the skived (for 
meaning, see footnote, page 616) and buffed rubber, 
allow it to dry for one hour. 

Apply a second coat of cement, allowing two or 
more hours to dry, depending on weather conditions. 
If the last coat can be applied so that it may dry 
overnight, so much the better. 

Do not dry a cemented repair in sunlight. Use 
a drying room in which it is warm but not hot, and 
equipped with hooks and racks which will not permit 
a cemented surface to come in contact with anything. 

Cement will dry quicker and have a much brighter 
color on a clear sunsliiny day than on a dark damp 
day. On a damp day lengthen the time between coats 
of cement, and allow to dry longer. 

If all the cemented tires cannot be built up within 
one hour after applying cement, add a light coat of 
cement about one half-hour before they are built up. 
Never allow cemented tires to stand over week-end. 

*For free literature on tube and tire repairing equipment, 

including vulcanizing unit, tire spreader, buffer, tools and 
repair material for making tub^- repairs, valve-stem repairs, 
tire tread, sidewall and spot repairs—write Inland Rubber 
Corp., First National Bank Bldg., Chicago 3, III. Sec also, 
footnotes p. 618. (Bo sure to mention Dykt't Automobile 
Encyclopedia.) 


* The **Ooodyear Tire Eepair and lietread Manual,^* contain¬ 
ing 48 pages, with over 100 illustrations, will bo mailed free to 
readers ofthis book by addressing the Goodyear Tire & Rubber 
Co., Inc., Repair Materials Division, Akron, 

Ohio, and mentioning Dyke's Auto. Encyclopedia. (See also 
p. 691.) 


Separation between the plies, or between the tread 
and carcass, if very much, should not be repaired. 

Separation can be detected by spreading the tire, 

sSeefootn^ on page 618 for free literature and where to obtain tire re pair information. Prices are now different from examplee 
given on this page. See also page 691 under "Tires ” 
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AIR COMPRESSORS FOR USE ON THE CAR^ 


Air compressors can be classified under two head¬ 
ings: (1) hand air pumps; (2) power air compressors. 

Hand Air Pumps 

This type of air pump is made in the “single” 
and “compoxmd” type. 

The single-acting hand air pump (Fig. 59) is made 
with a single barrel. It is seldom used, because it 
requires a heavy exertion to pumj) a tire to the 
proper pressure, unless the fulcrum is great enough 
to reduce the effort required. 

A tsrpe of hand air i>ump for garage use, employing the 
fulcrum and lever principle. Is shown in Fig. 60. 


A compound type of hand air pump is shown in 
Figs. G1 and 62. This type of pump employs two bar¬ 
rels ; on some types there are as many as three barrels. 



Principle of opeiation: The air is drawn in from the atmos¬ 
phere into the ’arce cylinder and is compressed by tl»e down 
stroke of the handle; at the same time it is forced into the 
smaller cylinder through by-pass (P). 

The ui^stroke of the pump forces the air from the smaller 
cylinder into the tire througn check valve and hose (CV), and 
the large cylinder sucks in another charge. 

While the air admitted into the large cylinder is receiving its 
first compression, it is forced through passage (P) (connecting 
the two cylinders) and up past c^ leather (B) into the upper 
portion of the smaller cylinder. Thb cup leathers (A) and (B) 
are fitted to their pistons in opposite positions, that is, the 
leather (A) is put in with its open side downward, and leather 
(B) has its open side upward. If both leathers are put in the 
same way, the pump will not w^ork. 

A pump of this kind differs from a single-cylinder pump, in 
that each stroke is a power stroke, while in a single-cylinder 
pump only the down strokes are power strokes. 

Keep the leather packing washer (around the piston rod of 
the small cylinder) tight, otherwise the air will blow through 
here instead of going into the tire. 


Power Air Compressors for Use on the Car 


Under this heading there are two types of pumps: 
(1) the impulse air pump; (2) the power-driven air 
compressor. 



Fig. 63. Illustrating how 
the connection is made from 
the air pump (driven from 
the engine, or transmission 
Ijshaft) to the tire. The air 
hose is detachable, and is 
usually carried under the 
seat. 


AlAPunPOSEMCiHC 


The Brown impulse air pump; This pump (Fig. 64) has the 
appearance of a compound pump, because of the large and small 
cylinders, but they are built in this form to make it possible 
to pump the high pressures necessary for large tires, and at the 
same time not have any too good a compression in the engine 
cylinder. The lower piston, with its large area, receives its 
impulse from the compression in the engine cylinder, and trans¬ 
mits it to the upper piston tbrou£[h the medium of the hollow 
piston rod, to which both pump pistons are attached. 

Action: As the engine piston makes its suction stroke, it 
draws fresh air through valve (1) which opens inwardly, and 
at the same time, both pump pistons make their downward 
stroke. You will note that piston rod (6) is hollow. This is 
the air passage to the upper cylinder through ball check (12). 


As the engine piston makes its compression stroke, it forces its 
charge of oompro^ed air into the upper cylinder and against 
the lower piston of the pump, and causes it to make an upward 
stroke. This piston being so much larger than the upper 

{ listen, the charge is further compressed and sent through out- 
ot valve (21), at the top, thence through the hose to the tires 
or the tank. 

These pumps are very often spoken of as compound pumps, 
because of the fact that the air pressure is raised in two stages; 
but don’t forget that the first stage is performed in the engine 
cylinder and not in the pump cylinder. It is a single-stage 
pump, capable of raising the pressure from 60 or 60 lbs. in 
the engine cylinder to 100 lbs. or more in the tire or the tank. 
It is advisable to let the pump make a few strokes before 
attaching the hose to the tire valve. 



Fig. 64 



Fig. 64. The impulse pump, sometimes termed the spark¬ 
plug pump, because it is screwed into the spark-plug hole and 
operates by means of the compression of the engine cylinder. 
(1) Inlet valve disk; (2) Inlet valve body; (3) Upper piston; 
(4) Upper piston nut; (6) Piston rod; (7) Stuffing box; (8) 
Rod packing; (9) Rod packing nut; (12) Ball check valves; 
(13) Upper piston pin; (14) Check valve spring; (15) Upper 
cylinder shell; (16) Lower piston; (18) Piston cup leather; 
(19) Piston rings; (21) Outlet valve; (22) Outlet valve spring, 
(23) Outlet valve cap; (24) Cylinder base; (25) Lower cylinder 
shell; (26) Inlet valve scat. 

Fig. 65. A power-driven tire air compressor. 


Power-Driven Tire Air Compressor 

The illustration (Fig. 65) is the compressor used on typo 57 
car. It is bolted to left-side transmission case and is 
driven by a sliding gear which meshes with the reverse idler 
gear in transmi.s.sion. The sliding gear is thrown in when need¬ 
ed, and out when not needed, by a lever. 

To operate: Stop the engine, wait until the transmission 
gears are idle, then shift the gear of the compressor in mesh 
with the reverse idler gear. Then .start the engine, being sure 
that the gear-shift lover is in neutral position. 

Run the engine at speed of 900 to 1,100 r.p.m. with all lights 
turned off. This is indicated by the ammeter showing 16 or 18 
amperes, if the third-brush is properly regulated on the gener¬ 
ator. 1000 r.p.m. on the typo “V-63” car will indicate abou 
13 amperes. If the portable lamp is in use, the ammeter will 
indicate about 10 amperes). Do not race the engine when 
inflating tires. Throw the gear out of mesh when through 
pumoing tires. Lubricate the compressor often. By observing 
the illustration, it will be seen that the inlet of air is taken in 
through the "inlet valve” in the top of the piston, from the 
crank case of the pump, when the piston travels down. It is 
compressed and forced out of the "outlet valve” os the piston 
travels up. 


1 Some of the manufacturers of single and compound type of 
air pumps and air compressors, engine driven: 

Kellogg Mfg. Co., Rochester, N.Y. 

* Some of the manufacturers of air compressors,power-driven, 
for general garage use, tire repairshops, etc.: Am. Oil Pump and 
Tank Co., Cincinnati, Ohio; Brunner Mfg. Co., Utica, N.Y.; 
Curtis Pneumatic Machinery Co., St. Louis, Mo.; 

Globe Mfg. Co., Battle 
Creek, Mich.; Hobart Bros. Co., Troy, Ohio; Kellogg Mfg. 
Co., Rochester, N.Y.; 

^ y.S. Air Compressor Co., Cleveland, Ohio. See trade maga¬ 
zines for others. Auto supply jobbers, page 687, supply air 
compressor outfits. See also page 645 relative to compressed 
air for washing oars, and page 756 for spraying lacquer. 
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POWER-DRIVEN AIR COMPRESSORS FOR SERVICE STATION AND GARAGE USE^ 


Compressed air is used for inflation of tires, wash¬ 
ing and cleaning cars, spra^^ing kerosene for cleaning 
engine and chassis, spraying lacquer for finishing 
cars, for operating pneumatic garage door openers, 
grease and oil guns, valve grinders, hoists, and a 
variety of other purposes. 

There are two types of power-driven air compres¬ 
sors for general service station and garage use: (1) 
che air-cooled compressor; (2) the water-cooled com¬ 
pressor. 

Where compressors are used almost continuously, 

the water-cooled type is recommended, because, for 
heavy constant duty, the air-coolea compressor 
would heat. When heating occurs, the air drawn 
into the hot compressor expands; then when it cools 
in the tank, it contracts, with the consequence that 
the pressure drops. The usual pressure is main¬ 
tained at about 150 lbs., which is sufficient for all 
ordinary requirements. The pressure in the tank 
must, of course, be somewhat higher than at the 
outlets, usually about 15 lbs. higher. This, natur¬ 
ally, is determined by the number of outlets. There 
is usually a safety valve on the air tank which can 
be adjusted accordingly. 

When purchasing a compressor be sure that it is 
over-size rather than under-size, as the business 
may grow; furthermore it is hard on the com¬ 
pressor if operated continuously when under-size. 

Size Tank to Use 

Tank capacity: The following table is taken from 
the instructions furnished with the air compressors 
manufactured by the Brunner Mfg. Co., Utica, N.Y. 

Tank sizes, at pressure 
given in table, will innate the 
given number of 35 x 434 
tires to 85 lbs. as shown in 
the table. For example, a 
40-gallon tank at 180 lbs. 
pressure will inflate eight 
35 X 4 3-^ tires to 85 lbs. 

After inflating tires of this size, each will have from 89 to 90 
lbs. left, with which to inflate several smaller tires. 

Drive methods: The air compressor can be driven by a belt 
from a line shaft, or by an electric motor. When self-contained 
—lall in one imit— it can be driven by a belt, by a silent chain, 
or by gears. 

Pointers on belt-driven compressors: A belt should be used 
of the width of the compressor pulley. If a smaller belt is 
employed, it will slip and stretch. Leather belts are best, as 
it is easier to lace them than fabric belts. 

The speed of the compressor should be exactly that which the 
manufacturers advise. If it is run too fast, the compressor will 
heat; if run too alow, the capacity will be reduced. 
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How to Determine Speed and Size of Pulley to 
Use for Driving Air Compressors 

The speed at which air compressors should operate is of 
importance and is determined by the sizes of pulleys. It 
should be remembered that the larger the driving pulley, the 
faster the compressor, having a given size of pulley, will be 
driven, and vice versa. We give here the method of deter¬ 
mining the pulley sizes and speeds under different conditions: 

When the comivessor is driven direct from an electric 
motor, a pulley is generally used in orde: to keep the pulley 
on the compressor as small as possible. To determine the size 
of the compressor pulley, multiply the speed of the motor pul¬ 
ley by the diameter of the motor pulley, and divide the result 
by the number of revolutions of the compressor. 

Ezamide: What size of compressor pulley is required to 
drive an air compressor at 340 r.p.m. direct from an electric 
motor having a 3" pulley and running at 1,700 r.p.m.7 

1,700 X 3 ••5,100 4*340-15" pulley on the compressor. 

When it is desired to drive a compressor from a motor 

S ’ means of a countenhaft, to ascertain the size of the counter- 
aft pulleys, multiply the i^ed of the motor by the diameter 
of its pulley, and divide by the desired speed of the countershaft; 
this gives the size of the driven pulley on the countershaft., 
^en midtiply the recommended speed of the compressor by' 
the diameter of its pulley, and divide the result by the speed 
oAtbaoountershaft tor the size of its driving pullei' 


Example: It is desired to drive an air compressor, having a 
9" pulley, at 350 r.p.m. by a motor having a 3" pulley and a 
speed of 1,700 r.p.m. The compressor cannot be driven direct 
from the motor, and a countershaft must be used. What size 
of pulley must the countershaft have? 

1,700 X 3*5,1004-425 (speed of countershaft) -12 in., the 
size of the driven pulley. 

360 X 9 “3,150 4-425 (speed of countershaft) “ 7.4 in. 

The nearest commercial pulley is 8". Therefore an 8" driving 
pulley is used on the countershaft. 

When the countershaft runs at the same speed as the com¬ 
pressor, then the pulley on the compressor and the drive 
pulley on the countershaft must bo of the same diameter, 
irrespective of what that diameter is (anywhere from 3" to 3 ft.). 

When an air compressor is driven from a line shaft without 
a countershaft, and the size of the driving pulley is required, 
multiply the speed of the compressor by the diameter of its 
pulley, and divide by the speed of the line shaft. 

Example: An air compressor having a 9" pulley is to bo 
driven at 350 r.p.m. from a line of shafting having a speed of 
450 r.p.m. What size of pulley must bo used on the line shaft? 

350 X 9 = 3,1504-450 = 7 in., the size of the driving pulley 
on the line shaft. 

Seo also Index under “Diameter of pulleys; how to find,” 
for further suggestions on the subject of finding the diameter 
of pulleys. 


Installing an Air Compressor 

Place the compressor on a firm foundation in a 
location where the pipes will not have to extend too 

far. Locate it preferably where short pipes can 
be used, and where fresh air and not gasoline fumes 
will be drawn into the compressor. It is best to 
draw the air from outside the building with a 
screened air intake. 

Locate the tank where it can be easily drained, as vapor in the 
air condenses and should be drained. It does not matter if the 
tank is placed in a horizontal or in a vertical position. 

Locate the air pipes where they can be used most and will be 
accessible for the greatest number of purposes, such as for out¬ 
side free air service, for the vulcanizing department, for the tire- 
testing tank, for the buffing machine, etc. 

Use flexible, woven-fabric-covered hose of very small diame¬ 
ter, as it is better than rubber. 

Pipe and pipe joints should be connected by using shellac, 
asphaltum, or a mixture of litharge and glycerine to insure air¬ 
lift joints. The elimination of air leaks is a very important 
factor. Use the size of pipe recommended by the manufacturer 
of the compre.ssor. The pipe leading to the inlet of compressor 
should never be smaller than the full diameter of the compressor 
inlet opening, and also of the outlet pipe. Iron or steel pipe is 
satisfactory. 

Attach the outlet pipe from the air tank as high as possible 
from the tank, to avoid water condensation going to the tires. 

A draincock in the pipe should be placed at the lowest point, 
especially when outside of the building, as the condensation is 
likely to freeze. 


Air-Compressor Outfits^ 

The illustration (Fig. 67) is the layout for a belt- 
driven air compressor^ outfit, and in Figs. 68 and 69, 
electric motor-driven compressors are shown. 



Fig. 67. Belt-driven ^ra^e outfit for garages housing from 
15 to 20 cars, and for vulcanizing shops. 


* See addresses of Air Compressor Manufacturers on page 623 
(footnote) and write for catalogue if interested, wfficb wifi give 
later prices and oufiflta. ^ 
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Fiff. 68. A self-contained air compressor outfit' suitable for 
garages up to 00 to 70 car capacity. This air coniprcsaor is air 
cooled and ia driven by an electric motor, H h.p. 
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Fig. 69. A heavy-duty air compressor outfit. This air com- 
lessor is water cooled and driven by an electric motor, 2 h.p. 
Designed for very large garages, for tire air service, and also for 
operating paint sprayers, small pneumatic tools, general shop 
work, etc. Note that there are two pipe lines leading from air 
tanks 1 and 2, No. 1 is at normal pre.ssure of the tank, and 
No. 2 is at a reduced pressure through the reducing valve. 

^ Fig. 70. Belt-driven single- 

D cylinder air-cooled horizontal 

ml '***’ compressor, adapted to 
/nliTrTn 1 small vulcanizing shops: bore 
^ i;.l/16"; stroke, 2"; guaran- 
1 M teed pre.s.suro up to 175 Ib.s. 

cS^SasL*** Iprff / at 1150 r.p.iii., the capacity ia 

r\\ 1 eu. ft.; at 400 r.p.m., 1 1/6 cu. 

5!!SflU^.AAai ft.; at 450 r.p.m., 1 1/3 cu. ft. 

free air per minute; use.s 1 

belt for an 8" loose and tight pulley; power required, H h.p. 
at 100 lbs. pressure; outlet pipe is weighs 23 lbs. 

A Belt-driven double-cylinder vertical air compressor gives 
about twice the capacity. With 9" pulley and friction clutch. 
Requires H h p* 

Fig. 71. Belt-driven double-cylinder water-cooled vertical 
air compressor for continuous service under high pressure; 
bore 3"; stroke 3"; capacity at 250 r.p.m., 0 cu. ft,.; at 500 
r.p.m., 1214 CU- of air per minute. Pulleys 16X3"; fly 
wheel. Requires h.p. at 100 lbs. pressure, 300 r.p.m. 


Care of Air Compressors 

An air compressor might be compared with a 
gasoline engine. A piston draws air into the com¬ 
pressor cylinder through an inlet valve on the suction 
stroke. As the piston returns on its next stroke, the 
valve closes and the air is compressed and forced 


valve grinding. Lack of oil will result in bumed- 
out bearings. 

Cylinder-head bolts should be drawn tight, other¬ 
wise the compressor will fall below its capacity. 
Cylinder head gaskets should be used as recom¬ 
mended by the manufacturer. Paper or rubber 
will not do. 

Knocks are often due to loose flywheels, carbon 
on the piston, or to worn bearings. 

Compressed Air and Its Use in the Service 
Station and Garage 

Compressed air can be used for various purposes, 

some of which are enumerated as follows: cleaning 
upholstery (with suction attachment), blowing out 
rugs and cushions, washing car, cleaning engines and 
chassis with kerosene, spraying lubricating oil on the 
springs, spraying lacquer enamel, for tire inflation, 
operating pneumatic door openers, pressure grease 
and oil guns, pneumatic valve grinders, etc. See 
also pag(‘s 623, 645 and 756. 

Portable Air Compressor 

Fig. 72. Portable motor-driven air compressor outfit (Brun¬ 
ner). It can bo moved to difforent parts of the garage, and is 
suitable for inflating tires and 
other purposes direct without 
the aid of a tank and storage 
system. 

The attachment plug is 
screwed into a lamp socket 
which operates the h.p. 
electric motor. This operates 
the air compressor which 
stores air in the tank. The ad¬ 
vantages are apparent. 


Vacuum Cleaners 

Vacuum cleaners of 
the portable type for 
cleaning the interior of a car are of two types. One 
type operates from the vacuum created in the inlet 
manifold of the engine and the other by an electric 
motor. 

An electric motor type vacuum cleaner of small size 
made especially for car use and to bo operated from a 
lamp socket is described below. 

Fig. 73. An electric vacuum 
cleaner and blower, 

an example of the typa 
of cleaner which garages, serv¬ 
ice and auto-washing stations, 
and repairshops can vise to ad¬ 
vantage and on which a good 
profit can be made during the 
year. This device is handy for 
cleaning automobile upholstjjry 
and for general use, and can be 
used from a lamp socket and on 
32 to 250 Volta A.C. or D.C 
current. 

In addition to cleaning by 
suction, it can also be usecTas a 
blower. 




through the outlet valve to the air-storage tank. 

The valves must seat properly, otherwise pressure 
will be reduced. The valves are of the poppet type. 

Lubrication of compressors is a subject of impor¬ 
tance; that is, it is highly necessary to use the 
proper grade of oil as recommended by the manufac¬ 
turer. Too much oil will the rings and get 
into the air tank, and will also necessitate frequent 


'Two types of air compressors are now in general use in autr>- 
motive service shops. The single-stage may have one, two or 
more cylinders; if more than one, the cylinders pump in parallel. 
Air is drawMi into cylinder on the downward movement of 
piston and compressed to the final pressure on the upward 
movement. They are satisfactory for pressures up to 150 lbs. 
The two-stage always has two cylinders. Air is drawn into one 
cylinder and compresaerl to approximately 40 pounds. It then 
travels through an intercoolor or copper tube (in order to 
dissipate part of the heat) to a smaller cylinder, where it is 
further compressed to the nnal pressure of approximately 176 to 
200 lbs. The two-atago compressor is said to be more efficient 


and costs only slightly more than a single-stage compressor. The average compressor unit now installed in autoniotive service 
stations is usually a two-stage unit with hp. or larger motor. See page 690 under “Air Compressors ’ and write for literature. 
See also, pages 692-694. 





626 


DYKE'S INSTRUCTION No. 65 


Compressed-Air Fittings 

Supplies of this kind can be secured of auto supply houses as 
enumerated on page 687. 





Fig. 74. Wire-wrapped 
air hose for garage work: 
inside diameter and 


Fig. 75. Copper-wrapped brass-wire-woven flexible hose: 
inside diameter ana H"- For hand or portable pumps. 
The hose generally used is 3/16" or 14!* diameter. 



Fig. 76. Romort style "A” automatic air valve for use on 
air hose where it is in constant use. Bronze: instantaneoxis in 
opening and closing; air-tight; step-up stem fits any size tubing 
from to 


connection to the hose is made by the Romort Universal hose 
connection, which fits all popular sizes of rubber hose and pre¬ 
vents the gun from blowing off the hose: can be used in the 
garage for cleaning the dirt from tires to be vulcanized, for 
cleaning cushions, cleaning engine and parts, dusting out oars, 
and for various other purposes. 


Prwunrtdurintydyt Fjg. gO. Automatic 
electric air-pressure con¬ 
troller designed for use in 
motor-driven air compres¬ 
sors for garages, pneu¬ 
matic water systems, etc.: 
automatically maintains 
air-tank pressure between 
predetermined limits; car¬ 
ries sufficient current to 
operate single, two, or 
three-phase A. C. motors 
up to 2 h.p. and 440 volts; 
also suitable to operate 
D. C. motors up to and 
including Hh.p.; regular¬ 
ly adjusted to start motor at 115 lbs. tank pressure, and stop it 
at 140 lbs.; can be adjusted at factory for other limits, out 
there must be 25 lbs. difference between maximum and mini¬ 
mum limits. 



Fig. 77. Air hose couplings: Takes care of any hose, large 
or small, metal covered or rubber; the hose is expanded at the 
end and the thread^ nipple is so designed that the harder the 
pull the tighter the grip; bushing is furnished to use on hose of 
small diameter. The type shown is the Romort “Universal,” 
and is shown connected to metal covered hbse. It can also be 
used on plain rubber air hose. 

Fig. 78. Tire tester and air-valve attachment combined. 
The Schrader tire air-pressure gauge is shown attached to the 
Romort automatic air valve. 

Fig. 79. Romort blow gun: bronze metal; can be used 
wherever there is a lathe or other machine where it is necessary 
to remove chips, dirt, or other waste matter; entirely auto¬ 
matic; the valve closes when pressure on the trigger is released; 


Fig. 81. Vertical check valve for air lines for female connec¬ 
tions 34" and I". 

Fig. 82. A safetv valve: Has a ball seat; can be adjusted 
to blow off at any desired pressure up to 175 lbs.; intended as 
a tank safeguard by preventing higher tank pressure than that 
for which the valve is set. 

Fig. 83. A pressure-reducing valve: Metal construction, 
designed for work on air tanks carrying up to 150 lbs. initial 
pressure, and will reduce air-line pressure to a steady flow at 
any point between 10 and 60 lbs. to the square inch; by turning 
the adjusting screw in the top, the pressure can bo instantly 
raised or lowered to any point oetween these limits; for service 
in redticing pressure on pneumatic tools or any other service 
where accuracy is desired (Brunner Mfg. Co., Utica, N.Y.). 


SOLID TIRES 


Solid tires can be divided into two classes: (p 
the single, and (2) the dual type. The single solid 
tire is the type in general use. It has what is termed 
a hard base pressed on a single solid tire. The rim 
used is a channel-type non-detachable rim. 



Fig. 84. The original automobile solid tire (now obsolete) 
was held in place by side wires. 

Fig. 85. The hard-base pressed-on type of solid tire and 
channel rim. 

Fi^. 86. The cushion tire is used where more resiliency is 
required. The rubber is softer than that in the regular solid 
tire.. Fig. 86 show’s a cushion type of tiro on a clincher rim. 
This rim is now obsolete, and a channel rirn, the same as used 
with other solid tires is now used. 


Fig. 87. The solid tire mounted on a quick detachable, 
demountable rim is shown. This rim is now obsolete, the 
principle involved in the hard-base p.esscfl-on tiro being used 
instead. 



Fig. 88. The dual solid tire 

The dual construction consisted of 
sections or blocks, mounted on demountable rims. 

Fig. 89. The dual pneumatic tires for truck use, mounted 
on quick-detachable side-ring type rims 


Fig. 00. The Giant single solid tire is the type of solid tire 
in general use for heavy trucks. It has a hard base and is 
pressed on the rim. 

Note. Solid tires have not been used on automobiles for severs 
transportation. This instruction has not been revised for some ti 


Kinds of Solid Tires^ 

The solid tire is in three classes: 

1. The ^‘Regular” single solid tire. 

2. The “Cushion^^ solid tiro. 

3. The “Giant’^ solid tire. 

Carrying Capacities of “Regular” “Cushion” 
and “Giant” Tires 
For tires of 36“ or less: 

3 inch, maximum load per wheel, 1,000 lbs. 

3H inch, maximum load per wheel, 1,300 lbs. 

4 inch, maximum load per wheel, 1,700 lbs. 

6 inch, maximum load per wheel, 2,500 lbs. 

6 inch, maximum load per wheel, 3,500 Iba. 

7 inch, maximum load per wheel, 4,500 lbs. 

8 inch, maximum load per wheel, 5,500 lbs. 

10 inch, maximum load per wheel, 7,500 lbs. 

12 inch, maximum load per wheel, 9,500 lbs. 

Dual solid rubber tire capacities are figured by multiplying 
the figures given above by 2. 

For tires of 38“ and 40“: 

6 inch, maximum load per wheel, 3,000 lbs. 

6 inch, maximum load per w’heel, 4,000 lbs. 

7 inch, maximum load per wheel, 5,000 lbs. 

8 inch, maximum load per wheel, 6,000 lbs. 

10 inch, maximum load per wheel, 8,000 lbs. 

12 inch, maximum load per wheel, 10,000 lbs. 

14 inch, maximum load per wheel, 12,000 lbs. 

Standard Sizes of Regular Solid Tires 

32 X 3 36 X 3 34 32 x 5 32 x 6 

24 X 3 34 32 X 4 34 x 5 34 x 6 

32 X 334 34 z 4 30 z 5 30 z 6 

34 X 334 36 X 4 40 z 5 40 z 6 

Standard Size^ of Giant Solid Tires 
34 X 7 36 X 10 

36 X 7 40 X 10 

40 z 7 36 X 12 

34 X 8 40 X 12 

36 X 8 36 X 14 

40 X 14 

Cushion solid rubber tires are made In the foregoing sizes, 
except 32 x 3, 36 x 3, 40 x 5, 34 z 7, 34 x 8, 36 x 12. 


> The classifications and sizes of tires, eto., as mentioned on 
this page are now different. Obtain literature giving the latest 
standards from your local tire dealer. See {^o pp. 966-977B for 
size and type of tires used on trucks and p. 098 zor motorcogoh* 
years and are obneieU, except for industrial truck use for inside 
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Solid Tire Troubles 

Solid tire troubles occur mostly as a result of cuts 
and bruises which soon cause the tire to wear rapidly. 
These are caused by driving in car tracks, by chains 
being too tight, wheels being out of alignment, by 
skidding, overloading, by speeding on bad roads, etc. 

The solid tire cannot be successfully vulcanized. 
Therefore the only recourse is to run the tire for as 
long a time as possible. 

Chains for Solid Tires 

Chains for solid tires are a very important factor, 
as the solid tire has a tendency to skid—more so 
than pneumatic tires. They are also essential for 
gripping the road, snow, ice, etc. 

Several methods of applying chains and grips are 
shown below. Figure numbers read from left to right. 



Fig. 91. Weed solid tire 
chains for single solid tires; 
Fig. 92. Weed solid tire 
chains for dual solid tires: 
Fig. 93. Woodworth solid 
tiro chains; Fig. 94. Mud 
hooks. 



Fig. 95. Either twisted 
links or straight link chains 
may be used on solid tires 
as shown. Chains should be 
applied at 4 points on each 
rear wheel. They should be 
renu)vcd when not reciuired. 
The illustration at the lower 
left shows where clearance 
will not allow a chain on the 
inside tire of dual construc¬ 
tion (Gen’l Vehicle Co.). 


Increasing the Tire Repair Business 

There are many ways of building up a tire business. Many 
tire repairmen, instcacf of depending nlone upon obtaining work 
from the owner, build up a respectable business through the 
garages and gasoline filling stations. Garage men will not go 
out of their way for this, and therefore the usual discount 
allowed is 25 per cent. Tires can bo left at the garage man’s 
place and can be called for by the tire repairman. 

Another way to increase business is to suggest to owners of 
trucks to change the solid tire to pneumatics. Of course you 
would not suggest changing solids to pncumatica on a 5-ton 
truck hauling sand or coal Tor snort distances, but where a 2, 
2 or 3-ton truck is making daily trips of 75 or 100 miles over 
fairly good roads, it would pay the owner at least to fit the 
front wheels of such a truck with penumaties, and this is the 
business you should look for. 

Before soliciting this work, first consider carefully if pneu¬ 
matics will do the work. Having decided that the cfiango 
would be an advantage to the owner, the next step is to decide 
the proper size of tire to use. 

This may be done by running the front end of the truck, fuUv 
loaded, on a scale. Then when you know the weight which 
the front tires are carrying, it is a simple matter to refer to the 
table on page 693, and select a size of cord tire designed to 
carry that weight. 


For a 1-ton capacity truck, a 34 x 5 cord pneumatic tire 
is the usual size. If only two wheels are to oe fitted with 
pneumatio tires, then fit the front wheels with this size. 

For IJ^ton capacity trucks, use 36 x 6 cord pneumatics; 
for 2-ton trucks, 38 x 7 or 40 x 8 Giant cord pneumatics, 
or 38 X 7 on the front and 40 x 8 on the rear. 

The carrying capacities for solid tires and for pneumatic tires 
are given on pages 627 and 593. 

Of course, if a 2-ton capacity jtxuck usually carries light loads 
of a bulky nature, but not up to capacity, the proper course is 
to figure the load carried by each wheel and seleot tires accord¬ 
ingly. 

Some of the points to bear in mind relative to fitting a truck 
with tires are as follows: 

Pneumatic tires, of course, will give greater truck protection 
through the absence of vibration, and will also increase the 
radius of travel per day. The minimum speed is increased 
because it is not necessary to slow down for rough spots in the 
road. In such work as hauling in oil fields it is almost impos¬ 
sible to use solid tires, and only pneumatio tiros can be used. 
In coal mines and on extremely rocky roads and with heavy 
hauling, the pneumatio tires would be more expensive, and 
solid tires are better adapted here. 

The cushion tire is pressed on to the wheel, just like the 
regular solid tire. The cushion tiro might be classed half-way 
between the solid tire and the pneumatic tire, in that it is softer 
than the solid tire and has greater resiliency, but is a solid tire 
in the true sense of the word. The fire department uses the 
cushion tire to a great extent, and it is also used on 1, 1 and 
2-ton trucks to a large extent. 

For extremely heavy duty, such as 3 H, 5, and 7 H-ton trucks, 
where extremely heavy loads are carried and at a very slow 
speed, the Giant solid tire is the most economical. 

Very few trucks have the same size tires all around, and we 
find that sometimes most of the loatl is carried on the rear. If 
the same size tires are carried on all four wheels, then the load 
should be equally distributed. 

For example, suppose we had a truck weighing 4,000 lbs. 
and it carried a load of 2,000 lbs.: this would give us total load 
carried by tJie four wheels of 6,000 lbs., providing the load was 
equally distributed on all four wheels. By dividing the 6,000 
lbs. by 4, wo have 1,500 lbs. load per wheel. Therefore by 
referring to our capacity table on page 626, we should use a 
4" tire which carries a wheel load of 1,700 1m. Always figure 
over rather than under. 

If, however, tliree-fourths of the load is carried on the rear 
wheels, or 4,500 lbs., then one-half of this 4,500 lbs. would be 
carried on each rear wheel, or 2,250 lbs. per wheel. By refer¬ 
ring to oiir capacity table on page 02:6, we find that we should 
use a 5" tire on the rear, and a 3" tire would be sufficient for 
the front. 

For the best plan for finding the wheel load for any particu¬ 
lar size tire: See page 591, which explains how to weigh, and 
how to find out how much of a load each wheel carries. Then 
refer to the table giving the carrying capacity of bh.- different 
sizes of tires. 

When fitting truck wheels with pneumatic tires, which are 
already equipped with solid tires, it will be necessary to have 
new rims fitted to the wheels. This should be done by a wheel¬ 
wright who specializes on this work. 

The usual cost of such work runs about $15 i)er wheel plus 
the coat of tho rims, with a iliscount of 20 per cent to the dealer. 
Time required for changing two wheels would bo about one day. 

For example, the cost of changing two solid-tired wheels to 
pneumatics would be estimated, approximately, as follows: 

Wheelwright’s charge, 2 wdieels at $15.00 ... .$ 30.00 
2 34 X 5 rims complete with felloe bands, 

bolts, etc. 40.70 

2 34 X 5 cord pneumatic tires at $53.50 . 107.00 

2 34 X 5 high-test red inner tubes at $5.85 ... 11.70 


$189.40 

Usually, when the owner of a truck afjees to have the solid 
tires changed to pneumatic tires, he insists on having his solid 
tires traded in on the job. This can usually be adjusted with 
the tire branch. 


THE BALLOON LOW-PRESSURE PNEUMATIC TIRE 


The low air-pressure pneumatic tire, properly 
termed ^^air cushion tire/^ also termed ‘‘balloon 
tire,’^ “doughnut tire,” etc., is a type of tire devel¬ 
oped in 1923 for passenger car service. The pressure 
carried is from 18 to 35 pounds. The air capacity 
or volume has been approximately doubled, thus 
requiring only about one-half as much air pressure. 
The balloon tire is usually of a cord type construction 
and for straight side rims only. 


The average high-pressure tire has a comparative¬ 
ly tluck wall, usually with 4 to 8 layers or plies of 
fabric, in order to resist the internal pressure of 
the tire. This thick wall does not permit much 
deflection without breaking the fabric. 

The balloon tire, using a low air-pressure, per¬ 
mits the use of thinner walls, of from 2 to 4 layers, 
which permits more bending and flexibility without 
ruptunng the tire, thus providing a much easier 


Mo to. Hi|^ pressure cord tires now have from 8 to 14 layers of oord fabric (used extensively on heavy duty trucksV Bus 
MUoon tirMbAve from 8 to 14 layers of oord fabric (also used on trucks). 'The balloon low pressure tire now has from 4 to 6 
layen. Ask local tire dealers for literature on the latest oonstruotiou. tiee **Note"- naae 608, 
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and more comfortable riding tire. The diameter is 
very large. Difficult steering may be experienced 
where balloon tires are applied to cars formerly 
equipped with high-pressure tires. 


Some of the advantages claimed for balloon tires 

are: greater tire mileage, because of better rear 
wheel traction; less danger of skidding, due to 
greater road contact; improved engine performance 
and longer chassis life through elimination of road 
shocks, as they are absorbed before they reach the 
axles and springs of the car. Soft tires of large 
diameter ride easier and negotiate sand and soft 
mud on the same principle as the snowshoe. 

The increased size of the cross-section of the tire 

has been obtained by reducing the size of the wheel, 
and thus leaving the outside circumference of the 
tire substantially the same as that of the regular 
cord tire. 

The true balloon type tire is of small inside diam¬ 
eter, that is, it requires a smaller wheel and rim, 
or tire-seat which will 

take tires of the cross-section diameters 

See also page 615, for the different sizes 
and number of plies. 

Some of the tire companies suggest the following replace¬ 
ments if true balloon tires are to be applied to cars with high- 
pressure tires. A 4.40" tire with four plies on a 28 x 
straight-side rim for care now using casings; the 5 25" 

tire with four plies on a 29 x 4" rim to replace the 4" tire now 


being used; a 6.20" tire with four plies on a 29 x 41^" rim to 
replace the 4^" tire;; the 7.30" tire with four plies on a 30 x 6" 
rim to replace a 6" high pressure tire. (The foregoing refers 
to true balloon tires and requires new wheels and rims of 20" 
or 21" dia.) 

To determine the inside diameter of a tire: Twice the cross- 
section diameter deducted from the over-all diameter of the 
tire will give the inside diameter. For example: The inside 
diameter of a 30 x 3 tire would be 2 x 3 ^=*7" deducted from 
30"=23". 

Therefore a 23" diameter rim would not take a true balloon- 
size tire as the tire-seat diameter must not be over 21" diameter. 

Inner tubes for balloon tires are special as to 
thickness, size and construction. 

The interchangeable, or semi-balloon type of 
balloon tire is also made by some of the tire firms 
in the sizt^s mentioned below for regular straight 
side rims: 


30x3>^"- 

31 X 1" - . 

-31 x 4.40" 

32 X 4" 


33 X 4" 


3‘' X 4 ’ 1" 

33 X 5 77" 


'^1 x 5 77" 

Oo X ‘I y2 

31 X 4 ' 

35 x 5 77" 

33x5" - 

-35 X 6 75" 


The 31 X 4.40" size is also made by some ()f the tire manu¬ 
facturers for clincher rims. See page 594 for oversize tires that 
can be used on the same rims. 

If the rirn is a 30 x3H" clincher type, it will be necessary 
first to apply straight side rims. 

Note. The sizes of tiros, etc., as mentioned on this i»nge are 
nowdilTerent. Obtain literature giving thelate.st standards from 
your local tire dealer. Sec also specifications, pages 1055-1062, 


POINTERS ON CARE OF PNEUMATIC TIRES' 


Tires should be kept inflated to the recommended 
figure, thereby reducing the wear and facilitating the 
ease of steering. 

Test the tire pressure with a reliable gauge onco a week. 
When touring, this should be done every morning. See pages 
593,607 for proper irufiation pressure according to size and load. 

When an under-inflated tire revolves, the excessive flexing 
of the carcass sets up heat which destroys adhesion of the cord 
layers. They separate, weaken, and finally show a break 
around the inside of the tire. 

If the injury is discovered before more than the innermost 
plies are broken, a reliner may be cemented or vulcanized in, 
and the tire placed in service again. If the injury is more 
serious, it cannot be repaired and, therefore, it is better to 
prevent this trouble by close attention to air pressure. 

In case of tire trouble on the road, do not run 
tire flat even for a himdred feet, for the carcass will 
be mashed between the steel rim and road and will 
be broken so that repairing is impossible. 

An unusual jolt or strain from bumping a curb, 
hitting a rise or hole in the road, or from scraping 
along gutters, may cause misalignment or wobbling 
of wheels or both. Then rapid tread wear results, 
because the wheel no longer runs true with the one 
opposite but, instead, travels over the road with a 
diagonal grinding motion. To check proper align¬ 
ment of front wheels, see pages 903, 904, and 612. j 

In crossing loose or broken stone, as on a new road, do not 
drive the car over, but get up speed, and as the car strikes the 
stones throw out the clutch so that it will coast. 

If the car has not enough momentum to cross, let it go as far 
as possible before again throwing in the clutch. Driving across 
sharp stones forces the wheels to grind against them, while if 
the car moves without being driven, the tires roll over the 
stones, and are not so liable to injury. See also page 010 for 
cause of stone bruises. 

To prevent wearing off tread rubber always apply 
brakes gradually. When breaks are thrown on sud¬ 
denly, the tires are dragged over the pavement and 
depreciation is extremely rapid. Letting the clutch 
in too suddenly is another cause of worn treads by 
causing rear tires to slip and spin before getting a ^ 
grip on the road surface. 


If a tire blows out, do not jam on the brakes—cut off tlie 
power and let the car couvSt, to a stop .Jamming on the brakes 
might cause a skid, and that would fatally ruin the tire. 

When the rubber on the side walls of a tire is 
scraped off by ruts or curbs, llie cord or fabric under¬ 
neath is exjiosed to iho rotting atdion of dirt and 
moisture. Repair small vside-wall cuts whiltj still 
new with cement and tire putty (see page 616), and 
have large ones vulcanized at once. 

Always apply chains loosely, because if applied 
tightly the cross-chains strike the tire at the same 
spots continually and soon cut into the tread. 

Never put chains on one rear wheel only, because 
the opposite wheel will spin and wear the tread of 
the tire, and the differential is also liable to damage. 

Do not reverse chains by placing the worn side 
against the tire, as the edges of the links sharpened 
by use cut into the tread. 

If chains are necessary in an emergency, remove 
them as soon as the emergency is passed. 

Oil rots rubber. If oily, wipe with a cloth soaked 
with gasoline. 

If the car is to be idle for a week or more, jack up 
the wheels to take the weight from the tires. 

Rusty rims cause rim cuts. Scrape or rub with 
emery cloth and give a coat of shellac or lead paint 
to prevent rusting again. 

In applying new tires, put them on rear wheels* 
moving the half-worn one to the front wheels. I'lns 
will give them a longer life. In applying a single 
new tire, put it on the right-hand rear wheel, as 
this is the one that has the hardest work. 

Skidding ordinarily occurs only on slippery sur¬ 
faces and in rounding turns at high speed, 'llie car 
will also occasionally slide on dry surfaces, like loose 
gravel, etc. See Index for ^'Skidding, 


^ See also page 611 for additional information on care of tires. 
*Tliere is a difleremce «f epbiion, even in the industry, as to whether the heat, or new tire or Urea, should be placed on rear or 
front wheela. Some believe a rear tire blowout is more dangerous^ since it is the rear of a vehicle which does most of the skidding. 
Others believe the front tire blowout is more dangerous, since it is the front wheels that are steered. 



INSTRUCTION No. S6 

OPERATING A CAR: Geac Shifts, Control Levers and Pedals of Some of the 
Leading Cars; Pointers on Selecting a New Car; Judging and 
Testing a Second-Hand Car 

HOW TO OPERATE A CAR* 


When learning to operate an automobile, the first 
step is to become familiar with how to start and stop 
the engine and how to control the speed. This can 
be learned best with the engine running. 

The simplest way in which this can be done is to 
jack up the rear wheels so that they are clear of the 
grouncL letting the weight of the car rest on a solid 
box. The point is to get the driving wheels clear of 
the ground, and free to revolve without moving car. 

The different speeds may then be handled, and 
the movements of the levers and pedals may be 
gone through with, without being undtT the neces¬ 
sity of steering, the steering being the simplest and 
easiest part to learn. Caro should be taken to block 
(he front wheels so that the vibration of the engine 
cannot shake the car from its support. 

Lever Systems 

There are three types of side-lever systems: fl) 

tlie typo whic^li operates the jilanctary transmission 
gears; (2) the type wliich operates the old-style 
])rogressivo gears, aaid (3) the type which o[)erates 
the selective type of gear. 

The planetary gear type is used on the Ford car, 
i.e., the model *‘T’' Ford (pages 1115, lllfi). 

The progressive gear type is now seldom used. 
Its prin(a])lc and operat ion is shown on page 25. 

The selective type is the type most used, and it 
is with this type that we shall deal princii)ally. This 
type is shown on pages 26, 28, 29. 

The gear-shift lever used with a selective trans¬ 
mission is constructed in two types: the '‘gate’' 
typo, and the “ball and socket” type (page 27). 

The emergency or hand-brake lever is usually 
placed alongside the gear-shift lever. On early 
model cars these levers were placed on the side of 
the car, but are more commonly found in the center 
(see Fig. 3 page 630). For a further description of 
i.he selective lever operation, see pag(is 26 to 29. 

Pedal Systems 

The foot brake is a pedal operated by the right foot. 
The clutch pedal is a pedal operated by the left foot. 

The accelerator is usually placed to the right of 
the foot-brake pedal. 



Fig. 1 Fig. 2 


Fig. 1. On moat cars the throttle and spark lever are moved 
up to open the throttle and advance the spark. Full open 
throttle and full advanced spark would then be all the way up. 
Full retai'd would be all the way down. 

Fig. 2. Ou some few cars the throttle and spark lever are 
movM down to open and advance. 


The spark and throttle levers are, in most 
instances, placed on the steering wheel. On a few 
cars they are placed under the wheel on the steering 
post. The throttle lever is usually the longest of 
the two. The movement of the throttle lever, 
whctlier up or down, to open the throttle is easily 
determined by noting the movement of the throttle 
on the carburetor. The spark lever for advancing 
can also be determined by noticing the direction in 
whi(di it moves the timer or interrupter on the mag¬ 
neto. Usually the throttle and spark lever are 
pushed up to open and to advance. 


Preparing a Car for Service 

See to the following: 

3'hat there is gasoline in the tank at the rear. 

That the radiator is filled to the level of the over¬ 
flow with clean water, or with an anti-freezing 
mixture in winter. 

That the crank case is filled with oil to the level 
indicated by the oil gauge. 


See that the tires are properly inflated 

See that a spare tire is supplied for emergency 

use. 

Ifow to Start the Engine 

As an example, the Studebaker “Light Six,” model 
“EJ” will be used. 

Gear-shift lever: See that the gear-shift lever 
stands in neutral (upright) position, where it is free 
to move sideways. (See dso Fig. page 29.) 

Position of spark lever when starting engine: The 
automatic advance as well as a hand or manual 
advance of the spark is used on this car. The spark 
lever (short lever) is placed in normal driving posi¬ 
tion, or about two-tlnrds of the way to the top of 
quadrant when starting the engine with the start¬ 
ing motor. 


•Applies to early models. The spark lever is practically obsolete. Maximum operating efficiency of the engine can now be obtained 
under all load conditions by the use of an advance mechanisin controlled by the engine vacuum, in addition to the usual centrifugal 
mechanism, operated by the engine speed. See Addenda pages 45, 68, and p. 10 of Insert No. 7. A throttle button, usually located on 
the instrument panel, now takes the place of the throttle lever formerly on the steering wheel. It is used principally for starting 
pulses. The accelerator pedal is used for varying the speed of the engine. 

The gear-shift lever is now located on the steering column, in a similar manner as shown on page 862D. The hand brake lever, 
instead of being locat^ to the side of the gear shift lever, is now located under the instrument panel left of steering wheeL 
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If an engine is equipped with a manual or hand 
control alone, and with no automatic advance of 
spark, it is best to retard the spark when starting, es¬ 
pecially when starting the engine with the hand crank. 

Position of throttle lever: Open the butterfly 
valve in the carburetor slightly by means of the 
hand-throttle lever on the steering gear sector; 
turn the ignition switch to the *^On’^ position. 

If the engine is cold, it will be necessary to pull 
out the carburetor “choke’^ button, located on the 
instrument board (Fig. 3). It may be found neces¬ 
sary to leave the “choke” button pulled part way 
out for a short time until the engine is warm. (See 
carburetor instructions.) 

Make sure that the gear-shift lever is in ^'neutral” 
position; then press down on the starter switch. 
The instant the engine starts on its own power, 
release the starter switch. This is important. 

After the engine starts, advance the spark lever 
half-way on the sector. If the engine does not start 
within a few seconds after you have pressed'down 
on the starter switch, release the switch, as the con¬ 
tinued use of the starter wall discharge the battery. 
Investigate and find out where the fault lies, and 
correct it before attempting to start the engine 
again. (See “Digest of Troubles,” page 454.) 


In connection with the releasing of the starting-motor switch 
pedal, be sure to remove your foot from the starting switch, the 
moment the ei^ne starts, and be sure that the lever springs 
back into its original position. 


The time required for the operation varies from one half- 
second under good conditions when the engine is warm, to from 
five to ten seconds for cold weather starting. If the engine does 
not start within the period mentioned, release the starting 
switch, since you will know that something is out of adjustment 
and that you are throwing an undue strain on tiie battery. 
(For a full explanation of this operation and the proper care, 
see the starting-motor instructions, referring to the type oi 
motor system with which oars are equipped.) 


Cranidiig the engine by hand: If, for any reason, 
the driver wishes to crank the engine by hand, the 
adjustment for starting should be the same as for 
operation of an electric starter except that the spark 
should be retarded. When cranking by hand, be 
sure to make the crank engage at the j^int with the 
handle nearest the ^ound. Then it should be 
pulled up clockwise with a short, snappy pull. 

While on this subject, an explanation should be 
given of the pro^r method of cranking an engine, 
as illustrated in Figs. 4, 5, and 6. The reason for 
the necessity of starting a gasoline engine, either by 
cranking by an electric motor, or by hand, is ex¬ 
plained on page 81 



Fig. 4 



Fig. 5 



Fig. 6 


Fig. 4 shows the proper method of grasping a starting crank. 

Fig. 6 shows the direction as indicated by the arrow point, 
in wnioh to pull up on the crank with a quick, snappy pull, in 
order to spin the engine crank shaft. With the crank grasped 
as shown m Fig. 4, and the “pull-up” made as in Fig. 5, there 
is no chance for a back-fire of the engine to cause a kick-back. 

In Fig. 6, note that if the starting crank is pushed down, and 
if the engine should back-fire, which often occurs, when the 
engine is being slowly cranked, if—under these conditions— the 
spark lever is advanced, the full force of the kick-back is against 
the arm, and a sprained or broken wrist may result. Never 
push down on a starting crank to start an engine. Pull up. 

Another point to remember is, do not tire yourself out by 
continually cranking, if an engine does not start after cranking 
five or six times. Find the cause of the failure to start. 


After the euMe is started, close the throttle and 
place the spark lever about half or two-thirds on 
sector until the engine runs slowly and evenly. On 
the Studebaker “EJ,” the instructions are to place 
the spark lever at full manual advance; on the 
Buick, about half-way, and on the Westcott, at 
two-thirds advance. 

As the engine warms up, the “choke,” button 
should be pushed in; in fact, this should be done 
as soon as possible. 

Never allow the engine to nm any length of time 
with the air regulator turned to “choke,” as this 
gives an excessively rich mixture and uses an ab¬ 
normal amount of gasoline. 

Handling the, Spark 

Ordinarily, on most engines using an automatic 
advance of spark, the spark lever should be about 
half to three-quarters of the way to the top of the 
quadrant for normal driving conditions. On the 
Studebaker “EJ,” the automatic spark advance for 
starting and running speeds is full advance; on the 
Westcott, using an automatic advance, the spark 
lever is placed about three-quarters of the way to 
the top of the quadrant or sector; on the Buick 
about half way. The automatic spark advance, 
which is incorporated in the ignition system, will 
control the spark position without further attention 
on the part of the driver. It is arranged so as auto¬ 
matically to advance or retard the spark to the 
proper position, depending on the speed of the 
engine; but as the car slows down, as on ascending 
a steep hill, or when negotiating a heavy roadj it is 
necessary to retard the spark lever by hand until the 
engine runs smoothly and without knocking. 

With engines not equipped with an automatic 
advance of spark, it is best to start the engine with 
the spark lever near full retard, and then, after 
the enMe is started, it should be advanced. The 
exact location of the lever will depend upon the 
speed of the engine. 

Just how much the spark should be advanced, or, 
rather, how much spark advance the engine will 
stand, depends largely on how fast it is running. 
The faster the engine is running, the more the spark 
should be advanced. Bear in mind constantly, 
however, that there is such a thing as overdoing it 
^d advancing the spark lever too far. When tnis 
is done, the ignition takes place before the charge has 
been fully compressed, and conseouently the piston 
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is obliged to overcome the pressure of the expanded 
gases of the exploded charge before it can commence 
on its power-delivering stroke. 

Furthermore, when the spark is advanced too far, 
a slight pounding noise in the engine is the result. 
This pounding is sometimes not noticed by the 
beginner^ as it usually is but slight, owing to the 
substantial construction of the crank shaft, and by 
the uninitiated it is often accepted as permissible. 

Advancing the spark too far is very injurious, 

because by it the bearings, crank shaft, and connect¬ 
ing rods are required to withstand strains which 
are greatly in excess of those produced when the 
ignition occurs at the proper moment. 

The engine should never be allowed to run for 
any length of time with the spark retarded. 

With a retarded spark and a late explosion, the 
combustion or burning of the charge of gas is not 
complete. This causes a great amount of carbon 
to be deposited on the walls of the cylinders, combus¬ 
tion chambers, piston heads, spark plugs, etc. It 
also causes the engine to heat to a much higher 
temperature, which causes a very severe action on 
the valves and valve seats. When the charge is 
ignited at just the right instant, the combustion is 
practically complete, so that when the valves open 
a thoroughly burned charge passes out. On the 
other hand, when the charge is ignited late, tlie 
charge is still burning when it passes through the 
valve opening and tends to heat, burn, and scale, 
and to cause pits on the valve and valve scats. In 
time, this creates a condition which prevents the 
valves from seating properly or fitting tightly, and 
therefore a loss of compression and a corresponding 
loss of power is the result. 

Starting a Car—Shifting Gears 

How to start a car: After the engine has started, 
be sure that the oil-pressure gauge and ammeter are 
indicating properly; then release the hand brake. 
Place the left foot on the clutch (left) pedal (see Fig. 
3), and press it forward as far as it will go, thus dis¬ 
engaging the clutch. The engine is now running 
indepenuently of the transmission, the gear-shift 
lever is supposed to be in “neutraV^ position, and the 
clutch is held ^'out^^ by the left foot. The next 
operation is to place the right hand on the gear-shift 
lever and to move it to the left, sidewise, and pull it 
back into '^firsP' gear position. 

Next, slowly release the pressure on the clutch 
pedal, at same time pressing easily on the accelerator 
pedal with the right foot, to increase the speed of 
the engine. As the clutch takes hold, the car will 
commence to move forward. 

Shifting from first to second gear: When the car 
is moving about four to six miles an hour, the gear 
shift from “first” to “second” gear should be made. 
This is done by disengaging the clutch, as explained 
above, and moving the gear-shift lever forward to 
“neutral” position, then to right and forward again 
to “second speed” position. Re-engage the clutch 
and accelerate as before. The gears are now in 
“second gear’^ position. (See g^r-shift movement 
of the Studebaker at the lower right-hand corner of 
Fig. 3. See also, page 29, Fig. 22.) 

Shiftins from second to third or high gear: The 
car shoulabe accelerated to about eight to ten i^es 
an hour> and the gear shift from “second” to “third” 
gear should be made by pulling the lever straight 
back, the clutch being disengaged as before. 
“Third” or “high” gear is used in all ordinary driv¬ 
ing, but there are times when it is necessary to shift 


to second gear: for instance, when climbing hills, 
or when on rough or heavy roads, or when lowing 
down for traffic. 

To increase the speed of the car under these 
conditions, the butterfly throttle valve of the car¬ 
buretor is opened CTadually, by means of the acceler¬ 
ator, and the spark lever should also be advanced as 
the speed increases. 

Pointers on Shifting Gears when Starting Car 

When shifting from a lower to a higher gear, as 
^en first starting, it is important that the speed of 

so that the two gears that are to be me^ed together 
will bo running at approximately the same speed. 
The proper handling of the clutch pedal and acceler¬ 
ator so as to make the motor “pick up” its load 
quickly, and at the same time prevent it from “rac¬ 
ing” when the clutch is released, requires consider¬ 
able practice. 

In changing gears, especially when starting the 
car from a standstill, always let the clutch pedal 
come back gently, otherwise, a quick release of the 
foot clutch pedal will let the clutch take hold with 
a violent jerk. 

In shifting gears from one speed to another, the 
motion should be made firmly and without hesita¬ 
tion. If the gears fail to mesh correctly the first 
time, release the pressure on the control lever and 
clutch pedal for a moment and try again. With a 
little practice, the various changes can be made 
easily and without noise. 

'^en there is a grinding noise on shifting gears, 
it is usually the result of the clutch not being 
“thrown out” sufficiently, and the engine is thus 
driving the main transmission shaft. By pressing 
firmly on the foot clutch and quickly shifting the 
gears, the shift should be made without a particle of 
noise—providing the clutch pedal is not released 
until the shift is made. 

If there is noise, such as a clashing of gears, with 
the foot clutch pedal thrown out fully, then the 
clutch is dragging, or the transmission main shaft 
bearings are worn. 

Most cars use a selective type of transmission, 
giving three forward speeds and one reverse speed. 


Stopping Car and Engine 

To stop the car, slow down the engine by removing 
the foot pressure on the accelerator pedal by press¬ 
ing down on the clutch pedal with the left foot. 
Then disengage clutch, gradually press down on the 
foot-brake pedal (right pedal), so as to bring the car 
to a gradual stop. At the same time move the gear¬ 
shift lever to “neutral” position at which time the 
foot can be removed from the clutch pedal. After 
the car has stopped, apply the hand brake by pulling 
the hand-brake lever to the rear. Never leave the 
car standing with the hand brake released. 

If the road surface is wet and slippery, a greater 
breaking effect may be had by pushing in on the 
foot-brake pedal intermittently, i.e.. hold the brake 
pedal down for an instant (mly, then release and 
apply again. Keep doing this until the car is 
brought to a stop. If the brake is constantly 
applied, the rear wheels will be locked and traction 
will be lost. 


Note. Applies to early modeli—see footnote^ page 629. 
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To stop the engine, turn the ignition switch off. 
Before doing so, however, it is good practice to 
move the spark lever to the starting position and 
set the hana brake before leaving the car. 


The clutch is now let in, and the levers are in the 
position shown at (B). Now this is the point at 
which skill is required, and where practice is neces¬ 
sary. 


Lock the ignition switch when leaving the car 
standing ^one. Never leave the car with the 
engine running, as this is a useless waste of gasoline, 
and there is always a chance that someone may 
throw the gears into mesh. 

Reversing 

To reverse the motion of the car, it is first neces¬ 
sary to stop the car. Never attempt to shift into 
“reverse” gear when the car is in motion. With 
clutch disengaged, move the shifting lever to left 
and forward, and then gradually engage the clutch 
and accelerate the engine as before. One rule that 
the driver must always remember is that the clutch 
must be disengaged whenever gears are shifted. 

Starting Car on a Grade 

To start a car when on a grade, start the engine 
as before; then release the hand brake and hold the 
car with the foot brake while shifting gears. N()W 
accelerate the engine with the hand throttle wdiile 
gradually releasing pressure on both pedals together. 
It takes practice in operating the clutch and brake 
pedals to make the one take hold while releasing the 
other without “stalling” the engine. 

Shifting from a High to a Lower Gear after 
Car Is Under Way 

Shifting down is the term used when a car is 
running on high gear and it is desirable or necessary 
to shift to a lower gear. 

Shifting from third or high to second: To shift 
from “third” or “high,” to “second” gear, disengage 
the clutch; accelerate the engine to approximately 
twice the revolutions at which the engine was turn¬ 
ing over previous to shifting gears; then push the 
lever to “second” gear position and re-engage-the 
clutch. 

“Low” or “first” gear is ordinarily used only in 
starting, but in exceptional cases of very heavy 
pulls, it will be better to shift back to “first” gear, 
whicn is done in a similar manner as the shift from 
“third” to “second.” In coming to a bad piece of 
road, full of ruts, bumps, or holes, it is best to shift 
immediately into “second,” or “first” if necessary. 
Thus, you have much better control of the car and 
can pick up more readily. When using lower speeds 
you can control the car almost entirely with the 
accelerator, letting yourself dowm easily into holes 
and over bumps without having to slip the clutch. 

When passing through traffic, it is sometimes 
desirable to change to a lower gear on level ground 
without slowing down the car. To attempt this by 
de-clutching and putting the lever directly into the 
low^er speed notch—in the same way that this is 
done while ascending a hill—would be to invite a 
very noisy clash of the gears. 

♦ Instead of this, the change is made in three pro¬ 
gressive steps, as shown in Fig. 7, and the speed 
of the car is not reduced to any appreciable degree. 



Fig. 7. Example of shifting from high to second gear while 
the car is in motion: (A) clutrh out and gear-shift lever brought 
to neutral; (B), gear-shift lever in neutral position; (C), eluteh 
out and gear-shift lever pushed forward to second; clutch is 
then released. 


The engine is speeded up until it is turning over at 
the same rate of speed as it would be were the low 
speed engaged. It will take a little practice to 
accustom the car to judge by the sound of the 
engine whether it is turning over at the eorrei't 
speed or not. 

After the engine is speeded up to the proper de¬ 
gree, t he clutch jiedal is depressed, and the change 
gear lever brought into seimnd speed gear as at (C). 
The same method will apply in going from second 
to first. 

Changing from higher to lower speed on a grade: 
When the car is facing upwards, it is a little more 
difficult to be able to judge when the speed is 
sufficiently great to justify a change from first to 
second speed. The hill may be of such slope tiuit 
it is an easy matter for the car to take it on high in 
ordinary running, but may still he so steej) that the 
pause in the gear-shifting act, is sufficient to cause the 
speed to drop considerably. In a case of this kind 
the driver should be able to judge at just what 
speed he should throw out his clutch and make the 
change. The steeper the hill, the greater will be 
the speed required before the change can safely be 
made. 

Trouble in dropping to lower speed on a hill can 
be averted if the critical moment at whicli to make 
the change is learned. If the driver waits too long, 
he may “kill the engine,” and sometimes place 
himself in a very serious position. 

If he tries to make the change too soon, he will 
clash gears. 

By changing at the critical moment, however, an 
easy, quick change can be made. 


^^Running in” a New Car 


When setting up and starting any new piece of 
complicated machinery, you would ordinarily expect 
to watch it pretty closely, and go a little easy with 
it until its various bearings, parts, etc., had become 
thoroughly “worked in.” An automobile is no 
exception to the rule. While every bolt and nut in 


the automobile is drawn tight, and secured with 
either cotter pins or lock washers when the car leaves 


the factory, nevertheless it is advisable to go over a 
few of the more important points and make sure 
that everything is in perfect shape. 


The first movement shown at (A) in the illustra- T’*®. following pomts should receive your special 
tion (Fig. 7) is to disengage the clutch and shift the attenHon durmg the time that the car is hemg 
gear-shift lever forward from high to neutral (center <l«''e« *l»e few hundred miles: 
position as shown in the dotted lines). This leaves Between the upper crank case and the oil pan, or 
the car coasting with the engine running. between the cylinder heads and the C3dinder block, 

^Termed **d(mble clutching/* a method of gear shifting often resorted to with trucks equi|med with the selective sliding gear 
type of transmission not employing the synchro-mesh unit, in order to avoid clashing of gears. With the ftynchro-meah type of tranr 
manon, now used on practically aU passenger automobiles, gears can be shifted without clashing. See pp. w2C, 958. 
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there are usually gaskets. During the first few 
days of service a gasket may become slightly com- 

ressed, thus loosening the crank case to oil-pan 

olts. Consequently it will pay to go over the nuts 
on the bottom of the oil pan with a wrench and 
tighten them up. Drive a few davs, and try them 
again. Continue to do this until the gasket has 
become fully compressed and the parts have settled 
into permanent working position. If you will take 
this precaution, the joint will bo absolutely tight 
and you will never have any trouble^ such as loss of 
oil or water, and dirt being washed into the oil pan 
and then circulating with the oil through the bear¬ 
ings, causing excessive wear and cutting. 

At first, it will be well occasionally to go over all 
of the bolts that hold the engine to the frame, and 

see that ibey are kept tight. If you find them per¬ 
fectly tight after inspecting thein two or three times, 
you need never fear that they will loosen up. 

It is advisable to put a wrench to all nuts on dif¬ 
ferent parts of the car and make sure that they are 
perfectly tight after it has been driven a hundred 
miles or so. When they have once been screwed 
up as tightly as possible and the car has been 
thoroughly ^'nin in,” there will not bo so much 
danger of loosening up and causing damage. 

Spring clips will loosen if the nuts on the clips are 
not. tightened occasionally. It is very important to 
tighten these nuts often. 

Fender bolts also demand attention. 

The universal joints should be kept well supplied 
with grease. 

Lubrication of a new car. It is needless to remark 
that lubrication is one of the most important things 
to look after on a new car. All parts should be 
thorouglily lubricated and greased as directions 
provide. Follow the lines there suggested. In the 
absence of directions from the maker, study the 
lubric.ation subject carefully. 

Remember one thing: cheap oil will cost ten times 
more, maybe a hundred times more in the long run, 
in the way of repairs. The best oil is none too good. 

Also remember that oil should be changed in the 
engine often, for reasons stated on page 107. Just 
how often to change will be determined by the 
amount of gasoline in the oil, which one should take 
particular note of, when changing. 

“Running in” a New Engine 

‘"Rtinning in” a new engine is a very important 
factor in the life of a car. More harm can be done 
during the first few days than one can imagine—if 
(5are is not exercised. For an explanation of this, 
read pages 171,167, relative to the importance of 
lubrication and slow running for the first 500 or 
1,000 miles, in order to work the pistons properly 
to a smooth fit to the cylinders, and so as to avoid 
cutting or scoring the cylinders. See also Index 
under ^‘Reaming cylinder.” 

Don’t race an engine: Never open the throttle 
suddenly, or leave it open very far, when the car 
is standing and the engine is running idle. This is 
known as racing the engine, and there is nothing 
more injurious, especially when the engine is cold. 
More engines have been ruined by racing while idle 
than have been worn out in actual driving imderload. 

When the engine stands over night, don’t immedi¬ 
ately race the engine to warm it up, because the 
oil has drained from the bearings, the cylinder walls, 
etc. Consequently it is going to take a few minutes 
to lubricate these parts properly. Therefore first 
let it run slowly for a minute or so. 


Hill Climbing 

Until yoil have become thoroughly familiar with the operation 
of the car, and have mastered the things necessary to make a 
good driver, do not attempt to climb “on high” every hill you 
see, just because your neighbor possibly has said that his car 
would do it. There can be nothing more detrimental to the 
e^ine^^and driving parts than to try climbing everything on 

The first and second-speed gears are placed in the car for a 
purpose, and if the hill that you are approaching is at all steep, 
shift into “second” a little before you are really on the hill. 
Do not try to go into “second,” however, at any Ume unless the 
speed of your car has been reduced to the pace at which the 
second speed would carry you if it had already been changed. 
Many accidents, and serious ones, have results from a driver 
attempting to rush a hill “on high,” getting half-way up, and 
having the speed of the engine so reduced that when he came to 
shift into low it was too late; th.e engine would not then acceler¬ 
ate sufficiently to carry the car up on low, and possibly the 
brakes were not working just as they should, the result being 
that the car would back down the hill faster and faster, until it 
finally landed in the ditch. Backing down hill with brakes is a 
task for a skillful and eimerienced driver, and even he cannot 
guarantee a good job. It is a most confusing situation and 
requires the instant exercise of good judgment. 

The secret of successful hill climbing is to keep your engine 
running a little faster at all times than its work requires it to 
run, i e., to keep it “ahead” of its work, so that it is ready for 
ex^a duty without stalling at the critical moment. The fore- 

f :oing does not nican that many hills cannot be climbed “on 
ugh,” but it is best not to try until you are sure of yourself and 
of your ability to get into second, or even first if necessary, 
half-way up the hill, and also to determine from the sound of 
the engine wheth<T it is “working hard.” If you must go into 
a lower gear on a hill, shift with a quick, firm movement, and 
take care not to let the momentum of your car be reduced 
any more than is absolutely necessary. Every second that 
you have the clutch disengaged on a hill for gear shifting, 
counts, as the car slows down at a very surprising rate. 

If, on climbing a hill on “third,” the engine has been stalled 
before reaching the top, it may require considerable skill to 
start from your standing position on the incline. Immediately 
upon finding yourself in such a predicament, apply the hand 
brake with all your strength, and be sure that the brake ratchet 
catches; then throw the gear-shifting lever into neutral. After 
starting the engine again, push out the clutch (leave the hand 
brake still on), push the gear lever into first speed, and slightly 
race the engine (the only condition under which it is permissible, 
excepting when in a mud hole or the like); then take hold of 
the band brake and keep the engine speeded until the brake 
has been entirely rcleaK(*d, the clutch entirely engaged, and 
a safe start has once more been made up the hill. Experience 
is the best possible teacher where tljero is a considerable amount 
of hill work to do. 

Importance of the Clutch 

The clutch of an automobile is a device by means 
of which the power of the engine and the driving 
mechanism may be connected or disconnected at 
the will of the driver. This particular part is prob¬ 
ably used more than any other part of the car, and 
a careful studv of its purpose and princ^le is ad¬ 
vised. Though the device is simple and its use plain 
at first glance, the clutch, nevertheless, lends itself 
to a number of skillful uses in the Inmds of the 
experienced driver. Remember always to “throw 
out” the clutch before changing gears. 

When the clutch is “let in,” or engaged, this 
should at all times be done smoothly and so gradu¬ 
ally that the motion of the engine snaft is transmit- 
tea to the drive shaft without jarring. 

A suddenly let-in clutch will do one of two things: 
it will either rack the mechanism of the entire car, 
or stall the engine. With a little practice the left 
foot may be schooled to let the clutch in quickly, yet 
gently and smoothly, 

Wlien you meet a stretch of road covered with 
sharp, broken stones, it is an excellent plan to speed 
your car a little before you reach the stones and 
then disengage your clutch, permitting your car to 
coast over the bad spot. By shutting off the driving 
power you protect your tires against a very destruc¬ 
tive action, termed the “traction,” which otherwise 
would be set up between the sharp stones and 
tires, 



634 


DYKE’S INSTRUCTION No. 66 


When reversing, remember to bring the rear 
wheels to a dead stop before letting the clutch in. 
Complete familiarity with the motions of going 
from one speed to another and ^ck again should 
also be acquired before attempting to run on the 
open road. 

Learn to drive by throttling the engine, instead of 
constantly throwing the clutch out. The average 
driver uses the clutch about twice as much as he 
should. 

Instructions on Steering a Car 

Steering is largely a matter of practice. 

The positions to assume in steering or driving a 
car are shown in Fig. 8 (2), (3), (4), and (10). A very 
slight movement of the steering wheel or lever is 
sufficient to turn the car, and too sudden a turn 
may cause an upset. 



Fig. 8. Correct and incorrect positions in driving: (1) 
fierce grip, a bad method; (2) correct hold for forward move¬ 
ment; (3) finish of forward movement: (4) alternative grip 
suitable for many gears; (5) awkward hold of wheel; (6) 
proper and comfortable hold; (7) wrong foot position; (8) 
nervous, uncomfortable position; (9) careless, lounging posi¬ 
tion; (10) correct “seat.’’ {Popular Mechanics.) 

When learning to drive a car, it is a good plan to select a 
straight road, as wide as possible, and with the engine running 
slowly, throw in the low speed. The car will move forward 
slowly, and it will then be necessa^ to steer. The first inclina¬ 
tion will be to grip the wheel as tightly as possible, but after a 
little running a light grip will be found sufficient. At this 
stage it is necessary to learn self-control 'first, and not to get 
“rattled.” 

If the oar bemns to run off the road, or into an obstruction, 
throw out the clutch and apply the foot brake, so that it comes 
to a standstill. When the excitement has died down, try again, 
gnd it will not be long before steering comes easily. 

There is no time lost between the turning of the steering 
wheel and the turning of the car; when taking a comer do not 
move the wheel until the car is at the poin^ where turning is 
necessary. 

How to Use the Brakes 

When the brakes are suddenly applied with full 
force to the wheels of a car speeding along at the 
rate of, say, thirty miles an hour, the braking action 
will be so powerful as immediately to stop the rota¬ 
tion of the driving wheels—^but the car will not come 
to an immediate standstill; its momentum will send 
it forward, and the locked rear wheels will slide over 
the ground with most destructive effect on the tires. 

When you consider that in railroad practice the 
so-called ^^flat wheel’^ is produced by too sudden 
braking, you will be able to appreciate the effect 
which a similar practice must have on the soft rub¬ 
ber tires of an automobile. 

Bear m mind, therefore, that'the best method of 
using the brakes is that which applies pressure on 


them so gradually that the forward movement of 
the car and the rotation of the wheels come to a stop 
together. 

Nothing is more severe on a car than the spec- , 
tacular stopping often indulged in by ignorant 
drivers, in an effort to ^'show off.” 

The careful driver shuts his power off before he 
reaches the stopping point and permits the car to 
carry him along on its momentum, bringing it, with 
a gradual application of the brakes, to a halt at the 
exact spot. 

In order to slow down gradually, as when ap¬ 
proaching a crossing, close the throttle and apply 
the foot brake without disengaging the clutch. It 
is more economical to wear out the brakes than to 
wear out the clutch. It is of course necessary to dis¬ 
engage the clutch when, making a complete stop. 

Whenever it becomes necessary to slow down 
quickly, release the clutch first; that alone will have 
an immediate slowing-down effect on the movement 
of the car, because it disconnects the power. If 
additional checking is needed, apply the foot brake, 
or, for a quick stop, the foot and hand brakes 
together. To make it plain, the clutch pedal goes 
down fibrst, the brake pedal next. 

If a full stop is not desired, assuming that the 
emergency has passed, release the brake pedal first, 
then let the clutch pedal come up. If you did the 
reverse, the engine would be compelled to pull 
against the brake, with a consequent rapid wearing 
down of the brake lining. ^ (See also ^‘Brake adjust¬ 
ments,” under the discussion of the repair subject.) 

No motorist is qualified to give his car the best 
care until ho has mastered the control of the gears 
and of the brakes. 

Slipping brakes are usually caused by oil working 
out the rear axle on to the brake lining. 

If a grade is long and steep, use the foot and hand 
brakes alternately. This equalizes the wear on 
them, and also gives them a chance to cool. 

If the Brakes Fail 

If the engine stops while descending a hill, the 

brakes should be thrown on at once to keep the car 
under control. If poor adjustment of the brakes 
renders them insufficient for this, then place the 
gears in low speed. This will tend to check the car. 
It is then a matter of steering the car to the best 
advantage. 

If, when ascending a hill, the engine stops and 
the br^es fail, try putting the gears in reverse. 
This will then turn the engine in the right direction, 
and ought to start it. It may be possible to steer 
it—owing to its extremely slow speed—off the road 
into a bank or other obstruction that will stop the 
car without much damage to it or to its occupants. 

Situations such as this require a cool head and a 
steady hand, and the more experience in operating 
that the driver has, the greater are the chances for 
handling it in the right way. 

Stopping a car on an up-grade and starting again 

requires skill, for the brakes must be withdrawn and 
the clutch let in at the same instant with one move¬ 
ment. 

On a long descent, when you find it necessary to 
use the brakes constantly, apply the hand and foot 
brakes alternately, to avoid burning out the brake 
linincs. 
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On steep hills, when descending, the engine can 
be used in assisting to hold back tne car by leaving 
the clutch engaged and the transmission gears in 
first or second speed, as the resistance offered by the 
compression in the engine will make it unnecessary 
to apply the brakes so hard, thus assisting in pre¬ 
venting their becoming overheated. 

When operating the car in the above manner, 
or when coasting, keep the throttle closed but do not 
turn off the ignition switch as a certain amount of 
unburned gas might accumulate in the exhaust pipe 
and muffler and there would be danger of this gas 
igniting and bursting the muffler when the ignition 
switch is again turned on. 

When the Car Skids 

Altliough the driver feels helpless at first, a little 
experience will soon give him confidence. Most 
skids can be corrected by the manipulation of the 
steering and brakes. An expert driver can keep his 
car straight under almost any conditions, but it is 
impossible to explain just how he does it. Usually 
the rear end skids first, and in the right-hand direc¬ 
tion, this being caused by the crown of the road. 


Under such conditions, the skidding action will be 
aggravated if the brakes are applied, ahd the car may 
be ditched or continue to skid until it hits the curb. 

In an emergency of this kind the correct action is 
to let up on the accelerator pedal to shut off the 
power, but not entirely so, or it will have the same 
effect as putting on the brake. If the car seems to 
right itself, the power may be applied gradually, 
and it will bo advisable to steer for the center of the 
road again. However, if the car continues to skid 
sideways, steer for the center of the road, applying 
the power gently. This will aggravate the skid for 
the moment, but will leave you with the front wheels 
in the center of the road and the car pointing at an 
angle. By so doing, you can mount to the crown of 
the road again, and the momentum of the car will 
take the rear wheels out of the ditch on the right- 
hand side. It is customary to advise turning the 
front wheels in the direction in which the car is skid¬ 
ding, in order to correct the action, but this can 
hardly be said to be true in all cases. It holds good 
where there is unlimited side room, but usually the 
car hits the curb, or is in the ditch, before you can 
straighten it out with the steering wheel. 


INSTRUMENTS, CONTROL LEVERS, PEDALS, AND GEAR SHIFTS OF SOME OF THE 

PASSENGER CARS 


The following illustrations show the hand levers, 
foot pedals, dash or cowl with instruments, and also 
tlic gear-shift movements of some of the leading 
cars. 


STEE3«NQ WHEEL 
THROTTLE LEVERi 
HORN BUTTON 
SPARK LEVER 


INSTRUMENT LAMP 


on. PRESSURE 
CAUOE 


SPEEDOMETER 



FOOT DRAKE 
PEDAL 


EMERGENCY 
BRAKE LEVER 


USTARTING PEDAL 


ACCELERATOR PEDAL 


Most cars now use the ^‘ball-and socket type of 
gear-shift’^ lover. 

The ^^gear-shift movement,’' or the direction in 
which to move the gear-shift lever to obtain various 
speeds, is shown in each illustration. 

Most of the gear shift movements are, what is 
termed the S. A. E. standard gear-shift movement 
as described on page 27 and illustrated in Figs. 19 
and 22, page 29 and Fig. 10 below. 

Very near all cars use the “ball 
and socket” type of gear shift lever (page 27). 

The make of electric system used on these cars, 
as W(‘ll as on other makes of cars, can be found by 
referring to the Index for “Specifications of cars.” 

The make of carburetor, steering device, rear 
axle, engine, etc., can also be found in these speci¬ 
fications. 


VENTiUTOR HANDLE 

(UNDER COW\.) 

AIR COMPRESSOR- 

(OASOLINE SYSTEM) 

HAND THROTTLE ■ 

SRi^RKr- 
CONTROL 


,aiEL pressvjre gauge 
'.AMMETER 

1 .CMi. O^UGE 

, INSTRUMENT LAMP 
AU» SWITCH »-0RTAll. LANP 
and INST. LAMP 


Fig. 0. Buick, 1921,1922, six-cylinder car. Gear-shift move¬ 
ment is shown at top of illustration. Firing order of engine is 
1, 4, 2, 6, 3, 5. (S.A.E. standard gear shift used beginning with 
1928 cars.) 

The purpose of these illustrations is to familiarize 
the reader with the gear-shift movements and the 
location and purpopf? of the control members. 



Note. Applies to early models—see footnotes page 629. 


GEARSHIFT 
LEVER 

brake PEDAL' 

AIR COMPRESSOR tONTROL” 
triRE 'NfLATION)^^^^ 

Head lamps — lock 

Fig. 10. Cadillac type **61.” Note the short spark and 
throttle levers, and also that the fuel pressure gauge, the 
ammeter, and the oil gauge are in one unit on the cowl. 

Gear-shift movements are shown at top to the right above. 
The firing order of types ‘*51 to 61” engine is shown on page 84 
and t3rpe “V-63” on page 1051. 
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Fig. 17. Franklin series “9-B.” Goar-shift nmvt-mcnt is 
shown. Firing order is 1, 4, 2, 6, 3, 5, Franklin series “10” 
car employs the S. A. E. standard gear shift (ijages 27, 2‘J;. 



Fig. 18. Briscoe. 



FOOT^/VCPEC^ 
CHANGE GEA'R LEVER 


Fig. 19. Hudson model “O.” To start the Hudson engine: 
Place the spark lever near the top; open the throttle slightly; 
place the gasoline feed-regulator lever a little to left of center 
position; when the engine is cold unlock the primer pump by 
turning knob until it releases. Give the plunger two slow 
strokes. Lock again by turning the knob until the pin lines 
up with the slot. Then press in and give a quarter-turn. 
Notice that the primer must always be locked when driving; 
turn on the ignition switch; press the starting pedal and 
release it when the engine starts. 


If the engine does not start immediately, turn the air control 
lever, or choke to the right for a few revolutions, and then let 
it go back again. Firing order, 1, 5, 3, 6, 2, 4. 

Ammeter: Shows whether the storage battery is discharging 
or being charged by the generator. It should always snow 
charge when the car is traveling over 10 m.p.h. with the lights 
out. See page 397 for wiring diagram. 


Oil-pressure gauge: Simply an indication as to whether the 
oil pump is delivering oil or not. It should alw^s show pres¬ 
sure when the engine is running. It does NOT register the 
quantity of oil being delivered to the motor. That is governed 
by an adiustment of the pump itself. See page 163. 

Csxburetor control: The upper lever adjusts the amount of 
fuel allowed to enter the r^otor. The lower one is a choke to 
la militate starting in cold weather or when the motor has been 
kUs tor some time. See pages 136,187 Hudson carburetor. 


Vacuum pump: Used for hlling the vacuum tank (see (I'O* 
Fig. 1, page 113) when it has become emptied. Ordinarily 
the motor supplies the vacuum necessary to deliver the fuel. 

Spark lever: Controls the distributor and spark timing. 
The distributor is controlled by an automatic adjusting meoham- 
ism, but to obtain all-around efhciency, the spark must also be 
controlled manually to a certain extent. If the engine shows 
a tendency to knock on a heavy pull, padually retard the spark 
until the knock ceases. It is a good rule always to carry the 
spark advanced as far as possible without the engine exhibiting 
any tendency to knock. See page 397 for electrical wiring 
diagram. 



Fig. 20. Essex model “A.” Firing order, 1, 3, 4, 2. 



Fig. 21. Pierce-Arrow dash and control units (1918-19 
model): (A) gasoline regulator on column; (Al) accelerator 
pedal; (B) steering wheel; (Bl) brake pedal: (C) dimmer but¬ 
ton; (D) Klaxon horn button; (E) hand-brake lever; (F) gear- 
shifting lever (see page 27); (G) clock; (H) handle to operate 
ventilator (VL) on hood; (1) autometer or odometer: (J) knob 
for setting tenths of a mile: (K) speedometer; (L) knob for 
setting odometer trip figure back to zero; (M) gasoline gauge; 
(N) dash lamp; (O) oil gauge; (P) ammeter: fQ) spark lever 
(see top illustration); (R) throttle lever; (S) left-hand dash 
cabinet door; (T) lighting switch; (U) starting button; (V) 
hand-pressure pump handle (arrow pointing to the right for “ofiF” 
position; arrow pointing to the left for "vent” position); (VQ 
plunger for priming: (K) starting switch (lock above); (Y) 
starting-switch handle; (Z) clutch pedal. 

On some of the Pierce-Arrow models of cars as shown above, 
the switches (X) and (Y) are two lover switches: ignition ana 
lights, with starting button (U) mounted above the two levers 
and a Klaxon horn button in the top of the steering column. 
Note that on this model and on prior models of the Pierce- 
Arrow oar, the throttle and spark levers are placed under the 
steering wheel. See page 27 for the four-speed gear shift of 
this model. 

Pierce-Arrow 88 and 48 h.p. cars each have four speeds for¬ 
ward, and one reverse; direct on fourth. The rear-axle gear 
ratio on the 38 h.p. is 3.78 to 1, and 3.53 to 1 on the 48 n.p 

38 h.p. 48 h.p. 

Ist speed (trans ratio).3.88 to 1.... 4.1 to 1 

2d speed (trans ratio).2.22 to 1... .2.15 to 1 

3d speed (trans ratio).1.65 to 1.... 1.65 to ] 

4th speed ctrans ratio). direct .... direct 

Bieverse (trana ratio).4.66 to 1... .4.98 to 1 
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Fig. 22. Pierce-Arrow “series Si,” 1921, Note the short 
B]>ark and the tlirottle levers on the steering wheel. See Index 
for the rear-axle ratio of Pierce-Arrow “series 32“ car. Three 
forward speeds and one reverse are used on this car. Radiator 
capacity \b7H gallons; gasoline tank, 26 gallons; engine oil in 
crank case, 18 pints. To start the Pierce-Arrow engine: 

1. Be sure the gear-shift lever is in neutral. 

2. Insert the switch key and turn one complete turn to the 
left. Pull out the ignition button stamped “Double.” 

3. Advance the throttle (right) lever 1 

4. Advance the spark lever about halfway on the quadrant 
for starting and about two-thirds when driving under 
normal conditions or up to 50 m.p.h. 

5. Prime the engine by pulling out for an instant on the 
priming button. 

6. Press firmly on the starting plunger and release as soon as 
the engine starts under its own power. 

7. Close the throttle until the engine runs slowly. 

8. If necessary, move the dash carburetor regulator until the 
engine runs evenly without missing, by turning to the left. 

9. Allow the engine to run a few minutes until it warms up. 
It will run a great deal smoother and pull better when it 
starts to move the car. 

10. When the engine is thoroughly warmed up, turn the dash 
carburetor regulator back to normal (center) position. 
I'iring order, 1, 5, 3, 6, 2, 4. 



Packard eight uses the same gear shift, which is the standard 
S. A. E. three-speed gear shift. 



Mg. 24. The Locomobile instruments kud control members: 
^37) ignition switch; (38) gasoline pressure gauge; (39) dash 
(40) speedometer and elook; (41) voltmeter; (42) oil 


gauge; (43) looking switch; (44) hand-pressure pump; (45> 
starting Dutton; (46) panel-light button; (47) side and tail- 
light button; (48) head, tail-light button; (49) clutch pedal; 
(50) brake pedal; (51) accelerator pedal; (52) carburetor 
adjustment; (63) throttle lever: (54) spark advance lever; 
(66) gear-ehift lever; (56) hand-brake lever; (57) dimming 
button. 

Locomobile 48, series seven, rear-axle ratio is 3.85 to 1. 
Transmission gear ratio is as follows: 


Ist speed.15.40 to 1 

2d speed.7.39 to 1 

3d speed.5.38 to 1 

4th speed (direct).3.86 to 1 

Reverse.21.75 to 1 



Fig. 25. Locomobile opcratii»g levers. 

Fig. 26 shows the four-speed “gate” type of selector, giving 
the movements of the lever for Ist, 2(1, 3d, 4th, and reverse. 
See Fig. 17, page 100, for the Lot^ornobile steering device. See 
page 70 for Locomobile valve timing. Firing order, 1, 6, 3, 
6, 2, 4. 

Flint model 6E is standard S. A. E. gear shift. 

Durant 4 is standard S. A. E. gear shift. 





Fig. 27. Chevrolet “490.” Firing order, 1, 2, 4, 3. The 
gear abift is shown. 

















fig. 28. Reo models “T6’* and Note that the com¬ 

bination switch for the ignition, lighting, and carburetor control 
is mounted under the steering wheel. The carburetor control, 
when moved towards “Start,” enriches the mixture by lifting 
the nozzle needle of the carburetor. The model “LL3P” Itay- 
field carburetor is used. 


The clutch i>edal o^rates the external brakes on the brake 
drum on the rear wlieels, and the emergency (foot brake) 
pedal (right) operates the internal brakes m the brake drums 
on the rear wheels. 



Fig. 30. H. C, S. series 2 and 8 instrument board and gear 
shift. The spark-control lever is the one on the outside of the 
sector of the steering wheel. Firing order is 1, 3, 4, 2. 



Fig. 29. Hupmobile instrument board and gear shift. 
Firing order, 1, 2, 4, 3. Gear shift is the S. A. E. standard 
three-speed gear shift. 


As an example of the information concerning a car, which can 
be obtained from the ^^Specifications of Leading Cars” (see In¬ 
dex), the data (below) concerning the Hupmobile are taken 
from same as follows:- 



Fig. 31. LaFayette instrument board and control members. 
Gear shifts are as follows: for 1st gear, lever is moved to the 
left and to the rear; for 2d gear, right side forward; for 3d or 
high gear, right side, rear; for reverse gear, left side, forward 

The number of teeth in the differential ring gear and the drive 
pinion is represented by either of the following combinationa 
which would give a rear-axle ratio as below: 

64— 11—4.9 tol 

65— 12—4.58 to 1 

64—13—4.15 to 1 


Model, H; wheelbase, 112^': engine make, own; cylinders, 
4; bore, stroke, 5W'; piston displacement. 182.5; 

t3dinder shape, L; cylinder nead, detachable; cylinder cast, 
In block; cam-shaft drive, chain; cooling, thermo-syphon; 
lubrication, force through hollow crank shaft; oil pump, gear; 
cuburetor make, Stromberg; ignition, Atwater Kent; elec¬ 
trical system, Westinghouse; rear axlp. own; rear axle type, 
tnree-quarter floating: steering-gear make, Jaoox; handbrake, 
internal on rear wheel; foot brake, external on rear wheel; 
tw-azlt bearings, roller; front-wheel bearings, roller. 


Note that the 64 is the number of teeth in the master or dif¬ 
ferential ring gear, and that 11 is the number of teeth in the 
drive pinion. To find the rear-axle ratio, divide 54-J-ll«4.f 
Therefore the drive pinion or propeller shaft would revolve 4.P 
times to 1 of the rear wheels or axle shafts. 

Engine: Bore. stroke, 5^"; S.A.E. h.p. rating, 33.8; 
actual h.p. developed, in excess of 100; valve lift, valvt 
diameter, 1^"; valve-stem diameter, 6/16"; valve-seat angle, 
46®: carburetor, 2"; piston displacement, 348 cubic inohea: 
angle between cylinders, 90®; firing order, 4, 2,6, 8; 1,7,3,5. 
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Fig. 32. Marmon 1922 instruments and controls. The 
controls and instruments will be found grouped conveniently 
about the driver’s seat, as shown in the illustration. The 
clock, speedometer, ammeter, and gasoline and oil pressure 
gauges are centrally located in the instrument board, being 
attached to a die-cast frame which is covered with one piece of 
glass. The instruments have no individual glass over their 
respective dials. 


The speedometer trip mileage can readily be set at sero with 
the adjusting pin. The season mileage can be changed only 
by returning the instrument to the manufacturer. 

The combination switch, on the instrument board just to 
the left of the steering column, controls the lighting and ignition 
circuits. The^nition lever has two positions, the “ON” and 
the “OFF.” The lighting lever has three positions. Firing 
order, 1, 5, 3, 6, 2, 4. 

The location of control members not shown in the illustration. 
The clutch pedal is the left foot pedal; the foot-brake pedal 
is the right foot pedal; the accelerator pedal is between the 
two ped^; the starter-switch pedal is just above the toe board. 

The gear-shift movement is the standard S. A. E. three 
speed, as shown in the illustration. 

The rear axle is shown on page 16. The steering device and 
its adjustments are explained under ’’Adjustment of steering 
devices” (see Index). 

The engine is a six-cylinder engine with overhead valves, 
the principle of which is shown in Fig. 92, page 63. Note in 
this illustration that the valve push rods are shown on each side 
of the cylinder, in order to explain the action of both valves in the 
head, whereas, all of the push rods are on one side of the cylinders 

The pistons used in this engine are of a different design from 
other pistons; see Index under “Marmon pistons.” 

The bore and stroke of the engine are 6 5^”x5H". and the 
piston displacement is 339.7. 


POINTERS ON SELECTING A NEW CAR 


Power: This is determined by the number of passengers to 
be carried and the condition of the roads. If the country is a 
0at district, a low-powered car will do efficiently and infinitely 
more economically what in a hilly country would necessitate 
perhaps nearly twice the power to do the work on high gear. 
For hilly country a car with a low reduction to the rear axle 
should be select^ in order that the engine may take the hills 
on high gear. 

Body: This is not much a matter of choice nowadays, as 
the cars are all built in large quantities and to a standard type. 
Putting aside for the moment the case of those who, from 
consideration of price alone, would confine themselves to a car 
of power and size suited for a two-seated body only, it is best 
to nave a “touring car” body of fi-passenger type. Though 
the back seats may be used only once m a while, they are never¬ 
theless too often wanted if not there, and the advantages of 
being able to give friends a lif. and of having plenty of room for 
luggage and parcels are well worth the slight difference. 

Enclosed bodies; The touring-car body is equipped with a 
very serviceable top, and, in combination with a glass front or 
wind shield and suitable side curtains, this type of body can be 
converted into a fairly weatherproof vehicle. 

The coupe and cabriolet body (page 5) is a very popular 
type for business purposes, as it protects one from the dust and 
weather, and is a very conifortable type of body for winter use. 

The sedan tvpe of body is a very popular type for family use, 
and can be fully enclosed for winter and opened for summer use. 
This type of body is adapted for those who drive their own car. 
A suggestion to those who are considering a closed car, yet 
really prefer an open car, is to purchase an open car and fit 
the rear with a tonneau wind shield as describe on page 649. 
The difference in cost of an open car and a closed car is quite a 
sum, and the low cost of tlie tonneau wind shield will save 
quite a sum of money, and yet will give the open car a nifty 
appearance as well as being comfortable. A closed car requires 
more power and gasoline, and there is usually a greater depreci¬ 
ation in its value. A closed car is generally geared lower 
than an open car, thus relieving the strain on the engine. 

The limousine is a more elaborate type of body and is used 
where a chauffeur is employed, as the driver’s seat is separate 
from the other seats. 

The price with man^ fixes itself; that is to say, their means 
enable them to decide in a very short time how far they can go. 
In any event, to arrive at a maximum figure one must include in 
the calculation a sum not less than, say, $75.00 to $100.00 for 
a small car, and so on in proportion to the size, in addition to 
the purchase price, in acquiring those accessories, spare tires, 
and tubes, which are necessary. 

Service: When purchasing a car don’t forget that in time 
you will need parts and your car will reauire expert attention. 
Investigate this feature and find out if the agent carries parts 
in stock and if he gives his other customers satisfactory service 
and if he is reasonable in price. 

Constant attention is necessary: Whether you intend to 
employ a chauffeur or to look after the car yourself is a point 
to consider. There is a limit to the size of car which the owner 
can (if the car is kept in pretty constant use) attend to himself, 
unless he be a man of great leisure, and moreover keen enough 
to put up with the drudgery involved. It is useless to conceal 
the fact that a car will require constant attention, and while a 
man may find the time to do justice to a moderate-sized oar, 
a large car might be too much for hiin . 


Cost of running—or up-keen: Here lies the crux of the whole 
matter. Closely allied with the important question of original 
outlay is that of the running cost, which must be taken into 
consideration to a certain extent, when buying. The size of 
the bill for up-keep bears, of course, a direct proportion to the 
mileage run. As regards the fuel consumption, this item will 
not be a large one in any car up to, say, 25 h.p., unless there is 
some ra ical defect in the system, or a temporary want & 
adjustment. In large and heavy cars the gasoline bill quickly 
mounts up. 


The non-skid tire should be selected This 

extra cost is well worth the difference, as the extra wear from 
the extra amount of rubber, to say nothing of the non-skid 
feature, is worth a great deal. 

Small, light tires spell constant trouble, not to mention short 
life. Be sure the car is equipped with tires of ample size to 
sustain the weight and spe^; also determine if the size of tire 
is a standard size, and it it can be obtained readily. Many of 
the former sizes have been discontinued 


Also determine if the rim is a popular type. The “straight- 
side,” quick-detachable, demountable rim is the rim now used 
most. One should always carry a tire inflated on a spare rim 
to replace a damaged tire. It can be mounted on the rim of 
the wheel by loosening a few bolts and without having to use 
an air pump at all. There is also an advantage in having the 
tires the same size on all four wheels. 

Which is the best car to buy? This is a question we hear 
daily. After determining the size of car you want, I will tell 
you how I would settle the choice, if I were unable to decide 
otherwise. Go to a iised car concern and ascertain which car 
brings the best price or what make of car sells more readily 
than others. This may help to answer this question. 

Selecting a Commercial Car 

There is a distinction between a truck and a delivery wagon. 

Some of the important points to be decided are: 

What type of car is required for your particular needs 
What horsepower? 

How many pounds capacity shall it have? 

Should several cars be used, or one big one? 

Will the use of trailers result in economy? 

Can an inexperienced man be given charge of the running and 
repair work? 

Is there any special equipment necessary for greater efficiency? 
Should the oar always be loaded to capacity? 

Should the truck have a long or short wheel base? 

Today there are motor trucks and delivery wagons of every 
conceivable size and design. Therefore, it is the problem of 
tbs prospective purchaser to choose oarefuUy the kind of a egi 
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best fitted to serve his purpose with the greatest efficiency. It 
is a very common sight to see a heavy type of delivery wagon 
make a trip of severm blocks and sometimes miles to deliver one 
or two small packages or baskets of groceries, when one of the 
smaller types of commercial cars could have done i* just m 
well and with greater efficiency, reducing materially the over¬ 
head cost. On the other hand, we have often seen a light 
delivery or a very heavy type of truck making a trip with an 
overload. This is just as impractical as an underload, for it 
will ruin the expensive motor equipment, making the car 
depreciation very considerable. 

A very good rule to stick to closely is to have the car filled 
nearly to capacity on every trip that is made. A motor truck 
or delivery wagon should not be chosen with either a maximum 
or minimum load in mind, but an average load. To get the 


greatest efficiency out of a commercial vehicle, keep it loaded 
and moving the largest possible number of hours during the 
working day. 

The manufacturers of large trucks ton and above) 
usually sell the chassis only; the body is usually built by some 
local concern specializing in this work, and is desii^ned to meet 
the individual requirements of the user. The design of a suit- 
able body is a very important factor; a reliable truck dealer 
can materially aid the purchaser in making the correct seleo* 
tion. 

If electricity is produced in your own plant at a very low 
cost, and it is possible to secure a man woo understandis and 
can care for storage batteries, then it may pay to investigate the 
electric vehicle. 


In order that the purchase of a second-hand car 
may be attended with some degree of safety, as to 
its condition, the following tests should be given. 
It will no doubt be impossible for the purchaser 
to make all of these tests, but what follows will give 
a general idea of what should be done to testing or 
^ve^hauling any car. See also pages 663, 664. 

General Condition 

Ascertain the age, make, and type, and also the 
horsepower of the engine (see Index under ^‘Hors^ 
])ower”). If the car is an obsolete model or of anti¬ 
quated design, it will be a difficult matter to dis¬ 
pose of it later on at any price. Find out if the 
manufacturer is still in business, in order to know 
whether parts can be obtained if required. Do not 
judge a car by its outside appearance alone. Paint 
IS ordinarily cheap. 

Tires and Rims 

Many sizes of tires on some of the older cars have 
been discontinued (see page 594 for sizes now being 
made). You may have difficulty in obtaining tires. 

Also learn the make of rim. The old-style ‘^one- 
piece clincher” rim is obsolete, except on Ford, Chev¬ 
rolet, Maxwell, and Overland model “Four.” The 
modem rim is “straight-side,” demountable type. 

The best tire is the “cord” tire (see page 609). 
The “fabric” tire is explained on page 608. Ex¬ 
amine the condition of the tires after reading page 
610, and test for “stone-bruises.” 

Engine 

1. Test the compression of each cylinder (see 
Index under “Testing compression”). First 
learn what compression means (see Index). 
The compression test will indicate the condition 
of the rings and cylinder walls and valves. If 
the cylinder walls are scored or cut, then this is 
an expensive job to repair (see Index under 
“Cylinders scored”). If the valves leak, then 
this is not so expensive (see Index under “Grind¬ 
ing valves”). If the rings leak, this is an item 
worth noticing (see Index under “Piston rings”). 
If there is considerable smoke from the exhaust 
pipe when running the engine (see page 168), 
and the smoke is blue or light in color, there is 
too much oil in the crank case of the engine, or 
the pistons are pumping oil as explained on page 
168, or the rinjt^s are loose, or the cylinder walls 
are scored. If smoke is heavy and black, the 
carburetor is feeding too much gasoline and 
should be adjusted. Many new engines have 
had the cylinders scored by running the engine 


'The Wasson Motor Check is 
, a device or testing apparatus for determining 

the performance of a car under actual road conditions. It 
measures the brake horse-power delivered at rear wheels, slip- 
bage of working charge past the pistons, gasoline consumption 
under varying load conditions, oil dilution m relation to mileage, 
compression of each cylinder, etc. 


at too high a speed during the first 1,000 miles 
and from lack of oil. 

Test the bearings. The best method for doing 
this is to make a long run, taking at least one 
or two fairly steep hills, and noting if the engine 
knocks. By studying the subject (knocks), you 
can leam to distinguish the cause of different 
kinds of knocks (see Index under “Knocks”). 
When testing for knocks, make ^lowances if 
the engine is a four-cylinder, especially of small 
size, and when taking hills slowly. Many four- 
cylinder engines must get the engine up to a 
fairly good speed to t^e a steep hill, as the 
power depends upon the momentum of the fly 
wheel, whereas the six, eight, or twelve-cylinder 
engine should take a hill with less speed, with¬ 
out pounding or knocking, if the spark is 
retarded properly. 

3. Test the cooling system. After making the run 
suggested above, note if steam comes from the 
radiator at the vent or overflow tube or filler 
cap. If so, the engine runs hot, and the trouble 
is attributable to one of the causes explained on 
page 152 under “Engine overheats.” Under¬ 
stand that an engine runs best at about 170® 
temperature, but should not steam. Also 
observe if there are leaks. Usually the leaks 
are at the hose connections and can be tightened, 
but if the hose is worn, replace it. 

The Clutch 

1. See if the clutch slips when taking a hill. 

2. See if the clutch drags when released. 

3. See if the clutch “grabs** or is “fierce” (see 
Index under “Clutch grabs”). 

4. Ascertain the type of clutch used in the car by 
referring to the Index for “Specifications of 

• leading cars.” Then turn to Index under the 
appropriate titles, and note the construction 
and troubles and remedies. 

Transmission 

1. Test the gear shift while the engine is running, 
by shifting from reverse, Ist, 2d, 3d speed, to see 
if the gears can be changed without a clashing 
noise. If not, then the trouble may be due to 
the clutch pedal not being thrown far enough 
“out,” or the clutch “drags” or “spins,” or the 
transmission or clutch shaft are out of align¬ 
ment, owing to worn bearings, or the teeth of 
the gears are burred. 

2. Test for worn or broken gear teeth: With the 
engine running slowly, place the gears in Ist 
speed; place the finger on the gear lever—if 
there is a worn place at one point or all round 
the? gear, it can Tbe felt by the vibration. IVy 
this on all speeds and on reverse. 

3. If the transmission is noisy, and there is plenty 
of oil in the transmission case, the trouble la 
probably due to a broken ball or roller bearing 
or a worn bearing. 


JUDGING AND TESTING A SECOND-HAND CAR 

2 . 
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If oil leaks out of the transmission oearings, 
see Index under ‘‘Transmission-oil leaks.” 

Drive Shaft and Universal Joint 

1. Test for looseness (see Index under “End play 
in universal joint”): If this is excessive, the 
looseness is in either worn gears or bearings in 
the transmission, or there are loose universal 
joints or loose adjustment of the drive pinion 
to the differential driven gear (see Index under 
“Differential gear adjustments”). 

Rear Axle 

1. Test adjustment of drive pinion (see Index 
under “Noisy rear axle”). On some cars 

there is no adjustment, therefore 
a new drive pinion must be fitted. 

2. Examine the differential by removing the cover, 
if a “full-floating” type (see Index), or remove 
the axle housing, if a “semi” or “three-quarter 
floating” tvpe (see Index), in order to ascertain 
if any of the nuts are loose or small differential 
pinions are worn. 

3. Test wheels for alignment (see Index). 

4. Test for wobbly wheels (see Index). 

5. See if axle shaft is bent—^usuallv at the hub, 
which would be indicated by the wheel wobbling. 

6. See if oil is working out of the rear hub into 
the brake lining. 

7. Test brakes (see Index). 

8. Gear ratio of car should be determined if 
possible. See Index: “Gear ratio of passen^r 
cars” and “Gear ratio, how to coinpute.” 
however is difficult to ascertain. Sometimes, in 
order to make it easy for a small engine, or 
one in the best of condition to pull hills on high 
gear, a larger ring gear and smaller drive pinion 
are put in the rear axle, but the speed of the 
car IS reduced 

If the reduction 
is low, a very small engine will make a good 
performance on hills and will be economical 
on gas, but will wear out ouickly and not develop 
proper car speed. If the engine is of large 
dimensions and is reared low, it will perform 
well on hills and will have long life, but will be 
a button for gas and will not give proper car 
spied. 

Steering Device 

1. Test for play, and for loose bolts and nuts (see 
Index under “Steering devices, testing of”). 

Miscellaneous Tests 

1. See if engine will idle without missing. See also 
page 59, “Valve clearance pointers.” 

2. Test the batteiv: if a coil and battery ignition 
system (see Index). 

3. Test the magneto: if a magneto system of 
ignition, by icuing wd speeding up the engine to 
see if there is a missing of explosion. 

4. Examine the wiring and see if it is oil soaked and 
ragged. 

5. Test the carburetor by idling and speeding up 
the engine to see if explosions are even and if 
the engine picks rejulily under load. Also 


note if the carburetor air intake and the carbu¬ 
retor mixture are heat^. 

6. Examine the spark plugs, to see that the gap 
distance is correct at the points (about .025”), 
and that the porcelains are not cracked. 

7* Run the car and test the mileage gained per 
gallon of gasoline. This will require at least 
a 20 or 25-mile run. Many 6,8, and 12-cylinder 
engines will not average over 9 to 14 nules per 
^Jlon—depending upon the condition of the 
rings, or whether there is leakage of gasoline 
into the crank case, as well as on the size of the 
cylinders and whether the roads are hilly or 
level. 

8. Examine all bolts and nuts on the engine, 
springs, etc. 

9. See that the engine is properly oiled and that 
all parts of the car are greased. 

10. If parts have been replaced, such as the steering 
knuckles and spindles in the front wheels, etc., 
see that they are not made of castings instead 
of forgings. 

11. The storage battery is another part which 
should be examined. Have it tested at a bat¬ 
tery station. You can tell if the battery has 
been repaired by looking at the connectors. 
Figures are usually stamped at the factory at 
each end of the connector where they are burned 
to the post. If there is a bright spot with no 
figures, it indicates that the batteiy has been 
repaired since leaving the factory. The bat¬ 
tery should be tested by testing each cell, as 
e^lained under “High-amperage tests” and 
“Cadmium testa of storage batteries.” 

Note: See also page 1066, giving pointers on the study of 
the mechanical part of a car. 

Bill of Sale for a Second-Hand Car 

When purchasing a second-hand car. demand a bill of sale. 
It should be drawn in accordance with the laws of the state 
where the purchase was made. The following form of bill of 
sale will answer in a majority of cases, in most states: 

Know All Men by These Presents that I (here insert name 

and address of party selling the car) in the County of-, 

State of-, in consideration of (here insert amount 

of money to be paid party selling by party buying) Dollars 
this day to me in tiand paid, do hereby grant, sell transfer and 
deliver unto the said (here insert name of party buying) the 
following goods and chattels to wit: (then insert name of auto¬ 
mobile, Its model, the engine number and the car number, also 
the type of car, its color, together with any other information 
which will help to identify it); to have and to hold said goods 
and chattels to the said (name of purchaser), his executors, 
administrators and assigns to their use forever. 

I hereby covenant with the said grantee that I am the lawful 
owner of the said goods and chattels; that they are free and 
clear from all encumbrances; that I have good right to sell the 
same and that I will warrant and defend the same against the 
lawful claims and demands of all persons. 

I witness whereof, I, the said (name the party selling) here* 

unto set my hand and seal the-day of - ■ • ■« 

192_ 

Signature of party selling -(seal) 

If there are any special warranties or promises on the part 
of the party selling, they should be set forth in detail and should 
be ins^i^ in the bill of sale in a separate paragraph after that 
part of the bill of sale which describes tne automobile, and 
imould be worded as follows: 

I hereby warrant the said automobile above described to be 
(here set out warranty made): and I do for myself, my heirs, 
executors, administrators, and assigns, covenant and agree to 
and with the said (put in name of party to the buying) to war¬ 
rant and defend the said automobile hereby sold to the said 
(here insert name of party buying) his executors, administrators 
and BBsigns. against all and every person and persons what* 
•oever. {American Automobile D\i§eat.) 
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car blowing instrument board, control levers and pedals. The 
Cadillac V-12 series ‘‘370,” and V-10 series “452” driving com¬ 
partment, in-strument board and controls are similar except the 
accelerator pedal and the location of the spark control and the 
cigar lighter. 

The transmission is of the sliding gear typo with three forward 
speeds and one reverse. The S.ATl'l. standard gear shift is used 
on all Cadillac cars. The syncro-mesh transmission, explained on 
page 862D, is used on all Cadillac and LaSalle cars. 

The operation in general is the same as the operation of the 
conventional selective sliding-gear type of transmission. The 
positions of the gear-shift lever are the same and the directions in 
which the control lever is moved are the same. It is also neces¬ 
sary to disengage the clutch before moving the control lover, the 
same as with the conventional transmission. 

The only difference is in the manner of moving the control 
lever. With the conventional tnuismission, it is customary when 
shifting to a higher gear to hesitate momentarily in neutral and 
then move the lever quickly to its new position. With the Cadillac syncro-me.sh transmission there is no necessity either for 
the hesitation in neutral or for the rapid movement of the lever during the latter part of this shift. Instead, the movement of the 
control lever should be one smooth, continuous movement as explained on page 8C2D. 

Names of parts, Fig. 40: 1, hand throttle; 2, horn switch button; 3, lighting switch; 4, transmission control lever; 5, ventilator; 
6, clutch pedal; 7, foot brake pedal; 9, accelerator; 10, starter pedal: 11, hand brake lever; 12, light switch for instrument board; 
13, control for windshield wiper; 14, rear view mirror; 15, windsliield wipers; 16, windshield regulator; 17, sun shade. 

Fig. 41. Instrument board of the Cadillac V-8, series “355.** Names of parts: 1, instrument board light; 2, gasoline gauge 
(electric); 3, oil pressure gauge; 4, ignition control; 5, clock; 6, clock set; 7, cigar lighter; 8, ignition switch lock (automatically 
locks transmission in neutr^ or reverse; will not lock in any other speed); 9, speedometer; 10, choke control; 11, temperature 
indicator; 12, instrument board; 13, ammeter. 



Fig. 42. Driving compartment of the Graham stand¬ 
ard eight and special eight, modej 42, car showing in¬ 
strument board and controls. Names of parts arc; 

C. Light switch lever. 

D. Horn button. 

E. Throttle lever. 

F. Gear-shift lever. 

G. Manifold heat control handle. 

H. Spark control button. « 

I. Oil pressure gauge. 

J. Gasoline gauge. 

K. Speedonr)eter. 

L. Ammeter. 

M. Water temperature indicator. 

N. Carburetor choke button. 

O. Transmission first speed shift latch. 

P. Ignition lock key. 

Q. Auxiliary ignition lever. 

R. Cowl ventilator handle. 

8. Clutch pedal. 

T. Emergency brake lover. 

U. Foot brake pedal. 

V. Accelerator pedal. 

W. Starter pedal. 

X. Cigar lighter. 

Transmission and gear shift: The standard eight is 
equipped with a three-speed transmi8.sion and gear 
shift is the S.A.E. standard. The special eight is 
equipped with a four-speed transmission, briefly de¬ 
scribed as follows: 4 speeds; a latch O controls pawl 
which prevents moving the transmission lever into 
first-sj)^ position without first lifting thislatch. The 
latch is provided for convenience because it is not 
necessary to use first speed for starting if tlie car is on a 
level, paved street. The second, third, fourth and re¬ 
verse gear positions are identical with the first, second, 
high and reverse gear positions of the conventional 
tfaiee-speed transnuesion. 






INSTRUCTION No. S7 

CARE OF CAR: Pointers on Driving; Washing, Polishing, and Cleaning Car 
Polishes; Painting a Car at Home; Nitro-Cellulose Lacquer 
Finish; Cold-Weather Precautions; Accessories 

GENERAL POINTERS ON DRIVING THE CAR 


I’he driver must keep his eyes and ears open, 
watching the other occupants of the road as well as 
the running of the car. See Index relative to 
*‘Traffic ordinances,’^ “Rules of the road,” etc. 

The ear is the best judge of the running of the 
engine, as it shows any defect by a change in its 
steady throb. With practice, it becomes easy to 
recognize a new noise, and the cause should be 
located and remedied at once. A squeak or rattle 
that comes at regular intervals may be located in 
one of the revolving parts; if not regular, it comes 
from something that is not revolving—the springs, 
brakes, or a similar part. 

Irregular running of the engine may not be serious, 
but rather the result of a rough road or loose ignition 
connections. Knocks or poimds should be located 
at once, for they may lead to a serious breakdown. 

Know Your Car 

Remember that in the care and operation of a 
motor car, much must be left to the judgment of 
the operator, who should study the construction of 
his car,, the functions of its various parts, and the 
“why” of everything connected with it. 

Learn the speed at which the car will take a turn 
on mud or wet asphalt, without skidding or side¬ 
slipping. and never exceed it. Learn the grade of 
a lull that the car will climb easily; on steeper 
grades do not wait for the engine to labor before 
changing the speed. 

Learn the turn that the car will make for every 
position of the steering wheel, and always make the 
broadest turns that the width of the road will permit. 
A sharp turn is more likely to strain and injure the 
tires, running gear, and steering mechanism, than 
a broad turn, and, if the car is speeding, is more 
likely to cause an upset. 

Learn the distance that the car will travel before 
it becomes necessary to refill the tanks—not from 
the catalogue, but from your own experience. 

Learn the rapidity with which the car will pick up 
speed after a slow-down, as it will help when run¬ 
ning through traffic, or in dodging another vehicle. 

It is important to learn the shortest distance in 
which the car can be stopped for its different speeds, 
and the exact extent to which it slows down for 
each application of the brakes. Learn to use the 
brakes so that the motion becomes automatic, and 
can be done without wasting time thinking about it. 
Learn to judge distance, and the speeds at which 
the car travels; ability to estimate speeds may 
prevent arrest. 

Learn to recognize the noises of the engine when 
it is running smoothly: the click of the valves, the 
hum of the timing, pump, and mameto gears, the 
puff of the exhaust, so that unusu^ noises may be 
easily recognized. 

Learn the feel of the compression, by cranking 
the engine, so that leaks may be detect^. Learn 


the effort required to push the oar on a smooth floor 
by hand, or how freely it will coast down a hill, so 
that a binding brake or a tight bearing may be felt. 
In short, get in tune with your car—^be part of it—• 
make it part of you; that is, if you want to get 
good service from it, and save on the repair bills. 

Other Points to Remember 

The flashy driver, who makes quick turns and 
sudden stops, attracts attention, but ruins the car. 

The more smoothly a car is operated, the longer it 
will last, and the less often it will get out of order. 

Easy turns, gentle stops, the running of the engine 
as slowly as possible for the speed desired^ proper 
adjustments, and constant care, mean long life to 
the car and freedom from trouble. 

When the engine is not acting right, do not rush 
in and readjust the ignition or the carburetor with¬ 
out first being sure that the trouble has been 
correctly located. Throwing the carburetor out of 
adjustment on a ^ess makes it all the harder to get 
going again, for its readjustment must be added to 
the trouble already present. An automobile is not 
difficult to handle, but neither is it so simple that 
brain work is not necessary. Get all of the facts 
possible before doing anything to the mechanism— 
the noise that the engine made in stopping, the way 
it stopped, the reasons for the unnatural noises, 
and the bolts from which nuts may have dropped 
off. An automobile is constantly in a state of severe 
vibration, and almost any part is liable to work 
loose when least expected. 

Some accessories are convenient, and others 
are nuisances. Do not load the dash up with de¬ 
vices that are not of practical use, for they only add 
to the parts that must be watched and taken care of. 
Provide the car with a good horn, and use it well 
when necessary, but never needlessly. 

The lubrication is important and must be watched 
carefully; it takes only a little running without oil 
to cut the cylinder walls and piston rings. Exces¬ 
sive oil in the crank case means fouled spark points, 
and should never be permitted; however, it is bet¬ 
ter to have too much than not enough. (See page 
171 about ill effects of racing an engine.) 

When running, keep to the right, and in meeting 
another vehicle turn farther to the right, so that it 
will have room to pass. In passing a vehicle going 
in the same direction, pass so that it is on your right, 
and do not swing back to the right side of the road 
too close in front of it. The other vehicle may 
speed up as you pass, and be closer than you realize. 

Get thoroughly familiar with the different speeds 
so that there will always be time to stop when neces¬ 
sary. Keep your eye on the people alongside of 
the road, for they may start to cross without warn¬ 
ing. Children are liable to run out of a gate or to 
cross the road when they are least expected. Cross¬ 
roads and cross-streets must be watched, for vehicles 
or people may come along them. 
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It is dangerous to run over a dog. It is far safer 
to slow down when one is barking m front of the ca] 
than to try to push it out of the way. 

Blow the horn when approaching a turn in the 
road, for another car may oe coming. Do not run 
on the low speeds if it is possible to run on the high, 

Donats for Drivers 

Don't drive a oar until you are old enough to have good ordl 
nary "horse” sense. Don’t look around when your nat blows 
off. Don’t try to kiss the lady in the seat beside you. Don’t 
^o to sleep while driving. Don’t trust one hand to do the guid^ 
mg. Don’t try to make up lost time by speeding down hill. 
Don’t run at night without lamps. Don’t delay putting on 
the chains when the roads get greasy. Don’t forget to "S'TOP, 
LOOK and LISTEN” before crossing a railway track—Safety 
First, Last, and All the Time. 

Subjects Formerly on This Page 

Some of the subjects formerly on this page were transferred 
to other pages as follows: 

Fire with gasoline (see page 103). 

Meaning of 25-35; engine rating (see page 1037). 

Pointers on care of tires (see pages 628. 611). 

Rattling noise see page 462. 

Right side of automobile (see page 80). 

Why engine runs more smoothly at night (see page 1037). 

Cold-Weather Precautions 

The following changes should be made in the late 
fall as winter approaches in order to obtain satis¬ 
factory service from a car dtuing the winter. 

1. Drain out all engine oQ, clean strainer and renew with 
a lighter body but high-grade engine oil of proper cold test. 

2. Cold weather has the effect of thickening the lubricant in 
the rear axle, and it should be diluted with enough 
cylinder oil to bring it back to its summer consistency. 

An undiluted oil ii^ cold weather may become entirely 
non-fluid, so that it lines the walls of the case without 
lubricating the gears and bearings. The beat plan would 
be to drain the oil from the rear axle case and to flush out 
the case with kerosene (be sure to remove all kerosene 
afterwards), and refill with fresh lubricant of the proper 
consistency and of a very low cold test (see page 761). 

3. Cold weather has the effect of thickening the lubricant 
in the transmission also, and it should be diluted with 
enough cylinder oil to bring it to its summer consistency. 

If the oil is too thick, increased difficulty will be found 
in shifting gears. The best plan is to drain the oil from 


the transmission and to flush out the case with kerosene 
(be sure to remove all kerosene afterward), and refill with 
fresh lubricant of the proper consistency and of a very 
low cold test (see page 761). 

8 A. Cold weather also thickens the lubricant in the steering 
device and causes difficult steering. It should be treated 
the same as in 2 and 3. 

4. Grease car and lubricate all parts. 

5. Drain and clean radiator. To clean the radiator, remove 
the hose connections and flush by forcing water under city 
pressure through it from the bottom to the top. 

Avoid excessive pressure. The cylinder water jackets 
should be thorougnly cleaned and flushed at times of 
overhaul. 

6 . Put on new water hose, tighten all gaskets, including 
cylinder-head gasket and fill the cooling system with non¬ 
freeze solution (see page 154). 

7. Put on louver covers (see page 150). 

8 . Put on radiator front (see page 1041). 

9. Recharge battery and keep it within 50 points of full 
charge (specific gravity test), and use starter sparingly 
and economize on current, because the battery is less 
efficient in winter. 

On cold days crank engine by hand, that is. give it two 
or three turns before using starter, especially after car 
has been standing a long time in the cold. 

9A. Ignition operates under three voltage conditions: 4 volts, 

when starting (battery voltage being reduced by starting 
motor current draw);_ 6 volts for a normally charged 
battery when engine is running at a speed below that 
which generator starts to charge; 8 volts, when generator 
is charging a fully charged battery. 

10 . Set generator char^g rate up (not necessary on some 
generators equipped with a thermostat). This is a good 
time to have generator commutator cleaned. 

11 . Readjust the carburetor, also the choke connections, and 
look over the fuel-feed line. 

12 . Install a windshield wiper, 

13. Grind the valves and see that valve clearance is properly 
set (see pages 57, 58, relative to importance of this). 

14. Clean and adjust interrupter points and install new points 
if necessary. 

15. When storing a car, jack up the wheels, drain all water, 
see that battery is fully charged, and cover car with a 
paper bag (can be obtained of supply houses or Kennedy 
Car Liner & Bag Co., Shelbyville, Ind.), 

16. Examine battery and ground connection to see if clean 
and tight (see page 428). 


WASHING THE CAR 


As stated on page 645, there are two general kinds 
of finish for bodies, the varnish finish, and nitro¬ 
cellulose p^oxylin lacquer finish, which is entirely 
different from paint and varnish. The varnish 
finish is more bruliant but more sensitive as to care. 

Care when washing: The car should not be 
washed in the hot sun, which will dry the panels 
before the chamois has been applied, neither should 
it be washed immediately upon being brought in from 
the cold—let it warm up to a reasonable room 
temperature. Dust, mud or rain spots should not 
remain on the car, especially when new and varnish 
is not fully seasoned. Cold water serves to harden 
the varnish and increase its brilliancy. 


Dust or mud should be removed from the car 
first. If new, it is best to ^^ist by washmg 

notwi]^Soft; ttosim- 

used if the dust is to be re- 
moved without washing. A 
dry WAfli with a soft dust rag is less harmful on a lacquer nnish. 


> See pages 628 and 611 fior •Tointera on Caro of Tirol/’ 
formerly on this paga 


Washing Car—Hand Method 

Soak mud off with plenty of running cold or luke¬ 
warm water. Do not rub it off, for the varnish 
would be scratched. Let the water run gently out 
of the hose (no nozzle) and flow over the mud. 

Varnished and enameled parts of car should be 
washed only with cold or It^ewarm water, and no 
soap, polish or other cleansing material should be 
used unless there are grease spots, which should bo 
removed after washing as explained below. 

After flushi^ with cold or lukewarm water, then 
softly wipe with a clean, soft sponge held in a slow 
stream of water. The sponge used for this op¬ 
eration must be kept clean and free from grit, 
and should not be used on the under parts of the 
car. 

The surfaces should then be dried by vertical 
wiping with a chamois skin softened in water and 
wrung dry. Only so much surface should be washed 
at one time that it will not dry before being cham¬ 
oised. The chamois skin should be kept clean and 
free from grit, (Sponge and chamois can be washed 
in clean soft water and castile soap.) 

The wheels of the car (if varnished) are to be 
treated m the same manner. 
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When grease or oil is found on the varnished sur¬ 
faces, it should be removed with a good furniture 
polish applied with a clean cloth. The polish should 
be applied only to the grease spots and men removed 
m'th another clean cloth. 

Wash under parts of vehicle with running cold or 
hufcawann water, soaking mud off as much as possible. 

Oreare and oil on the under parts of chassis, can be removed 
by waahins with gasoline or kerosene and drying with a clean 
oloth. See page 760 for cleaning engine. 

A high-wessure stream can be used on the running gear and 
underneatn the oar and feuderSj but care must be taken to 
prevent water from being forced into the wheel bearings. 

Running boards can best be cleaned with soap and water- 
Thoroughly rinse with running water after cleaning. 

Supplies and Equipment For Washing Car 

Auto supply houses (page 687) supply complete equipment 
and supplies for washing cars. Some of the supplies necessary 
are as follows. 

Fig. 2. Two good, 
clean, soft “wool'* 
sponges, two ten- 
quart pails, several 
clean soft chamois, a 
quantity of canton 
flannel, a quantity of 
ivory or pure castilo 
soap, or pure linseed 
oil soap, clear run¬ 
ning water, a soft 
wool duster, gasoline 
or kerosene for use under the car in extreme cases to remove 
oil and grease. Two whisk brooms are necessary, one for the 
interior and one for the floor mats. Rubber boots are neces¬ 
sary for the washer. 

Two sots of pails, sponges, and chamois are recommended, so 
that the pail and sponge used for the first washing may be kept 
separate from those used in the final washing. See page 672 
for kind of sponges and chamois to use. 




Fig. 3. (left) A washrack or washstand is usually made about 
12 or 14 ft. wide and about 15 or IS ft. long. It is made of 
granitoid, so arranged that the w^atcr flows to a trap in the center 
for draining. In some instances a service runway (Fig. 5) is 
used for washing as well as oiling and greasing. 

The water for washing cars in winter is usually heated so that 
it is lukewarm but not hot, os it may soften tho varnish. 

Overhead washers' are usually constructed with a swivel 
loint, BO that it is possible to swing around the ear as in Fig. 3. 
This washer is made of standard galvanized iron seamless 
pipe and fittings. Washrack hose is usually a 4-ply hose of 
inside diameter. A flexible wash-hose nozzle is best to use 
instead of a metal nozzle. 


Fig. 4 (center) shows a washer with several hose outlets. 

Each hose is connected to a plug valve which is spring-closed 
and opened by a slight pull on the hose. The advantage is 
that it allows more than one man to work on a oar. 


Car Washing Methods 


The methods used to wash a car may be generally 
classified as hand method (hose, bucket, sponge, 
chamois), as explained on left column of this page, 
and power methods. 


There are two 
types of power 
methods: water 
atomized with com¬ 
pressed air, and 
water at an adiust- 
. fr( 


able pressure, from 
a very low pressure up to a very high pressure: the 
low pressure being applicable to the body ana fin- 
ishea surfaces and the higher pressure for cleaning 
crusted mud or caked grease from chassis, under 
fenders, etc. 



Washing by power saves labor, thereby increasing 
profits. 

The Curtis air-mist oar-washing system (Fig. 6) iises water 
atomizcfl with air, the air coming in contact with the water at 
tho nozzle employing both an air hose and water hose. This 
system is so designed that the proper amounts of air and water 
are used to produce oorreot atomization, thus preventing injury 
to finislies. 


Most power car-washing outfits can also be used 
to supply compressed air for other purposes, such 
as cleaning engines and chassis with kerosene, 

spraying lubricating oil on the springs, blowing out 
rugs and cushions, spraying lacquer enamel, tire 
inflation, operating pneumatic door openers, pressure 
grease and oil guns, pneumatic valve grinders, etc. 

Instructive free printed matter on power car-washing methods 
may be obtained from the foUowii^ manufacturers: Brunner 
Mfg. Co., Utica, N.Y.; Curtis Pneumatic Mchy. Co., St. 
Louis, Mo.; Hiirdio Mfg. Co., Hudson. Mich.; Kellogg Mfg. 
Co., Roohestor, N.Y.; 


The United States Air Compressor Co., 

Cleveland, Ohio. 

Washing the Radiator 

The clean the radiator spaces of accumulated mud, flush 
from the rear, not from the front, and thus avoid getting water 
into ignition system. 

Sponge off Hood 

After car has been run for a long run it becomes fairly hot, 
and if rained ^on, and the rain-drops are left to dry, rain spots 
will remain. The car should be washed down at once, or if this 
is not possible, the hooii should be sponged off and wiped dry 
immediately with a chamois. 

A good furniture body polish will usually remove grease and 
rain spots from a hood or body. 


BODY, METAL, AND GLASS POLISHES 


There are two general kinds of finishes for bodies: 

The varnish finish and nitro-cellulose pyroxylin 
lacquer finish. 

The lacquer finish has a satin finish in appeaxance 
and is very durable, does not scratch as readily as 
varnish, and improves in luster with age, it is 
claimed. One thing to avoid on a lacquer finish is 
alcohol; this is a solvent of lacouer. A good polish 
for a lacquered car is “Duco polish No. 7.’" 

i It is claimed by The fiimonlz Co., Chicago, that with a 
coating of “Simoniz” on a car it can be kept clean without 
washing (unless muddy). When dusty, it can be wiped off 
without scratching, termed a “dry wash.” Mud is removed 
with water, and rain is wiped off with a chamois. This concern 
also specializes on cleaners and polish. Write for free circulars. 

'An overhead washer, 

is of a construction whioh allows the swivel arm 
and hose together with an electric light to swing around the car. 
This oonoern also supines six styles of special nozzlea and a 
apeoial water coatiol, whioh is easily operated with one hand. 


The varnish finish js a higher luster finish than 
the lacquer finish. Varnish finish can be over paint 
undercoatings or over lacquer undercoatings. 

The baked enameled finish is generally used on 
the fenders and is very durable. Lacquer is also 
used on fenders. 

Varnish coatings do not become thoroughly sea¬ 
soned until six or eight weeks, and extreme care 
shoulvA oe taken with a new car where the varnish 
is fresh. 

Never rub dirt or rust off a varnish finish, as the mins of dirt 
will cut or scratch the varnish. Dust it off first with a soft wool 
duster. If oar is new, it is best not to dust but to flush with 
cool water, without pressure. A dry wash with a dust rag is 
practically harmless to lacquer. ^ 

It is not advisable to use polishes on the body of a new car, 
except to remove grease or oil spots, as explain^ above. Use 
cool water to harden the finish (see page 756 for a polish for 
laoquer finiah). 


NOTE: See page 600 iipder “Car Washer Equipment" and “Care of Car," for later addresses,' 
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Cleaning and Polishing Dull Varnish 

In many cases, dull varnish is not '‘dead,^* but is 
simply coated with a deposit of dirt. When this 
deposit is removed, the onginal luster of the varnish 
may be restored to a certain extent (this does not 
apply to lacquered cars). 

Cleaning: Wash the car thoroughly with a non¬ 
alkali, pure linseed oil soap (such as ‘Tlaxoap"’)* 

If the finish is very dull after washing, saturate a 
small pad of selected soft waste (there must be no 
^t or thread cords in this pad) with water, and dip 
u^htly into fine rotten stone. Do not make a 
mistake and use pumice stone, for it will completely 
destroy the finish. Rub with the pad and rotten 
stone until the surface shows a bright luster. Con¬ 
tinue over a complete panel. Be sure to keep the 
pad saturated with water while rubbing. 

Rotten stone has relatively no abrasive effect on 

n varnish, but does rapidly abrase the imbedded 
>sit if the varnish is free from oil and grease. As 
fast as this deposit is cut away the varnish acts as a 
lubricant, as the easy sliding of the rotten stone pad 
will indicate. Remove all rotten stone with damp 
cheesecloth. 

If the finish is only slightly dull or gray, rub with 
a mixture of 1 oz. rotten stone and 3 oz. linseed oil 
instead of rotten stone and water. Shake the mix¬ 
ture while using. 

Polish: After cleaning as above, polish with 
Percival automobile polish. The formula follows: 

24 o«. wood alcohol.(By weight) 

48 os. raw linseed oil.(By weight) 

40 os. white vinegar.(By weight) 

3 oz. a()ua ammonia.(By weight) 

3 01 . spirits camphor.(By weight) 

6 01 . butter antimony.... (By weight) 

It is imperatively important that these in/^edients be mixed 
together in the order given, and that they be shaken thoroughly. 

To the formula given above add a mixture of 2 o*. grated 
beeswax and 3 oz. turpentine, which have been mixed and 
allowed to dissolve thoroughly for 48 hours. When added, 
the whole mixture must be shaken. Always shake before 
drawing from the main supply and while using. ^ 

To use the polish: Saturate a pad of fine cheesecloth with 
the polish and rub the varnish briskly until a full luster appears. 
The luster can be determined by wiping the parts occasionally 
with a clean cloth or with the palm of the hand, and looking at 
the surface as into a mirror. A perfect reflection should be 
obtained. If dullness appears after the car is used, it will 
indicate that the deposit was not entirely removed with the 
rotten stone, or that the polishing was not thoroughly done. 
Hard, consistent rubbing wul invariably bring the desired results. 

After thoroughly polishing, wipe off all polish carefully with 
cheesecloth that has been washed and dried. Then dampen a 

f >iece of cheesecloth with alcohol (wood alcohol will be satis- 
actory), and shake the cloth until no free alcohol is left on its 
surface. The cloth will then feel cool to the face, but not damp. 
Wipe over the complete job, occasionally dampening the cloth 
as described above. This operation removes all traces of oil 
and polish and leaves the onmnal varnish clean and brilliant. 
Be careful not to spill alcohol on the finish, and do not use a 
moist doth, as the alcohol will dissolve and soften the varnish. 


rp sMdi f, tlM w be umMmd m if II wj_-___ 

i with iSs added adwMafe that tea vtt be M 
r of spolB appaariac as with a newly painlad iob. 

Aa H la abaohiialy Diozesa r y that the pote be nenlral la 111 
aetlon upon the vanddi. uae the PeroiTal formula. 

This proeea will not be eatidaetOfT on vmrniah wUeh hM 
been oilM or waxed repeatedly, or on whieh ordinary fuini l u rs 
pohahsa have been ueed. 

Cncka which appear on doors of cart are ueually oaotad by 
•lanuning the doors, or from other excessive vibra^n. 


To Remove Road Tar Spota 
Carefully rub with the fingers, luing a small 
amount of kerosene. To remove oil, dampen a 
piece of soft cloth with alcohol, shake out to evapo¬ 
rate practically all moisture, and very lightly rub 
the oil off the surface. 


Oeaning Celluloid 

If dirty or greasy, it can be cleaned with soap and 
water or lye. If clouded, put in new celluloid. 

Cleaning Brass 

Any good brass polish will work satisfactorily. 

All these preparations contain some fine abrasive, for 
which reason care must be taken not to let the polish 
come in contact with the varnish body surfaces. 

Cleaning Nickel-Plated Parts^ 

Nickel polish can be secured at supply houses. 
Regular silver cleaner paste, or Putz pomade, is often 
used. Use only the softest flannel rag or chamois to 
rub with. Do not use brass polish on nickel. 

To Prevent Nickel and Brass from Tarnishing 

After nickel is i>olished, an oily rag frequently 
rubbed over the nickel surfaces will tend to keep 
it from tarnishing. Use “3 in U' oil or white vaseline. 

Before going out for a run in damp or rainy weather, the nickel 
or brass can be given a coat of polish without wiping it off; or 
use the oily rag mentioned above. This will tend to prevent 
tarnishing and save labor in repolishing. When there is little 
time to give a cleaning brass or nickel parts, paint it with black 
or colored enamel or have it enameled, which looks better than 
when tarnished. Two coats of good lacquer, each to dry 
twelve hours (after cleaning surface with alcohol) will protect 
nickel polish for a limited time. 

Cleaning Lamp Reflectors 

Do not clean lamp reflectors except when abso¬ 
lutely necessi^, as they are often silver plated 
and easily spoileci. See page 439. 

To Clean Glass 

For cleaning glass—windows, windshields, lamp 
lenses, mirror lenses, etc.—there is nothing better 
than a mixture of hall alcohol and half water, which 
will readily clean off dirt and leave a briglit polish. 

To prevent rain or snow from sticking to glass: A trade 
magazine gives the following mixture to use: 2 oz. glycerine 
and 1 oz. water with 1 dram salt. Apply to the windshield 
with cheesecloth — wiping up and down. 


CLEANING ENGINE, TOPS, UPHOLSTERY, ETC, 


A car-cleaning and lubrication business^ is a very 
remunerative business if conducted properly. 

Cleaning Engine 
This subject is treated on page 760. 


A dressing for leather tops: A very good recipe for the pur¬ 
pose is; One part liquid asphaltum to two parts castor oil, to 
which add 3^ oz. ivory black to each pint of the mixture. 
Apply with a soft brush. Also suitable for a rubber top. 


Cleaning Tops 

Prepared dressing* for toM, also cleansing fluids for uphol- 
steejr and polishea, etc., can oe obtained of auto aupply houaea. 
The following are only auggeationa. 

To clean top—outside: A top that haa been in uae for some 
time can be cleaned by using the following mixture: H pint 
raw linseed oil; 4 oupa water; H oup turpentine. Apiuy with 
elean rag and mb dry. 


9 Complete automobile lubrication as a business is explained 
in a booiuet issued by The Baaaiok Mfg. Co. (manufacturers of 
Alemite), Chicago, lU. 

* Polishes, top dreesing, fender enamel, engine paint, tire 
paint, alummum paint, gasket shellao, paint for painting a oar 
at home, radiator cement, etc., can be obtained of auto supply 
houses.. 


NOTE: Polish mentioned above was for cars which were formerly painted and varnished. See p. 690 under **Care of a Car,also 
Washer Equipment,’* and write for literature. See also ’Taintmg.” 
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Mohair tops should be frequently dusted and brushed off. 
To wash, use a pail of tepid water and a bar of castile soap. 
Place the soap in the pail and work with the hands until a go(^ 
lather is obtained. A large clean sponge is dipped into the 
water and top is then thoroughly wawed. 

Pantasote tops and curtains are best cleaned with a soft brush 
dipped in water in which a little ammonia has been added. 
Hub dry. Never clean top and curtains with gasoline or 
kerosene. 

Do not fold the top until it has become thoroughly dry, 

because any moisture remaining in the folds is prone to cause 
mildew, besides making the top leaky and unsightly with spots. 
When the car is not used for some time, it is best to open the top, 
which keeps it well stretched and smooth. 

If the top is dirty, use a broom first. After it has been 
cleaned with soap, go over it with clear water so that no alkali 
spots will appear. 

Cleaning Upholstery 

Do not use gasoline for cleaning leather upholstery. Plain 
water with a little ammonia will remove the dirt, and a brisk 
rubbing with a clean woolen or flannel cloth will do the rest. 
For still more careful treatment, use a regular leather dressing 
on all leather. 

Recipe for a dressing for leather upholstery: Raw linseed oil 
and turpentine, mixed in proportions of two of the former to 
one of tiic latter, is a time-honored formula. 

For cleaning cloth upholstery, such as plush, velour, and 
mohair, which has become dirty from use, wash with soap and 
warm water. 

Rub with the “pile” or “nap,” not against it. Have the 
“suds” thick, not watery. Rinse suds with a cloth dipped in 

PAINTING RADIATOR, ENGINE, 

To paint the radiator, mix .3 oz. boiled linseed oil, 4 oz. lamp 
black, 1 oz. turpentine, and thin down with turpentine to tho 
proper consistency. In applying, the radiator must either be 
dipped into the solution (in this case a great deal more must be 
mixed), or sprayed (see also, Index under “Painting radiator”), 
or tho radiator can be placed on boxes, face up, and the thin 
mixture can be applied plentifully so that it will run through tho 
cellular parts of radiator. A camel’s hair brush can be used to 
reach places not covered. 

To paint cylinders: Mix 8 oz. white lead in oil, 6 oz. boiled 
linseed oil, 2 oz. turpentine, and oz. lamp black. If too 
heavy, thin down with turpentine. This .will make a gray 
paint suffirient for six cylinders. Aluminum mixed with bronz¬ 
ing liquid can also be used. 

To paint the intake manifold: Use regular alumlLum, which 
can be secured at any drug store. 

To paint the exhaust manifold: Use aluminum. No paint 
has as yet been found which will remain on hot exhaust pipes; 
here is a recipe suggested: 

Heat-proof paint: Use 2 parts of black oxide of manganese, 

3 parts of graphite, and 9 parts of Fuller’s earth, thoroughly 


clean water and wring out fairly dry. Wipe with a dry cloth. 
When dry give a light brushing. 

Another method is to use clear water and a mixture of ^ oi. 
oomiflon salt and 2 pz. of either nain or wood alcohol, simply 
rubbing the cloth with a sponge dampened in the mixture. 

To remove dust from cloth upholstery, beat the cushions and 
backs lightly with a switch or a carpet l^ater. 

First remove cushions or seats. The dust removed from 
sides and rear will settle and can be wiped up. Cushions should 
be held upside down so that the dust will fall away from cushion, 
because dust cannot enter the base of plush, velour or mohair 
and should fall off readily. (The vacuum cleaning method is 
best.) 

Grease or oil may be removed by the application of a solution 
of lukewarm water and ivory soap, appli^ with a woolen cloth. 
Any of the approved methods for cleaning woolen cloth may be 
used with success on this upholstery. 

Gasoline, naptha, or carbona is also excellent, but has a 
tendency to spread. Cleaning should start well outside the 
area of the grease spot, and then work with a circular motion 
toward the center of the spot. Do this several times and use 
a clean spot on the cleansing cloth each time and ptenty of 
cleaning fluid. 

Plush upholstery which is flattened down can be freshened 
up by using dry steam, or a cloth wrung out of very hot water 
and placed immediately over the flat spot, where it should bo 
smoothed out in close contact with the upholstery. Leave 
cloth on for several minutes, then remove. When dry, give 
it a light, deft brushing with a stiff brush and the fabric will 
look fresh and new. 

Mechanics should wear clean dusters when working on the 
interior of a car, thus protecting the upholstery from grease. 
Another plan is to cover interior of car with doth covering, 

tied in place. See also page 662. 

CYLINDERS, MANIFOLD, ETC. 

mixed, to which add a compound of 10 parts of sodium silicate, 
1 part glucose, and 4 parts of water, until it is of such consistency 
that it may be applied with a bru^. 

Tire paint: Liquid rubber is a preservative and beautifier of 
tires. It gives the tire a white ooating. It is made of pure 
unvulcanized rubber in solution. It can be applied with a 
brush, and if used at regular intervals, it will, it is claimed, 
prolong the life of the tire because it penetrates and runs into 
any small cuts or holes and seals them over, thus in a measure 
preventing moisture from reaching the fabric. It is also suit¬ 
able for golf balls, rubber mats, and is a highly satisfactory 
rust preventive for rims. Secured at supply houses. 

A tire paint for finishing the inside of a tire after repairing 

may be made by mixing thoroughly 1 gal. gasoline, H pint 
Firestone rubber C-35 cement, lbs. soapstone and lb. 
whiting. See also page 612. 

Rust preventive: Melt one pound of fresh lard and add 
one half ounce of camphor. Remove the scum that forms and 
add graphite to give the desired color and consistency. Allow 
to cool and apply to tools or parts, permitting it to set for 
twenty-four hours. Finally polish with a soft woolen cloth. 


REPAINTING A CAR 


On a car that has a paint and varnish finish, the 
gloss or luster finally gets dull, due to the varnish 
finish deteriorating. Varnish is much more sensi¬ 
tive to wear and temperature changes, etc., than a 
car with a lacquer finish. The varnish finish has a 
higher luster. 

A car with a dull varnish finish which is not badly 
checked or cracked, can be rubbed down with very 
fine sandpaper, applying a coat of auto enamel, and 
then a finish coat of varnish over this. 

When the varnish is deteriorated and color coats 
are checked and cracked (fine lines ruxming in all 
directions) and in bad condition generally, it is best 
to remove completely all of the old varnish and paint 
and then prime and build up on a perfectly clean 
surface free from grease and irt. 

The modem method of finishing a car is to spray on nitro^ 
tellulose lacquer enamel, instead of applying paint and varnish 
with a brush* This would no doubt be the ^eapest and best 
in the long run, but this would have to be done by a shop 
equipped for suc^ work, aa thir method requires special equips 
ment (see page 766). 


Refinishing a Car Where the Varnish Is Dull 
but Finish Is Not Checked or Cracked 

A thorough cleaning is very necessary, the idea 
being to remove all grease and obtain a perfectly 
clean surface, so that the paint will adhere properly. 

Clean chassis and underneath parts, and remove 
all grease from hubs, springs, axles and joints with 
gasoline or kerosene. 

Remove wheels, hood, cushions, mats, door 
handles, etc. and scrape out comers where dirt 
and grease may have lodged, and scrape any loose 
paint from body and fenders. 

Sandpaper the surfaces to be finished with No. 
sandpaper to level off any broken, rusted, or 
raised spots. Then dust off carefully. 

Touch up all bare spots with auto enamel of the 
color to be used. This can best be done with » 
camel’s hair pencil brush. 
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After body, fenders, etc., h«Te been sanded and touched up* 
attention should be given underneath the fenders and chassis. 

On account of ite being practically impossible to remove all 

S ense from the wheels, axles, springs, joints, etc., these surfaces 
ould be prepared for repainting (after sandina to remove 
loose paint and rust) by brushing on a mixture of three parts 
denatured alcohol and one part shellac. This will dry in about 
five minutes and prevent tn^e grease from becoming mixed with 
^he paint, which would cause non-drying and peeling. 

Apply one coat of auto enamel black to the springs, axles, 
and under-sides of the fenders, top-bows, joints, windshield 
frames, etc., (or color desired). Rennish top with a top dress¬ 
ing, unless a closed-type car with metal top, in which case it is 
fimwed like the body. 

Clean wheels and give a coat of auto enamel. 

After all touched-op spots have dried give body a coat of 
auto enamel of color desired. Use two varnish brushes 
(2H" and 1"). 

Start appljring auto enamel to the doors and, with the small 
varnish brush, do the top and around the hinges. With the 
large brush give door a good solid coat, applying paint up and 
down, »Then cross and go over the entire surface from left to 
right. Next brush across the top with the small brush and 
"pick up” any enamel under the hinges. Finally take the large 
brush, brushing from bottom to top. Press brush firmly against 
bottom of door, gradually relieving the pressure as brush nears 
the top. (This is called ^laying off.**) 

Proceed with body as on the doors, working in strips not over 
eighteen inches wide. Have a piece of cheesecloth saturated 
with gasoline handy to wipe off any enamel which may drop on 
fenders. 

If wheels need a second coat, it may be applied. 

Hood should be washed inside and out with gasoline, using 
an old paint brush, cloth, or sponge to remove all grease. 
Then sand thosoughly with No. H sandpaper which has been 
dipped into a preparation of half linseed oil and half gasoline. 
Then wash off with gasoline all remaining particles, and when 
dry, sheUao around the hinges, handles, ana other places where 
grease is liable to lodge. The shellac preparation is the same 
mixture as was used on under parts of chassis. Next stand 
hood on end (end that rests on radiator, down) and apply a 
liberal coat of auto enamel of the color desired with a large 
brush. Watch for sags and runs. 

Note; Usually the hood, frame and fenders are finished with 
a baked enamel finish. If this finish is still in good condition, 
do not refinish all of the hood with color enamel, but merely 
touch up the rust spots with it and aUow it to dry and apply a 
coat of clear finish varnish. 

Fenders. Finish with auto enamel of the color desired. 
Often times cleaning with gasoline will bring back the gloss on 
baked enamel fenders. If not, a coat of good finishing varnish 
may be applied, providing the enamel is not flaked off in places. 
If so, the enamd should be removed with a good varnish re¬ 
mover such as "Taxite.** Then finish the same as with J^he 
automobile, or take to a concern that does baked enamel work. 

Final varnish coat: (after previous coats have dried for 36 
to 48 hours), take No. 0000 sandpaper dipped in a preparation 
of half linseed oil and half gasoline and sand body and cowl 


carefully enough to cut the gloss so that the succeeding coat 
will have a smooth surface to which to adhere. 

Take a pound of FF powdered pumice stone and a sponge 
and give entire surface a light rubbing, dipping sponge into 
water and then into pumice stone, usii^ lots of water, which 
will remove the oil used in sanding. Then wash with clean 
water and chamois skin. This is an important operation to 
insure a good clean-up for a good finish. After sanding wipe 
off with cheesecloth saturated with clean varnish and wrung 
dry and shake out. 

Take a quart of auto enamel clear (clear finish varnish) and 
apply to doors, then body, as well as wheels and fenders. 


Repainting a Car Where Finish Is Checked 

If surface is worn and paint beaten off and the base metal 
or wood is disclosed, or if checked and cracked, it is best to 
remove all old paint with a paint and varnish remover and do a 
complete job of repainting. 

Probably the best plan would be to have it sprayed with 
lacquer enamel, which requires special equipment. 

The car owner may feel disposed to do some of the work him¬ 
self; for instance, he could clean the car and remove the old 
paint, and then pass it on to the shop equipped with the lacquer 
enamel process, or if it is to be painted and varnished, he could 
pass it on to the professional painter. 

If a paint and varnish job is to be done without removing all 
of the old paint, then the process is practically the same as 
previously explained, except the old finish is thoroughly sanded 
down with No. 1 sandpaper and then a coat of auto enamel 
primer (plain oil paint) is app.ied to bodv (fenders and top of 
hood only if they are cracked, not otherwise), using a 2" 
camel's hair brush. 

When dry, sand lightly with No. H sandpaper, dust off, and 
then proceed with the application of the first coat as heretofore 
described. 

Enamel is a combination of finish varnish to which has been 
added color pigment (oil paint). Usually paint for automobiles 
comes ready mixed in an enamel form, known as auto enamel. 
It may be obtained in various colors. 

Enamel clear is a dear-finish varnish, known as auto enamel 
clear to work over auto enamel. Enamel primer is especially 
made for use under auto enamel, known as auto enamel primer. 
It is an oil paint, not varnish, used for undercoating. 

To clean out a new brush, take a small quantity of raw 
linseed oil, working out the brush thoroughly with the fingers 
in the oil and rinsing it frequently with turpentine. Repeat 
this until you can take a brushful of oil and wipe it on a piece 
of glass and let it flow down without showing any specks. 
This may take fifteen minutes or more, but the time is well 
spent, as the cleaner the brush, the cleaner the job. 

After using brush, thoroughly clean it out in turpentine and 
suspend by wire hook in a can, so that the bristles will not touch 
the bottom. Sufficient raw linseed oil should be kept in the can 
to cover the bristles of the brush. In this way brushes may 
always be kept in good condition. 


LACQUER FINISHING-NITRO CELLULOSE 


Automobile finishing with Duco, Opex, Nitro- 
Valspar, Lacqueroid, Murcote, etc., differs from 
p^t and varnish, or oil finishes in many ways. 

Drying comes through evaporation of the solvents 
rather than from oxidation of the oil. Technically, 
lacquer is a solution of solids in solvents which 
evaporate with great rapidity, which makes it 
necessary to apply it with a spray gun instead of a 
brush. 

For this reason the refinishing shop most be equipped with a 
compressor, spray booth, ventilating equipment and the 
necessary spray gim. (See page 756.) 


Nitro-cellulose lacquer can be applied to almost any surface, 
wood or metal, that is. if it is absolutely free from dirt, rust, wax, 
or grease, otherwise the lacquer will peel and chip off. It works 
best over clean metal surfaces. 

If the body and metal parts of the car have been painted 
before, a better finish is possible, if all of the old paint is re¬ 
moved. However, very satisfactory work can be obtained by 
applying the lacquer over old painted surfaces, as explained 
on page 756. 


tPart of the information pertaining to this subject was 

obtained from a booklet, Modern Automobile Finishing Methods^ 
published by The Sherwin-Williams Co., Cleveland, Ohio, 
manufacturers of ”Opex” lacquer enamel. 


The major advantage of the lacquer* method of finishing 
comes in saving of time and the durability of the finish. This 
finish does not nave as high a gloss or luster as a varnish finish, 
but the lacquer finish is more durable and will improve with Me, 
whereas a varnish finish will become duller with age. The 
lacquer finish, it is claimed, is not affected by rain, snow, heat 
or cold, by grease, alkalis, salt water or mud; not easily marred 
or scratched, and frequent polishing only improves the luster. 
An injured spot can be finuhed to match tne original finish. 
In addition to the saving of time, there is also an appreciable 
saving in labor, materifu, and floor space in the application 
and instead of frequent washing of the car. all that is required 
is an occasional rubbing with a dry cloth. While it is not 
pecessary to exercise as much care as with varnish finishm, 
ordinary care should be exercised—a lacquwr finish can be 
cUnMged by seratching. 


* Nitro-ceUulose lacquers are obtained by treating cotton 
plant fiber in a mixture of nitric and sulphuric acid in order to 
combine it with nitrogen. This nitro-cellulose is dissolved in 
powerful solvents to permit easy application on a smooth sur¬ 
face. Gums are then added to give thickness and long-life 
adherence. Addition of colored pigment (paint coloring) 
produces a liquid lacquer enamel. 


* Thers are a number of lacquers on the market, all of which 
have trade names. Some of these are "Duco” (E. I. DuPont de 
Nemours & Co., Parlin, N.J., or Chicago, Ill., or San Francisco, 
Cal.); "Kodalak” (Eastman Kodak Co., Rochester, N.Y.): 
"Lacqueroid" (Qlidden Co., Cleveland, Ohio); "Mimax" 
(Pittsburgh Plate Glass Co., Milwaukee, Wis.); "Muroote" 
^urphy varnish Co., Newark, N.J.); "Opex" (^e Sherwin* 
Williams Co., Cleveland, Ohio), and many others. 
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NECESSARY AND USEFUL ACCESSORIES 


Necessary accessories are those which protect the 
cecopante from accident or injury and the car from 
damage. Useful accessories are those which add 
comfort and convenience to the occupants of the 
jar. 


One is by interconnecting with the vacuum system, 
and the other, by using the movement of gasoline 
in the tank, the latter being the principle used in the 
K-S gasoline Telegage. 



Fig. 7. A rear-view mirror is a necessary accessory and is 
icajaRy placed inside of car. 


Fig. 8. Tjrpe of mirror for placing on fender. Often u-sed on 
jjnjmercial cars, where rear of car does not permit clear vision. 

''^Fig. 9. Windshield cleaners and wipers are neces.sary ac- 
^^ories and operate by hand^ or are automatic. Automatic 
wipers are of two types, operating by suction of the engine and 
ty electricity. The suction (vacuum) type consi.sts of a small 
metal cylinder mounted on top of frame of windshield. It con¬ 
tains a small piston attached to a scraper arm fitted with a 
rubber strip. A piece of tubing is connected to the cylinder 
from inlet manifold of engine. When turned on, the cleaner 
swings constantly, and removes rain or snow until stopped. 
The electric type is similarly mounted, but is operated from 
the battery or generator. Another type of windshield cleaner is 
a heater which warms the wind.shield glass, enabling the 

windshield wiper to remove the melted ice and snow. 


Fig. 11. Spotlights are necessary when touring but must be 
used with caution. Can also be used as a spot or trouble light. 
There are a number of different makes of spotlights. Can be 
secured of auto supply liouses. 



Fig. 13. Tonneau or rear-seat windshield. Gives the open 
car the comforts of a closed car. A iLseful accessory. 


Fig. 13A. Bumpers for both front and rear arc ncce.ssary 
aceessoriej^. Insurance rate.s are reduced in most policie.s where 
cars are equipped with front and rear bumpers. There is a 
great variety of bumpers. 


A good clock for automobile u.se is a useful accessory and 
should be of the best in order to withstand vibration and temper¬ 
ature change. It should have a compensating balance. An 
electric type of clock is also manufactured. 

A speedometer and warning signal (horns) are nece.ssary 
accessories and usually come on most cars as a standard equip¬ 
ment. 


Gasoline Gauges 


K-S Hydrostatic Gasoline Telegage 

This gauge is of the hvdrostatic principle, mean¬ 
ing pressure proportional to depth, that is, the air 
trapped in the air chamber (Fig. 15), when gaso¬ 
line is added, or drawn from gasoline tank, will be 
under a pressure proix)rtional to the depth of the 
gasoline. 

There are three units; the head, tank unit and 
air line. In operation the air tube and air chamber 
of the tank unit and the air line connecti^^ the tank 
unit to the head are filled with air. (See Fig. 14.) 



Operation: When the tank is filled, the gasoline tries to rise 
to the same level in the tank unit as it is in the tank, but cannot 
bccau.se of the air trapped between the bottom of tank unit and 
the liquid in the head. The gasoline trying to get into the air 
chamber pre.sses on the trapped air; this pressure is transmitted 
through the air tube and air line to the head on the in.strument 
board, where it is recorded by the ri.se of the red liquid in the 
glass tube (Fig. 15). 



Fig. 15. Tank full Note: The air cup and air delivery 
tube shown in Fig. 16 have been omitted from the illustrations, 
Figs. 14 and 15, purposely in order to simplify the explanation, 
as they take no part in the reading of the gauge. 


Types: Gasoline gauges, more correctly termed 
fuel gauges, are classified as a very useful accessory. 
There are two general types, the tank gauge and the 
dash gauge. 

Tank gauges are placed directly on the main 
gjisoline tank and are usually mechanically operated 
as shown in Fig. 5, page lli. 

Dash gauges are placed on the instrument board 
with the operating mechanism (tank unit) in the 
main gasoline tank connected with tubing, or wire 
on the electrical type. There are three types in gen¬ 
eral use, the hydrostatic type, electrical type and 
mechanical type. 

The hydrostatic principle is explained farther on. 
With this principle there are two methods for re¬ 
plenishing air^ necessary due to absorption of the air 
by the gasolme during atmospheric changes, etc. 


It can be seen from Fig. 16 that the operation of the Telegage 
depends upon air being trapped securely in the tank unit and 
air line. A loose connection would permit the trapped air to 
escape and the gasoline would rise in the tank unit to the same 
level as in the tank. There would also be no pressure on the 
liquid in the head unit and the liquid would fall to the bottom 
mark on dial regardless of how much gasoline there was in the 
tank. The connection can be tightened but the head unit will 
not register correctly until the tank unit has been cleared of 
gasoline and again filled with air. This is done by the splash 
of gasoline as explained below in the description of the tank 
unit. 

The tank unit, Fig. 16, shows the air tube and air chamber 
which must always oe filled with air. The gasoline tries to 
enter through hole C, Fig. 16, and thus presses on the trapped 
air. This is the only part of the tank unit that has anything to 
do with the reading of the gauge. (The Telegage provides a 
reserve of approximately ^ 4 '' of gasoline, that is, the bottom 
in the tank never shows on the gauge, as the reading starts 
at hole C. Above this point the gauge reads exactly, gallon for 
gallon, all gasoline in the tank.) 

The vent tube, open at the top, is a safety device which pro¬ 
tects the fi[auge against high pressure. It does not enter into 
the operation of the gauge in any way. 
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Fig. 16 Oeft). The tank unit Fig. 17 (right). The head. 


The remainder of the tank unit, that is, the air cup and air de¬ 
livery tube^ acts only as a means of supplying air to the air cham¬ 
ber. This 18 to overcome the loss of air due to absorption in the 
gasoline and contraction due to a sudden drop of temperature. 

The air supply mentioned above is obtained by using the 
movement of gasoline in the tank. When the air cup is above 
thelevel of the gasoline it is constantly being filled by the surge 
and splash when the car is in motion. This gasoline runs 
throu^^h the drain hole D and down the air delivery tube, draw¬ 
ing with it a few bubbles of air. At the bottom of the tube the 
air bubbles out and rises under the air chamber. It enters the 
air chamber through hole C and displaces any gasoline which 
may be there. When the air chamber is f ull of air these bubbles 
simply pass off and are not used. 

The head, shown in Fig. 17, is mounted on the instrument 
board. It is simply a U-tube containing a special heavy red 
liquid. (K-S iquid is selected because of its specific gravity and 
o^er characteristics. No other will do. Every dealer should 
have a bottle of ti-S liquid to cover emergencies.) The front 
half of the U-tube is a glass tube open at the top. The back 
half is a brass tube. A U-tube containing liquid is the most 
accurate instrument known for measuring pressure. The cali¬ 
brating wires are essential for accurate operation. They com¬ 
pensate differences in glass tube diameters and the correct 
amount is inserted in each head at the time of manufacture. 

The airline is simply a hollow tube which connects the tank 
unit with the head. Any pressure w’hich comes through the 
air line will press the liquid downward in the brass tube and 
upward in the glass tube. In fact the difference in levels of the 
liquid in the two tubes is an exact measurement of the pressure 
coming through the air line and hence records the depth of 
gasoline in the tank. By marking the dial in gallons, an exact 
reading in gallons is shown on the instrument board. 


Service Instructions 

Warning: Servicing by the use of any other method will 
bring; no results. Do not remove gauge head from instrument 
board, or change any unit until you have followed instructions. 

Make the checks following first: 

1. Remove tank filler cap. On cars where a hole in filler cap 
is necessary, see that it is free from dirt and open. Do not 
replace filler cap, or drain gas tank. 

2. Try tank unit connection to be sure it is tight. Use a 
second wrench to prevent tube from twisting, 

3. Disconnect gauge line (air line) at front end only. Red 
liquid must now read even with bottom line of dial. Add or 
remove liquid as required at top of brass tube where air line 
was disconnected. Use a medicine dropper to add liquid; use a 
toothpick or match to absorb some. Be careful that toothpick 
or match does not puli out any shims (small wires). Never 
loosen lock nuts to move brass tube up or down. If dial or 
paper refiector back of glass tube is stained at the bottom, 
install a new complete gauge head. Use only K-S Telegage 
liquid—no other will do. 

4. Dry air line. Follow exactly or get no results: a, use a 
good hand tire pump (never use compressed air); b, cut metal 
tip from tire pump hose; c, push hose securely over front end 
of line; d, give 60 good full strokes continuously (at least). 

5. Reconnect airline, making tight joint. 

6. Replace tank filler cap. 

You are now ready to make a test to see if the trouble has 
been corrected; by determining whether you can bring gauge 
up to proper reading by supplying air to the tank imit. There 
are two methods: 

1. If gasoline outlet is in tank unit, disconnect the fuel-feed 
line from the top of the vacuum tank or fuel pump and blow 
with the mouth through this line into the main tank. 

2. If raoline outlet is not in tank unit, drive the car until 
the red liquid no longer comes up. A correction cannot be 
made if the tank is more than tbree-fourtba full. 

Now —if the reading stays set with the car standing; then— 
the Telegage is O.K. and the job is completed. 


But—if you cannot get a reading by driving or .blowings back 
through the feed line; or you can get a reading, but it will not 
hold for an hour with the en^^ine dead; then—tbere is a defective 
unit to be located by following the repair instructions. 

To determine whether the failure is in the air line or tank 
unit: 1, disconnect the air line front and rear; 2, inspect cones 
and seats for dirt or flaws; 3, blow out air line (see check 4), 
and test for a leak. Hold finger over one end and suck on the 
other end. If the suction created will hold the tongue for one 
minute the line is O.K.; 4, if the airline shows a leak, or is 
plugged, changei t; 5, i f the airline and connections check O.K., 
the defect is in the tank unit, which should be changed. 

Caution: Defective tank units are very rare; therefore, inspect 
carefully the gauge head, air li ne and connections, as the trouble 
is more likely to be in one of these places than in the tank unit. 
(Manufactured by King-Seeley Corpn., Ann Arbor, Mich.) 

Auto-Lite Electric Gasoline Gauge^ 

Consists of two units: the dash unit and the tank 
unit These are connected together as shown in Fig. 
18 and operate only when ignition is “On.’* This 
gauge operates on the principle of electrical heating of 
thermostatic bimetal blades. 



The dash unit has two bimetal strips (J) (K) wound with 
heating coils, and two bimetal strips (A) (B) without heating 
coils that compemiate the unit for external temperature changes 
and also protect the coils from overheating. The heating coils 
are placed upon strips which actuate the pointer. One end of 
each coil is welded to the strip upon which it is mounted, while 
the other end of each coil is connected to terminals (1) and (2) 
respectively. Bimetal strip (A; has a set of contact points (C) 
at its lower end held together by the coil spring (H). Bimetal 
strip (B) has no contact points but has two stops; the insulating 
button (D), and fiat spring (G), which is insulated. 

The tank unit consists of a resistance wire (E) wound on a flat 
insulator and a contact arm (R) which is grounded to the case 
and is moved by the float arm. Movement of this contact 
varies the resistance and therefore the current in the two heating 
circuits of the dash unit. This variation in current heats the 
two bimetal strips, caasing them to bend, thus moving the 
pointer. The amount of bending of the two heated strips (J) 
and (K) depends upon the current in the heating coils. This 
bending causes the finger lugs at the lower end of the strips to 
grip the pointer and move it into position. 

Current enters terminal marked “Ign. Sw.” and passes through 
contact points (C) to hinge (L). Here the current divides and 
goes through botn heating elements to terminals (1) and (2) 
on back of dash unit, and then through wres to tank unit, 
where it is grounded through the variable resistance (£). 

Service Instructions 

To check for defective ^uge: Use a spare tank unit known to 
be in good condition. Disconnect wires from terminals No. 1 
and No. 2 on back of the dash unit and temporarily connect 
spare tank unit, being sure to run a ground wire from the tank 
unit to a good ground on oar frame. Then, with the ignition 
switch turned on, it is possible to check the action of the dash 
gauge while moving tank-unit float arm by hand. Allow ap¬ 
proximately 1 minute for gauge to come to its true reading. 

Jf the gauge does not record correctly^ the test shows that the 
fault is in the dash unit. If the gauge operates okeh, it indicates 
that the trouble is either in the wiring or in the tank unit. 

To check the wiring: Insert a 6-volt test light in series be¬ 
tween the tank unit and the wiring to the da^ gauge. With 
the ignition on, the lamp should go on and off at regular inter¬ 
vals, indicating that the wire is okeh. 

Jf the lamp does not light, it indicates eithw a ground or an 
open circuit in the wire. Jf either of the unite are inoperative, 
they should be replaced. 

1 Manufactured by The Electric Auto-Lite Co., Toledo, 
Ohio. Used on Chrysler, Plymouth, DeSoto, Dodge (1039-1941), 


Note: See pages 663, 654 for Winterfront and Irving radiator shutter formerly on this page. 
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Moto«Meter RKD Electric Gasoline Gauge 
Description: The following refers to the Moto- 
Meter RKD electric gasoline gauge. The three 
maior parts consist of a float-unit m the gasoline 
tanK, a tank-resistance-unit on the tank and an 
indicating-unit (gauge) on the instrument board. 


Fig. 21 

The float-unit consists of a float which, as it rises and falls, 
actuates a bevel gear B, Fig. 21, which in turn actuates a pinion 
gear C, which is connected to shaft D, Fig. 20. Shaft D is con¬ 
nected to rotor E of the tank-rcsistance-unit. When the gaso¬ 
line level rises, the float rises, causing sliaft D and rotor E to re¬ 
volve clockwise. When the gasoline level lowers, the float 1 ow- 
ers, causing shaft D and rotor E to revolve counter-clockwise. 
The tank-resistance-unit is attached to an opening in the main 
fuel tank. It is protectea by means of 
a cover and gasket. The attachment 
with proper gaskets is important. 

The indicating>unit or dash gauge. 
Fig. 22, indicates the quantity of fuel 
in the tank. There are two coils, FI and 
F2, in the gauge, each connected with 
one part of the tunk-unit-reaistance. The 
gauge is connected in the ignition circuit 
and is in operation only when the igni¬ 
tion is switched on. The purpose of this 
arrangement is tliat the gauge will not 
draw current while the car is not in use. The current con¬ 
sumption is low, between 55 and 05 rnilliamperes. 

Electrical operation: The gauge is essentially a current 
balancing instrument, the two coils liousing the same number of 
turns of wire. The operation of the unit depends on the rela¬ 
tive magnetic strengths of the two coils caused by supplying 
more current to one coil than to the other through changes in 
resistance. As both coils are actuated by the same voltage 
from either battery or generator, it makes no difference what 
the actual voltage may be, since any cliange in voltage will 
affect both coils in the same ratio. Therefore differences in 
battery or generator voltage do not affect the accuracy of the 
gauge. 

In the tank unit there is a resistance G, Fig. 2.3, or more 
properly, a potentiometer, around the inside of which travels a 
contactor, which through the gears is actuated by the float. 
This contactor,in assuming its various positions, HI, H2, etc., 
divides the potentiometer G into varying parts, and these parts 
directly control the relative current values of the coils FI and 
F2 in the dash unit. 

The dash unit consists primarily of two magnetically opposed 
colls Fl and F2 of identical current and magnetic characteristics 
but opposite direction of winding. Through these two coils 
travels a magnetizable vane V, Fig. 22, to which is affixed the 
pointer of the instrument. As the current values of the two 
coils differ, their turns remaining constant, the relative values 
of magnetism, expressed in ampere-turns of those coils, will of 
course differ correspondingly, causing the gauge to assume a 
position in direct relation to the float position. 

To take specific examples, let us consider the empty position 
of the gauge when the rotor and contactor will assume the 
position Hi as shown in Fig. 23. In this position the current 
will flow from positive (-I-) of batterv or generator, through the 
ignition switch or terminal bus, to No. 1 terminal of the dash 
unit. It will there divide itself in paralleled circuits. A por¬ 
tion will flow to No. 1 of the tank unit through the 120 ohm 
tank unit resistance G to the ground J, and will have no effect 
on the indicator. Another portion will take a path through the 
left-hand coil Fl of the dash unit of 120 ohm resistance, to the 
Np. 2 terminal of the tank unit, through K and the contactor 
Hi at the empty position, and directly to the ground J at that 
point. In this condition, the left-hand coil Fl of the dash unit 
18 fully energized and the current traveling through the right- 
hand coil F2 is reduced to a minimum, as it is practically short- 
circuited by the wire 2 being grounded through HI at J. The 
magnetic field produced by coil Fl is therefore very strong but 
practically no magnetism is produced by F2. Coil Fl will 
therefore draw vane V to the left and Uirow the pointer to 
empty. See Fig. 22, showing vane V. 

Let us consider the full position of the gauge when the rotor 
and contactor will assume the position H3 as shown in Fig. 23. 
The current will flow from positive (+) of battery or generator 
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through the ignition switch or terminal bus to the same terminal 
of No. 1 of the dash unit. It will again divide in parallel 
circuits. As in the ‘‘empty’" position, a portion of the current 
will flow to No. 1 of the tank unit through the resistance G to 
ground J but will have no effect on the indicating unit. An¬ 
other portion will flow to No. 1 of the tank unit through H3 and 
K to terminal No. 2 on the tank unit, thence over the wire to 
No. 2 on the dash unit and through the right-hand coil F2 to 
ground Jl. There will be another small portion that will flow 
through coil Fl and coil F2 to ground Jl, but the current in Fl 
is negligible, as this coil is practically short-circuited by wire 1, 
H3, and wire 2. In this condition, the right-band coil F2 of 
the dash unit is strongly ma^etized but there is practically no 
magnetism in Fl, therefore will draw vane V to the right 
and throw the pointer to full. 

Let us consider the half-full position when the rotor and con¬ 
tactor will assume the position H2 as shown in Fig. 23. The 
current will flow from positive (-4-) of battery or generator to 
No. 1 of the dash unit. It will then divide in parallel circuits. 
A portion of the current will flow to No. 1 of the tank unit, 
through resistance G to ground J but will have no effect on the 
dash unit. Another portion will go through coil Fl to No. 2 
on the dash unit, then through F2 to ground Jl. The same 
current which goes through Fl also goes through F2, therefore 
both coils receive equal current and produce the same amount of 
magnetism and vane V will be the same distance between them 
and throw the pointer to “H ” 

Note: There will be no current in wire No, 2 for the follow¬ 
ing reasons; Since there are 60 ohma of resistance G between 
H2 and terminal No. 1, and also 60 ohms of resistance G be¬ 
tween H2 and ground J, the voltage at H2 will be halfway be¬ 
tween the voltage at 1 and the ground. Since there are 120 
ohms Fl between No. 1 and No. 2 on the dash unit and also 120 
ohms F2 between No. 2 and ground Jl, the voltage at No. 2 on 
the dash unit will be halfway between the voltage at 1 and the 
ground. It is thus seen that the voltage at No. 2 on the dash 
unit is the same as the voltage at H2, and consequently no cur¬ 
rent will flow from one point to the other. 


Service Instructions 

The troubles and remedies following are practically universal 
and applicable in a general way for all mstallations of the Moto> 
Meter RKD electric gasoline gauge, with the exception of the 
specific reference to models, and to the pressure system of 
gasoline feed. The same basic principle of operation applies to 
all Moto-Meter RKD electric gasoline gauges as installed on 
various cars, the only difference being in the car wiring diagram, 
as some cars have the positive terminal of battery bounded 
and some have the negative terminal grounded ana a slight 
change in constructional detail. 

It is of vital importance that the electrical connections in the 
gauge circuit be correctly made. If connections are reversed, 
the gauge will not only fail to register correctly, but is likely to 
be injured. 

In cases where connections are apparently correctly made 
and still the gauge operation is faulty, it is a valuable expedient 
to connect the dash and tank units with additional wires outside 
the harness (regular wiring system) for testing purposes only, 
thereby indicating possibly that the fault may Hein the harness 
itself, and showing the exact location of the difficulty. 

Caution: Do not attempt to lubricate either dash or tank 
unit. Do not use gasoline or oil in cleaning tank unit parts. 
Use alcohol only. 

Explanation of trouble chart below: The blackface wording 
at the beginning of the sentence refers to the gauge action; the 
wording to which (a) and (b) are prefixed refers to the cause; 
the wording to w'hioh numerals are prefixed refers^o the prob¬ 
able location of the fault. 

No definite reading:^ (a) ground in No. 1 line: 1, nound in 
instrument board umt at No. 1; 2, ground in line; 3 ground 
in tank unit at No. 1. (b) open battery circuit: 1, loose termi¬ 
nal; 2, broken wire from ammeter; 3, open resistance unit 
between ammeter and gauge. 


^ When the gauge is in the ignition circuit and that circuit is 
broken bv opening switch, there is no current energUina the 
gauj^e and hence the gauge will neither retain a correct reading, 
nor 18 it required to return to sero. 


Note: See pages 655-659 for traifle regulations formerly on this page. 
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Reads^empty until tank is about full, then no definite reading: 

(a) ground in No. 2 line: 1, ground in instrument board unit 
at No. 2; 2,groundin No. 21ine;3,jp(roundin tank unit at No. 2. 

(b) No ground in dash unit: 1, defective ground between dash 
unit and dash; 2, defective instrument. 

Tank empty, reads empty. Tank full, reads yi: (a) break 
between dash and tank in No. 1 line: 1, loose terminal; 2, 
broken wire; 3, open resistance at No. 1. 

Reads **full*’ until nearly empty, then no definite reading: 
(a) reversed connections: 1, all connections O.K. except battery 
is on No. 2 of dash unit; (b) open circuit in dash unit: 1, No. 1 
double terminal not connected to No. 1 of dash unit; 2, defec¬ 
tive dash unit. 

No definite reading at empty; at H gauge goes to H 
and then gradually moves to full with tank filling: (a) reversed 
connections: 1, instrument leads from tank unit reversed, 
battery on No. 1; 2, tank (eads reversed. 

Tank empty, reads about H* At about K filling goes to 
full and remains until tank is full: (a) reversed cunnections: 

1 .instrument leads from tank unit reversed, battery on No. 2 
of dash unit. 

Reads Hat all points: (a) break in No. 2 line: 1, loose termi¬ 
nal; 2, broken wire; 3, defective tank unit; 4, poor contact at 
center brush of tank unit caused by dirt; 5, sticking plunger in 
tank unit; 6, weak spring behind contact plunger. 

Tank empty, reads Tank full, reads “full”: (a) no 
ground in tank unit: 1, poor ground between tank unit and 
tank; 2, open resistance at ground end. 

Gauge action erratic, unstable or inaccurate: (a) intermittent 
contact in tank unit: 1, loose terminal; 2, broken wire in No. 2 
line: 3, high wiresin potentiometer winding; 4, poor contactin 
center brush of tank unit; 5, sticking plunger in tank unit; 6. 
weak spring behind contact plunger, (b) water on car terminal 
block: 1, car terminal block should be kept dry as possible to 
prevent electrolytic action. 

Gauge reads high; when tank is empty, does not read zero: 

(a) faulty mechanical adjustment: 1, bent float rod (all rods 
should be straight; 2, loose screws holding contactorin place. 
(When float is at empty, contactor should be at extreme end of 
potentiometer. This adjustment secured by two screws.) 

Gauge reads low: when tank overflows, gauge has not yet 
reached full: (a) faulty mechanical adjustment: 1, bent float 
r od (al 1 rods should be st raigh t): 2,1 oose screws holdine contactor 
in place. (When float is at empty, contactor should be at ex¬ 
treme empty end of potentiometer. (Adj. secured by 2 screws.) 

In cases where fault is found conclusively to lie in the dash 
unit, the complete dash unit should be sent to the nearest Moto- 
Meter gauge authorized service station or to manufacturer, 
Moto-Meter Gauge & Equipment Corpn., Toledo, Ohio, who 
advise to not attempt to repair and do not furnish parts. 

AC Electric Gasoline Gauge 
Consists of two units: a dash unit and a tank unit. 

Dash unit consists essentially of two coUs spaced 90° apart 
with an armature and pointer assembly swung at the intersec¬ 
tion of the coil axes. Coils are wound in sutm a manner that 
the faces adjacent to the armature (K) present like polarity. 

Tank unit comprises resistance coil (E) and brush (H), the 
latter being driven by the float to take up a position on the 
resistance proportional to float position. Brush is grounded. 

Wiring. The terminal of the dash unit marked “Ignition” 
is connected by a wire to ignition switch so that the gasoline 
gauge is operated only when ignition is turned “On." The 
terminal marked “Tank” is connected by a single wire to 
terminal on tank unit. Return circuit is through a “ground,” 
a.s both the dash unit and tank unit are "grounded.” 



Fig. 24. When the msoline tank is empty, the float is at 
lowest txwition and all the resistance (E) of the tank unit is cut 
out. In this position the right coil is shorted out and the left 
cdl alone attracts the armature. The field of the left coil is 
parallel to its axis and consequently causes armature 0^) to take 
up a similar position. 


Fig. 25. When the gasoline tank is full, the float is The 
brush (H) is in such a position that all the resistance (B) is in 
the circuit. A greater proportion of current flows through the 
right coil, shifting the axis of the resultant field in a clockwise 
direction and causing pointer to indicate a full tank. 

Service Instructions 

Locating trouble will be simplified by using AC Can Cage 
Tester and following instructions included with same. This can 
be connected with the dash unit by a short piece of wire, and 
grounding the body of the unit to the chassis. The tester can 
then be moved to the "full” and “empty” positions. If the 
dash unit indicates correspondi^ positions, the trouble is con¬ 
fined to tank unit and wiring. T^ter can be obtained from AC 
distributors or from United Motors Service branches located in 
various parts of the United States. 

To remove the gasoline gauge tank unit,first remove gasoline 
tank. When connecting wires to dash unit, make certain that 
wire which leads to tank unit does not come in contact with 
ammeter connection or upper terminal on dash unit marked 
“Ignition,” os this may result in damage to tank unit rheostat. 

K-S Electric Telegages^ 

Consists of two units, termed the sender** and the 
^‘receiver** and operate on a bimetal thermostatic prin¬ 
ciple y and only when the ignition switch is ‘^On.” 
Illustrations below show the major parts of each 
unit, and the principle of operation. 



Fig. 20. K-S electric fuel level gauge operation—with tank 
empty (float in down position). When the tank is empty, the 
two contacts in tank sender are just touching. With the ignition 
switch (S) oil, current flows through circuit, warming up neater 
wires, which causes the bimetals to bend. This bending of bi¬ 
metal in tank sender opens contact, and the circuit is broken. 
The heater wire then cools, and the bimetal returns to its former 
position. Coutact is then again made, and the cycle is re¬ 
peated at the rate of approximately once per second. Since 
both heater wires are in the same circuit, a similar slight bend¬ 
ing of the bimetal in dash receiver occurs, which is just sufficient 
to make needle register zero. 

When the tank is filled with gasoline, the float is up as shown 
by dotted lines. The action of the float and cam pushes the 
grounded contact against the insulated bimetal contact, bending 
the bimetal in the tank sender. If the ignition switch is on, the 
action described under Fig. 26 occurs, but because the bimetal is 
already under strain a much greater amount of current is re¬ 
quired to bend the bimetal sufficiently to break contact in this 
position. A similar greater bending of the bimetal in the dash 
receiver occurs, and this action pulls the needle over to full. 



^ Fig. 27. K-S electric oil pressure gauge operation—with low 
oil pressure (flexible diaphragm in down position). A flexible 
diaphragm subjected to engine oil pressure is used for moving 
the grounded contact instead of the float and cam mechanism, 
as in the case of the fuel level gauge. Thus, the pressure against 
the insulated bimetal contact increases proportionately with the 
increase in oil pressure. The higher the oil pressure, the greater 
the deflection of diaphragm. See also Addenda, page 62. 

Fig. 28. K.-S. electric temperature gauge operation—with 
low temperature. The engine unit consists of a fixed grounded 
contact, so positioned that the bimetal against which it presses 


1 Manufactured by King-Seeley Corporation, Ann Arbor, 
Mich. Used on Ford, Mercury, Linooln-Zephyr, International 
Harvester, Hudson, and WUlys for fuel level, water temperature, 
and oil pressure indication (1041). 
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is bent mechanically. At low temperatures considerable heat 
is required to make this bimetal bend away from the grounded 
contact. With the temperature of the engine-cooling water low, 
all this heat must be generated electrically, and this same cur¬ 
rent flowing through the heater wire of daxh recnvtr creates an 
equal amount of heat there, and a resultant bending of the re¬ 
ceiver bimetal, causing pointer to show alow temperature read¬ 
ing. As the cooling-water temperature rises, the heat of it aids 
in pending the sender bimetal; leas heat is generated electrically, 
the resultant bending of the receiver bimetal is less, resulting in 
high temperature readings. 

The electric temperature gauge uses the same basic principle 
of operation as employed with the fuel level and oil pressure 
gauges, but there are two notable differences: ( 1 ) the smaller 
the current, the higher the reading, and ( 2 ) when the current is 
‘‘Off,” the bimetal is straight and reading is to right 212®, which 
is the normal reading when gauge is "Off.” 

With K-S oil pressure and temperature gauges, an insulated 
wire is all that is required to connect engine unit to receiver. 
This elimination of tubing normally used has many decided 
advantages. Not only is danger of broken tubes avoided but, 
in addition, various engine noises can no longer be transmitted 
through these tubes to instrument board. 

Service Instructions 

The best way of testing either the receiver or the sender is by 
comparison with units known to be okeh. 

Method of checking: (applies to all types of K-S electric 
telegages, whether for fuel, oil, or water level, oil pressure, or 
water temperature). 

Pointers: Do not replace or remove any unit until tests prove 
defective. 1/ necessary to replace receiver because it lias been 
burned out, then check wiring, sender, and condenser for a short- 
circuit and correct this condition; otherwise, new receiver will 
also burn out. A short in gauge circuit ia easily recognizable 
because it will cause receiver to overread and in most cases 
beyond full scale. Do not apply 6 volts direct to receiver (dash 
unit) os this will burn it out. 

( 1 ) To check K-S electric telegage (receiver and sender). Dis¬ 
connect sender being checked and hook in an okeh tank unit. 
Turn on ignition switch and operate float rod of tank unit 
by hand. 

a) Fuel level and oil pressure gauges. With float of okeh 
tank unit at bottom position, receiver being checked should 
register at bottom mark on dial; with float at top position, 
receiver should move to top mark (allow one minute for 
pointer to come to rest). 

b) Water temperature gauge. With float of tank unit at 
bottom position, receiver being checked should register at 
hot (i.e, top, 212 ®) end of scale; with float at top position, 
receiver should move to cold (i.e. bottom, 100 ®) end of scale. 

( 2 ) If receiver operates correctly, then check sender on car to 
see if properly grounded, also: 

o) If car is radio equipped, check condenser on sender. If 
shorted, it will cause receiver to overread. Condenser can 
be checked by disconnecting wire leading from it to tank 
unit; if gauge then operates okeh, replace condenser, using 
one of .10 microfarad capacity, but up to .50 can be used it 
necessary to cut out radio interference. 
b) If ground and condenser are okeh, then replace sender and 
check to see if this corrected the difficulty. 

(3) If receiver does not operate or fails to operate correctly, then 
check wire lead to receiver and replace ware if faulty. If 
wiring is okeh, then replace receiver and check with sender 
on car. If receiver fails to operate, replace sender. 

Do not attempt the repair or calibration of any receiver or 
sending unit in the field as this is not practical. Replacement 
with a new unit is the only practical means of servicing these 
gauges. 

Radiator Shutters 

The radiator shutter is classified as a useful 
device for re^latin^ the temperature of ihe cooling 
system. This device prevents circulation of air 
tnrough the radiator core when the engine is cold, 
thereby permitting the engine to quickly reach an 
efficient and economical operating temperature. 

Types: There are two types in ^neral use: the hand 
operated type (see page 149) and the automatic. 

Note: See pages 665-^59 for trafl 


Automatic Radiator Shutters 

The automatic type of radiator shutter is of two 
types; the single-unit type and the two-unit type. 
The single-unit type is where the thermostat and 
shutter assembly are in one unit and can quickiv be 
attached and detached to and from the front or the 
radiator core. The two-unit type is where the 
thermostat is installed in the upper tank of radiator 
and the shutter is held in place py bolts and radiator 
shell or, in other words, built into the radiator as¬ 
sembly. (See Fig. 32.) 

As an example of the single-unit t]pe of automatic 
radiator shutter controlled by a thermostat, the 
“Winterfront,” Fig. 30, is shown. 

Operation: The ahutters (R) are ribbed and turn in brass 
trunnions (G). All shutters operate in unison and are con¬ 
nected with a thermostat. 

The thermostat con.si8ts of a pair of thermo wafer cells (B) 
with a spacer (C) and an aluminum heat-conducting flange or 
plate (A). The thermo-wafer cells are filled with a liquid 
mixture which forma gas proportioned to make the cells expand 
or contract at the desired temperatures. For ordinary require¬ 
ments they are filled to begin expansion at 130® F., and fully 
expand at 160® to 170®. The heat is derived from the radiator 
core, through the aluminum heat-conducting flange (A) which 
rests agaiiwt the core of the radiator, and as it warms up the 
heat is carried to the thermo-wafer cells (B), causing them to 
expand, ,\s the cells (B) expand, they turn the double bell 
crank (D) which is connected with the shutters (R), opening 
them gradually as the heat of the radiator rises above 130^ 
and fully at 160® to 170®. When the temperature drops below 
130® the thenno-wafer cells (B) contract and automatically 
close the shutters (R). 

To close shutters when stopping the car (to retain heat under 
hood), the button (N) can be pressed which, instantly locks 
them shut. The automatic release (L) restores the shutters to 
operating position when the car is started (by vibration of car). 

Adjustment of the releasing attachment (L) can be changed 
with a small wrench which fits a brass bolt. This bolt can be 
reached through the space above the top shutter, when the 
shutters are open. Turning to the right will make the adjust¬ 
ment more sensitive, and to the left less sensitive. This 
adjustment of (L) should be so sensitive that it will barely hold 
when (N) is pushed in so that the least vibration will release 
(L), thus restoring the shutters to operating position. This 
docs not regulate temperature opening of shutters. 



Fig, 30. Single-unit detachable type of automatic radiator 
shutter with horizontal* shutters (the Winterfront). Rear view 
issbown. Names of parts: A,aluminumheat-conductingflange; 
B, thermo-wafer cells; C, cell spacer; D, double bell crank; 
E, thermostat insulator; F, frame insulator; G, brass trunnions; 
H, composition bearings: I, cushion cord; J, shell; K, safety 
spring; L, automatic release; M, shutter lever; N, closing 
button; O, shutter rod; P, shutter operating bar; Q, closing 
spring; R, shutters; S, closing release. 


* The Winterfront is now made with vertical shutters and is a 
later design, but the principle of automatic operation is prao- 
tically the same. 

regulations formerly on this page. 
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Thermostat may be adjusted to open shutters at 10^ to 16^ 
higher tem^rature by inoreasin^ the tension of a *'closing 
spring/* by lifting a knob on the side. If it fails to do so, this 
spring may have become detached (on earlier models this 
adjustment was by means of a hexagon nut on the side, and 
turning clockwise increased the tension). 

If shutters should fail to open fuUy when engine is heated up. 
the thermostat disks (B) may have become porous, or they may 
leak where soldered. The disks are replaceable. 

Another example of a single-unit detachable tj^e 
automatic radiator shutter controlled by a thermostat 
formerly manufactured and shown here as an 
example was the Irving, the principle of operation 
being shown below, Fig. 31. 



Operation: A thermostat (A) ^ig. 31) is made of U-shaped 
Wiloo metal, being encased in (B) and mounted on back of 
shutter so that it will rest against the radiator and is connected 
with a cylinder and piston as shown. 

When thermostat (A) is heated to about 140° it rises and 
opens a pin valve, allowing the suction of intake manifold of 
enmne to create a vacuum or suction effect in cylinder to the 
right of piston (R), and air entering on the left of piston (R) 
causes (R) to move against tension of spring (S), which opens 
shutters by means of a bell crank connected with piston arm 
(P). 

As long as heat is above 140°, (A) will remain up, keeping 
valve and shutters open; but when engine cools to a temper¬ 
ature below 140°, fA) lowers, closing valve; consequently (R) 
moves to the left by tension of spring (S), closing shutters; 
stopping the engine stops the suction from intake manifold, 
ana if Gutters are in the open position, (S) will force (R) to 
the left, closing shutters. 

Adjustment can be made for opening of valve at a higher 
temperature by bending the thermostat slightly up with a pair of 
pliers at (U); for lower temperature, bend slightly down. Re¬ 
place valve with a new one if inoperative. 

Note: The Irving automatic shutter is now out of production. 
The Irving hand-controlled shutter is manufactured by Irving 
Engineering Co., Inc., Sioux City, Iowa. 

As an example of the two-imit tjrpe of automatic 
radiator Gutter controlled by a thermostat and built 
into the radiator assembly, which automatically con¬ 
trols the water temperature, is the type used on the 
Buick, models 8-50,8-60,8-80 and 8-90. See Fig. 32. 

Purpose: This device prevents circulation of air through the 
radiator core when the engine is cold, thereby permitting the 
engine to quickly reach an efficient and economical operating 
temperature, at which time the shutters automatically open and 
permit just enough cooling air to pass through to maintain this 
efficient temperature. Shutters are bolted to the inside of the 
shell. 

The thermostat unit is placed in the upper tank of radiator 
and is in direct contact with the water in the upper radiator 
tank. It is attached to the tank by six screws and the joint 
between the two is provided with a gasket which must be kept 
in good condition to prevent water leaks at this point. 

Operation: When the water in the engine reaches a prede¬ 
termined temperature, the thermostat begins to expand, and 
by means of a lever, connecting link and bell crank causes the 
shutters to open from their normal closed position. As the 
engine temperature rises, the shutters continue their opening 
until a water temperature of 135-145 degrees F. is reached and 
maintained. Should the cooling effect of the air coming through 
the radiator tend to lower this temperature, the thermostat ^11 
at once contract, partially closing the shutters and again raising 
the engine temperature. This contraction of the thermostat is 
hastened by the action of a closing spring which pulls against 
the expansion of the thermostat. The charge in the thermostat 
is so calibrated that a minimum engine temperature of 135^ 
to 145° F. is maintained at all times. 

Adjustment: To check adjustment of the linkage, remove 
fulcrum pin of lever and pin of adjusting nut. Adjusting nut 
should be screwed on one-half turn beyond the point of align¬ 
ment of the following three points: connecting link, fulcrum 
point on the cover and pin hole in adjusting nut. This will 
provide the proper amount of tension in the linkage. 

Removal: The thermostat unit may be removed from the 
radiator by removing the fulcrum pin and the pin at the adjust¬ 


ing nut. If the core is to be removed from the shell, the pin in 
the connecting link and lever must be removed, lock bar of link 
withdrawn and the link lifted from the shutter bell crank. Cftre 
should be taken in replacing these parts to place the link pin 
on the shutter bell crank pin before the look bar is moved into 
position. 

Inspection; Thermostats should be tested for correct opera¬ 
tion as follows: At 135° F., water temperature, thermostat 
should not expand under a load of 14 lbs. At 145° F., water 
temperature thermostat must lift a load of 14 lbs. 

It is not the custom, nor is it necessary, to remove the shutters 
during summer weather, as it does not interfere with the circu¬ 
lation of water which might cause an increase of temperature 
during the hot months. 



Fig. 32. Two-unit built-in type of automatic radiator 
shutter with vertical shutters. Name of parts: A, thermostat 
adjusting end; B, shutter operating lever; C, shutter operating 
link; D, shutter bell crank; E, shutter return spring. 


^ Electric Signal Lamp 

In a number of states there are laws providing that all closed 
cars shall be equipped with a roar signal device which will indi¬ 
cate to the driver of the car in the rear that the car is going to 
slow down or stop. This is a very necessary device. 

There are a number of devices on the market for this purpose, 
one which is called the Neo-Lite (now out of production). See 
also pages 431, 430A. 


Fig. 33. The Neo-Lite stop signal. Principle of operatioa 
is as follows; A small induction or secondary vibrator-type 
coil is used which intensifies the low voltage to a high voltage. 
The connection for closing the circuit is attached to the bre^e 
pedal, 80 that when the car is slowed down, the current from the 
battery is connected. The device is enclosed in a metal case 
mounted in the rear of the car. Owing to the low resistance 
offered by Neon, the current consumedis approximate!v one- 
eighth less than that of an electric bulb gener^y used. Experi¬ 
ments have proved that Neon offers so little resistance to the 
passage of electricity that, where a 15,000-volt current is re¬ 
quired in air, a 200-volt current will suffice in pure Neon. In 
other words, a spark that will jump 1 inch in air will jump 75 
inches in pure Neon. 

Neon is an element of the air. When air is split up into its 
component parts: oxygen, nitrogen, arjmn, etc., Neon is one 
of the elements segregated, and it is this Neon that is used in a 

f lass tube shaped like a hand, which is used as a stop sifl^nal. 
^eon is one of the air's rarest gases. There is only 1 cubic inch 
of Neon in approximately 100,000 cubic inches of air. 

The glass tube (shaped like a band) is filled with Neon, which 
has 75 times less resistance than air. For this reason, when 
connected with the secondary terminals of the coil and contact 
is closed, the Neon glows, giving an orange-red glow. 

.■.■.■1. — i ■III. ^ 

Note: See pages 655-659 for traffic tegulatioiia and rules of 
the road, etc., formerly on this page. 











INSTRUCTION No. 58 

TRAFFIC REGULATIONS: Uniform Code; Pointers on Safe Driving 


Since 1928 representatives from 42 states have 
been interested in promoting a uniform vehicle code 
as first suggested by Hon. Herbert Hoover, when 
Secretary or Commerce. A final draft of such a code 
was adopted at the third National Conference on 
Street and Highway Safety in May, 1930. This is 
known as the Hoover Code. 

The excerpts which are given in this discussion 
are taken from one of the several publications issued 
by the National Conference on Street and Highway 
Safety, entitled Model Municipal Traffic Ordinance, 
as of May, 1930. 

Those interested in additional information and 
also state laws on such fundamental matters as state 
highway patrols, drivers' license, safety responsi¬ 
bility laws and proper regulations of commercial 
vehicles, also other state laws set forth in the uniform 
traffic regulations, in addition to the model munici¬ 
pal traffic ordinances, such as driving while intoxi¬ 
cated, reckless driving, speed restrictions, the right- 
of-way rule and other rules of the road, etc., can 
obtain additional information regarding this code 
from the American Automobile Association, Wash¬ 
ington, D.C. 

A Summary of the Recommendations of the National Con¬ 
ference on Street and Highway Safety 

Traffic Accident Statistics 

Protection of Railway Grade Crossings and Highway Inter¬ 
sections 

Maintenance of the Motor Vehicle 

Measures for the Relief of Traffic Congestion 

Uniform Traffic Regulation, accompanied by Uniform Vehicle 
Code, consisting of: 

Uniform Motor Vehicle Registration Act 

Uniform Motor Vehicle Anti-Theft Act 

Uniform Motor Vehicle Operators’ and ChaufiFeurs’ License 
Act 

Uniform Act Regulating Traffic on Highways 

Model Municipal Traffic Ordinance 

Manual of Street Traffic Signs, Signals, and Markings 

Excerpts from Model Municipal Traffic 
Ordinance^ 

Definitions: Article I, Section 1: Wherever in this Ordinance 
the following terms are used, they shall have the meanings 
respectively ascribed to them in this section: 

Street or Highway. Every way or place of whatever nature 
open to the iise of the public, as a matter of right, for purposes 
of vehicular travel. 

Private Road or Driveway. Every road or driveway not open 
to the use of the public for purposes of vehicular travel. 

Roadway. That portion of a street or highway between the 
regularly established curb lines or that part improved and in¬ 
tended to be used for vehicular travel. 

Sidewalk. That portion of a street between the curb lines 
and the adjacent property lines. 

Intersection. The area embraced within the prolongation or 
connection of the lateral curb lines or, if none, then of the lateral 
boundarv lines of two or more streets or highways which join 
one another at an angle, whether or not one such street or high¬ 
way crosses the other. 

Crosswalk, That portion of a roadway ordinarily included 
within the polongation or connection of curb and property 
lines at intersections, or any other portion of a roadway clearly 
indicated for pedestrian crossing by lines or other markings on 
the surface. 

Safety Zone. The area or space officially set apart within a 
roadway for the exclusive use of pedestrians and which is pro¬ 
tected or is so marked or indicated by adequate signs as to be 
plainly visible at all times while set apart as a safety sone. 


Vehicle. Every device in, upon, or by which any person or 
roperty is or may be transported or drawn upon a pubUs 
ighway, except devices moved by human power or used 
exclusively upon stationary rails or tracks. 

Motor Vehicle. Every vehicle, as herein defined, which is 
self-propelled. 

Street Car. Eve^ device traveling exclusively upon rails 
when upon or crossing a street, other than cars or trains pro¬ 
pelled or moved by steam. 

Authorized Emergency Vehicle. Vehicles of the Fire De¬ 
partment (Fire Patrol), police vehicles and such ambulances and 
emergency vehicles of municipal departments or public service 
corporations as are designate or authwized by the Chief of 
Police. 

Pedestrian. Any person afoot. 

Traffic. Pedestrians, ridden or herded animals, vehicles, 
street cars and other conveyances, either singly or together, 
while using any street for purposes of travel. 

Right of Way. The privilege of the immediate use of the 
street or highways. 

Parking. The standing of a vehicle, whether occupied or 
not, upon a roadway, otherwise than temporarily for the pur¬ 
pose of and while actually engaged in loading or unloading, or 
in obedience to traffic regulations or traffic signs or signals. 

Official Traffic Signs. All signs, markings and devices, other 
than signals, not inconsistent with this (Jrdinance, placed or 
erected by authority of a public body or official having jurisdic¬ 
tion, for the purpose of guiding, directing, warning or regulat¬ 
ing traffic. 

Offici'il Traffic Signals. All signals, not inconsistent with 
this Ordinance, placed or erected by authority of a public body 
or official having jurisdiction, for the purpose of directing, warn- 
ing or regulating traffic. 

Traffic Control Signal. Any device, whether manually, 
electrically or mechanically operated, by which traffic is alter¬ 
nately directed to stop and proceed. 

Police Officer. Every officer of the Municipal Police Depart¬ 
ment or any officer authorized to direct or regulate traffic or to 
make arrests for violations of traffic regulations. 


Traffic Signs and Signals: Article III, Section 8: 

(a) The (municipal legislative body) shall, by resolution, de¬ 
termine and designate the character or type of all official traffic 
signs and signals. 

Subject to this .selection, the (traffic authority) is hereby au- 
Uiorized, and as to those signs and signals required hereunder, 
it shall be (hi.s) duty to place and maintain, or cause to be placed 
and maintained, all official traffic signs and signals. All signs 
and .signals reipiired hereunder for a particular purpose shall so 
far as practicable be uniform as to type and location throughout 
the (City). 

(b) No provision of this Ordinance for which signs are re¬ 
quired shall be enforced against an alleged violator if, at the 
time and place of the alleged violation, the sign herein required 
is not in proper position and sufficiently legible to be seen by an 
ordinarily observant person. Whenever a particular section 
does not state that signs are required, such section shall be 
effective without signs being erected to give notice thereof. 

Obedience to Traffic Signs and Signals: Article III, Sec¬ 
tion 9: 

It shall be unlawful for the driver of any vehicle or for the 
motorman of any street car to disobey the instructions of any 
official traffic sign or signal placed in accordance with the pro¬ 
visions of this Ordinance, unless otherwise directed by a poHce 
officer. 

Traffic Control Signal Legend: Article III, Section 10: 

(^ Whenever traffic at an intersection is controlled by 
traffic control signals exhibiting colored lights or the words 
"Go,” "Caution” and "Stop,” said lights and terms shall 
indicate as follows, except as provided in Section 16: 

Green or "Go”—Traffic facing the signal may proceed, except 
that vehicular traffic shall yield the right of way to pedestrians 
and vehicles lawfully within a crosswalk or the intersection at 
the time such signal was exhibited. 


Note: For subjects: ^king, see pages 659,656,657; AA.A., 
meaning of, see page 659; road signs, see page 659, formerly on 
this page. 


* Revisions have been made. This code is now known as ''Uniform Vehicle Code.'* Publications listed below are superseded 
by the following: Act I— Uniform Motor Vehicle Administration Registration, Certificate of Title and Antitheft Act; Act II— Uni¬ 
form Motor Vehicle Operators* and Chauffeurs' License Act; Act III— Uniform Motor Vehicle Civil Liability Act; Act IV— Uni¬ 
form Motor Vehicle Safety Responsibility Act; Aot V— Uniform Act Regulating Traffic on Highways; Model Traffic Ordinances. 
These publications, the "Uniform Vehicle Code" and the "Model Traffic Ordinances," can be obtained from the Federal Works 
Agency, Public Roads Administration, Washington, D.C. 

* The new name is "Model Traffic Ordinances," in which there have been a number of revisions. 

Non.—The American Automobile Association have available many publications on safe driving suitable for use in high schools, 
colleges, and among adults, C.C.C. camp enrollees, etc., including their own textbook, "Sportsmanlike Driving," and the Sports- 
manuke Driving text pamphlets with the following titles: "The ^iver," "Driver and Pedestrian Responsibilities," "Sound Driving 
Practices," "Society's Responsibilities," and "How To Drive." For further information see the local AAA Motor Club, or address 
Safety arid Traffic Engineering Dept.» American Automobile Aasociation, Washington, D.C. 
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Yellow or ‘‘Caution,when shown alone following the green 
or “Go”—Traffic facing the signal shall stop before entering 
the nearest crosswalk at the intersection unless so close to the 
intersection that a stop cannot be made in safety. 

Red or “Stop”—Traffic facing the signal shall stop before 
entering the nearest crossw’alk at the intersection or at such 
other point as may be designated by the (traffic authority), and 
remain standing until green or “Go” is shown alone. 

(b) The driver of a vehicle or the motorman of a street car 
intending to turn to the right or left at an intersection where 
traffic is controlled by traffic control signals or by a police officer 
shall proceed to make either such turn w'ith prefer care to 
avoid accident and only upon the “Go” signal, unless otherwise 
directed by a police officer or by official traffic signs or special 
signals. 


Display of Unauthorized Signs and Signals Prohibited: 
Article III, Section 11: 

It shall be unlawful for any person to place or maintain, or to 
display upon or in view of any street, any unofficial sign, signal 
or device which purports to be or is an imitation of or resembles 
an official traffic sign or signal, or which attempts to direct the 
movement of traffic or which hides from view or interferes with 
the effectiveness of any official sign or signal. Every such pro¬ 
hibited sign, signal or device is hereby declared to be a public 
nuisance, and the (Chief of Police) is hereby empowered to 
remove the same, or cause it to be removed, without notice. 

Interference with Signs and Signals Prohibited: Article III, 
Section 12: 

It shall be unlawful for any person to wilfully deface, 
injure, move, obstruct or interfere with any official traffic sign 
or signal. 

(Traffic Authority) Authorized to Designate Crosswalks: 
Article III, Section 13: 

The (traffic authority) is hereby authorised to establish and 
to designate and shall thereafter maintain, or cause to be main¬ 
tained, by appropriate devices, marks or lines upon the surface 
of the roadway, cros-swalks at intersections where, in (his) 
opinion, there is particular danger to pedestrians crossing the 
roadway, and at such other places as (he) may deem necessary. 

(Traffic Authority) Authorized to Designate Safety Zones and 
Lanes for Traffic: .^Vrticle HI. Section 11: 

(a) The (traffic authority) is hereby empowered to establish 
safety zones of such kind and character and at such places as 
(he) may deem necessary for the protection of pedestrians. 

(b) The (traffic authority) i.s also authorized to mark lanes 
for traffic on street pavements at such places as (he) may deem 
advisable, consistent with the provisions of this Ordinance. 


Pedestrians’ Right of Way: Article IV, Section 15: 

(a) The driver of any vehicle shall yield the right of way 
to a pedestrian crossing the roadway within any marked cross¬ 
walk fJT within any unmarked crosswalk at the end of a block, 
except at intersections where the movement of traffic is being 
regulated by police officers or traffic control signals, or at any 
point where a pedestrian tunnel or overhead crossing has been 
provided. 

(b) Whenever any vehiiile ha.s stopped at a marked cross¬ 
walk or at any intersection to permit a pedestrian to cross the 
roadway, it shall be unlawful for the driver of any other vehicle 
approaching from the rear to overtake and pass such stopped 
vehicle. 

(c) Every pedestrian crossing a roadway at any point other 
than within a marked or unmarked crosswalk shall yield the 
right of way to vehicles upon the roadway, provided that this 
provision shall not relieve the driver of a vehicle from the duty 
to exercise due care fur the safety of pedestrians. 

Pedestrians’ Rights and Duties at Controlled Intersections: 
Article IV, Section 16: 

At intersections where traffic is controlled by traffic control 
signals or by police officers, drivers of vehicles shall yield the 
right of way to pedestrians crossing or those who have started 
to cross the roadway on a green or ‘"Go” signal, and in all other 
cases pedestrians shall yield the right of w^ to vehicles lawfully 
proce^ng directly ahead on a green or “Go” signal. 


Pedestrians to Use Right Half of Crosswalks: Article IV, 
Section 17: 

Pedestrians shall move, whenever practicable, upon the right 
half of crosswalks. 

Pedestrians Soliciting Rides: Article IV, Section 18: 

It shall be unlawful for any person to stand in a roadway for 
the purpose of soliciting a ride from the operator of any private 
vehicle. 

Passing Street Cars: Article V, Section 19: 

(a) The driver of a vehicle shall not overtake and pass upon 
the left any street oar proceeding in the same direction, whether 


actually in motion or temporarily at rest. This provision shall 
not apply on one-way streets, or on streets where the tracks are 
so located as to prevent compliance with the rule. 

(b) The driver of a vehicle overtaking any street car stopped, 
or about to stop, for the purpose of receiving or discharging any 
passenger, shall stop such vehicle to the rear of the nearest 
running board or door of such street car and keep it stationary 
until any such passenger has boarded such car or reached a 
place of safety, except that where a safety zone has been estab¬ 
lished, a vehicle need not be stopped before passing any such 
street car, but may proceed past such car at a speed not greater 
than is reasonable or proper, and with due caution for the safety 
of pedestrians. This provision shall not apply to passing upon 
the left of any street car on a one-way street. 

Driving on Street Car Tracks: Article V, Section 20: 

(a) It shall be unlawful for the driver of any vehicle proceed¬ 
ing upon any street car tracks in front of a street car upon a 
public street to fail to remove such vehicle from the tracks as 
soon as practicable after signal from the motorman of said 
street cur. 

(b) When a street car has started to cross an intersection, 
no driver shall drive upon or cross the car tracks within the 
intersection in front of the street car. 

Driving Through Safety Zone Prohibited: Article V, Section 
21 : 

It shall be unlawful for the driver of a vehicle at any time to 
drive the same over or through a safety zone as defined in this 
ordinance. 


Boarding or Alighting from Street Cars or Vehicles: Article 
V, Section 22: 

It shall be unlawful for any person to board or alight from 
any street car or vehicle while such street car or vehicle is in 
motion. 

Unlawful Riding: Article V, Section 23: 

It shall be unlawful for any person to ride on any street cur 
or vehicle upon any portion thereof not de.signed or intended 
for the use of passengers when the vehicle is in motion. This 
provision shall not apply to an employee engaged in the nec¬ 
essary discharge of a duty, or to persons riding within truck 
bodies in space intended for merchandise. 


Stopping Prohibited in Specified Places: Article VI, Section 
25; 

It shall be unlawful for the driver of a vehicle to stop, stand 
or park such vehicle in any of the following places, except when 
necessary to avoid conflict with other traffic or in .'ouiplmncc 
with the directions of a police officer or traffic control sign or 
signal: 

(1) Within an intersection. 

(2) On a crosswalk. 

(3) Between a safety zone and the adjacent curb or within 
thirty (30) feet of points on the curb immediately opposite the 
ends of a safety zone, unless the (traffic authority) shall indi¬ 
cate a different length by signs or markings. 


(4) Within twenty-five (25) feet from the intersection of curb 
lines, or, if none, then within fifteen (15) feet of the intersection 
of property lines at an intersection, except at alleys. 

(5) Within thirty (30) feet upon the approach to anv flashing 
beacon, stop sign or traffic control signal located at the side oi 
the roadway. 

(6) Within fifteen (15) feet of the driveway entrance to any 
fire station. 

(7) Within fifteen (15) feet of a fire hydrant. 

(8) In front of a private driveway. 

(9) On a sidewalk. 

(10) Alongside or opposite any street excavation or obstruc¬ 
tion when such stopping, standing or parking would obstruct 
traffic. 

(11) On the roadway side of any vehicle stopped or parked 
at the edge or curb of a street. 

(12) At any place where official traffic signs have been 
erected prohibiting standing and parking. 

(13) Within fifty feet of the nearest rail of a steam or inter- 
urban railway crossing. 


All Night Parking Prohibited; Article VI, Section 33: 

It shall be unlawful for the driver of any vehicle to park said 
vehicle on any street for a period of time longer than thirty 
(30) minutes between the hours of (2) a.m. and (6) a.m. of any 
day, except physicians on emergency calls. 

Note: For subject of touring and other svribjeote formerly on 
this page see pages 669-660. 
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Standing or Parking Close to Curb: Article VI, Section 34: 

(a) Except when necessary, in obedience to traffic regulations 
or traffic signs or signals, the driver of a vehicle shall not stop. 
Stand or park such vehicle in a roadway other than parallel 
with the edge of the roadway, headed in the direction of traffic, 
and with the curb-side wheels of the vehicle within six inches 
of the edge of the roadway. 


Parking Vehicle for Sale Prohibited: Article VI, Section a.'i: 

It shall be unlawful for any person to park upon a street any 
vehicle displayed for sale. 

Using Vehicle for Primary Purpose of Displaying Advertising 
Prohibited: Article VI, Section 36: 

It shall be unlawful for any person to operate or to park on 
any street any vehicle for the primary purpose of displaying 
advertising. 

Stop Before Entering a Through Street: Article VII, Section 
37: 


One-Way Streets: Article VII, Section 38. 


Operation of Vehicles on Approach of Authorized Emergency 
Vehicles: Article VII, Section 39: 

Upon the approach of any authorized emergency vehicle, or 
vehicles, giving audible signal by bell, siren or exhaust whistle, 
the driver of every other vehicle shall immediately drive the 
same to a position as near as possible and parallel to the right- 
hand edge or curb of the street, clear of any intersection, and 
shall stop and remain in such position until the authorized 
ernergency vehicle or vehicles shall have passed, unless other¬ 
wise directed by a police officer; and the motorman of every 
street car shall immediately atop s\ich car clear of any intersec¬ 
tion and keep it in such position until the authorized emergency 
vehicle or vehicles shall have passed, unless otherwise directed 
by a police officer. 

Following Fire Apparatus Prohibited: Article VII, Section 
40: 

It shall be unlawful for the driver of any vehicle, other than 
one on official business, to follow closer than five hundred feet 
any fire apparatus traveling in re.sponse to a fire alarm, or to 
drive into or stop any vehicle within the block where fire ap¬ 
paratus has stopped in answer to a fire alarm. 


Crossing Fire Hose: Article VII, Section 41: 

No street car or vehicle shall be driven over any unprotected 
ho.se of the Fire Department when laid down on any street, 
private driveway or street car track to be u.sed at any fire or 
alarm of fire, without the consent of the Fire Marshal or Fire 
Department official in command. 

Unlawful to Drive Through Procession Unless Directed by 
Traffic Control Signals or by a Police Officer: Article VII, 
Section 42: 

It shall be unlawful for the driver of any vehicle or motorman 
of any street car to drive between the vehicles compri.sing a 
funeral or other authorized procession while they are in motion, 
provided that said vehicles are cotispicuoualy so designated. 
This provision shall not apply at intersections where traffic is 
controlled by traffic control signals or police officers. 

Limitations on Turning Around; Article VII, Section 43: 

It shall be unlawful for the driver of any vehicle to turn such 
vehicle so as to proceed in the opposite direction unless such 
movement can be made in safe^ and without backing or other¬ 
wise interfering with other traffic. 


Limitations on Backing: Article VII, Section 44: 

The driver of a vehicle shall not back the oame cnle^ luoh 
movement can be made in safety. 

Emerging from Alley or Private Driveway: Article TXI, 
Section 45: 

The driver of a vehicle emerging from an alley, drfeeway or 
building shall stop such vehicle immediately prio. to diiving 
onto a sidewalk or onto the sidewalk area extending acrofio any 
alleyway. 

Vehicles Shall Not Be Driven on Sidewalk: Article VO, 
Section 46; 

The driver of a vehicle shall not drive within any 
area except at a permanent or temporary driveway. 

Obstruction to Driver’s View or Driving Mechanism: Article 
VII, Section 47: 

(a) It shall be unlawful for the driver of any vehicle to drive 
the same when such vehicle is so loaded, or when there are in 
front seat of such vehicle such a number of persons as to obstruct 
the view of the driver to the front or sides, or to interfere with 
the operator’s control over the driving mechanism of the vehicle. 

(b) It shall be unlawful for any passenger in a vehicle or 
street car to ride in such position as to interfere with the driver’s 
view ahead or to the sides, or to interfere with the driver’s 
control over the driving mechanism of the vehicle. 

Clinging to Moving Vehicles: Article VII, Section 48: 

It shall be unlaw'ful for any i^erson traveling upon any bicycle, 
motorcycle, coaster, sled, roller skates or any toy vehicle to 
cling to or attach himself or his vehicle to any other moving 
vehicle or street car upon any roadway. 

Note to Section 48. Improper riding in or upon any* street 
car or vehicle i.s prohibited in Sections 2.3, 47 and 49. 

Riding on Handle Bars Prohibited: Article VII, Section 49; 

It shall be unlawful for the operator of any bicycle or motor¬ 
cycle, when upon the street, to carry any other person upon the 
handle bar, frame or tank of any such vehicle, or for any person 
to so ride upon any such vehicle. 

Use of Coasters, Roller Skates, and Similar Devices Re¬ 
stricted: Article VII, Section 50: 

It shall be unlawful for any person upon roller skates, or 
riding in or by mean.s of any coaster, toy vehicle, or similar 
device, to go upon any roadway except wnile crossing a street 
or crosswalk. 

Motor Vehicles Left Unattended, Brakes to Be Set and 
Engine Stopped: Article VH, Section .'>1: 

No person having control or charge of a motor vehicle shall 
allow such vehicle to stand on any street unattended witliout 
first setting the brakes thereon and stopping the motor of said 
vehicle, ami, when standing upon a perceptible grade, w'ithout 
turning the wheels of such vehicle to the curb or the side of 
the street or highway. 

Lights on Parked Vehicles: Article VII, Section 52: 

Whenever a vehicle is parked or stopped on a .street during 
the times between one-half hour after sunset and one-half hour 
before sunrise, or at any other time when there is not sufficient 
light to render clearly discernible any vehicle on the street from 
a distance of 200 feet, there shall be di.splaycd upon such vehicle 
one or more lamias, one of which shall be on the roadway side 
and project a white light visible under normal atmospheric 
conditions from a distance of 500 fc^t toithe front of such vehicle 
and one of which lamps shall project a red light visible under 
like conditions from a distance of 500 feet to the rear, except 
that such parking light or lights need not bo displayed upon any 
vehicle stopped or parked in accordance with other provisions 
of this Ordinance upon any street designated by the (traffic 
authority) where there is .sufficient light to reveal any person 
within a distance of 200 feet upon such street. 


POINTERS ON SAFE DRIVING GRAPHICALLY ILLUSTRATED^ 


The following illustrations show some of the 
safety precautions on how to make turns, pass other 
vehicles and street cars, etc., and are suggestions 
only, and may not correspond with the exact word¬ 
ing of the uniform code on preceding pages. 

Fig. 1 Oeft). When about to make a right-hand turn, ap¬ 
proach the comer on the extreme right. Do not drive up the 
middle of the street before making a right turn. This would 
necessitate outtiim across in front of the car behind and would 
place the responsibility of an accident upon you. 

Fig^. 2 (center). When about to make a left-hand turn, ap- 
proam the comer near the center of the street, but not on the 
left-hand side. Do not drive up on the extreme right and do 
not out diagonally across the corner. Approach the intersection 
as illustrated ana make a sharp turn to the left. 

Fig. 3 (right). Kara to the extreme ri^t when going around 
a tum ia the road. This will avoid all Interferenoe with any 



car coming from the opposite direction. Never attempt to pass 
a car going in the same direction on a curve, as this would 
necessitate driving out near the left-hand side. 


* 1 Credit is extended to instruction books of Frank in Auto¬ 
mobile Co., The Studebaker Corporation of America, and Mia- 
aouTx Motor News, issued by The Automobile Club of Missouri, 
for some of the illustrations and text. 

Note: For subject of touring and other subjects formerly on 
this page see pages 669-^60. 
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Fig. 4 (left). Keep to the extreme right when going over a 
hill and do not pass a car going in the same direction when near 
the top, as this would put you directly in the path of a car coming 
over the hill from the opposite direction. 

Fig. 5 (center). Many accidents happen because auto¬ 
mobiles become stalled on railroad tracks. It is wise to shift 
into second before crossing railroad track.*^, particularly if there 
i.s a slight grade at the crossing, or if the tracks are obscured 
by hills, trees or buildings. 

Fig. 6 (right). Automobile must stop at rear door of street 
car which has stopped to take on or discharge passengers. In 
some cities where there are safety zones (see Fig. 2;^), auto¬ 
mobiles are permitted to pass street cars stopped to take on or 
discharge passengers. People who have just alighted from a 
trolley car are sometimes bewildered and do not know which 
way to go. Give them plenty of time to get their bearings 
before attempting to pass them. 



Fig. 7 Geft). Be especially careful at crossings where there 
is more than one track. Do not croas directly behind a trail, 
that has just passed. Another train may be coming from the 
opposite direction on the next track. 

Fig. 8 (center). Automobile drivers must be especially care¬ 
ful to avoid injuring people who cross the middle of the block. 
Many accidents also occur at regular street crossings. If the 
pedestrians do not, or will not; pay attention to your horn, re¬ 
member that hundreds of people are using the streets whose 
old age, youth, infirmities or physical defects would throw all 
the responsibility of an accident upon you. 

Fig. 9 (right). Passing a street car on the left is a violation 
of the law. The right way to puss a street car is on the right, 
and if passengers are getting on or off, stop, unless there is a 
safety zone. 



Fig. 10 (left). Slow-moving vehicles should keep close to 
curb. 


Fig. 11 (center). Keep over as near as practicable to the 
right-hand curb when driving slowly, so as to leave the center 
of the street free and open for faster traffic—the slower the 
speed, the nearer the curb. 

Fig. 12 (right). One car passing another going in the same 
dire<^ion should pass on the left of the car ahead. Do not cut 
directly in front of the car which you pass. 



Fig. 13 (left). In turning corners, with a car coming, give 
a signal with your hand to indicate the direction in which you 
intend to go and as a hint for him to slow up. Always observe 
a central point in the intersection of streets, and clear it when 
turning. 

Fig. 14 (center). Approaching a circle: arrows point the * 
way m which to enter and leave. 

Fig. 15 (right). Don’t park closer than 15 feet to a fire 
hydx^t. The distance varies; in some cities 10 feet is the 
limit. 
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Fig. 16. It is the rule in many cities that when two vehicles 
approach a street intersection simultaneously in the manner 
illustrated, the vehicle at the right, as indicated by heavy lines, 
shall have the right-of-way, regardless of direction traveled. 
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Fig. 17 (left). Do not fail to observe danger signs: they are 
for your protection. 


Fig. 18 (center). Do not take sharp turns, or make quick 
movements of the steering wheel when driving fast on wet 
pavements. Cautiously approach all turns, street intersections 
and street cars. Do all braking gradually. Four-wheel brakes 
are very efficient. 


Fig. 19 (right). When approaching a curve in the road, keep 
to the extreme right. 



Fig. 20 (left). Do not attempt to pass another automobile on 
a curve in the road. There may bo a car coming which you 
cannot see. When passing hospitals, blow the horn as in¬ 
frequently as po&sible. When passing a schoolhouso during the 
school season, drive with extreme care. Duly respect any 
officer of the law. Obey all local traffic regulations. 

Fig. 21 (center). When stopping or parking your car, pull up 
close to the right curb or edge of the road so that it will not 
interfere with traffic, keep away the prescribed distance from 
fire hydrants, and far enough away from a corner not to hinder 
other cars from making a good right-hand turn. 

Fig. 22 (right). When stopping on an incline, make sure 
that the hand brake is fully on ancf, if conditions warrant, stop 
the engine and leave the transmi.ssion gears in mesh and turn 
the wheels sharply toward the curb. 
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Fig. 2.3. If there is a safety zone you can drive past street 
car stopped to take on or discharge passengers. If there is not 
a safety zone, automobile must stop at rear door. (See Fig. 0.) 


Fig. 24. Automobiles may pass on either side of a safety 
zone unless sign or traffic officer directs otherwise. 

Fig. 25. On one-way street when passing to the left of 
street car, automobile must be stopped abreast of front end of 
street car before proceeding over intersection. 

Fig. 26. When a street car has started across an intersection 
no automobile shall bo driven into the intersection in front of 
the street car. 



Fig. 27. When you intend to slow down, stop, or turn, signal 
as above. In many states the law requires closed cars to be 
equipped with a signal lamp in the rear of the oar, such as a 
red or amber light, which is automaticaliy4hrown on when the 
car slows down, backs up, or turns. Ample warning should 
be given before backing up. 
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If you are standinc still on the side of a street and intend to 
start and turn into tne streetf signal in the manner shown in 
Pig. 27 and look before you turn into the street. Many acci¬ 
dents have occurred from a failure to do this. 

Courtesy Rules 

1 . When a man approaching you from behind sounds his horn 
as a signal that he wishes to pass, don’t "step on it." Draw 
over to the right and let him go by. 

2. Do not use more than your half of the road, thus crowding 
others into the ditch. 

8 . Keep well to the right of the road, especially on curves and 
over the crest of hills and where driving slowly. 

4. It is not courteous to "steal" a parking space from a man 
who is just getting ready to back into it. 

5. Do not imagine that every motorist on the road who tries 
to pass you is starting a race. He may be on important 
business. 

6 . When you pass a man from behind going in the same direc¬ 
tion, do not out in directly in front of him. This is 
discourteous. 

7. Do not shove another man’s car along the curb to make room 
for yours, jamming his car against a fireplug, or car ahead. 

8 . It is discourteous to halt behind a traffic jam and honk your 
horn. 

9. The giving of hand signals is courteous as well as safe. 

Headlight Courtesy on the Road 

You know how very difficult it is to see wlien you arc ap¬ 
proaching another machine with glaring headlights. You are 
simply blinded, and cannot tell whether you are running off 
the road, are too close to the oncoming machine, or are striking 


obstructions. It is a peculiarly helpless feeling to be directing 
a car when confronted by the other fellow *8 glaring lights. 

If your headlights are on and are not equipped with non¬ 
glare devices, he is in just the same predicament, however, and 
the least either of you can do is to dim the headlights while 
passing. This is a safety factor as well, for it protects each 
from running into the other, or off the road. In most states a 
law prohibits the use of glaring headlights. 

How to Park a Car 

Parking a car in a limited space can easily be accomplished 
if a little judgment is used. 

First: Drive up alongside of and parallel with the car ahead. 
Then turn the wheels sharply to the right as shown at A. 
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Second: Back up until the right front fender of your car 
just clears the left rear fender of the car ahead as in B. 

Third: Then turn the wheels sharply to the left and continue 
backing slowly until into position alongside of the curb as in C. 

Do not park so close to a comer that it will interfere with 
drivers wishing to make a right-hand turn. Park close to the 
curb and keep the prescribed distance away from intersection 
or any fire hydrants, mail boxes or traffic signals. (See D.) 


INSTRUCTION No. 59 

TOURING: General Information; Transcontinental Routes; Highway Markers; 
State Motor Laws Affecting Tourists; License Reciprocity Granted 
to Tourists; Preparing a Car for a Tour 

GENERAL INFORMATION 


Touring from any point in tho Tfiiitcd States, 
north, oa.st, south or west, for short or long trips, 
can be made with comfort and case and without a 
doubt is the most enjoyable and healthful mode of 
traveling, particularly so if one will take the pre¬ 
caution to prepare for the trip in advance, that is, 
to obtain all information nece.ssary regarding the 
best route, condition of the roads, accommodations 
along the route and also to prepare the car for un¬ 
interrupted service. 

Authentic information as to the routes, if construc¬ 
tion work is under way, necessitating detours; ac¬ 
commodations, such as afhliatcd hotels and garages 
with which clubs have contracts to render adequate 
service to members, etc., can best be had through 
an automobile club affiliated with the A.A.A., which 
stands for the American Automobile A.ssociation, a 
national organization of motor-car users. It was 
organized in 1902 and now has a membership of 
over 900,000. By joining any A.A.A. club, the 
dues of which run approximately $5.00 to $15.00 a 
year, according to the local benefits offered, you 
automatically become a member of all A.A.A. clubs 
and have available for yourself and family the re¬ 
sources and facilities oi the world’s largest travel 
organization. Consult any local A.A.A, club for 
further details. 

Transcontinental Routes 

Transcontinental automobile travel is increasing 
year by year, but figures reveal that tourists con¬ 
centrate on only a few highways in their journeys 
from one border of the country to another. There 
are ten principal east and west routes and sixteen 
north and south routes. 


The east and west routes are as follows: U.S. 2 Houlton, Me , 
to Houses Point, N.Y.—500 mi., then via Canadian roads, con¬ 
tinuing to Sault Ste. Marie, Mich., to Bonners Ferry, Idaho— 
1,010 mi.; U S. 10 Detroit, Mich., to Seattle, W'^ash.—2,495 mi,; 
U.S. 20 Boston, Mass., to Yellowstone Park—2,540 mi.; U.S. 
30 Atlantic City, N.J., to Astoria, Ore.—3,350 mi.; U.S. 40 
Atlantic Citv, N.J., to San Francisco, Calif.—3,215 mi.; U.S. 50 
Annapolis, Aid., to Sacramento, Calif.—2,970 mi.; U.S. 66 
Chicago to Lo.s Angeles—2,485 mi.; U.S. 70 B''aufort, N.C., to 
Holbrook, Aris.—2,3.30 mi.; U.S. 80 Tybee, Ga., to San Diego, 
Calif.—2,7.50 mi.; U.S. 90 Jacksonville, Fla., to Van Horn, 
Tex.—1,580 mi. 

The north and south routes are as follows: U.S. 1 Fort 
Kent, Me., to Key West, Fla.—2,330 mi.; U.S. 11 Houses Point, 
N.Y , to New Orleans, La.—1,730 mi.; U.S. 25 Port Huron, 
Mich , to Statesboro, tla.—1,005 mi.; U S. 31 Mackinaw City, 
Mich., to Mobile, Ala.—1,385 mi.; U.S. 41 Copper Harbor, 
Mich., to Naples, Fla.—1,925 mi.; U.S. 45 Chicago, Ill., to 
Mobile, Ala.— 020 mi.; U.S. 51 Hurley, Wis., to New Orleans, 
La.—1,360 mi.; U.S. 61 Grand Marais, Mich., to New Orleans, 
La.—1,850 mi.; U S. 65 St. Paul, Minn., to Natchez, Mias.— 
1,140 mi.; U.S. 07 Milwaukee, Wis., to Dallas, 'Texas—1,055 
mi.; U.S, 71 Bemidji, Minn., to Baton Rouge, La,—1,685 mi.; 
U.S. 75 Emerson Jet., Canada, to Galveston, Tex.—1,615 
mi.; U.S. 81 Emerson Jet., Canada, to Laredo, Tex.—1,770 mi.; 
U.S. 91 Great Falls, Mont., to Daggett, Calif.—1,390 mi.; U.S. 
99 Blaine, Wash., to El Centro, Calif.—1,670 mi. 

These routes carry the bulk of cross country travel and are 
intersected by hundreds of U.S. and state routes which act as 
alternates and feeders. It will be under.stood that the.se roads 
are not entirely hard-surfaced or in all-weather condition, and 
are subject to their share of road construction and detours. 

Highway Markers 

The roads of the United States were trail marked 
as little as fifteen years ago, but today the colored 
bands and geometric figures have almost disap¬ 
peared, their place being taken by numbered signs. 
These arc of tw^o classes, tho United States marker, 
and tho state marker. 


Note: The subject of touring has been revised in this edition. 
Some of the minor subjecte formerly discussed on these pages 
and indexed were omitted. 
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The United States marker is used on designated cross country 
or interstate roads, in an effort to simplify^ highway markers, 
and form a national standardised system. Contrary to some 
opinions, the United States marker is not erected by the federal 
government, and neither is it limited strictly to Federal-aid 
roads. The system and the design of signs was decided at a 
meeting callecfby the Bureau of Public Hoads and attended by 
state his;hway engineers. The road marker is a white shield, 
bearing m black Tetters and figures the name of the state in 
which the marker is erected, and the letters U.S., together with 
the highway number. In addition to the number sign the 
6 y.stem embraces standardised warning and caution signs with a 
yellow and black color scheme. 

The state marker differs with each state and is conBned in 
location within the state border. The design is generally either 
an outline of the state, or a geometric figure, with the road num¬ 
ber in the center. Color combinations are decided by the state, 
but w’hite or yellow with black figures predominates. In most 
states, routes po.sted W'ith U.S. markers do not bear additional 
state markers, although some exceptions of double marking 
prevail. As in the federal marking system, the state markers 
include necessary caution and warning signs. 


State Motor Laws Affecting Tourists 

Motor vehicle registrations are not standard 
throughout the country, although an effort is being 
made to this end by the adoption of the Hoover Code 
by many states and cities. The automobile tourist 
when traveling today must be prepared with a 
knowledge of the more important regulations of the 
states he visits, especially with reference to speed, 
licenses, lights, and arm signals. This data can be 
obtained from the Travel Bureau of any A.A.A. 
Motor Club. The Iliwver Code mentioned above 
is explained on pages bSS-tiS?. 

License Reciprocity Granted to Tourists 

Every state recognizes licenses of other states, on 
tourists' automobiles, for j)eriods of time varying 
from twenty days to the entire remainder of the 
license ye>ar. This reciprocal privilege is granted 
only to tourists and does not apply to persons who 
take up a residence within the state. In addition to 
granting the privilege, some states require that 
tourists register their car when entering the state, 
and furnish a dated visitor's permit. Information 
on license regulations can he obtained frbm any 
A.A.A. Motor Club, and are embodied in the maps 
and touring publications prepared by that organiza¬ 
tion. 

Preparing Car for a Tour 

Before starting on a tour, where car is to be run 
continuously for long periods of time, the car should 
be thoroughly checked as follows: 

Enf^e tune-up: Adjust timing chain: adjust fan belt: 
examine electrical system as explained farther on; clean and 
adjust carburetor: clean gasoline filter; check gasoline fuel 
vacuum line, or fuel pump line for tight connections; test engine 
lubricating oil filter cartridge and renew if necessary; check 
valve tap^t clearance. 

Valve tappet clearance should be set at maximum clearance. 
If set at minimum clearance, they may become so hot that they 
will expand and keep valve open and thus not only burn the 
valve but will also burn valve-seat, necessitating new valves and 
reseating of valve and seat. This condition reduces power, 
prevents proper idling and pick-up and may cause missing. 
(See abo pages 57, 58 and 776B.) 

If the engine lacks power and does not pick-up as it should, 
it is avdisable to test the compression, as explained on page 766. 
If it does not come up to standard, it may be necessary to re¬ 
grind the valves. If this does not increase compression, then 
I^k to the pistons and cylinders as explained on pages 768, 
812,814 and 825. If the piston rings, cylinder walls andTpistons 
are badly worn, a greater consumption of oil will be the result 
as well as reduced power. 

If engine overheats, examine fan belt; if slipping, this is one 
cause. See other causes, pages 152, 460. This is a good time 
to clean out the cooling s^tem and put on new radiator hose, 
and also put radiator oil into the cooling ssrstem. (See page 
739.) 


Lubrication of chassis: If the rear axle and transmission was 
not drained and refiUid at the beginning of the season, it is 
advisable to drain and flush same out and refill with seasonable 
lubricant. Also give a complete chassis lubrication. (See also 
pages 172 to 174A.) 

Lubrication of engine: Change engine oil when starting on a 
. tour, and often while touring, as the oil gets thin on long-con¬ 
tinued runs. Don’t forget to lubricate distributor mechanism 
and generator. 

Steering device; Check steering device for adjustment, loose 
connections, and thoroughly lubricate. 

Brakes: See if properly operating: lining, if worn, renew; 
adjust. 

Clutch-pedal: Check for clearance. (See page 840.) 

Rear axle: Check differential pinion for end play by rocking 
drive shaft when gears are in hign; if pinion jumps in and out, 
bearing needs adju-sting or renewing. Don’t mistake the 
normal back lash in all drive shafts as an indication. 

Electrical system: Examine battery; .see if level of water is 
above plates; clean and tighten all connections, including the 
ground connection, and also see if tight in battery box. 

Examine generator bru.shes and connections; renew brushes 
if necessary. The generator charging rate should be reduced 
BO that generator and battery will not overheat and burn out. 
A good plan is to set generator so that when lights are on, the 
ammeter will stand at zero when running at high speed. If 
lights are put on to reduce the charge going to battery, this 
may cause generator to overheat. If generator gets extremely 
hot, the solder may melt and loosen the wires at the commutator 
segments. The best plan is to reduce the generator charge. 
Overheating of the battery will ruin the separators and probably 
buckle the plates. (See page 54it) The battery, of course, 
should be kept charged, but not overcharged. See that electro¬ 
lyte covers the plates and separators. 

If the connections become loose at the battery, battery 

f ground, or generator, it may burn out all lamps; if loose at any 
amp it will burn out that particular lamp, therefore see that 
all connections are tight. 

Examine timer-distributor contact-breaker points. Sec that 
points are clean and square and set gap as recommended by 
manufacturer. See that the cam and breaker-arm are not worn 
and wobbly. It is a good plan to renew the.se parts if worn. 
(See also footnotes on page 1054.) 

Examine spark plu^s: Clean; a^ljust to gap recommended by 
the manufacturer. Examine porcelain to see if cracked. This 
is a goexi time to renew the spark plugs. (Sec page 2.'i6, foot¬ 
notes 1 and 2, explaining about hot and cold ruling spark 
plugs.) A spark plug for touring may require a different heat 
range. 

Tires: Check tire and tool equipment. Good tire tools and 
a hydraulic type of jack are very neces.sary. 

Tool box. A metal tool box with a good look which can be 
placed in a convenient location rather than have the tools under 
the seat is recommended. A good assortment of 12 point double 
broached socket wrenches is also recommended. (See page 
669.) 

Extras should be carried of those parts of your car most like¬ 
ly to require attention. Ask the service manager of the car 
agency. It is well to carry an extra fan belt, contact-breaker 
points, spark plugs, a small roll of tape, lamp bulbs, a piece of 
insulated wire and a tow rope. 

Miscellaneous 

To use your watch as a compass: Point the hour hand of 
your watch to the sun at any time of the day ; then lay the watch 
flat in your hand. A point midway between the hour hand and 
12 on the dial will be due south. 

When stuck in the mud: If the roar wheels are stuck in the 
mud, dig holes in front of the front wheels for them to fall into, 
to give the initial start, and, if the car does not continue, then 
block the rear wheels instantly and repeat the operation. Place 
brush in front of the rear wheels and turn them as slowly as 
possible to keep from churning. If one rear wheel is on a good 
road, try putting on the handbrake fairly tight to destroy the 
action of the differential, or fasten the mired wheel so that it 
cannot turn, and the other wheel will do the work and slide 
the mired wheel along the ground. 

The instant you realize you are getting stuck in sand or mud, 
stop right there and look over the situation, instead of fighting 
the car and burying it deeper and deeper. 


Rote: The subject of touring has been revised in this edition. 
Some of the minor subjects formerly discussed on these pages 
and indexed were omitted. ^ 




INSTRUCTION No. 60 

THE AUTOMOBILE REPAIRMAN: Pointers for the Beginners; Starting in 
the Repair Business; Light Tool Equipment for the Auto Mechanic 


POINTERS FOR THE BEGINNER 


The auto repairman must know how to adiust any 
part of the car. To know how to adjust, he must 
nrst know the principles underlying the construction 
of the parts, as explained in previous Instructions, 
and must know when and where to look for trouble. 
(See Index under “Digest of Troubles.”) 

About one-half of the work of the automobile 
repairman is in making adjustments and fitting 
parts, such as carburetor adjustments, removing car¬ 
bon, grinding valves, fitting horns, shock absorbers, 
diagnosing troubles, and numerous other little de¬ 
tails, which do not require a machine shop, but do 
require a good assortment of tools, and a knowledge of 
the principles involved in the construction of a car. 

A machine shop is not necessary, unless there 
is sufficient work to keep more than one machinist 
busy. A great number of small repair shops put 
in only the tools needed for the average repair work, 
and when they have a job of machine work to do, 
they take it to a machine shop. In other words, a 
machinist and an auto rej^airman follow two differ¬ 
ent trades. The auto repairman need not be a 
machinist; by machinist I mean one who can turn 
all kinds of metal parts on a lathe and do actual 
machine work. 


System and Order 

When beginning work on a car or engine, remem¬ 
ber that system and order are two things every 
repairman ought to learn early. They mean suc¬ 
cess. Have a place for everything and keep every¬ 
thing in its place, and then you will not have to 
ramble around the shop trying to find tools and parts. 



Fig. 1. Don’t throw nuts or bolts on the floor. Place them 
in a box or pan. 

Tliere is nothing more disgusting to a man who 
owns a car, than to walk into a repair shop and find 
a careless workman dumping nuts, bolts, etc., here 
and there on the floor. That customer will say to 
himself: “If that workman is as careless as that, he 
is careless enough to leave a nut in my crank case 
and ruin my engine when it is started up, or he wdll 
leave off lock nuts or lock wasliers and cause me 
expense and damage.” 

A little piece of metal, such as a piece of a cotter pin or the 
like, accidentally dropped into a can of grease or oil and sub¬ 
sequently put into the gear case of a motor car lias been known 
to cause much ciamaKC, and to cause the driver or owner of 
the car considerable trouble and expense. 



Fig. 2. Keep your tools in a box or kit, not on the floor. 

Fig. 3. Before turning a car over to the customer, be sure 
that all nuts are tight and that lock washers are under those 
nuts that are supposed to have them. 


What Is a Good Auto Mechanic 
A good auto mechanic is one who strives to do 
careful, accurate work, endeavors to improve his 
knowledge by studying, and is truthful, courteous, 
clean, and uses system and order in his work. 


One who possesses these traits is bound to make 
good. If you do not possess such traits, try cul¬ 
tivating them. Also cultivate the habit of thinking 
before you act. Such traits as these develop service 
managers and foremen. 


A Careful Mechanic the One in Demand 

If you do your work thoroughly and carefully 
and always do a little more than you agree to do, 
and be truthful, you will be sure to make a success. 

It’s the careful man the car owner wants to 
handle his car, not the fellow he can’t depend upon. 

Here is an example of a young man who had just 
started into the business as an auto mechanic. Judge 
for yourself which of the traits named above he lacked, 
and what kind of a business he could build up. 

A car owner left his car with instructions to lubri¬ 
cate it thoroughly and not omit any of the places 
that should he lulmcated; he also told him to be sure 
and S(‘e if the connections in the fuel line running to 
the gasoline tank were tight; he had an idea that 
there was a slight leak. He went away, and when 
he came back that afternoon he asked the mechanic 
if he had attended to the different things he told him 
to do. He said yes. N(‘xt day the owner ran out 
of gasoline. He found that the mechanic had not 
examined the connection carefully, if at all, and the 
leak had exhausted the tank—the connection was in 
a difficult place to get at under the ear, so tlie 
mechanic simply took it for granted that it was all 
right and let it go at that. 8o you see a careless 
man is of very little value—it’s the dependable 
fellow who will win. 

Don’t Overcharge 

We want to warn you that in the matter of charges, 
it pays to be liberal. Make it a rule to do a little 
more than you agree to. It is well to comment on 
your work, in talking to the auto owner, like this: 
“1 noticed that some of the nuts were loose on the 
carburetor base, so I went over all the nuts on the 
engine and found that many needed attention. 
You want to watch those little things, and then you 
won’t need me so often.” The owner may not say 
anything out loud, but he will certainly comment to 
himself, “There’s a good repairman,” and that is the 
most profitable reputation you can establish. 

You are building a business for the future when you 
do your work right, and treat your customers fairly. 


Dont’s for the Repairman 

1 . Don’t lay wrenches, hammers, chisels, etc., on the fenders 
or on the seat ctishions. Cover the fenders, and remove 
the cushions during the work. 


2. Don’t spill oil, or smear grease oyer the finish or upholstery. 
Cover the seats and fenders with cloth protectors when 
working on a car. 




3. Don’t try to squeeze one car 
past another in the shop. 


Fig. 4. Monkey-wrench eti¬ 
quette. When using a monkey 
wrench or a Stillson wrench, use 
i t as shown above. Most all nuts 
and bolts turn to the right to 
tighten and to the left to loosen. 
The proper method of using a 
wrench tor the desired turn is 
shown above, and don’t use a large 
wrench on a little nut. 
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4. Don't pound the end of a shaft with a bare hammer. Use 
a babbit hammer, or deaden the blow with a piece of brass 
or wood. 

6. Don’t push a car around the shop with greasy hands on the 
varnished surfaces. Either wipe your hands or place a 
clean cloth between your hands and the oar. 

6. Don’t leave a car standing in a pool of grease. 

7. Don’t use an 18" Stilson on a 3/8" nut. 

8. Don’t sit on the cushions with your greasy overalls. Spread 
a clean cloth or paper over them first, and don’t put your 
greasy hands on doors, body, hood, etc. 

9. Don’t use the customer’s gasoline just because its handier 
than to get some from the stockroom. 

Overalls 

Car overalls is the name given to wash¬ 
able duck protectors for upholstery, fend¬ 
ers, and cowl. They protect the seats, 
fenders, etc., from grease and repair-shop 
soiling when car is being worked on, and 
should be on hand in every shop. They 
should be laundered often and kept clean 
(also made in leatherette from which the 
grease can be removed with gasoline). 
Your own overalls should also be kept clean. 

Starting in the Auto Repair Business 

Automobile repair work may be classified into 
eight positions: (1) the hcli)er, (2) the mechanic, 
(3) the specialist, (4) the assistant foreman or shop 
inspector, (5) the foreman, (6) the assistant service 
manager or service salesman, (7) the service man¬ 
ager, (8) the shop owner. 

The above classifications are not followed by all organizations. 
Some have more, some have less, and some apply different 
names to the positions. 

The helper. The best advice for one starting to 
learn the trade is to first obtain a fairly complete 
knowledge of the automobile bv reading and, if 
possible, by attending a good school. Then get a 
position under a good foreman or shop inspector who 
can teach you the practical methods used in the 
trade. If you are to succeed, you must continue 
studying books and also good trade magazines and 
perfecting your knowledge. 

One very imperiant point is to refrain from doing work that 
you don’t understand. It is better to ask the foreman’s advice 
than to turn out a job about which you are uncertain. 

By following the advice above and using good judgment, you 
shouT^ after obtaining experience and knowledge, advance to 
a position as A mechanic. 

The mechanic. The mechanic is capable of per¬ 
forming the routine jobs assigned to him without de¬ 
tailed instructions from the foreman. He is how¬ 
ever, still under the jurisdiction of the foreman and 
should still consult him oci any conditions arising 
that are slightly unusual. One duty of the mechanic 
is to report to the foreman or shop inspector when 
the car requires certain repair work that has not 
been ordered. This is of particular importance to 
the mechanic himself when the repair needed but 
not ordered will affect the successful operation of the 
part on which he is working. 

The specialist After a certain amount of ex¬ 
perience as a mechanic, one usually decides on be¬ 
coming a specialist along certain branches of the 
trade. The number of such specailisis are innumer^ 
ablCf hut some of the most important divisions are: 
(1) general mechanic, (2) engine mechanic, (3) steer¬ 
ing, axle, transmission, and clutch mechanic, (4) 
brake mechanic, (5) carburetor mechanic, (6) auto¬ 
motive electrician, (7) inspector, (8) trouble shooter, 
(9) welder, (10) body mechanic and trimmer. 

The assistant foreman or shop inspector assists 
the foreman, in some large shops. He is a mechanic 
above the average in ability, and possesses about the 


same ability as the foreman but possibly not as 
much experience. 

The foreman. The foreman occupies a very re¬ 
sponsible position in that he has complete charge of 
the shop and the mechanics. He must, first of all, 
bo an expert along all lines of automobile repair- 
work. While he need not necessarily know all the 
details of each specialty listed above, he should have 
a, general knowledge of each of them. Some of the 
main attributes of the successful foreman are: (a) abil¬ 
ity to select and recognize good mechanics and help¬ 
ers, (b) ability to teach mechanics and helpers, (c) 
constant watchfulness and observation of work per¬ 
formed by his mechanics, (d) ability to observe 
minor details that may be overlooked by his me¬ 
chanics, (e) ability to know the quickest and most 
economical method of performing a job, (f) ability 
to maintain enthusiasm and loyalty among his 
mechanics. 

The assistant service manager or service salesman 

assists the service manager, in some large shops. 
He deals directly with the customer and makes out 
orders and delivers the car to the shop foreman with 
instructions. He makes a final inspection of car 
when work is completed, and includes a road test if 
necessary. He returns the car to customer. 

The service manager. The unusually good fore¬ 
man advances to the position of service manager, 
who is in complete charge of all of the elements re¬ 
lating to mechanical service. This position requires 
the maximum in ability and character. The attri¬ 
butes of a successful service mavagery in addition to 
those listed f orf oremaUy are: (a) a pleasing personality 
in order to successfully deal with the customers; (b) 
good business ability, as he is obliged to supervise 
charges made to the customer, the quality and 
amount of stock and supplies to be purchased, the 
pricie to be paid for stock and supplies, the wages 
and working conditions of shop employees, system¬ 
atic handling of the work, the general appearance of 
the shop, the necessary clerical work, and to increase 
the volume of profitable business. 

The shop owner to be successful should possess all 
of the attributes of a service manager. In addition, 
it is also advisable to have some knowledge of ac¬ 
counting. 

Equipment for Automobile Mcehanies 

As a general rule, helpers, mechanics, and special¬ 
ists are required to supply their own hand tools. 

There is no definite rule regarding the exact number 
or kinds of tools that should be obtained. The selec¬ 
tion is ordinarily dependent on the mechanic’s per¬ 
sonal preference and the nature of the work or 
specialty in which he is engaged. 

The best advice for the helper or beginner to follow in the 
selection of tools for his first job is to aslc the foreman’s advice 
and. if possible, obtain his recommendation regarding the kinds 
and quality of tools to obtain. 

Parts, special tools, and supplies are handled by the stock 
room department, which is operated by men familiar with the 
purpose, names, and price of all the parts of a car. 

The shop stock room usually supplies special tools and testing 
devices, such as: reamers, drill bits, machine tools, electric 
drills, extension lamps, blow torches, soldering irons, taps and 
dies, jacks, wheel pullers, gear pullers, bearing pullers, special 
wrenches, valve grinding and valve reseating tools, cylinder 
hon^, piston, connecting rod, tire and wheel alignment tools, 
predsion instruments, such as micrometer calipers, electrical 
testing instruments, such as volt and ampere meters, condenser 
testers, battery hydrometers, neon ignition timing light, spark 
plug tester and cleaner, and other testing devices such as com¬ 
pression gauges, vacuum gauges, brake testers, etc. 

For further information on tools see fodtnote next page and 
Instructions Nos. 63, 62, 64, and 66. 
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Fig. 6. A metal tool kit. (.Snai>- 
on MechaniKit K-21). 

Fig. 6A. A bench for complete 
hand tool ec^uipment that can be 
rolled to the job. (Snap-on roller 
tool bench No. K-300). 

Fig. 7. A metal tool case with 
an assortment of 87 tools, suit¬ 
able for general automotive repair 
work. (Blackhawk 87WD Set.)* 



INSPECTION BEFORE AND AFTER OVERHAULING A CAR 


A procedure of inspection, adjustment, lubrica¬ 
tion, cleaning and final inspection follows. See also, 
page 660, Preparing a car for a lour and etigwe 
tune-up”^ 

Inspect tools: Make a list of the tools with which 
car is equipped, so that same tools will be returned 
to customer. 

Inspection; Engine Not Running (But Warm) 

Inspect cooling system: (a) water hose* (b) fan 
(oil); (c) fan belt; (d) radiator for leaks; (e) water 
pump for leaks. 

Inspect engine lubrication: (a) clean or change oil 
filter; (b) drain old oil, flush and refill; (c) inspect oil- 
level indicator ;(d) tighten oil connections: (f) change 
to lighter oil in winter (sec also page 172). 

Inspect carburetion and fuel line: (a) start at 
gasoline tank; see that all coimections are tight; (b) 
inspect strainers in fuel pump or vacuum tank; (c) 
carouretor strainer; choker valve; throttle valve (see 
if they open and close properly); (d) carburetor 
dripping (see page 122); (e) see if gasoline reaches 
carburetor, by flooding it, 

^spect ignition system: (a) remove, clean, and 
adjust spark plugs; (b) examine cables; (c) clean 
distributor; (d) inspect interrupter for gap, smooth¬ 
ness of points; (e) see if interrupter shaft wobbles; 
(f) inspect primary wires; see if connections from 
battery to coil and interrupter are tight; (g) inspect 
seconciary cables; (h) ignition switch for loose 
terminals; (i) ammeter terminals; (j) battery 
terminals; (k) battery ground; (1) oil or grease igni¬ 
tion device (see p, 462B for Major Tests). 

Inspect engine bolts and nuts: (a) tighten 
cylinder head nuts; (b) inspect all cap screws on 
manifolds, carburetor, water head, oil pan, gear 
case, etc. 

Inspect electric lights: (a) turn on different light¬ 
ing circuits; (b) if any of the lights do not burn, 
look for blown fuses, defective bulbs, grounds in 
lamp sockets or wiring, loose connections; (c) trace 
lighting wire from switch to battery and see if good 
connections; (d) test signal lamp (stop light) switch 
and circuit; (e) examine battery connections and 
ground connections. See also ^‘Final inspection,’^ 
page 664, for tilting bright lights. 

Inspect starting motor: (a) try starting motor; 
(b) tighten nuts supporting starting motor; (c) oil. 

Inspect battery: (a) see if water is above plates; 
(b) test battery with hydrometer; (c) inspect battery 


(connections for looseness, corrosion, and for ground 
connection; (d) clean battery box; (e) tighten hold¬ 
down clips. 

Inspection: Engine Running (Warmed Up) 

Inspect cooling and lubrication system: (a) ob¬ 
serve if water is circulating; (b) see if engine over- 
licats (observe temperature indicator); Tc) see if 
water pump leaks; (d) see if oil pressure gauge indi¬ 
cates properly (see pages 164, 162, 165). 

Inspect carburetion: (a) see if engine idles prop¬ 
erly; if not, see if throttle-lever idling-adjusting 
sccrew is properly adjusted; (b) see if engine idles 
without missing or loping; if not, see Index; (c) see 
if there are air leaks at carburetor, inlet manifold, 
or spark plug gaskets; (d) see if engine picks up 
speed quickly; (e) test action of throttle and ac¬ 
celerator (see also pages 462A and 462B), 

Inspect ignition system: (a) See if engine idles 
properly; if not, examine interrupter points and 
spark plugs for proper gap and condition, test bat¬ 
tery, test condenser (see pages 227, 230, 485), ex¬ 
amine ground and other connections; (b) also ai>- 
plies to high speed (see also page 462A). 

Inspect electric system in general: use ammeter to 
check action of generator and battery as follows: 
(a) speed engine up; note if “charge” is indicated 
at about 800 r.p.m. of engine. Note if ammeter 
shows at least 12-15 amperes with light switch “off.” 
If “charge” is not indicated at high speeds, examine 
cut-out points, generator third-brush, and main 
bnishes and commutator, also the field fuse on the 
generator and battery connections, as well as all 
other connections; (b) slow engine down; see if 
cut-out disconnects battery from generator (see 
pages 333, 504-506); (c) see if there is sparking or 
arcing from spark-plug cables (called static dis¬ 
charge) . If so, and the rubber on cables is hard and 
porous, new cables should be installed (see page 241); 
(d) with engine running slowly, turn on light 
switches. See if battery supplies current for lights. 
As each light circuit is turned on the ammeter should 
indicate higher on “discharge” side; (e) with light 
switches on, engine speed up and see if generator 


1 Address of some of the manufacttirers of wrencdies and 
other tools suitable for automotive repair work: Blackhawk 
Manufacturing Co., Milwaukee, Wis.; fionney Forge and Tool 
Works, Allentown, Pa.; Owatonna Tool Company, Owatonna, 
Minn.; Snap-On Tools, Ino., Kenosha, Wis. Sm also pages 
698, 699, and 693-700, 763, 767. 

* See also ADDENDA, pages 40-43, for engine testing and 
ohecking devices. 
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supplies current; see if ammeter indicates on 
^'cnarge*' side. 

Inspect generator: (a) see if drive adjuatment is 
necessary; (b) tighten all nuts or screws supporting 
generator; (c) see if generator delivers output 
according to test under ^'Inspection of electric 
system”; (d) oil generator; (e) generator charging 
rate may ne^ setting up if battery does not stay 
charged (see pages 506, ^3; also page 462N). 

Inspection of Car on the Road 

Make notes of different defects so that they can 
be corrected later. 

Inspection of engine: (a) see if engine starts 
easily; (b) see if en^ne runs without missing or 
lopmg; (c) see if enmne idles properly; (d) see if 
engine picks up spe^; (e) see if there is a clicking 
noise (^ter engine is warmed up); if so, it may be 
due to too great a valve clearance, or to worn 
tappet guides; (f) see if there is a carbon knock (see 
pages 778, 763. 167-170); (g) see if engine knocks 
(see page 777); (h) see if there is considerable 
smoke (see pages 103, 461, 168, 118). 

Inspect brakes: (a) see if foot and hand brakes 
operate properly; (b) permit car to coast and see 
if brakes bind (see pages 886-888). 

Inspect clutch: (a) see if it slips; (b) listen for 
noises; a ringing noise usually indicate loose or worn 
disc fabric; ending noise, leak of lubricant or 
broken thrust bearing ball (see also pages 838,839). 

Inspect transmission: (a) see if gears shift hard 
isee page 855). If there is stiffness in gear-shifting 
fever during cold weather, this indicate oil is too 
heavy in transmission and rear axle. Drain off 
small amount and thin down with cylinder oil. 

Inspect rear axle: (a) listen for humming or 
singing noises when driving straight ahead and 
turning comers (see pages 873, 870). 

Inspect wheels: (a) while someone else drives the 
car, stand at rear and see if rear wheels wobble: 
this may be due to bent axle shafts or loose wheel 
nuts (see page 905); (b) also observe front wh^ls 
for to^in, wobbling, etc. (see pages 906, 910). 

Steering device: (a) see if it operates properly. 
There should be some backlash, but not excessive; 
(b) if steering is difficult the steering rods may be 
bent or loose, or there may be lack of lubrication. 

Inspection of Car After Trial on the Road 

Inspect engine: (a) with engine idle and warmed 
up, t^t the compression of each cylinder (see page 
767); (b) inspect valve clearance when engine is 
warm; use thickness gauge (see pages 59, 775); (c) 
clean carbon deposit; to determine remove spark 
plug, insert carbon scraper and see if carbon is 
present (see pages 763, 168, 169); (d) grind valves 
if compression leakf from vmves (see pages 770,57). 

Inspect brakes: (a) clean, adjust, and oil brake 
connections, (b) inspect brake lining to see if badly 
worn, if so reline; (c) if grease and oil are on brakes, 
find the cause (see page 887). 

Inspect clutch: (d) adjust, if it slipped when 
testing on the road; (b) lubricate if necessary. 

Inspect transmission: (a) drain lubrication and 
relubricate (see pages 172,856); (b) tighten all nuts 
and bolts. 

Inspect universal joints: (a) examine drive shaft 
for looseness by working back and forth by hand. 
If there is excessive looseness, determine if it is due 
to universal joints or to backlash in drive pinion; 
(b) if universal joint is a fabric type, examine nuta 
or fabric for tom or worn holes; (c) lubricate. 


Inspect torque member: (a) examine for looseness, 
if cracked, etc. 

Inspect rear axle: (a) see pages 865 to 875 for 
adjusting drive pinion and differential gear; (b) see if 
oil leaks (see page 882); drain lubricant and put in 
fresh lubricant see pages 172, 882). 

Inspect wheels: (a) clean, grease, adjust rear 
wheel bearings (see page 864): (b) if wheels are 
wobbly, see if due to loose rim bolts, or unevenness 
in tightening, or if bent axle shaft end, due to 
skidding or striking curb (a common cause), or if 
loose nut on end of axle shaft; (c) see if hub flanges 
are drawn tight; (d) see if paper gasket between 
hub flanges is loose or torn and if oil leaks out; if so* 
tighten or replace; (e) tighten rim bolts, hub caps;, 
(f) clean, grease, and adjust front wheel bearings 
(see page 908); (g) tighten nuts of front wheel' 
spindle, hub flanges, and hub caps; (h) inspect 
balls in front wheels when greasing to see if broken 
(a clicking sound usually indicates broken balls). 

Inspect steering device: (a) tighten all nuts from 
steering device to front axle steering arm; (b) 
adjust steering device; (c) grease. 

Inspect chassis: (a) tighten all spring clips, 
shackle bolts; (b) clean and lubricate springs; (^c) 
tighten all bolts and nuts starting at radiator and 
working back to rear axle, including differential 
cover cap screws; (d) be sure all cotter pins and 
lock washers are in place; (e) tighten all bolts hold¬ 
ing body to frame. 

Lubrication of Car 

Follow instruction book for kind of lubricant, 
then start at front of car and work to rear, being 
sure each and every grease cup is screwed down to 
eject all grease; then refill and screw dowm again 
until you are certain grease is reaching the part 
to be lubricated. See pages 172-174, 761. 

Don^t overlook oiling the generator, starting 
motor, fan, ignition device, and control members 
and connections thereto. Also lubricate 
brake rod devices. 


Clean Engine and Car 

Engme: (a) clean, wease, and oil from outside 
of engine (see page 760). 

Car: (a) wipe off all surplus grease and oil; (b) 
wash car (see page 644); (c) clean top and upholster¬ 
ing (see page 647); (d) clean all glass, including lamp 
lenses (see page 646); (e) polish body (see page 
645); (f) polish all nickel (see page 646). 


Final Inspection 

Before turning car over to owner: (a) see if there 
is plenty of gasoline in main gasoline tank: (b) see 
if gasoline gauge works properly; (c) see it starting 
crank is in tool box; (d) see if all tools are in tool 
box, including a jack and tire tools; (e) examine 
tires for glass, tacks or nails in them; (f) see if tires 
are properly inflated; (g) see if all rim nuts are ti^t; 
(h) see if all lights operate properly. The bright 
h^ts in some states should not be over 32* c.p. 
if deflecting lenses are used, and the lamp should be 
tilted down until the brightest rays of light strike 
the road about 200' in front of the car; (i) test, 
battery for water above plates and with hydro¬ 
meter, and see that all battery connections are 
ti^t; (j) see if oil indicator on engine shows 
"full” and if indicator works properly; (k) see if 
oil gauge indicates properly and oil pressure is; 
properly adjusted; (0 see if starter operates prop¬ 
erly; (m) see if ammeter indicates properly; (n) see- 
if bora operates properly; (o) wipe off steering wheel: 
(p) see that seats and door handles areTclean. 


*Moet states now allow a maximum of 32 o.p. in headlights. Adjustment of the upper beams of the headlamps is now usuaUv 
adjusted by means of adjusting machines, or placed on a level surface 26' from a properly constructed headlii^t adjusting screen 
Instructions will be found in most of the oar instruction books, or in a manual such as mentioned under **Lighting,^’ on page 




INSTRUCTION No. 61 
THE GARAGE: Building and Equipping 


Many, after starting in a small way, soon earn 
snou^ to start up a shop of their own. We will 
now lay out a proc^ure for starting a shop or garage. 

A garage is a place where cars are stored and cared 
for. Most garages also have shops in connection. 

If only a shop for repairing automobiles is planned, 
then figure on enough room to take care of at least 
four or five cars while working on them. 

A repair shop without the garage is profitable, 
and can be started for much less capital. If the 
repairman is just starting out and nis capital is 
limited, the best plan is, of course, to start in a small 
way. 

The question to decide is whether you intend to 
do strictly repair work, or to store cars and repair, 
and also whether you will conduct an agency for 
some car, and carry supplies. 

Garage 

A garage is termed a place for storing cars, but is 
subdivided into departments: storing, salesroom, 
iuto-supply department, and repair shop. 

The garage equipment consists of suitable space 
for the number of cars you intend to store, bearing 
in mind that the space devoted thereto should be 
utilized to the best advantage. For instance, cars 
which are used frequently and regularly should 

LAYOUT FOR A GARAGE 


occupy that space where exit is easy, usually neared 
the exit. The wash rack should be in a convenient 
location, and the garage supplies, such as oil and 
gasoline, should be where convenient, yet not inter¬ 
fere with the space occupied by the cars. 

The salesroom, office, and stockroom should all 
be carefully planned. The stockroom quite often 
is utilized tor small tools and accessories, but it is 
better to display the accessories in some sort of 
showcase or shelves in a space in the salesroom. 

Repair Shop 

The repair shop can be subdivided into depart¬ 
ments as follows: machine shop, tire repair, welding 
room, electrical apparatus and testing department. 
The testing department should be a space allotted 
for the purpose of diagnosing the troubles, before 
actual work is begun. See also page 691. 

The electrical repairs constitute recharging bat¬ 
teries, work on the electrical apparatus, etc. 

By maintaining a system of departments in this 
manner, the parts belonging thereto are easily 
located, work is turned out quicker, and a higher 
degree of efficiency is maintained. 

An extensive line of repair work can be carried on 
in even a small garage, and the sale of extras and 
sundries will add materially to the income. 

VD FOR SHOP BUILDINGS 


Successful garage operation is largely a question 
of systematic economy. This holds true for smaller 
garages even more than large ones, and therefore 
such an establishment requires great care in its lay¬ 
out, construction, and subsequent operation. The 
more thought that is concentrated upon the system 
to be followed, once the building and equipment are 
ready for starting business, the fewer mistakes will 
be made and the greater will be the profit derived 
from the undertaking. 

A Nine-Car Garage and Shop 

The type of a small country garage, as described 
in Fig. 1, is designed for the storage and general care 
of nine automobiles. Besides the space necessary 
for garage work, the building contains a well- 
equipped repair shop and an office, which also serves 
as a reception room. 

In the repair shop a limited supply of parts and 
supplies is kept, the latter being provide for the 
accommodation of the garage patrons. The supply 
stock consists of the most important accessories, 
tires, tubes, and ignition sundries, etc. 

This garage is designed with a view to economy. It is a one^ 
story bnck building, 60 by 40 feet, with the longer side toward 
the street; the interior height is 14 feet from floor to roof, and 
the latter is carried on trusses 40 ft. long and spaced 8 ft. apart. 

A skylight (L) 10 feet wide and 50 feet long with windows 
illuminates the garage during daytime. 

Near the middle of the street side (1). 16 feet from one end, 
is located the main door, which is 10 feet wide. Entering 
through this door a row of four automobiles is arranged at the 
right, while at the left is the entrance to the garage office. 
Adjacent to the office door a board 3 by 3 feet is hung on the 
wall, on which checldng forms, which constitute a part of the 
■•rage ayatem. art kept. 


- 60 ft 



Fig. 1. Floor plan of the garage, showing location of depart¬ 
ments, skylight, and arrangement of tools and lamps. 


The office is 10 feet wide and 15 feet deep, and besides the 
entrance mentioned, has one door leading into the repair shop 
and another into the garage proper, whi^ has a floor space of 
1,275 square feet. 

The space flUed by automobiles is shown by shading, and 
there is enough room to accommodate nine cars of 124 inches 
wheel base and standard tread. The space between the dotte^l 
portions illustrate the passageway for automobiles driving to 
or from their assigned positions in the garage. From the 
garage proper a 10-foot door leads into the back yard, and 
adjacent to this door the wash rack and charging outfit are 
located. 

The wash rack is formed by a rectangle deepening toward its 
center (K), whence a pipe for the flushing water leads to the 
sower, or other drainage system. The water is supplied either 
through the medium of the ready-made car washer, or through 
one which can be readily made from standard pi]^, a 
stuffing box, four elbows, and about 12 feet of water hose, 
at a cost of less than $8.00. The method of assembling tht* 
parts is shown dsewhere (see Index under ** Wash racks’'"^ 
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The repair shop in this small 9-car capacity garage is but 
24 feet long and 15 feet deep, and, besides the door connecting 
it with the ofl^ce, has a sliding door between it and the garage 
proper. This door is sufficiently wide to permit of an auto¬ 
mobile being passed through it into the shop, which also con¬ 
tains a small stock of raw material and repair parts stored in 
shelves (Si) and (S2), and a tool shelf (T). {Motor Age.) 


A Fifteen-Car Garage 

An arrangement and equipment of a g^age and repair shop 

suitable for a town of 3,000 population with good transient and 

country trade is shown in 2 . The sise of the building is 
50 by 120 feet, one-story brick or cement block, with the 
repair shop 40 by 50 feet at the rear. 



Fig. 2 shows a garage which would suit the requirements 
stat^, beside being convenient and cheaply maintained. It 
allows of cars entering at one side and leaving at the other, 
thus avoichng any congestion in getting in and out. Gasoline 
and oil are handy to the street, beside being under the direct 
scrutiny of the office. 

Posts should be barred and the roof supported by trusses, 
making the working space much more valuable and saving many 
accidents to lamps, fenders, and varnish. Heat is supplied by 
a hot-water apparatus located in the repair shop. It is of the 
overhead supply type—that is, the supply veins extend from 
the boiler at the c^ng height, and branches drop down to 
the coils and radiators and return just above or under the 
floor. Steam could be used, but the boiler would have to be 
sunk considerably in a pit before this could be used at all 
suocessfuUy. 

A small gasoline-electric generator-set with a suitable switch¬ 
board is suggested for electric charging and running the lathe 
and drill-press, in case the local service is not direct current. 
Sky or other kinds of roof lights are a necessity if the garage 
is on an inside lot, and are desirable in any case to make things 
cheerful and airy and attractive to transients who use it. 

Avertge space to allow for storage of cars: 7 feet is the usual 
width, llie length varies from 13 to 18 feet, according to 
length of cars stored. {Motor Age.) 

Another Fifteen-Car Garage 

A one^ory buflding for a garage, salesroom, accessory 
store and shop: The plan is shown in Figs. 3 and 4. The size 
of the lot is 60 z 100 feet. The building is erected so that 
another story can be added. 



The entrance to the garage is exposed so that light can be 
obtained from two sides into the showroom. Thus the building 
has practically all the advantages of being on a corner. 

There is a small accessory store divide^l off from the show¬ 
room by showcases and an arch, a stockroom, private and 
general offices, rooms for men and women, garage space for 
fifteen cars, wash rack, and a shop big enough for five or more 
cars, and equipped with vulcanizing, welding, and electrical 
rooms. {Motor World.) 



Fig. 4. Front view. Note that the driveway to the garage 
gives the showroom a corner appearance, and light. 


A Twenty-Eight-Car Garage 

A one-story comer building with alternative plans for garage, 
salesroom, accessory store, offices, toilets, garage and shop is 
shown in Figs. 5 and 6 . Bize of the plot is 66 x 112 feet. 

There are two designs: Fig, 6 is probably the preferable one, 
considering all the conditions, but Fig. 5 is the one to use in 
case a front entrance to the garage is considered essential. 



Fig. 6 . Complete establishment located on a corner and 
with a front entrance. 

Fig. 6 . Complete establishment, with no front entrance. 

The objection to the front entrance is that it restricts the 
frontage so that the display space for the showroom and acces-* 
soiy store is rather small; but with the ^trance on the side, 
full advantage of the front may be taken. And inasmuch at it 
may be ooniadered as valuable advertising space, it is iiMsnftil 
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<0 iiM an of it for ditfilay mirpotes. The queetion to decide is 
HFhether the advanta^ of having the whole front for display 
more than offsets the disadvantage of having the entrance to 
the garage on the side street. Even if the garage trade is the 
most important part of your business, and evidently it is not, 
Ihe side entrance is not very objectionable, provided there is a 
large sign at the front stating that the garage entrance is on 
the side street. 

Fig. 6 has capacity for only five cars in the repair shop. 
Entrance to the garage is from both streets, but when the 
demand for space is strong, the last cars in at night may be 
placed in the side entrance-way. 

Pig. 6, which has no front entrance for cars, not only is a 
more attractive building to look at, but also the layout of 
garage and repair shop is more convenient. 

As far as storage capacity is concerned, there is little to 
choose. Fig. 5 having room for twenty-eight cars, including five 
in the shop, and Fig. 6 having space for one less, including nine 
in the shop. The shop in Fig. 5 m^ readily be enlarged if 
desired, by lengthening it. {Motor World.) 

Steam Heating a Garage 

The usual plan is to heat by steam, or hot water. The 
method of assembling the pipes or coils is illustrated in Fig 8. 
For garages of larger capacity there would be more coils and a 
larger boiler. 

As an example we will give the dimensions for a garage 48 x 
62: It is assumed that it is heated by a steam-heatmg system 
working at a pressure of 5 lb. gauge, and for this an ordinary 
low-pressure steam boiler, such as is used in heating houses is 
appropriate. (See Fig. 7 for a suggested plan ) 



7. Steam-heating system for garage 48 x 62. The 
heatmg ooUs are made of steel pipe 2 in. in diameter. 

If you intend to place the boiler outside of the garage, you do 
not want to overlook the fact that it should be suitably housed, 
JO that no heat will be wasted in warming the open atmosphere 



Fig. 8. The boiler must be set so that the water line will be 
below the level of the lowest radiator or coil, and so that the con¬ 
densation will drain from the ooils back to the boiler by gravity. 
If this is not done, the heating system will be very inefficient, 
as you will have to heat cold water up to the steaming point, 
instead of being able to reclaim some of the heated water. It is 
best to aubmit plans to a steam-heating specialist when install¬ 
ing a heeiing plant. 


lighting the Garage 

X4|^tinc the garage: This is a matter of providing the proper 
cleotrio lighta looatM to the best advantage. The local eleo- 
trioian ie posted on this subject. 

. Artiffeiel Ifltunhittloii of the garage proper is supplied by five 
Myda^lynpi, e^pped with lx' eteel ^ueeie with 


Special lightingprovision is made for washing the cars; there 
are four 25-watt Maxda lamps located at the corners of tl^ 
wash rack (N) (Fig. 1, page 666), and these lamps are held in 
Holophane D’Olier steel reflectors, directing the light to the 
lower part of the automobile being washed. 

The repair shop requires even more elaborate lighting fadli- 
ti(M than the garage space. It is therefore equipped with five 
60-watt lamps and two 25-watt lamps, all of which are of the 
Mazda (tungsten) type. Three 60-watt bulbs (W), fitted with 
Holophane D’Olier steel reflectors (Fig. 9), and dropped from 
the ceiling to illuminate any part of tne car being worked on, 
while two 25-watt lamps (Wl) ghpwn in the shaded circles 
(Fig. 1, page 665), are fitted with the same sort of reflector and 
are so located as to be useful in seeking parts stored on the 
stock shelves (Si). 

Two 60-watt lamps (U) with Holophane intensive glass 
reflectors are dropped above the lathe, planer, and drill press, 
to shed a concentrated light on the work. 



Building a Garage Floor 

Cement concrete is the acknowledged materia) 
par excellence for the garage floor. 

Wood is condemned as being short-lived and 
usually out of repair. Boards placed as close to 
the ground as is usual with garage floors rot in a 
short time. They also tend to warp both trans¬ 
versely ^d longitudinally by reason of the under 
sides being damp and the top dry; thus they pull 
loose from the under-pinning on account of the 
timber rattling and failing to nold the nails. 

Wood blocks make a good pavement, but, unless 
creosoted, arc also short-lived, and the creosote is 
said to be injurious to rubber. 

TOP DRgSSINO 
CONCRETE 


POROUS MATERIAL FOR 
DRAINAGE - GRAVEL, 

SANO,OR ONOCRS 

NATIVE soil. 

Fig. 10. Detail of construction 

Before starting a concrete floor it is well to stucW 
the situation as regards water pipes and drains. If 
there is any filling to he done, the nature of the soil 
must be considered. 

It is not safe to lay concrete over clay that has 
been filled, as the floor will surely settle. Gravel 
will immediately settle to a soUd bed, as will sand 
if wet down sufficiently to wash it into any crevices 
that may exist under it. Clay is quite different 
from sand and gravel, though sandy clay is not quite 
as bad as gumlw or any of the more sticky clays. 

If clay must be used, it should be placed when 
as dry as possible. After it is laid, it should be 
soaked with water until virtually soft and incapable 
of supporting a personas weight. When it has 
dried, it will be as dense as it can be made without 
process of time, and will have settled from 10 to 24 
per cent of its original height. 

The drainage of the floor should also be considered 
before the work actually begins; a puddle of water 
on the floor after a heavy rain is never desinbW 
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8ometimee it is convenient to give the whole floor 
a Blight pitch in one direction^towards the side, 
front, or Sack. The best method, however, appears 
- - - - scr --- 




FLOOR 

DRAIN 


Fig. 11. Croes-section of the floor of a 50-ft. garage. 


to involve making the center the highest point. In 
a long garage, 50 ft, by 100 ft., this high point would 
be a u ne 75 ft. loM through the center; from this 
line the floor shoula fall off towards the walls at the 
mtB of about one inch to 10 ft. The lowest point 
may be close to the wall, or it may be four or five 
feet from the wall, so as to come under the row of 
cars. Along this low line a tile must be laid below 
the floor with drains, protected by cast-iron grills 
entering it every 10 to 14 ft. 

If the foundaticHi soil is such that it becomes soft 
with moisture, it should be sloped slightly toward 
the drain tile, in the same way as the floo^ so that 
no water can collect under the floor. When this 
is done^ the bed material of cinders, coarse sand, or 
gravel is spread and tami^ed thoroughly to within 
three or four inches of the finished floor. 

Strips of 2 by 4 are usually used as grounds; they 
are spaced 6 to 8 ft. apart, and are held in place by 
stakes and cross-divisions placed the same distance 
apart as the grounds, fonning square blocks. When 
the filling is started every alternate space is filled; 
then the cross-pieces are taken out and the remaining 
spaces filled. 


The proportions of cement and gravel for the base 
of a concrete floor are as follows: 

Good quality bank gravel: 1 part cement; 5 parte bank 
gravel. 

Washed gravel or crushed stone: 1 part oement; 2H parts 
torpedo sand; 5 parte I" gravel. 


The proportions for the top dressing are as follows: 

l part cement; IH to 23 ^ parte torpedo eand. 


Fill the forms with the base mixture to within 
to K" of the top. Tamp well and finish with the 
top dressing, smoothing and striking off with a per¬ 
fect straightedge. Never let the base dry out before 
the top dressing is added, or they are liable to sepa- 
mte and the top to scale off. 

After striking off, the dressing should stand an 
hour or so for the excess water to settle before trowel¬ 
ing is started. A wooden trowel is best for use in 
evening up; then after an hour or more the steel 
trowel may be used, if a smoother job is desired. 
Some desire the rougher surface given by the wood 
float, but there is little chance of cars skidding 
inside the garage, and the smoother surface is more 
easily kept clean. 

Sometimes, instead of the fine cement top dress¬ 
ing. asphaltic compositions are applied. They 
make a less harsh and less crumbly surface, biA 
eventually get soft from the constant applications 
of oil. 


THE GARAGE OFFICE 


The illustration shown in Pig. 1, page 665^ will 
be used as an example of a garage office, which is 
also equipped as a reception room, which contains 
a desk, table, chairs, safe, and couch. The office 
is lights by two 40-watt Mazda lamps with 12-inch 
diffusers. The price of the oflSce furniture and safe 
is about $100. 

Pointers on OflSce Work 

The system desired to take care of all the busi¬ 
ness of this garage is exceedingly simple. To carry 
it out^ only three forms are required: a monthly 
checkmg shee^ a monthly supply sales sheet, and a 
repair card. In addition to these forms an ordinary 
ledger is used, in which each customer is given a 
page on which all his charges and credits are entered. 

While it is very important to operate the office in a 
systematic manner, about seven out of ten neglect 
this part of the business. 

Checking Sheet, Sales Sheet, and Repair Sheet^ 

There are very many different methods for keep¬ 
ing records, books, etc., for automobile garage and 
repairwork. 

A simplified system 

of checking sheets, etc., is explained below. 

The checki^ sheet (Fiff. 12) is 3 feet high by 11 inches wide, 
with nine l-ineh<-wide c^umns, allowing sufficient space for 
checking one car in and out every day of the month. Thirty- 


one horieontal linee are ruled one inch apart and the dates are 
printed under the heading *‘Date.” Thus one square inch of 
space is provided for car out” and “in.” The checking times 
are entered by the day workman, who spends his time keeping 
garage and cars in shape. After the end of the month the sheet 
18 tiled for future reference. 



Fig. 12. Monthly checking sheet for cars boused in garage 

Fig. 13. Monthly supply sales sheet kept with oheokini 
sheet. 


^The *'Motor World** sim^ifled system of accounting: A 
simple method of keeping accurate records of what you pav 
out and take in, telling how much you made or lost on each 
department, and showing you how much you received, how 
much the stock and labor cost, bow much your customers owe 
vott. the amount of your overhead expenses, etc. 


OasoUne, oil. and other supplies bought by garage patrom 
are noted on the supply sales sheet (Fig. 13). If this sheet ii 
made as large os the checking sheet, it will last a full month. 
()n the last day of the month the sheet is taken off its board, 
the sales are entered on the car owner's pages in the ledger, 
and the ^pek records corrected in accordance with the sales 
rerord. Then the monthly bills are sent to the patrons. 
Where materials of any kind are sold to any but regulai 
patroitt, the price a^. the notation "Pald^ Is entsrsd on ttt 
•ales sheet instead of the number of tbs oar. 
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Fig. 14. Practical repair card, combining repair order, 
material requiaition, and time card of workman. 

For the handling of repairs the repair card (Fig. 14) is designed. 
These cards are used in series and are numbered consecutively. 
They consist of three portions with perforations between. 
The middle portion is filled out when a car is brought in to be 
repaired, the name of the owner, number of the tar, and date 
of the order being written on the blank. Then follow the 
specifications of the work to be done. The card is then attached 
to the automobile, and accompanies it to the repair shop. 

The upper portion of the card is now used as a time wrd, 
the name of the workman and his starting and stopping times 
being entered upon it. As the work progresses the man checks 
every item of the work, and finally enters hia total working time 
on the card. If it be necessary to draw upon the repair parts 
stock or buy material from outside, the lower portion of the 
repair card is used as a requisition, upon which the nee<^d 
material is entered. If it is not in stock, and has to be bought. 
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WMnt . 

Storat* baturiaa.. 


Adjwtment. 

EtBnlng . , .. 




Skafu 
SMftlns - 
DrtvMhafk 


Bear Aik 


AdMtwant • 

Qaan . 

Baarlnta ... 


Terqut 


Franl A ala 

Alignment . 

Suaring Goar 

Adjustmcni. 

Baariogs .. 

Gaara . 

RunninC Gaar 

Sprmga . 

Brakaa . 

Whaala . 

Fandera . 

Runnlngboarda .... 

Tirae 

FVont... 

Raor . 

Extra . 


Paint . 

UDhobtery .. 
Floorboards . 
Windahiald .. 


Spaodomttar. 

Top and rurtaina.. 


Bitra Equipmeet 


JIb. 15, Reptlnnui’s Check Sheet. When quotln* pricee 
on ropBif work* it is advisable to keep a statement of .wwk 
necessary, marking after each item the cost, the original 

with the ownar'a signature, and give a copy to him. 


an order is made out after the requisition. In every ca*se the 
cost of the repair part is entered on the requisition, which m 
O.K.’d by the owner before an order is sent out. The repair 
work being completed, a charge covering time and mat^ials 
of the repair is made out from the parte of the repair card and 
entered on the l^ger page of the car owner. Thus when the 
monthly bill is made out all charges against a patron come up 
at once. 

When the repair card is no longer needed it is filed aw^ 
under its number, the file being kept, with the ledger, in the saf& 
of the office. This makes a very compact system, all parts of 
which are accessible to the owner of the garage at a nnnute s 
notice, thus enabling him to keep his operations on a high plane 
of efficiency. 

Extra equipment! Include here the tools left in his car; tl^n 
there can be no dispute. Put them in the stockroom. This 
plan can be elaborated upon. 



Fig. 16. A visible promise-recording system is shown. 
When the car reaches the repair-shop floor, the work to be do/ic 
is noted from the instruction card, and the job is promised to 
be done at a certain time. This promise is recorded by m^ns 
a heavy-bordered card, pasted to the windshield and having 
the initial letter of the day of the promise printed at the top 
center. For example, if the car is promised for Saturday, a 
card having the letter “S” is used; if Monday, the letter ‘‘M.’ 
The foreman can then instantly see what must be got out each 
day, and what promises are broken, and why. 

Fig. 17 (right). A foreman’s desk: System is essential in the 
shop, but because it is system it does not necessarily mean an 
elaborate equipment. An old packing box may be made into a 
foreman’s desk, and a few strips of wood and tin may be iwed 
to construct a workmen’s time and work-card filing rack. The 
blank cards are always available, and clean. Any of the 
men’s cards may be seen at a glance, and are in order, A dock 
should be hung near at hand, so that the men will not have to 
guess at the time. 


Oarage and Repair-Shop Prices for Storage 
and Repairs 

The prices below are not given as a fixed standard. Note the 
diffcronce in prices to those who purchase gas, oil, and grease 
from the company, and w’ho are regular customers and transients. 

Per Month—(Regular Customer) 

Roadsters, small, list under $1,400.$15.00 

Roadsters, large, list over 1,400. 20.W 

Tour, cars, small, list under 1,400. 

Tour, cars, 5-pass., list over 1,400. 20.W 

Tour, cars, 7-pass., list over 1,400. 2.5.W 

Coupes and enclosed cars. ^ w 

Limousine. 30.00 


Electric—(Regular) 

Runabouts. 

Coupes, victorias, etc. 

Cars with Edison equipment extra. 


$30.00 

35.00 

5.00 


Transient 

Wash, polish, and storage, first night... $2.00 

Wash, polish, and storage, each additional night. l.W 

Storage only, per night. I tH) 

Dead Storage 

One-third regular rate.Per 

^parate body storage, per month. $6.00 

Repairs per Hour 

Day labor, according to work.per hour 21.25 

Night work and outside work.per hour 1.25 

Sunday and holiday labor.I>or hour 1.25 

Shop room for chauffeurs when owners furnish 

tools.per day 1.00 

Chauffeurs furnished to drive owner’s car (day) per hour 1.00 

Chauffeurs furnished to driver owner’s cars 

(night).per hour 1.00 

We will not be responsible for cars left for repairs or storage 
in case of fire, water, cyclone or other accidents, or if car is 
damaged in delivery to and from our garage. We are not 
responsible for articles left in cars or in the shop. 

Note: The foregoing is printed on a heavy card, 14 x 24 
inches, framed, and placed in a conspicuous place. 
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FIXTURES AND SUPPLIES FOR A GARAGE 


Fixtures for the repair shop should consist of such 
things as: shelves and rachs for tools, such as 
stocks, hacksaws, etc.; these should be on the walls 
at the back of the vise. A set of stout drawers for 
keeping bolts and screws and brass rods should be 
provided. Some of the drawers should be fitted 
with locks and ke^, for sometimes tools will dis¬ 
appear. Several shelves should be put up for stor¬ 
ing various spare parts, mandrels, etc., but it must 
be remember^ that the shelves when lull may have 
to carry a very considerable weight; they should 
be stout and well secured. 

Fixtures for the garage would also consist of such 
parts as lubricating oil tanks, gasoline tank, wash 
nose and washing rack, heating plant, turntable, 
stock room, etc. 

A heating plant, either hot water or steam, with 
coil pipes or radiators must be provided. This 
plant should be in a cellar or on the outside of the 
building in a small brick enclosure. 

A turntable is very handy for garages, but not 
altogether necessary. It should be placed in the 
center of the garage. 

'A wash rack is very essential. See page 645 for 
car washing methods. 

A water connection in the repair shop will be 
handy, and should be installed. 

Electric lamps with wire guards and a long cord 
for working around the car are very necessary. 

An inspection pit is placed at any con¬ 

venient place where the auto can be run over it. 
The pit permits the repairman to get under the car 
and work. 


A curb gasoline outfit is shown ot 
page 673 and is generally used for regular gasoline filling stations. 

Lubricating oils should be carried in about three 
grades: light, medium, and heavy gas-engine 
cylinder oilj as well as a supply of gear-case oil and 
greases. Sixty-Gallon tanks are usually provided 
for lubricating oils. 

Lubricating oil tanks and pumps capable of 
delivering anything up to the consistency of trans¬ 
mission grease are made by concerns specializing in 
this work (see page 67iV Smaller and cheaper 
lubricating tanks can be had. 

For the lubricating oils, a small enclosure can be 
provided made of wire fencing with a lock and key. 

There is no end to the number of useful devices 
which can be installed in a repair shop and garage. 

Many useful time-saving additions and devices 
are shown under “Useful hints, and suggestions’* 
(pages 1035-1041). 

The following few pages will be devoted to eqiiip- 
ment ^d supplies usually required in a garage. 

By writing to some of the manufacturers, where 
names are given farther on, and who specialize in 
garage equipment, and to automobile supply houses 
useful catalogs and information on the latest im¬ 
provements can be obtained if this book is men¬ 
tioned in the request. 

Fixtures for Handling Lubricating Oils, 
etc. 

Below are shown methods of handling lubricating oils. Very 
elaborate equipments can be obtained for those who desire large 
outfits. Write for printed matter to the concerns mentioned 
farther on. 


The pit can be made about 6 feet long, 2 feet 9 inches wide, 
and 2 feet 0 inches deep. A mirror is very handy fot* throwing 
the light in dark corners when at work in the pit under the car. 

A chain hoist or crane, for lifting the engine and 
other heavy parts, will pay for itself many^times 
over in time and labor. 

Fire extinguishers should be kept handy. The 
only part of the building (if made of concrete or 
brick) that is subject to fire is the roof. In case of 
tire, keep two or three buckets of sand handy (or 
fire extinguishers) to put out a gasoline fire, as water 
is useless. 

Gasoline often drips from a carbnretor, and back-firing or a 
apark from a muffler will ignite the gasoline. Once a gasoline 
fire is started, it is difficult to extinguish. Never use water; 
it will serve only to fioat the gasoline and spread the fiame. If 
a fire extinguisher is not at hand, keep a box of fine earth or 
sand and duh it over the flame. Flour will also do, if nothing 
else is bandy. 

For oil fires, a motor trade magazine advises to 
keep on hand a mixture of sawdust and soda (about 

I qt. of bicarbonate of soda to a bushel of sawdust). 

A chemical fire extinguisher can be made by 
taking 7}^ gallons of water and mixing about 10 or 

II lbs. of ammonia salts and 21 or 22 lbs. of common 
salts. Put into bottles and keep on hand. 

The gasoline supply should be stored in an 
underground tank, placed some distance from the 
building, from which it is piped to a pump located 
inside oi the building usually, near the wash rack. 

A garage or shop where gasoline is not sold regularly 
should have at least a 120 to 280 gallon capacity tank. 

For gasoline service or filling stations, a tank 
capacity of not less than 1000 gallons should be 
Vrovidra. 



Fig. 18. Lubricating oil tank. Tliis tank can be uaed for 
engine oil and general lubricating oil for a small garage. It is 
made of galvanized steel and hokis 60 gallons, and is fitted with 
a positive-action force pump. The advantage is that it keeps 
the oil covered and free from grit and dirt. The Bowser Co. of 
Ft. Wayne, Ind., makes a more elaborate affair. 

Fi|;. 19. The cross oil filter wrill save oil which is wasted by 
filtering the used oil through this filter. It will also rid the oil 
of grit and mineral substances. 

Fig. 20. A waste can is required by the insurance com¬ 
panies, and instead of throwing greasy, oily, inflammable rags 
on the floor, it is placed in this can. Every garage should have 
this waste can. 



Fig. 21. The Dover gasoline and 
radiator filler will prevent spilling, and 
is very easy to handle. It holds 6 gal¬ 
lons. It is not advisable to put gaso¬ 
line in the same vessel used for water, 
but if it is necessary, then place a 
chamois skin in the funnel, and pour 
the gasoline through it. No water will 
then pass into the gasoline tank. 


Fig. 22. Illustrates a smaller else of Dover radiator and 

^ 0801106 tank filler. It is advisable to have one each for gaso- 
ne and water. This filler is also suitable for lubricating oU. 
Dover Stamping and Mfg. Co., Uambri^, Mass. 


NOTE; Adeguate fire-extinguishing ^uipment forms^an essential part of the garage or shop. Constilt fire insurance company for 
«ueh equipment. Bee some representative gasoline and dil firm for recommended tanks and up to date methods of iMtaUation. 
See pp. 6iX), 692-694, and “Note.'* p. 672. 
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Fig. 23. Oil ma^ be transferred from the barrel to the 

atorage can by the aid of a differential pulley and suitable grab- 
hooks. Tlie storage cans are mounted on casters in the manner 
shown, and may bo rolled under the suspended barrel, a hole 
drilled in the bung, and the oil transferred. 


Fig, 24. To transfer oil from barrel to a emaller container: 
The oil is forced by air pressure from the barrel. Air pres.sure 
is applied through a valve that is an ordinary tire valve soldered 
into an old spark-plug shell, which in turn is screwed into a hole 
in the barrel. The oil is delivered through a bent brass pipe, 
passing^ through a second spark-plug bushing, also scieved into 
a hole in the barrel. This pipe must bo long enough to extend 
nearly to the bottom of the barrel, as shown by dotted lines. 
Packing is placed between the bushing of the plug and the shell, 
80 that the tube may be adjusted to any barrel, and the amount 
of oil is readily regulated by the pressure applied. 



Fig. 25. An oil storage system (home made), whereby oil is 
discharged by ^avity, Several tanks with gauge glasses are 
supported on pipe standards. Oil is transferred from original 
barrel by air pressure. This gets tanks up out of the way and 
conserves space. 

Fig. 26. Small atorage tanks provided with gauge glaases. 
Tanks conical shaped at bottom. A shelf with drip pan is 
provided. 





Fig. 27B. OU dispensers. 
The one shown is the ^‘Handy 
Oiler” outfit of 8 oilers, 


Dispensers can be obUined of 
auto supply houses. 


Pig. 27C. Portable oil tanka. The one shown is a double 
Unk for gradea of oil, each compartment having a capacity 
of dOgaUbnt. 



Fig. 27 D. Valveless bucket pump, used to discharge lubri¬ 
cant into transmission, differential housing, etc. Can also be 
used to draw old ^ease out and discharge it into another 
receptacle without disturbing the supply of fresh lubricant con¬ 
tained within bucket. Differentials can be emptied, cleaned 
with kerosene, and 611cd with new grease in a few minutes timv 


Grease Compressors 



Fig. 28. Alemite standard high-pressure grease compressor* 
for groa.Ming cars by means of a metal hose and special fitting 
attached to the grease cup. Capacity is 1 lb. of grease and 
exerts a pressure of 660 lbs. per square inch. 

Fig. 28A. A booster, which can be attached to all models of 
Alcinito service hand compressors. Where the pressure of the 
Alemite compressor will not force out clogged dirt or old caked 
grea.se, the pressure can be increased by the booster to 5,000 
lbs. per sq. m. This will clean out any bearing. 

Fig. 28B. Alemite twist type compressor. Connected direct 
to Alemite nipple. This device has no handle. It is operated 
by rotating compressor back and forth on nipple. Develops 
pressure up to 4,000 lbs. per square inch. 

Fig. 28C. Alemite-Zerk model 8-G service-type compressor. 
This is designed for light service work around a garage. Capaci¬ 
ty is 9 oz., length 16 ', and exerts a pressure of 4,000 lbs. per 
8(iuare inch. It loads through the hollow handle. The 
lubricator is operated by pushing (not twisting) the pistol grip. 



Fig. 2 SD. Dot high-pressure lubricating system 



ity 25 lbs. of grease. 


Fig. 28E. Alemite H-15 l^h-pres- 
sure grease compressor. Suitable for 
service stations. Delivers pressure up 
tb 2,500 lbs. Capacity 15 lbs. of grease. 

Fig. 28F. Alemite P-25 pneumatic 
service compressor. Operates from air 
sure is 16 times that of air line. Capac- 
More than one lead can be used. 


* printed matter on this subject can be obtained 

by writing manulaoturers of Alemite 

products, Chicago, Ill. 
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Sponges, Chamois 

In selectinc sponges, chamois, it is advisable to 

use only the beet. 


Chamois skins are used for washing and cleanini^ the body 
and fine surfaces. It is a difficult matter to obtain a good, 
genuine chamois skin, but it is worth the difference in price to 
get the best. The French chamois skin seems to be very 
durable and pliable. Chamois skins come in si zes x 32^' and 

19" X 21". A 
package of cham¬ 
ois generally con¬ 
tains a dozen. 




Sponges often 
contain sand and 

--- gut, especially 

BALE OF SPOMGfeS the cheaper 
grade. Many cars 
have received scratches which 
cannot be removed, by using the 
cheap gritty ^onge. The best 
sponges are the Rock Island sheeps- 
wool sponges. They come in bales 
of 15, 25, 30, and 60 pounds. This 
class of material can be obtained 
of automobile supply housea 


BALE OF CHAMOIS 


Methods for Working 
Under a Car 

An inspection pit, placed at a convenient place, 
or, still better, a floor level underworkcr, as shown 
in Fig. 30, is far better than working on your back 
under a car in a limited space. Several different 
methods are shown below. 



Fig. 30. A concrete repair pit, the depth of which may be 
vari^, is illustrated here. L^ges are provided at different 
heights, and boards may be placed across, giving the mechanic 
free access to the work. Much of the dampness of this type of 
pit is removed by the wooden floor and the space beneath. 
Several of the boards on one of the upper ledges may be left in 
place and used as shelves for the tools and for steps for getting 
into and out of the pit. Size of pit is usually 6' long, 2^9'' wide, 
and 2'9" deep. 

Fig. 31. While not new, the substitute for a pit illustrated 
here is worth describing because of its merit. Two heavv 
wooden boxes, one for each wheel, with a slope of about 30^, 
and a flat space on top are used. The boxes are constnicted of 
1 or 2" planks; the height is about 10", and the length about 
4 feet. Such boxes will support even a heavy car. 



■ at 

Fig. 32. A floor level underworker elevates the car to any 
desired height, so that the mechanic can work to advanta^^ 
while sitting in a perfectly natural position. 


Fig. 32A. Auto pit occupies space of 16' x T. 



Fig. 33. Where there is an elevator and no pit. This 
structure serves the same purpose as a pit, with the additional 
advant^cs of being portable, more cleanly, and more accessible. 
It permits the workmen to perform most of their operations by 
daylight instead of subjecting them to the inefficient glare of 
an electric-light bulb. No skids are required with this struc¬ 
ture in any garage where an elevator is provided; the elevator 
with the vehicle upon it is simply brought to a stop at the 
height of the truck, and the truck then adjusted so that the 
car can be rolled upon it. 

Being mounted on cast¬ 
ers, the truck can be 
moved easily to the 
lightest portion of the 
shop. 


Fig. 34 Fig. 35 




Fig. 34. A creeper is easily made, and is strong enough to 
Mrmit a car to run over it without injury. Cross strips are 
2 " X }/i" steel and bent slightly to give clearance for the swivel 
castors and yet keep the body of the creeper low. Slats are 
4" X hardwood. 


The Koch Kreeper has an adjustable head rest, made by 
Fort Recovery Stirrup Co., Fort Roc’overy, Ohio. 

Fig. 35. Another method for working under a car. The 
front end of the car is hoisted by chain and specially made wood 
jac^ are placed under the axle. The stauas or jacks must be 
deigned for the least ^ace possible, in order to give working 
room between them. It is also advisable to have the car sup¬ 
ported by the chain hoist securely, and then, in case the jacks give 
way, no injury will result; also block the rear wheels securely. 



Fig. 35A. Service racks, also called serv¬ 
ice nmways, for elevating cars to conven¬ 
ient positions for crank-case service, lubrica¬ 
tion, washing and cleaning, for examination 
and adjustment and other work under a car. 


Gasoline Storage Systems' 

This subject is dealt with briefly here. To those interested 
wo suggest writing to concerns mentioned in footnote and 
asking for their catalogue. Most all of the manufacturers of 
gasoline pumps also manufacture lubricating pumps and tanks. 

A gasoline filling station usually has two or more 
gasoline pumps and tanks, an air compressor outfit, 
and lubricating oil outfits, and often grease racks 
and air and water stations. 


1 Addresses of some of the gasoline storage-tank and pump 
manufacturers: American Oil Pump and Tank Co., Cincinnati, 
Ohio; 8. F. Bowser Co., Ft. Wayne, Ind.; Tokheim Oil Tank 
and Pump Co., Fort Wayne, Ind.; Wayne Oil Tank Co., Ft. 
Wayne, Ind.; 


NOTE: A modern hydraulic or electric lift is recommended 
for working under cars. Fire hazards are greater with pits, due 
to the collection of gasoline and oil vapors, oily rags, etc. See 
p. 690 under “Lifts.’^See also pp. 692^694 apd *^Note'‘ p. 670. 
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The gasoline pump units are usually of the ^^curb 
type/’ and in some instances they are inside of the 
station, termed the ^‘drive-in” or ^‘inside” type. 


The gasoline is drawn from an underground tank 

to the pump by means of a rotary (or a piston-type) 
hand pump, electric motor or by air pressure. The 
hand pump is used most, the electric motor second, 
land air, third. 

The hand rotary pump and also air pressure are sometimes 
combined. If the air pressure fails the hand pump can be used. 
Filters are provided on most all of the better grade pumps. 


The gasoline pumps most used are of the ^‘visible 
type” (Fig. 36A\ and the "non-visible” or ^'blind” 
typo (Fig. 36) is next most popular. 

The capacity of the storage tank, which is usually 
placed underground as close to pump as possible, 
for the average station is from 5 to 20 barrels. 7 
being the average. Larger tanks for larger installa¬ 
tions. The stor¬ 
age tanks are 
placed 24" to 
36” underground 
and are usually 
of about No. 12 
gauge material 
and welded. 



Fig, 36, Curb or roadway gasoline pump of the “non-visible” 
type. Hand rotary type pump. 

Fig. 36A. Curb or roadway gasoline pump of the “visible” 
type. Hand rotary type pump. 

Fig. 36B. Air and water stations.* 


The gasoline storage tank to supply gasoline inside 
of the garage to a pump placed away from the tank 
requires special installation on account of insurance. 
The tank is placed underground, below the surface. 


Fig. 37 



The insurance companies are very strict. The plan shown 
in Fig. 37 is ono plan. Obtain information from your local 
insurance company. Give the tank 3 coats of asphaftum when 
placing it underground. 

A Gasoline Filling Station Layout and 
Greasing Rack^ 

A suggestion for the layout of a filling station is 
shown in Fig. 38. 

A good method of deterxnining the probable trade 
In a certain location is to count the number of cars 


. passing per day at the location selected. If there 
are about 3,060 cars or more per day, on an average,, 
passing the filling station, this will no doubt insure » 
profitable investment. There is no surer method ot 
getting gasoline business than going where the; 
traffic is heavy. A comer where traffic passes both 
ways, especially around the corner, is the most 
valuable kind of a plot. 

The biggest problem in making a layout is the 
finding of space wh1?re cars may take on air and water 
and where a greasing rack may be placed without 
interfering with or obstructing the passages to and 
from the gasoline pumps. 

The driveways in the plan shown in the illustra¬ 
tion are very liberal, but they should be so, as it is 
of the utmost importance to make it easy for cus¬ 
tomers to get in and out without interference. 
This building docs not seem large, but will be found 
of ample size. The necessary tanks and pumps are 
provided, i.e., about four tanks, two 1,500-gallon 
tanks for commercial gasoline, one 550-^llon tank 
for high-test gasoline, and one 550-gallon tank for 
kerosene oil. Free air and water should be provided 
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A mistake is often made in planning filling stations. Many 
times they place their free air hose so that a car taking on air 
will obstruct one of the passages. At ordinary times this does 
not matter, but during rush hours it matters considerably, since 
if there are several cars w'aiting, other prospective customers will 
go on to another station, rather than stand in line. 

The greasing and oil-changing branch is 

quite an important factor in motor-car service, 
and, if handled intelligently, should be a good 
source of profit. 


1 A booklet showinji plans for com¬ 

plete auto lubrication service stationa, gasoline and accessory 
sales can be obtained ^ writing 
Alemite , Chicago, Ill. 

sAir and water-tower stations can be obtained of Hobart 
Bros.. Troy, Ohio; Romort Mfg. 

Co., Oakrield, Wis.; 8. T. Bowser 

Co., Ft. Wayne, Ind., and air oompreesor manufsoturess 
tioned on page 623. Sea. also pages 671,761,644, 
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Engine Stands, Axle Stands, and Hoists 

Engine stands for working on the engine at various 
angles, and hoists for lifting the engine or transmis¬ 
sion from the frame are very necessary. 


The unit conatniotion enables this to be converted into an 
axle stand, thereby tripling the value to the garage. By remov* 
ing the engine-stand parts, and putting on the axle-stand 
attachments, the machine is converted from one to the other 
in three to five minutes. 

It will mount 85 to 90 per cent of all motors without special 
attachments, by means of the Universal suspension bar. Made 
in two types, geared and plain 



r\9.» • 40 


Fig. 39. Assembly and weld¬ 
ing table greatly helps to speed 
up all kinds and types of assem¬ 
bly work. It is not necessary 
continually to change the position 
of the article being worked on, in 
respect to the table, as the table 
may be revolved and the work 
comes to the right position. The 
table is instantly locked 

Fig. 40. Adjustable 
engine stand. 



Fig. 41. A portable hoist. This hoist is composed of steel 
angles thoroughly braced. The top frame is in the form of a 
standard bridge truss. 

The hoist is wide enough to clear the fenders and allow the 
workman ample space to work efficiently between it and the 
car. 


The chains may be used single or double, giving in the first case 
twice the speed with one-half the leverage, and in the second 
case the reverse, thus proportioning the leverage to the power 
required to lift any load quickly. 

The 4,000 lbs. edacity hoist is ample for all passenger cars 
and light trucks. The 8,000 lbs. capacity truck is intended for 
the heaviest truok service. 



Fig. 43. Ford-Chev- 
rolet universal engine 
stand. The conc-clutch- 
locking method allows 
the mechanic to lock the 
motor in any position in 
a complete circle. The 
whole power plant, in¬ 
cluding the oil pans, can 
be assembled or disas¬ 
sembled while on the 
stand 




Fig. 44. Ford-Chevrolet axle stand. The engine stand 

(Fig. 42) is converted into an axle stand by removina two cap 
screws, releasing the clutch and fitting assembly, and applying 
to the yoke the two clamps. A collar is placed over the upright 
to support the grease pan and outboard support. Separate 
support is included for torque tubes. It is adapted to all types 
of split rear axles and to any front axle 



Fig. 44A. Tire spreader, designed to spread casings for 
inspection and to hold casing spread while being repaired. 
When foot lev^ is released casing assumes its original shape. 
When break is located, casing is inserted under the four hooks 
of the detachable buffing plate and easing thus permanent^ 
spread, can be removed for pufilng and stripping. 
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Fig. 46. A 22>ton press. Combination prraa, oonfiisting of a 
powerful screw press, a high-speed rack and pinion Bcnsitivo 
press, and a straightening attachment all in one unit. Its 42' 
clearance is necessary for wide work and straightening jobs; 
its 30-ton capacity is require^l to handle all auto work; the 
rack and pinion press is essential for light work, and tne 
straightening attachment is used continuously in every garage. 



Fig. 46. Car raised by twin jacks. 




Fig. 51. Though designed for work on the Ford rear axle, 
this stand could readily be adapted to the requirements of 
many makes of axles. The ends of the axle are supported on 
notched uprights, about 30 in. from the floor, and the torque 
tube i.s placed on either of two uprights similarly notched 

Fig. 52. A home-made engine stand that is adjustable as to 
width, and that is very light yet strong, can be made out of 
structural steel. The top members are 4" channels, the legs 
2" X 3" T-iron, and the cross-members are made of flat sto^ 
H" X1". 




Fig. 47. A home-made chain hoist and frame for lifting 
engines from the chassis. The frame is made of heavy iron 
pipe with rollers. 


Fig. 48. The Pull-U-Out is a combination device. It can 
be used as a hoist and also for pulling cars out of mud holes, etc. 
Can be carried in a cor. 

This device has advantages over the old-fashioned block and 
tackle, being lighter and more powerful. A pressure of 30 
lbs. exerted on the handle will lift one ton, whereas a triplex 
chain block would require 82 lbs., and an ordinary block and 
tackle 176 lbs. 



Fig. 49. An 
overhead railway 
for repairshop use 
may be patterned 
after those in use 
in large butcher 
shops. It consists 
of a track made 
out of stock about 




^ I? ^2D. Differential ring gear riveting tool attachment 

pended from the fgj press, 

ceihng by arms at 

frequent intervals. On this track is placed a uap» to which the Fig. 52B. Portable garage light, adjustable to every required 
block and tackle is attached. poeiuon 

Bee pages 692-694 dealing with service station and repair shop equipment. See also, pages 690, 691. 
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TOWING TRUCKS, WRECKING CRANES, SERVICE CAR, ETC. 


A towing truck with devices for towing in disabled 
cars is a necessity and a profitable investment. 

This device is also sometimes called a **dolly” and the Weaver 
Mfg. Co. oidls its make “an auto ambulance." 

Towing trucks are suitable for towing in cars where 
either Ihe front or rear axle is disabled. For in¬ 
stance, if the rear axle is out of commission and the 
car cannot be towed from the front end, then it is 
necessary to place a dolly under the rear axle and 
to tow the car backwards, or from the rear end. 

In this instance the steerins wheel can be tied by passing a 
light rop>e around the windshidd brace, and then tying it to the 
Steering wheel and then to the other side of the windshield brace, 
which will keep the front wheels in line. 



The bar extends behind the axle, and a stud on a clamp on the 
tie rod goes in a hole in the bar. In this way, when the bar 
turns, it moves the tie rod, and the towed car follows its leader. 


Fig. 54 




Fig. 53 


Fig. 53. Towing 
truck is sinmlo in con¬ 
struction. The load is 
carried on an off-set 
saddle directly over 
center of the axle. It 
is eouipped with roller bearings, located in the hubs, which 
are lubricated through large grease cavities; 14" wheels, H |f- 
massive two-inch telescoping towing pole, made from malle¬ 
able iron and steel. It can be attached to the front or rear 
axle of any car. 

Fig. 64. Shows the towing truck in place under a rear axle 


A Home-Made Towing Truck 

It will probably be cheaper to purchase a towing truck, but 
for those who have the time and inclination to make it them¬ 
selves a brief description is given. (See Fig. 65.) 

The heavy metal wheels arc 11" di., 
0" hub, VA" spindle. A tongue, prefer¬ 
ably an I-beam steel member about 8' or 
10' long with a coupling pin to couple to 
the tow link of the service car 

is mounted on the heavy 
metal axle of the dolly (towing truck). 
A hook-shaped flat piece with a hook at each end is provided to 
set the axle or differential housing on and to hold the axle in I>iace. 



Then chains are passed around the axle bousing and fastened 
to the axle of the dolly, in order to keep the axle from moving 
sidewise. The rear end of the service car is then coupled to 
the end of the dolly and the car is towed backwards. The axle 
of the “dolly,” in fact all parts, must be very substantial, ^ 
the vibration is very great. Chains with catch hooks should 
be provid^ to pass over the axle to prevent side play. 


Towing Pole 

A towing pole is shown in Fig. 66 and a towing 
bar in Fig. 57. Methods of using a rope Fig. 58. 



fig 56. Towing pole. With this device a car 

can be pushed or pulled. This towing pole suppliw 

a rigid connection net ween towing car and disabled car, which 
prevents jamming on sudden stops or down grades. 

The two clamps enable the pole to be rigidly clamped to front 
or rear of any car. 


The two hooks form simple and effective universal joints 
which allow ample play in any direction when turning corners, 
towing over rough roads, etc. 


Pole is of double-strength steel tubing in two sections, one 
telescoping within the other. I.«n^th adjustable from 6 ft 
6 in, to 8 ft. (Weaver Mfg. Co., Springfield, UL). 

Fig. 57. A tow-bar whereby two cars may be brought in 
by one driver. A towing bar, attached to tlm ^ the 
driven oar, imi^ tho towed oar by a olamp in the front aala 



Fig. 68. Right and wrong methods of securing the tow rope 
to the vehicle to be towed. The best way is shown at (G), a 
piece of wood bein^ tied under and across the frame horns as 
illustrated, and a single rope connecting it to the rear axle of 
the towing vehicle. The rope should be as long as convenient, 
and should be attached as near the outer end of the axle of 
the towing car as possible. 

To loop the rope under the frame as at (D) is very bad, as a 

severe strain would bend the horns inward, as indicated by the 
dotted lines. 

The bowline knot is the best to use at all times, as it is easy 
to make and just as easy to untie; it is illustrated at (C). 
Attention is called to the cloth wrapped (H). 

When a bar of wood is not readily obtainable, and a heavy 
car is to be towed, the rope may be secured as illustrated at (E), 
two half-hitches being used, as shown at (A), to secure the rope 
to the horns of the frame, the rope between the two horns beiim 
left slack. When using this method, the bights also should be 
as long as possible. Two long bights are shown at (E); an 
undesirably short bight is depicted at (D). (A) shows how the 

two half-hitchcs are made, and (B) shows how they look when 
drawn taut, the slack being shown in the rope between the horns 
(H) to prevent their being drawn together at (D). 

The knots at (A) and (C) are the most useful. Their advan¬ 
tage over other knots is that they will neither slip nor jam. 
{Motor Aye.) 

Wrecking Crunc 

A wrecking crane is a very profitable investment. There are 
a number of good wrecking cranes or derricks on the market. 
The one shown in tho illustration is ^ 23^-ton crane 

and is adjustable at almost every angle.* This crane la provided 
with two adjustable handles, making it possible for two men to 
operate it for heavy loads. A 5-ton crane is also made. 



Fig. 58A. Shows how the wrecking crane is intended to be 
attached to the rear of a service car. 



Fig. 68B. Shows bow the crane can be uaed to lift the load 
and carry It. The crane can also be used as a portable flooi 
crane, as shown in Fig. 58C ^ 
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Fig. 58C. Portable floor crane. The combination wreck¬ 
ing crane which is shown in the rear of service car (Fig. 68 A) 
can be quickly convertea into a 
portable floor crane by mount- 
Ij ing it on its steel base as shown 
V above. Capacity as a floor 

S crane is 1 tons and lifts 7 ft. 


running gear. white^ with 

black trimmings. If the dealer is giving service on 
a particular make of car^ he should nnd if a standard 
service car color is us^; if not. the car may be 
painted any bright color that will give distinction. 


rT-i/ 





How to Make a Service Car 

A service car is necessary in all up-to-date 
garages. It bears the same relation to a service 
station as does an ambulance to a hospital. It is 
a traveling representative of the service station, 
and should impres.s the public that quick, clean, and 
efficient service is given. 

Any old chassis can be utilized for the purpose, 
and by following the dimensions in the table below 
(Fig. 59), a very attractive and serviceable car can 
be constructed. 


Table of Service Ctf Cody DimennoBs 


txTiMeui!^m ^r&otAU lamp uctuimon 


Dodic* ... 
Ouimm ^ 


fmtu 6-t6 I 6K |30 
i*-ei»t <m 9ot odv ©oljr.) 


A 

D 

E 

P 

0 

B 

> 

3 

L 

70 

39H 

20 

14 

12 

15 

12 

70 

43H 

84 

28 

23 

12 

12 

19 

14 

63 

55 

68 

25 

25 

8 

10 

18 

12H 

65 

45 

48-up 

0-up 

16H 

... 

.. 

•• 

.. 

48 

34 

66 

lo 

16 

6 

0 

.. I 

13* 1 

43 

32 

60 

15 

10 

11 

6 : 

1C 

• 12 

43 

47 

68 

Ti 

24H 

10 

11 

12 1 

10 1 

48 

45 

47 

23 

15 ' 1 

0 

6 1 


- 1 

60- 

41 

68 

lo 

23 

_1 

IQ 

'10 

- 

12 

52 

54 


I i n 



1- Tire tooU. 

2- P u m p t. 
blookf and 
heavy toola. 

3- Extra tubee 
and tire re¬ 
pair. 

4- Bolt8, nuta, 
and small re¬ 
pair parts. 


itsMt .cr.wt. P”‘*- 

8 -SmaIl repair parts. 

©-Tools. 

lO-Towing dolly, shovel, axe, pfek, bars, battery, 
spare tires, etc. 

Fig. 61. Here is a detail drawing of the body shown above. 
The lettered dimensions on the drawing are given in the table 
(Fig r)9). The figures refer to the location of the various tools 
and accessories. 


AU iitnament w tneUt. 

Fig. 59. Dimensions referring to Fig. 61 


The figures given are intended to be for the aver¬ 
age requirements of the average service car built 
on the various chassis which arc listed in the table. 

One very important point to bear in mind is tluit 
the service wagon must be attractive in appearance 
—clean, well-painted, and it must run smoothly 
and quietly. It will be one of the best investments 
you can make. 

Painting: Cars giving service are 

painted English Vermillion, with black hood and 



Fig. 62. An alternative type of body, built especially for 
very light chassis, is often desirable, in which ewe the arrange 
iiient can be made something hke this. This is a body that is 
used quite successfully ^ There 

is an almost endless variety of arrangements, and in out 

a car a shop foreman should be guided by the particular class 
of work he expects to be called upon to do. 
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Fig. 64 Fig. 66 

Fig. 64. This is a detail drawing of the jack mounting shown 
on the service car illustrated in Pig. 60. In this case 5-ton 
jacks are carried, though any sise can be substituted. Get 
them big enough to care for the heaviest work to bo done, and 
they will also serve for light work. 

Fig. 65. The service jacks can be carried bolted to the run¬ 
ning ooard, like this, thumb-screws being used for quick action. 



Fig. 66. Another example of a service car 


THE STOCK ROOM 


More money is lost in the repair shop and garage 
than in any other part of the business by having 
supplies scattered over the shop promiscuously. 

Every repair shop, no matter how small, should 
provide a stock room with a good lock and key, and 



Fig. 67 


everything in the way of supplies should be kept 
therein. (See Fig. 67.) 

Systematic arrangement and a place for every¬ 
thing and everything in its place will save time and 
money. 

The stock room is generally placed in some con¬ 
venient place in the garage or repair shop. It is 
usually constructed of lattice work with a good Yale 
lock on the door. In large shops the stocdc room is 
in charge of a responsible person, whose business it 
is to keep the stocK replenished and deliver material 
to the workmen and customers. 



F(g. 68. Small parta, such aa screws, bolts, washers, nuts, 
gaskets, and the like, are conveniently kept in tin drawers, as 
uluatrated. The drawers are cut from a single piece of tin and 
are soldered, as shown by the heavy lines. The drawers slide 
in etooves cut in planks placed vertically. The grooves are 
maae with a saw and chisel. The advant^ of this method of 
storing parts is that the construction of the receptacles is very 
inexpensive, and maximum convenience is afforded. It is 
pCNwble to see what is in the various drawers without pulling 
them out. which is a feature peculiar to this design, and saves 
oonsideraDle time when the exact drawer a certain part is in is 
not known. 


Supplies in the rubber line: Repair shops can 
make extra money by carrying rubber supplies 
which are generally made by tire concerns. Some 
of these are as follows: Automobile rubber mats 
which come in rolls 3/32" to thick and 35" to 
48" wide; matting also comes corrugated and per¬ 
forated; radiator hose; tire tape; rubber tubing; 
tire inflating tubing (comes in black, white, or red; 
sizes 5/32", 3/16", and 3^" inside diameter). 



Fig. 69. Substantial drawers of large size provide conven¬ 
ient means for storing parts removed from cars that are being 
repaired. The usual method is to place the parts on the bench 
but this is objectionable because there is always danger of their 
being mislaid or used on other cars. A drawer 10" x 18" x 24" 
is large enough to take all the ordinary parts, such as bolts, nuts, 
washers, camuretor, magneto, pistons, connecting-rods, bear¬ 
ings, etc. The drawer may be placed at the side of the car, and 
M soon as all the parts have been removed it may be put back 
in the cabinet: A padlock safeguards the parts until they are 
needed again. These drawers also aid in keeping the shop neat 
and protect the parts from dirt. The top of tne cabinet may be 
used as a bench or table. 



Fig. 70. This stock-bin marker permits ready location of 
any bin in the stock room. It is a sheet metal ta^, bearing 
the number of the bin to which it is attached. As it projects 
out into the aisle, and is large enough to be^asily read, the 
location of any desired bin may be seen at a ii^ce. 
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Some of the Small Supplies and Fittings for 
Stock Room 

The assortment listed below, as well as all other 
supplies, can be secured of automobile supply 
houses, such as listed on page 087. See also page 682. 

Aibdfitos —sheet and wicking. 

Babbit metal— for bearings. 

Blue, Prussian, for ‘‘spotting in” bearings. 

Body polish—brass and nickel. 

Bolts —stove and carriage, assorted sizes. 

Brake band rivets, Nos. 7, 8, 0. and 10 (copper). 

Brake lining— see Inder. 

Brushes —for generator and motor. 

Brushes—paint, scratch, hie. 

Bushings —for crank shafts. 

Candle wicking —for pump packing. 

Carbide—in cans. 



nch, >'4 iiii-h holt, 1 and IJ^-iooh lon^ 
'INw tarW, Klmrh Ml. 1 and i;.j.inch 
lone, Tao each, Mich boll, I>^ and lU 
•nrhlnnft. 

tTANDARO MCXACON NUTS 



Aa Mmrrmcnt of 24 in a box, Slandard 
Uiiaada. FichtwiMi, H, ‘iineh. AM 
^(aei, well fyiuhcd oula 


$. A. C. CAfTCLLATCO 
HCXAOON NUTS 



An aMortment of 15 in a bos. F<Hit 
M«h, U, inch; throe inch; two each. 
H.J^-tneh. Allperffcl wellAnwhednuU. 


LOCK WASHCm 



An OMortmenl of 10 each in tho foDoon 
iD( rim; hinch; three each, 

>i inch. 


CAMSOCLL (PRINO COTTCRS 



NO spring ooltcr pine aatoricd eliNi 
Oil aiM foi automobile «oili pal up lo 
bom. 



An aaeortment ^ 40 in • box, Jfk« 
aliea, from Ox) to UKhCA Hlflt 

grad^ turned pips 


Celluloid sheets—for top curtains. 

Chalk line —for aligning wheels. 

Chamois—for washing car. 

Clamps—hose and screw. 

Cloth—crocus and emery. 

Cocks —compression and pet. 

Cotter-pins —assorted sizes. 

Cup and transmission grease. 

Cylinder oil —light, medium, heavy. 

Drill rods and drills. 

Dry cells—testing not less than 25 amperes. 

Electric lamp bulbs—see Index. 

Ells —^brass; for gasoline and oil lines. 

Emery Cloth—No. 00 to No. 1. 

Felt—sheet and washers. 

Fibre—sheet and block. 

Flux—for soldering aluminum and brass, etc. 

Gaskets assorted— copper, asbestos lined for valve caps, car¬ 
buretor, exhaust and inlet manifold, spark plugs, etc. 

Gas tank keys— for Prest-O-Lite gas tanks. 

Gas tips — H ft. and 1 ft. sizM. 

Graphite—^powdered and flake. 

Greasecups—H'', N"* 

Hand washing compound. 

Hemp wicking— for packing. 

Hose — ^for radiator and gas. • 

Bose clamps— for radiator hose. 

Inner shoes —for blow outs. 

Inner valve parti—for tire valvAa 


Iron—^bare and rods. 

Iron —sheet. 

Kerosene—for general cleaning. 

Key stock—^in bars. 

Keys —^Woodruff, Whitney and straight. 

Lard oil—for thread cuttings, tapping and drilling. 

Leather—(heavy) for under radiator and bodies and refacing 
cone clutches. 

Lock washers—to 

Moboline, Raybestos, multibestos, etc.—for packing. 

Nails—assorted. 

Neatsfoot oil—for clutch. 

Outer shoes—for cuts in casing. 

Paper—heavy brown, sand, emery. 

Pipe plugs—iron and brass W' to H". 

Platinum points—for interrupters, and magneto. 

Priming cups. 

Rivets—iron and copper, assorted. 

Rubber—matting. 

Rubber—sheet packing 1/32" to 3/16". 

Rubber—tubing for gas, air, tire hose, etc. 

Screws—machine, cap, l ig, wood and set. 

Sheet—iron, brass, copper, tin and lead. 

Shellac—for gaskets, etc. 

Shims—laminated. 

Solder—half and half, string and aluminum. 

Soldering compound and acid. 

Spark plugs—8. A. E., metric. 

Spring —steel and assorted springs. 

Steel bars: a few feet of 5^", and T 

iron bars; also steel, brass, and wire rods. 



NuU. Auoruil 



Steel rods—bar, tool. 

Switches—push, snap. 

Tacks—assorted sizes. 

Tape—adhesive; for electric wiring. 

Taper pins—to 

Tees—H", li" brass for gas lines. 

Tubing—copper, brass, for gaa and oil lines TUs 

tubing generally comes hard, but can be annealed (sof¬ 
tened) by heating it. 

Unions—brass, and soldering connections for gasoline lines. 

Valve caps—for leading engines, valve caps for tire valves. 

Valve grinding compound. 

Valves—for gasoline and oil lines, tire valves and oversize 
valves for engine. 

Washers—punched, split, and brass. 

Wire—copper, brass, spring, piano, and insulated. 

Wire—for wiring cars, such as: primary flexible cable and 
secondary cable. 


Copper Gaskets for Spark Plugs 

S. A. E: (inside diameter outside diameter, 1V^"). 

Half inch: (inside diameter^ 27/32"; outside diameter, 1 3/32^0. 
Metric: (inside diameter, 23/32"; outside diameter, 63/64"). 

Assorted Piston Rings 

Select sizes of piston rinm for those cars most popular in your 
locality. See al^, page 1055. 


Note: Subjects, such as “Automobile Parts Supply Houses,” 
“Gear Manufacturers,” etc., formerly on this page have been 
transferred to pages 682,687. 
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S. A. £• Fuel and Lubrication Tube Fittings: 
Flared Type* 

These are made of cast brass for use on carbu¬ 
retors, oil and gasoline pipe lines, etc., and are to 
fit tubing with outside diameter as listed. 


Union Nut 


Size tube ( 0 . dia.).* M" 

5/16' 

/ H" 

7/16" 

34" 

S. A. E. thread... 7/16x20 

34x20 

H*18 

11/16x16 

HxlQ 

IH" 

Length. 15/16" 

1 34" 

1 5/16" 

1>4" 

Single Union 



Size tube ( 0 . dia.). 34" 

5/16" 

H" 

7/16" 

>4" 

34" 

I. P. thread. 34" 

W 

3i" 


S. A. E. thread... 7/16x20 

> 4 x 20 

>4x18 

11/16x10 

>4X16 


Stbist Elbow 

8 iie. H'‘ 

Doublb Malb Elbow 

Siie. 

Close Nipple 

sue. H" H" H" 

Couplings 

sue. ys'' K" H" H" 

Plug 

sue. ys" h" H" H" 

Reducing Bushing 

sue. K" N" H" 


f f t 


;v4rr-m thmc 
TMKKAO 


wwnr 

ICSftAX 


Double Union 

SisetubeCo. dia.). 5/16" 5^ 7/16" 

S. A. E. thread... 7/16x20 }^x20 Hxl8 11/16x16 >ixl 6 

Ball Check Valve 

Size tube (o.dia.). 5/16" H" 7/16" H" 

I. P. thread. H" H" h" H" h" 

S. A. E. thread... 7/16x20 Hx20 %xlS 11/16x16 ^ixl 6 

Elbow 

Size tube (o. dia.). 5/10" H" 7/16" y/' 

I. P. thread. Vi” 

S. A. E. thread... 7/16x20 ^*20 Hxi8 11/16x16 «^xl 6 

Thbee-Way Tee Pipe Thread 

Size tube (o.dia.). H" 5/16" 7/16" H" 

I. P. thread. Vs*' H" H" 

S. A. E. thread .. 7/16x20 Hx20 %xlS 11/16x16 *ixl 6 

Thbee-Wat Tee; All Sides S. A. E. Thread 

Size tube (o. dia.). H" 5/16" H" 7/16" 

S. A. E. thread... 7/16x20 Hx20 HxlS 11/16x16 ^xl 6 

Brass Pipe Fillings* 

See Index for “Pipe specifications,^^ and for 
“pipe threads.*’’ 


^fill'd 

OMW VN«I JlSgjr 




Elbow 

Size. H" K" H" H" 

Union 

Size. H" li" W' 

Tee—Straight Size 

Size. H" H" H" 


1 Can be secured of autoiuobile supply houses. Some of the 
manufacturers are Commonwealth Brass Corp., Detroit, Mich.; 
B. Edelmann & Co., Chicago, in.; The Imperial Brass Mfg. 
Com Chicago., Ill. 

IX. P. means iron pipe size. 

* Outside diameter. 


Solderlcss Compression Couplings^ 

Solderless fittings for gasoline and oil lines,* used for connect¬ 
ing tubing on gasoline and oiling systems without swaging or 
soldering. 

They are made for 3/16", H", 5/16", y" and outside 
diameter tubing; y” size is generally used. 

( 1 ) Showing how ends are drawn together. (2) Check valve, 
straight. (3) Tapered female or 14" pipe, one end. (4) 
Nipple union male y^" or y" pipe, one end. (5) Elbow male. 
( 6 ) Klhow coupling. (7) Tee coupling on opposite ends, y" or 
* 4 " pipe thread (male) on other. ( 8 ) Too angle coupling, male 
threat! one end. (9) Tec angle on three ends. (10) Elbow 
coupling on one end, female pipe thread on other. 




The size threads on the 
soldcrless compression cou¬ 
plings are as follows: }4 "— 
7/16X24 thread; 5/16"— 
*^X24 thread; ^"—17/32 
X24 thread. 

All li" and .yi 6 " tubing 
manufactured with iron pipe 
thread nipples have a H" iron 
pipe thread. The cou¬ 
plings with iron pipe thread 
nipples have a ^ 4 " iron pipe 
thread. 



Fig. 11. Shut-off cocks; Fig. 12 . Priming cups; Fig. 13. 
Priming cups for V-type engine. 

Fig. 15. Rubber hose for radiators should be carried in all 
stock rooms. (See page 1055 for size for different cars.) 

Fig. 16. Hose clamps are necessary. This type is the 
Sherman wrought brass clamp to fit radiator hose. 

4-ply hose 4-ply hose 4-ply hose 

inside diam. I inside diam. 2H'Mn8ide diam. 

1 " inside diam. 1 in.side diam. 2 inside diam. 

1 inside diarn. 2 " inside diam. 3 " inside diam. 

1 )4!' inside diam. 2 K" inside diam. 



Fig. 17. Grease cups ought to be carried in every stock 
room. The sizes of grease cups run as follows: 000—3^" pipe 
thread; 00 — y%' pipe thread; 0 — or 34 '^ pipe thread. Tne 
diameter of (XX) is ; 00 is 1"; and 0 is 1 ^ . 

Fig. 18. Oil cups run os follows: No. 1— )4 x 32 thread, 
diameter. No. 2—5/16 x 32 thread, 7/16" diameter. 
No. 3— V% X 24 thread, 34" diameter. No. 4—7/10 x 24 
thread, 9/16" diameter. 

Fig. 19. Oil cans which are in demand. 

Fig. 20 . Cottar pins: An assortment of cottar pins. 1 ", 
1 H » 1 ^"1 and 2 " lengths. 


Fig. 21. Brass tubing: 
6/16^. and H". 


Annealed seamlees brass, site 



















THE GAEAGE: PARTS AND SUPPLIES 


681 



Fig. 22. Armored cable: This t 3 rpe of cable is used in all 
high-grade wiring installations. Conductor is standard copper 


No. 16 gauge insulated with rubber and varnished fabric. 
Sherardized protecting cover on outside. Diameter, 3/16''. 

Figs. 23, 24. Spark and throttle ball-joints, used for conneo- 
ting magneto timer levers and carburetor throttle lever, with 
levers on steering wheel. They eliminate all lost motion and 
give more perfect control. The screw end fits the timer and car¬ 
buretor lever; the tapped hole fits the connecting rod. They 
come 25 in a box, assorted. 


MONEY-MAKING ADDITIONS TO THE GARAGE 


There are several departments which can be 
added to the garage, all necessary and well worth 
the investment. 

A supply and parts department is very remunera¬ 
tive, providing the proper supplies are carried. 

It is necessary, however, to display the goods so 
that customers can see them and ask for them. 
Sales follow as a natural sequence. A very service¬ 
able and attractive display bin is shown in Fig. 25. 
Fireproof metal bins are of course preferable to 
wood construction. 



Fig. 25. Steel dis¬ 
play counter and 
shelving for accessory 
stores, service sta¬ 
tions, dealers, etc. 

Fig. 2r)A. Tool unit 
made of steel, for 
keeping tools handy in the shop or 
displaying them in the parts depart¬ 
ment. 



Fig. 25B. Accessory display 
unit made of steel for convenient 
.storage and display of accessories, 
etc. (Illihstration from David Lup- 
ton’s Sons Co.) 


Fig. 25C. Accessory display unit, 
size 84" high. 12" deep, 48" wide, 
'riie ease of tlirec drawers contains 
51 small compartments. Other units 
can be added (The Berger Mfg. Co., 
Canton, Ohio).* 


A sales and service chart is shown in Fig. 26. WTienthe motor- 
st drives up to your garage for gas or oil, or for air for his tires, 
give his car the quick once-over and see if you can t sell him 
some accessories. 

When a motorist asks for an accessory, this should suggest 
something else that you can sell him. But it is not enough to 
ask him if he wants it. You have got to tell him why he ought 
to have it. That’s what these selling arguments are for. Use 
them! 

Tire department: A small or large vulcanizer for 
repairing tires. See discussion of the subject “Tires.^^ 


n SELL clo<;k 

16 SELL AMMETER 
c^ru. ^5SELLRAO^^*rDR 



« SELL hUTS 
AND GREAH CUPS' 

10 inflate tires’ 
fiEUNIlNATE SQUEAKS 


DEFECTS 
e STOP NOISES 
2 SELL Cfl-mOER OIL 
y4 SET VULCAHIZIMO BUSUtES* 
N FILL GREASE CUP* 

' 7 STOP RATTLES 


Fig. 26 shows a brief list of merchandise or auto supplies, etc., 
which the garage dealer ought to sell to his customers. 


A battery charging and repair department: For 
recharging, starting, lighting, and ignition batteries. 
See ‘‘Storage Battery” Instruction. 

During thjB winter months, there is much more of such bat¬ 
tery recharging work brought to the garages because the cold 
weather reduces the charge-holding capacity of the .storage 
batteries, while at the same time the cold engines require more 
current from the batteries to start them. 


Electric testing and repair department. See 

Index under “Electric testing and repairs.” 

Engine reconditioning, such as crankshaft and 
cylinder grinding, bearings aligned, pistons and 
rings fitted, etc. 

Oxy-acetylene outfit: For ^elding and carbon 
cleaning, see Index. 

Carbon removing outfits for removing carbon from 
engine. See Index. 

Radiator Repairs. See Index. 

A lubricating service station. See page 673. 

The car rental and towing service is something 
worth considering, and can be added in time. See 
page 676. 

Lacquering cars does not take a very large invest¬ 
ment, and one or two men could be kept busy; see 
pages 648, 756. 

Of course, with all this, more room will be neces¬ 
sary, but it is surprising in how small a space all 
these departments can be carried on, if properly 
planned. 


EQUIPMENT, PARTS AND SUPPLIES 


Equipment and Maintenance Tools 

The repairman or garage owner obtains his eqmp- 
ment from automotive equipment concerns, suen as 
those listed on pages 687, 672, 803. Maintenance 
tools, material anof supplies are also obtained from 
these sources. 


»Some of the concerns who supply metal bins and racks for 
disDlayimr and storing all kinds of automotive parts, accessories 
materia], etc., for garages, service statiorw and repair sh^, not 
only for small parts but bulky parts such m 
etoT They also supply racks for automobile glass and display 

ahdvioc and oountera for d^ers. gwag® and 


Automotive equipment or automotive supply job¬ 
bers carry all lunas of equipment for garage and 
shop use and also supplies and some lines of replace¬ 
ment parts. On page 687 is a list 

It is a good idea for a repairman to get in touch with 
a good supply house nearest to him. Note: Don't 
feel offended when a business house requests refer¬ 
ences and asks that you give them a report as to 
your assets and liabilities. They are establishing 
your credit rating. 

When it is necessary for a repairman to replace 
the parts of a car, he can obtain them through 
agent of the car in the locality, who is supplied with 
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a parts book by the car manufacturer and the price 
of each part is given. 

The car manufacturer does not always make all 

E arts of the car, but is supplied with many of them 
y other manufacturers, and in many instances some 
or the same parts the manufacturer used in his car 
can be obtained of replacement-parts houses. 

When the manufacture of cars is discontinued 
and the manufacturer goes out of business, some 
concerns usually purchase the parts of the manufac¬ 
turer and they are usually new parts. 

Some of the automobile parts concerns also salvage 
cars of different makes and sell the parts, and very 
often a part can be secured at a very reasonable 
figure. Concerns in this line issue circulars giving 
the description of such parts and their condition. 

It is a good plan, however, always to ask your 
customer if he wants genuine parts, standard 
brands, or used parts, and never to substitute. 

Remember that it is false economy to try to save 
a few cents on the cost of the particular part that 
is to be replaced. The repairman should guarantee 
his work by using only quality guaranteed standard 
brands and the parts should conform to the car 
manufacturer’s specifications, and should be secured 
from a reputable concern or manufacturer. 

Parts 

can be classified in general as 

Axle shafts 
Bearings; engine 
Bearings; chassis 
Bearini; shims 
Brake lining 

Chassis bearings; plain, roller and ball, for wheels, rear axles, 
transmission, generator and starter bearings, etc. 
Connecting-rod bearings 
Connecting-rod bolts and nuts 
Clutch facings 
Drive shafts 

Differential gears and parts 
Fan belts 

Flywheel starter ring gears (see “Gears” below) 

Gaskets 
Ignition coils 
Ignition cable 
Main bearings 
Pistons 
Piston rings 
Piston pins 
Pump packing 

Pinion drive gears and shafts 
Radiator hose 
Silent chains 

Steering knuckle king bolts and king pins 

Spring bolts 

Springs 

Starter ring gears (steel for replacement) 

Tie-rod bolts 
Timing chains 
Timing gears 
Universal joints 
Valves 

Water pumps, etc. 

A great many parts that are carried by the automotive re¬ 
placement parts concerns can also be obtained of the automotive 
equipment or supply jobber, as listed on page 687. 


These concerns distribute replacement parts: 

Ailauta, Ga., Automobile Piston Co. 

Atlanta, Ga., Southern Bearing and Parts Co. 

Birmingham, Ala., Southern Bearing and Parts Co. 

Boston, Mass., Standard Auto Gear Co., Inc. 

Buffalo, N.Y., Great Lakes Motor Parts Co. 

Chicago, HI., Motive Parts Co. of America, Inc. 

Chicago, III., Smith Bgs. Co., Inc. L.C. 

Cincinnati, Ohio, Dorman Automotive Parts and Gear Co. 


Note; We are not responsible for wrong addressee or re¬ 
sponsibility of concerns listed. 

For Orphan cars formerly on this page, see page 684. 

These and some other lists '^p h.^ok heva not 


Cincinnati, Ohio, Motive Parts Co. of America, Inc. 
Denver, Colo., Denver Gear and Parts Co. 

Des Moines, Iowa, Wm. H. Meta Co. 

Detroit, Mich., Michigan Replacement Parts Corp. 
Detroit, Mich., Puritan Auto Parts Co. 

Duluth, Minn., S. & S. Auto Parts Co. 

Indianapolis, Ind., Motive Parts Co. of America, Inc. 
Kansas City, Mo., Auto Parts Distributing Co. 

Kansas City, Mo., The Dayton Auto Parts Co. 

Los Angele^ Cal., John 11. Dielmann Co. 

Memphis, Tenn., J. B. Cook Auto and Mach. Co., Inc. 
Minneapolis, Minn., Automotive Service Co. 

New Orleans, La., New Orleans Auto Supply Co., Inc. 

New Orleans, La., M. H. Hykoski 

New York, N.Y., Barneys Auto Parts Co., Inc. 

New York, N.Y., G & B Motor Parts, Inc. 
Philadelphia, Pa., P. D. Q. Company. 

Portland, Oregon, West Bearing Co. 

Sacramento, Cal., Henderson Bros. 

Sacramento, Cal., Triangle Parts Co. 

San Francisco, Cal., Triangle Parts Co. 

San Francisco, Cal., Patterson Parts, Inc. 

Seattle, Wash., Piston Service, Inc. 

Seattle, Wash., The Northwest Bearing Co. 

Springfield, Mass., L. L. Bousquet. 

St. Louis, Mo., Auto Parts Co. 

St. Louis, Mo., Standard Auto Parts Co. 

St. Paul, Minn.jAutomotive Service Co. 

Stockton, Cal., Triangle Parts Co. 


These concerns are distributors of parts: 

Allentown, Pa , Quaker Citv Motor Parts Co. 

Atlanta, Ga., Motor Parts Corp. 

Baltimore, Md., Quaker City Motor Parts Co. 

Boston. Maiw., Campbell Motor Parts Corp. 

Buffalo, N.Y., Unit Parts Corp. 

Calgary, Ont., Canada, Vancouver Parts Co., Ltd. 

Chicago, Ill., Standard Unit Parts Corp. 

Cleveland, Ohio, Tho Automotive Parts Co. of Ohio. 

Columbia, S.C , Whitton Automotive PartJi Co. 

Columbus, Ohio, The Automotive Parts Co. of Ohio. 

Dallas, Tex., Motor Parts Depot., Inc. 

Denver, Colo., The Gall Auto Specialty Co. 

Des Moines, la.. Standard Motor Parts Co. 

Detroit, Mich., Automotive Parta Corp. of Mich. 

Fresno, Cal., Colyear Motor Sales Co. 

Grand Rapids, Mich., Automotive Parts Corp. of Mich. 
Harrisburg, Pa., Quaker City Motor Parts Co. 

Indianapolis, Ind., Central Motor Parts Co. 

Kansas City, Mo., General Auto Parts Co. 

Los Angeles, Cal., Colyear Motor Sales Co. 

Louisville, Ky., Edinger Motor Parts Co. 

Memphis, Tenn., Standardized Parts Corp. 

Milwaukee, Wis., Standard Unit Parts Coro. 

Minneapolis, Minn., Standard Unit Parts Corp. 

New Orleans, La., Standard Motor Parts Co. 

New York, N.Y., Chadick, Dc Lamatcr Corp. 

Oakland, Cal., Colyear Motor Sales Co. 

Omaha, Nebr., Omaha Motor Parts Co., Inc. 

Philadelphia, Pa., Quaker City Motor Parts Co. 

Pittsburgh, Pa., Superior Motor Parts Co. 

Portland, Ore., Colyear Motor Sales Co. 

Richmond, Va., Standard Motor Parts Corp. 

Salt Lake City, Utah, Mendenhall Auto Parts Co. 

San Francisco, Cal., Colyear Motor Sales Co. 

Seattle, Wash., Colyear Motor Sales Co. 

Spokane, Wash., Colyear Motor Sales Co. 

Springfield, Ohio., The Automotive Parts Co. of O. 

St. Louis, Mo., Authorized Motor Parts Co. 

St. Paul, Minn., Standard Unit Parts Corp. 

Toledo, Ohio, Automotive Parts Corp. of Mich. 

Toronto, Ont., Canada, National Automotive Parts, Ltd. 
Vancouver, B,C^ Vancouver Parts Co., Ltd. 

Washington, D.C^ Quaker City Motor Parts Co. 

Winnipeg, Man., (Janada, Moncrieff & Endress, Ltd. 

Gears 

Some of the manufacturers of starter flywheel ring gears and 
other gears are as follows: 

Accurate Gear Co., Springfield, Ohio. 

Americari Gear Co., Jackson, Mich. 

Automotive Gear Works, Richmond, Ind. 

Huetter Machine dc Tool Co., Indianapolis, Ind. 

Kaufman Metal Products Co., Toledo, Ohio. 

S p ringfield Mfg. Co., Springfield, Ohio. 

Western Gear Co.. Detroit, Mich. 

Warren Gear Products Co., Warren, Pa, 

Rota: See page 837 relative to fitting starter ring gOari for 
Bendix drive. ^ 

been revised for some time. See footnote p. 686. 
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Differential ring gears and pinions can be obtained from the 
manufacturers of the oars or tbeir dealers. 

When ordering gears, in addition to the part number, furnish 
the name, year, and model of oar and, if possible, the serial 
number and the number of teeth in the ring gear and pinion. 


Fender Replacement^ 

There are several concerns who manufacture fenders. 


Rims and Wheels 

For concerns who carry a complete line of rims, wheels, rim 
bolts, lugs, nuts, etc., see page 603. 


Radiator Replacements 

For replacement of radiator cores, see page 740. 


Electrical Service and Parts 

There are a number of concerns specializing in electrical 
service. By referring to page 481, a listing of the different 
manufacturers of electrical apparatus will he found. The name 
and address of their nearest distributor or authorized service 
station will be furnished on request. 

See also page 481 relative to armature exchange service. 

United Motors Service, Inc. (Overseas Motor Service Corp. 
in foreign countries), through their several branches and au¬ 
thorized dealers, provide official repair and parts service on: 
AC air cleaners, silencers, gauges, speedometers; 

Bendix drives; Delco auto radios, batteries, car heaters; Delco- 
Lovejoy shock absorbers; Delco-Remy electrical apparatus, car¬ 
buretor controls; Guide lamps, lenses; Harrison radiators, cores, 
car heaters; Hyatt roller bearings; Klaxon horns; Neuy De¬ 
parture ball bearings; North East electrical apparatus, speed¬ 
ometers, horns. 

Electrical service and parts can be obtained from the author¬ 
ized service stations of manufacturers listed on page 481. 


Cylinder scores repaired 
Engines chemically cleaned 
Pistons reamed for oversize piston pins 
Pistons regrooved 

Pistons turned and ground to fit oversize cylinders 

Tappet screws refaced 

Tappets or valve lifters refaced 

Valve stem-guides reamed oversize 

Valve seats reseated 

Valves refaced and reseated 

Valve-tappet guides reamed oversize 

Engine Rebuilding 

Some car manufacturers exchange rebuilt engines for worn 
engines on a fixed price basis. Some provide engine rebuilding 
service. Several independent concerns in different sections of 
the United States specialize on regrinding crankshafts, cam¬ 
shafts, cylinder blocks, and rebuilding engines. 

Rebabbitting Service 

A connecting-rod rebabbitting exchange service is explained 
in the section on engine bearings. Old connecting rods are ex¬ 
changed for rebabbitied rods. 

Axle 

Alignment of wheels and axles 

Axle housings and torque tubes straightened 

Brake drums refaced 

Disc wheels straightened 

Drive and axle shafts straightened 

Drive shafts and drive pinions fitted 

Front axles straightened 

Special chassis parts made and machined 


Specialized Automotive Services for 
Reconditioning a Car 

There are concerns who specialize in reconditioning different 
parts of a car and some who are equipped to recondition all parts 
of a car. Many of the repair shops and garages send work that 
requires special equipment to these specialists. 

An itemized list of some of the kinds of work requiring special 
equipment follows. 


Engine 

Bearings fitted, main and connecting rod 

Bearings align reamed or bored to fit reground crankshafts 

Camshafts straightened 

Connecting rods aligned and straightened 

Crankcases welded and repaired 

Crankshafts reground 

Crankshafts straightened 

Cylinder-block tops resurfaced 

Cylinder-block water jackets repaired 

Cylinder, cracked, fitted with sleeves 

Cylinder heads resurfaced 

Cylinders reground 

Cylinders rebored and honed 


Miscellaneous 

Brake lining installed (sometimes handled by exchanging shoes) 

Air brake equipment repaired 

Hydraulic brake equipment repaired 

Vacuum brake equipment repaired 

Carburetors repaired 

Fuel pumps repaired 

Windshield wipers repaired 

Radiators repaired 

Universal joint yokes welded to propeller shafts 

Oxy-acetylene and arc welding 

Frames straightened 

Body and fender dents removed 

Body and fenders repaired 

Tops repaired 

Upholstering 

Glass fitted 

Painting 

NOTE: For a book and literature on body and fender re¬ 
pairing see page 600 under “Body and Fender Repairing.” 
Sec also, pp. 000-(i011^ for automotive service literature on 
many other subjLcts. 


Note. These lists have not been revised for sometime. See page 686 and write for n^me and address of members nearest to 
you of the associations mentioned. See also footnote page 685. ^See your nearest jobber and distributor as suggested on page 686, 
for replacement fenders and other material listed on pages 681-683, including engine rebuilding. See page69lB under “PTeldtrui.’ 
and footnote 1 '*Cold Weldina Method" page 723. 


684 


DYKE’S INSTRUCTION No. 61 


MECHANICAL SPECIFICATIONS OF PASSENGER CARSi ( 1947 ) 

(Reprinted by permission from Auiomotite Industries (March 15, 1947): Copyright, 1947. Chilton Company, Philadelphia) 



ABBREVIATIONS 
tHUliiiiljhteareriiippiiig weigh 


ehipping weight* of cheapest 8 paM„ *—Width of Ring No. 1 is .093 Riog No. 2 Ala-^Ahiminum Alloy 
4 door sedan phis 800 pounds width .128 Aln-Ahunbum, Aaodii 


S paaa, 4 door sedan phis 800 Ih. for {->0)aMWted on haw of tire revolutions pw H-8eial4oating 


Ain—Aluminum, Anodised Floidi 
At—Aiumiaain, tin plated 
CA—(^ntlnental E^ond Fibre or Aha. 
Co. of Amerka 

CO—Continental Dfaunond Fihrt 


psasngsn and all flnldi mile in oonhuiotion with rear axle ratio M-Three quarter floating CA—Continental l^ond Fibre or i 

t-^asedonHpwithaoeessedeo onl eaolho r . of eheapest 8 pea. 4 door sedan. (D-Cbamplon YiA or AC104 Co.ofAmerka 

•—Lower bearing else A-The Ehetrio Auto-Iite Ca CO-Contbantal Dfaunond Fibre 

f-BasedoabttwoagboHp. l-WUhlood (nl-Model 63-8.00/18; Model 54-flA0/I8 oh-Chola 

tt--CoiBpotedcDberieofdleplaoemeBl.rNr ^Wbaelfanoe lir and 133^ bumper to AC-AO Spark Plug Co. Ch-Chanpion fcark Phil Co. 

•sk nm eBoetfro tiro dhaetar aad bussper 204H'’and 208H"' AL-Ahainua C«n-Chrono Nkkel AUoy 

under **Sp€cificatiorni/* for other specificationa in this book. See ptiRe 687 for "Service 


CARS NOT NOW MANUFACTURED} WHERE TO OBTAIN PARTS 


thrS-AliVk-.'..# .hi. ^ * oeyona ine toom oi tnw pook II the reader deairee informat on ai 

,«upfa i^diewee if available We are not reeponeible for wrong adc 
BponsiDility of oonoernB mentioned in this book under varioue subjects, or those given by letter, or otherwise. 
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SPECIFICATIONS OF PASSENGER CARSi {194,7)—Ck>iUmued 

(Rfprinted by pcrmJMfon from Atttomolite Indusiries (March 15. 1047); Copyright. 1947. ChUton Company, Philadelphia) 
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1.73 

Man 

Ch-H-10 

Own 

Yar 

2-.091 

2-.154 

Own-pe 

i 

2.14 

1.75 

Man 

Ch-H-10 

Own 

ViT. 

2-.093 

I-.186 

Own-ch 


1.87 

1.26 

Man 

A-A-S 

A 

>A 

2-.124 

2-.165 

Own-eh 

|l 

2.00 

1.42 

Man 

AC-44 

A 

|A 

2-.093 

2-.187 

Whl-ch 

11 

2.12 

1.25 

0) 

AC.4B 

0 

Del 

2-.093 

2-.187 

Whi-ch 


2.12 

1.25 


AC.48 

0 

pel 

2-.093 

2-.187 

LB-rh 


2.12 

1.25 

1) 

AC.48 

!d 

Del 

2-.093 

2-.187 

LB-ch 

n 

2.12 

1.25 

(1) 

AC.48 

D 

Del 

2-.093 

2-.187 

LB-ch 

5 

2.12 

1,25 

(1) 

AC.48 

0 

Del 

2-* 

1-.ie8 

NIR-ch 

4 

2.09 

1.25 

(8) 

(1) 

D-A 

W-A 

2-^ 

1-.18S 

MR-ch 


2.09 

1.25 



A 

W-A 

2 -^ 

1-.186 

Mor-ch 


2.25 

1.37 

(6) 

(1) 

A 

A 

2-.093 

2-.i5e 

_-ch 


2.12* 

1.00 

Man 



A 

2-.093 

1-.187 

Mor-ch 

i 

2.12 

1.28 

Man 

AC-45 

D 

Del 

2-.093 

il-.187 

Mor-ch 

ra 

2.12 

1.28 

Man 

AC-49 

D 

Del 

2-.063 

1-.187 

Mor-ch 


2.00 

1.06 

Man 

AC-45 

D 

Del 

2-.093 

I-.1B7 

Mor-ch 

6 

2.00 

1.06 

Man 

A(>45 

D 

Dei 

2-.b93 

1-.1B6 

CO-ge 

4 

1.81 

1.12 

Man 

Ch-J-7 

A 

wn 

2-.093 

1-.187 

CD-p* 

i 

2.18 

1.37 

Man 

Ch-J-7 

A 

Wil 

2-A 

1-A 

....-pa 

1 



Man 

A-AN7 

A 

W-A 


REAR AXLE 


Hyp 

gs 


Hyp 

Hyp 


SB 

Hyp 

SB 

SB 

Hyp 

Hyp 


Hyp 

Hyp 

iHyp 

Hyp 

Hyp 

Hyp 

Hyp 

Hyp 

Hyp 


Hyp 


Hyp 

Hyp 

Hyp 


4.49 

4.49 

4.10 

3.77 

1.77 

3.77 
4.27 

4.11 

3.60 

3.61 

3.90 

9.17 

3.60 

4.10 

8.78 
1.94 


4.11 

4.11 

4.09 

4.22 

3.94 

4.10 

4.10 

4.30 

4.65 

4.30 

4.30 

4.69 

4.30 

4.10 

3.62 

3.60 

4.10 

4.30 

4.10 

4.30 

4.10 

4.09 


Cfr->Caiiat«d 
CS-Copptf^Uieoa Bud 
Ct~Cut bop. tb plaUd 
D—Dpb»>B«By DIt. 

0-Ar-Ddeo « Aato>lita 
Oal~D«leo !•—Qaar 

Hyp—Hypoid faar l—IndiMd (Talres) 

L—L>Haid (tpIth) 

U-lbkMO«. 


Lyn—Lyaite Man—Manual 

Mor— Motn C^baln Co. 

MR—Mono or RamMy chain 

N-NoorNono 

Nat—National Battery Co. 

Rr—Radiua rodt 
SA—Btabiliiini am 
SB-fiplralBfTol 
3p—Throoih nanprinii 


TT—Through Torque Tube 
W-A-Willard SW-ll^lOO or Auto-Lite 
P>15-ZR 
WW-Whitney 

Wtl-Willard Storage Battery Co. Y-Yea 

(1) —Hydra-Matio Driye—full automatic— 

hydraulically operated—at extra coet. 

(2) —Bendix Tacuum amiat itandard equip* 

iBaat 


(3) —Semi-automatk tranemiamoo and fluid 

coupling—at extra cost 

(4) —Send-automatie tranamlaaloo (hydrauli¬ 

cally operated) and fluid eoupfla« aa 
itandard eqvupmeni 

(9)—Vacuum electric abift at extra eod 
(6)—Eleotromatic Driye-^acuum deotrig 
aUfi—at extra ooat 


‘See “Note” on page 684 which was fonnetly on this page. 
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DYKE’S INSTRUCTION No. 61 


WHERE TO OBTAIN SUPPLIES, EQUIPMENT, REPLACEMENT PARTS, ENGINE REBUILD, ETC. 


If you are engaged in the automotive repair or 
service business, or contemplate going into business 

you should get in toueh with jobber members near¬ 
est to you of the amjviations* mentioned below. 

You can obtain the address of the member near¬ 
est to you by writing a letter to the headquarters 
of the Associations mentioned below, and ask them 
to give you the name and address of the nearest 
member of their association. When writing, give the 
name of the largest city nearest to j'^ou, also, state 
if you are already cngagwl in business, or if you 
contemplate going into business. 

M. E.W.A. stands for Motor and Equijmicnt Wiiole- 
s(ders Association with headquaitor offices at 309 
West Jackson Blvd., Cliicago 0, Ill. Members of 
MEWA are located in cities and towns in various 
parts of the United States and Canada, and are 
automotive supply jo])bers and operators of auto¬ 
motive machine shops. 

N. S.P.A. stands for National Standard Parts As- 
sociatio?i with headquarter offices at 8 South Mich¬ 
igan Ave.j Chicago 3, 111. Members of NSPA are 


located in cities in various parts of the United States 
and Canada, and are distributors of replacement 
parts, equipment, tools, accessories and supplies. 

Both the M.E.W.A. and N.S.P.Af members sup¬ 
ply automotive material, such as parts, including 
pistons, rings, valves, axle shafts, connecting rods, 
bearings, gears, service shop equipment of all kinds, 
replacement parts, and in many instances conduct a 
connecting rod and crankshaft exchange service, and 
if not equipped to do bearing work they can tell you 
of such a concern nearest to you. 

A.E.R.A. stands for Automotive Engine Rebuilders 
Association with headquarter offices at 415 N. 
Capitol Ave., Indianapolis 4, Ind. Members of 
AERA are located in cities in various parts of the 
United States and Canada and are eqmpped with 
complete machine shop service to rebuild engines 
completely, or do such work as align bore main and 
connecting rod bearings, bore cylinders, regrind 
crankshafts, etc., and most members are jobbers of 
automotive replacement parts and supplies. Some 
conduct an exchange service on engines, crank¬ 
shafts, connecting rods, clutches, etc. 


*Notc. These Associations do not deal in merchandise. They merely supply you with the name of the nearest member who docs. 


MANUFACTURERS OF AUTOMOBILES 


Passenger Cars 

Quick Motor Div. General Victors Corp., Flint, Mich. 

Cadillac Motor Car Div. General Motors Corp , 

Detroit 32, Mich. 

Chevrolet Motor Div. General Motors Corp., Detroit 2, Mich. 
Chrj-^ler Corp., Chrysler Sales Div., Detroit 31, Mich. 

Crosley Motors, Tnc., Cincinnati 14, Ohio. 

De8oto Division Chrysler Corp., Detroit 31, Mich. 

Dodge Dirtsion Chrysler Corp., Detroit 31, Mien. 

Ford Motor Co., 3000 Scluicfer Road, Dearborn, Mich. 

Grahain-Paigc Motors Corp.,8 Willow Run, JMich. (“Frazer”) 
Hudson Motor Car Co., Detroit 14, Mich. 

Kaiser-Frazer Corp., Willow Run, Mich. (“Kaiser”) 

Lincoln Motor Car Division Ford Motor Co., Detroit, Mich. 

Mercury, Ford Motor Co,, 3000 Schaefer Road, 

Dearborn, Mich. 

Nash Motors Div. Nash-Kelvinator Corp., Detroit 32, Mich. 
Oldsmobile Div. General Motors Corp., Lansing, Mich. 

Packard Motor Car Co,, 1.580 E. Grand Blvd., 

Detroit 32, Mich. 

Plymouth Division Chrysler Corp., Detroit 31, Mich. 

Pontiac Motor Div. General Motors Corp., Pontiac, Mich. 
Studebaker Corp., South Bend 27, Indiana. 

Willys-Dverland Motors, Inc., Toledo, Ohio 

Trucks 

Autocar Company, Ardmore, 

Available Truck Co., Chicago, Ill.b* 

Brockway Motor Company, Cortland, N. Y,* 

Chevrolet Motor Div. General Motors Corp., Detroit 2, Mich, 
Diamond T Motor Car Co., W. 26th St., Chicago 23, IILL*.# 

Dodge Div, Chrysler Corp., 7900 Jos. Campau Ave., 

Detroit, MioL* 


Federal Motor Truck Co., 5780 Fe<lcrnl Ave., Detroit, Mich.*-^ 
Ford Motor Co., 3000 Schaefer Road, Dearborn, Mich.* 

Four WTieel Drive Auto Co., Clintonville, Wisen.*-* 

CMC Truck & Coach Div., General Motors Corp., 

Pontiac, Mich.*>* 

Hudson Motor Car Co., Detroit 14, Mich. 

Hug Company, Highland, Ill.* 

International Harvester Co., 180 N. Michigan, Chicago 1, III* 
LaFrance-Republic Div. Sterling Motors Corp,, Alma, Mich.* 
Mack Mfg. Corp., 350 Fifth Ave., New York 1, N. Y.l* * 
Marmon-Herrington Co., Indianapolis 7, Ind.* 

Reo Motors Inc., Lansing, Midi.*-* 

Sterling Motors Corp., Milwaukee 1, Wisen.* 

Studebaker Corp., South Bend, Ind. * 

Walker Vehicle Co., 101 W. 87th St., Chicago, in'* 
Ward-LaFrance Truck Div. G.A.L, Elmira Heights, N. Y.* < 
White Motor Co., 842 E. 79th St., Cleveland 1, Ohio'-*** 
Willys-Overland Motors Co., Inc., Toledo, Ohio. 


*Buses also manufactured. Other manufacturers of buses are: 
J. G. Brill Co., Philadelphia 42, Pa. (A.C.F.): Twin Coach Co., 
Kent, Ohio; Flxible Co., Loudonville, Ohio; Aerocoach — 
General American Aerocoach Co., 135 B. La Salle St., Chicago, 
Ill. 

^Hearses, ambulances, funeral cars also manufactured. Other 
manufacturers are: Henney Motor Co., Freeport, Ill.; Flxible 
Co., Loudonville, Ohio. 

’Diesel powered trucks also manufactured. 

*Fire apparatus also manufactured. 

’Delivery car designed to make stops often, known as **Pak- 

Age-'Car" also manufactured. 

’Delivery car designed to make stops often, known as “WAifs 

Horse'' also manufactured. 

■^Electric truck and bus only. 

’Also producers of the Eototiller power-tiller, Fraser trao* 
tors and farm equipment. 

Taxicabs. Passenger cars of various makes are utilised for 
this purpose. One manufacturer of taxicabs and oommeroial 
bodies is the Checker Cab Mfg. Corp., Kalamasoo, Mich. 

^Tractor manufacturera; several are Ustdd on page 981. 



SERVICE SPECIFICATIONS OF PASSENGER CARS 

(••0)Mn«^| f 22 2 2 2 2 hh 

— . ^ ■ ■ .-- -. — ..., — » 

■e-B-B **< ■ItK * -H < -B-B-B-B* ta ^ ft t 

222 55 a fiS J 2 2 ™ 2 ij, 2 5 J, ^ +?? fi BS 5^ 

e>ao 'i*HS e oo o o o o "15 "i! ^•v "vtS eeo o oo *>^ 


+4-4- ++ « ;}f 

222 22 2 ::;4- 
22 

ZZZ ZZ Z oe 


^ g + 

+ T 5 xs 2 ^ 

2 2 2 ^ ^ 2 

S 5 :s? a:;:* z if? 


Is?is? 

ir» t o ? « :3*^ 
22 CiCi ??? 2 22 < 




sf X** + II ++ 

fi II iii 2 xx is iisiae 

if?o 00 ZZZ Z ZZ 00 *Op- C-IIZHI- 


I I ill 

1 mi 


A||a«tf«3 iMjiAs euttooQ 


lOlOK <040 lO <040 <«l MS 10 IfliO U> Vh* 


<0 lABB I04D 40iAt«» 10 1040 lO 


<<< « < << a < < « 


«<<<<<<< 


gs f SS f g g n I i I 


00 

g ££ 


■ - — «!. •? 

<< << o' S 

fto n Sf d 


uwoit-^S Sss Ss S aS S g S “S ; |g g a 5 g- g^ SSS g fea Ss S 


S “i 23 
I sli -p •■ 


pi ii I ii i i § §S § §g § M P P. PI I P P P i 


(•6»a) aifluvuitQ h:;; 


s^g; g;;; a s J ^ 8 8| S 8 8 : i as : i : f feg; 88 gg 

*o«“Wi.4«ia ==S |g i IS § § I Ss § ig i i B ii is BBS i P ii p $ s ^§3 


«M«MBuiui|i|||| >> f >g I S g 


g 8S le 


*T?ig III gg s II g 11 §g I Ii I i g g| gg ggg I gg II gg 11 




•niolo << M <v«> 

55S ZZ 8 SS 


liLll_UU^9 


| 8 tnn(X 3 SSS << i io g o i « ii Ir < S S ^ b || 

55.5 gg ^ 5^ 8 ^ 5^ S gS 5 X ^ SS 55 85< S, 55 ^S, « g ijfl 




,SSS i is i i i ^ ii ^ ^ ii 1 ^ 

55^ XI g 88 8 g 8 5S 5 ^8 5 ^ 5 55 i§ 85< 8 55 SS 5^ 

' pS p S p s j| 8 p s p s 5 s p p pS S p p p 

W ft ^ ff f f f ff f ?T f f ^ tf fff f ff ff ff 


vom»i»aoo fff ff S ff f f f ff f ff f -F i. fS ff -p ff ?f -pf 

IPPlMPU**®N «fl 9 « I 0 «<vt 04 (M <4 WOl 04 OIW cJl ^,L e« 4 M 04 ^ €>i ^ 


-«:ss |!| Ii I a 1 u Ii j II ^ I ni s tst I a ii s if i 


(tqn) PM0S BU|1|U«J3 oio;;# gg 
It •jnMUd UOtMtJdUMQ ^«-f- 


8fl a a 8 


i t ss B® 


2 83 88'S2 »ll_l| 


__ WWW NN io wo* fi» w ^ Kr- w wio w m F« ^ 

001(1 U0|tMjdUIO3 404040 1^0^ 40 4040 O* 40 40 4040 r« (040 hi r«Z 40 K 

.■sffaaK!!!!!!!! I!!!!! II! HI 


;w4i-«p*up«»si» Al 

■tfH *>1*^ z::2 88 


8 S S SS 8 S S 8^ ^88 


£4CM »-o . . . ^ «e« oo «^a_nB 

i-ea loio ^•«oco 40 wio oo 00 •M-^aOS'Xf^ 

hied 4040 4D(o’<d to 4040 40 40 <0 40 

If II ill I p p p Mui 

4 it m ^ U li SI 


I f«i-»o)«««^a««4d |{g§ SI S P » a § 88 a S55 8 8 S SS P 


B 81 §8 m 


«aOM <n 4V«0 <DW <D40l 


■4H*1<in«l 88); «8 a 8si S 8 8 aa n BS 8 B H aSs 83 838 8 83 88 82 

:| p| 10 51SII 4 I af I II Ills im 

;l m ss s 32 :;; I s sf f 2! f s: f 22 ss sss 2 n If ss 


B88 ,8 2 S ^ I 22 


88 a 8 2 28 88 888 8 SS 


M Ij 1 ii i 1 i ii i ii i i 1 ii 


I tM 

m 

\ iu !i 




formerly on pages 686^688 has been deleted. See page 630. 
of Poisenger Cara {1947).” 
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DYKE^S INSTRUCTION No. 61 


AUTOMOTIVB SERVICE AND OTHER LlT£RATURB-^C(mttniied from pagea 69M91B 


AUTO REPAIRSHOP A SERVICE STATION BUSINESa 
HamuJf t **B9tabli8hing and Operating an AtdotnobiU Repair 
Shop** (price ,3bc)i^**Setabliehing and OneraHng a Sereiee 8ta- 
Ken” (price .36c). Boo “Manuale** page 818. 8 m aUo, **Lubri- 
oatioB A Gasoline Businesa’* this page. 


ENGINE (mNKCASE OIT^. Book: **Additioe Bngino 
Ode,** Simple explanations of detergent oils; differences between 
the three new types of oils—RMuJar Oil, Premium Oil. Heavy 
Duty Oil; all about formation of gum, varnish, sludge deposits, 
ete., etc. (price S3.75). Write Petroleum Educational Institute, 
704 Spring St., 1^ Angeles 14, Calif. 

ENGINE CYLINDER RECONDITIONING. Pamphlets: 
**PieUme lo Fit Reconditioned Cylindere**; *'Recoruiitionina 
Caotrln-Block Engines A Fittings of Sleeves, See “Pamphlets” 
page 818. 

LUBRICATION A GASOLINE BUSINESS. Books: “Ser. 
vice Man's Guide to Automotive Lubrication** (price $3); 
**/ Listened and Learned** (price S3). Write Chek-Chort Corp., 
624 8. Michigan Ave., Chicago 5, ill. Course: 25 assignments 
dealing with lubricants and fuels. Write for particulars Petro¬ 
leum Educational Institute, 704 So. Spring St., Los Angeles 
14. Calif. 


TIRE VALVES. GAUGES A ACCESSORIES. CaUlog: 
Includes tire valve service and maintenance, and a lot of other 
good information. Tube and tire valve vulcanizing, sp.irk plug 


Kre pumi>s,^eto. Write A. Sohradar'a Son Division of Soovfll 
Mfg. Co.. Brooklyn 17. N. Y, 

VULCANIZER8 TUBE AND TIRE VALVE. Catalog; 
Soo '*Tire Valves, Gauges and Aooessories.'* 

WIRE (CABLE) WATERPROOFING LIQUID. See an 
automotive supply house or jobber of automotive auppUea. 


THREE TYPES OP ENGINE CRANKCASE OILS i 


**Regtilar Motor Oil. This term shall be u.sed to 
designate a straight mineral oil. Oils of this type 
are generally suitable for use in internal combustion 
engines under moderate operating conditions. 

**Premium Motor Oil. This term shall be used to 
desimate an oil having proved oxidation stability 
and bearing corrosion preventive properties. Oils of 
this type are generally suitable for use in internal 
combustion engines where oj^rating conditions arc 
8uch that regular oils do not give satisfactory service. 

“Heavjj-Duty Motor Oil, This term shall desig¬ 
nate an oil having proved oxidation stability, bear- 
corrosion preventive properties, and detergent- 
dispersant chai^teristics. Oils of this type are gen¬ 


erally suitable for use in both high speed diesel and 
asoline engines under heavy-duty service con- 
itions.^' 

Tliis nomenclature, in conjunction with the SAE 
Viscosity Numbers (page 1()62B), wiU enable the 
automotive manufacturers to recommend, to the 
individual car owners and truck or bus operators, 
the type of oil best suited for use under different 
operating conditions as well as the correct viscosity 
grade required under different climatvc conditions. 

•‘iProm a paper prepared by Mr. H. R. Wolf for presenta¬ 
tion at the SAE annual meeting 7-11-46. The API (American 
Petroleum Institute) Lubrication Committee reaffirmed the 
nomenclature and definitions Nov^ 12-15,1945. The Committee 
is considering revision of the definitions.** 


A HOME GiffiAGE FOR ONE MACHINE 

Th* home gang* shown In Fig. 27 Is designed for housing 

one machine, and to give a little space about it so that a person of these bolts should be set on each side, thrss on tho end, 

eaa eleaa the exterior of the automobile and do small repairs. and one on each aide of the double doors. 



wmen IS m aoe oi eoncrete (^ig. 
•xeavated for a depth of 6 inches, and i 
•Ivsn for the floor plan. OThe bole is 1 
wall tanned in and levded on top. A 


The flrst Ifdof to be considered Is fha feondatioii, or base, 
which is made of eoncrete (Fig. 28). The earth should be 

, and to the exact dimensions 
>ls is then filled with cinders, 

-_^_ 1 od top. A frame, about 4 inches 

Bi^ is buUI up of cheap lumbw» to that the space within 
) 12 ft. wids and 16 ft. long, except at the doubleKioor 
opening where m sloping runway is formed 
for the easy entrance of the automobile. 
A 2-incli layer of concrete—a mixture of 

* gp 





jeciadors,_ 

sandTH Inch thid^ la on the 
eonerete and mads perfectly level When 
putting in the oooerste. Hdneh bolts, about 
o inches long, are set in the edge with the 
threaded sndexteoded about 3 inches above 
the upper sorfaes of the cement, and in line 
with the center of the 2 by 4 Inch timber 
ussdasasfll The detail of this oonstnis- 
tico is mwn In tbs sketch. About four 


The comer posts and studs are out so that their length, 
together with the thickness of the sill and the two piecce for 
the plate, will measure 8 feet. This is the proper length to 
cut the boards without waste from standard lengths of lumber. 
After raising the comer posts and studs, and nailing the plate 
pieces on top, the siding boards are nailed on vertically to the 
plate and siU. and the battens are nailed over the joints. 



Vlg. 22, Floor pkn, diowing tho locpUon of the slItiL sMt 
and SQcnsr posts on tbs eonsreto floor. 













HOME GARAGE; SERVICE DEPARTMENT LAYOUT 
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Fig. 30. End elevation, showing the rafter construction 
and the finishing facia boards on the eaves. 

The rafters are built up in a nianner similar to that used on 
large garage^ now so popular. Each one, or each pair, consists 
of a cross-piece that rests on top of the plates at the sides and 
is notched at the ends, to receive the ends of the convex rafter 
pieces. The pattern for one of these pieces, with dimensions, is 
shown in the drawing (Fig, 31). After the three main parts 
are fitted to form one rafter across the building, they are 
fastened together with short pieces of boards, whicli can be cut 
from scrap. The rafters are set on the plates 16 inches apart 
from center to center. 



Fig. 31. Pattern layout for the rafter pieces and the finish¬ 
ing facia boards for the eaves at the ends. 

The sheathing boards are nailed to the curved edges of the 
rafters lengthwise, and as the material li.st calls for boards 12 
feet long, one and one-half lengths will cover the rafters and 
allow 1 foot projection at each end for the cave. The facia 
boards are cut on a curve in the same manner as the rafter 
pieces, and the under side is cut as shown in the detail, so as to 
make a ncat-anpearing connection to the end of the frieze 
boards. Straight facia boards are fastened on the eaves, at 
the sides, in the same manner, and a frieze board is nailed to 


the under side, the ends being finished, as shown in the detail 
drawing (Fig. 31). 

Prepared roofing is fastened to the sheathing in the usual 
manner, beginning the layers at the eave and finishing in the 
center, allowing the center piece to overlap on both si(^. 

The windows consist of four single casements, two being 
laced on each side. These can be of any size to suit the 
uilder, and can be bought from a mill ready to be set into the 
openings cut for them. 

The doors can be made up of the same material as that used 
for the siding and battened together, or, if a more elaborate door 
is desired, they can be purchased at a reasonable price, paneled 
and with a glass in the upper part. If paneled doors are used, 
18 boards can be deducted from the siding-material list. The 
double doors will require fastenings at the center, and, in 
placing the concrete floor, a keeper should be set in the surface 
cement for the foot latch. The upijer keeper can be attached 
to the end rafter cross-piece. The usual hardware is necessary 
for the small door at the opposite end. 


Material List 

Concrete flourti- 2 bbls. cement; 4.5 cu. yd. cinders; 2.2 cu. yd. 
sand; 4.3 cu. yd gravel. 

SilU^ plates, and studs: 6 pieces, 16 ft. long, 2X4 in.; 4 pieces, 
12 ft. long 2X4 in.; 20 pieces, 8 ft. long, 2X4 in. 

folding: 00 boards, 8 ft. long, 7/8X8 in.; 90 battens, 8 ft. 
long. 

Rafters: 10 boards, 14 ft. long, 7/8X8 in.; 10 boards, 14 ft. 
long, 7/8X4 «n. 

Roofing: Enough sheathing boards, 12 ft. long to cover 260 
sq. ft.; enough prepared roofing to cover 260 sq. ft. 

Wmdows: 4 single casements. 

Finishing pieces: 2 frieze board.s, 18 ft. long, 7/8"Xl ft.; 
2 facia boards, 18 ft. long, 7/8"X4 in.; 4 facia boards, 8 ft. long, 
7/8"Xl ft.; 8 corner boards, 8 ft. long, 7/8"X4 in.; 6 door- 
facing boards, 8 ft. long, 7/8" X4". 

Ilardivare: 1 pair of door hinges; 1 door lock; 3 pairs of 
heavy door hinges; 1 foot latch; 1 upper latch; 1 large door lock; 
101b. 20-penny nails; 20 lb. 8-penny nails; 10 bolts, with double 
washers, l/2"Xo in. 

A garage built up in this manner and well painted will last 
for years, and if it becomes necessary to move it, nothing will 
be lost except the concrete floor, as the building can be lifted 
from the bolts and taken away bodily. (^Popular Mechanics.) 

Galvanized iron garages for home use can be purchased ready 
to assemble; likewise sectional garages made of wood. 



Fig. 1. Service department paint and color combinations.' Three color combinations suggested for dealers* service depart¬ 
ments. 

(1) Upper side walls and ceilings, aluminum; side wall stripe, red; lower side wall, tan; floor, light gray; lubrication lift, orange; 
lubrication lift trim, black; equipment, gray; entrance doors, cream; entrance door panels, white; entrance door push plate, black. 

(2) Upper side walls and ceilings, glossy ivory; floor, dust gray; equipment, red; entrance doors, gray; otherwise same as (1). 

(3) Upper side walls and ceilings, gloss white; lower side walls, gray; floor, dust gray; equipment, red; entrance doors, yellow; 
otherwise same as (1). 

' Egoerpts and illustration from Ford Service Bulletin, March, 1935, in which the three combination colors were shown. 
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DYKE^S INSTRUCTION No, 61 


AUTOMOTIVE SERVICE AND OTHER 

A contintiation of self-educatioa is always ad¬ 
visable. The editor and publishers of this book are 
always anxious to commend, encourage, and assist 
those seeking proper automotive knowledge. 

Below are listed firms from whom up-to-date and 
valuable literature can be obtained on the subjects 
mentioned. In writing to the various concerns, 
mention Dyke's Autornohile and Gasoline Engine 
Encydopediaj as they have agreed to serve our 
reaaers. Literature is gratis unless a price is given. 

a The list was prepared in 1939 and literature bearing other 
titles may now be available instead. In calling for a spcciho 
title, we sxiggeet adding to your letter the words, “or similar 
liter atare.** 

If in writing for literature, no reply is received, we will thank 
our readers to notify A. L. Dyke, 40d Market St., St. Louis, Mo. 

To obtain literature on subjects not mentioned below, 
address A. L. Dyke, 406 Market Street, St. Louis, Mo. Men¬ 
tion the subject in which you are interested, and directions for 
obtaining the literature will be furnished you if the information 
is available. 

ACETYLENE. Literature: *'Pre8trO-Lite Dissolved Acety¬ 
lene'^ giving information such as rated capacities of Prest-0> 
Lite cylinders, where obtainable, etc. Write The Linde Air 
X^oducts Co., 30 East 42d St., New York, N.Y. 

A.E.A. TUNE-UP SERVICE MANUAL (price Sl OO), 
Write Automotive Electric Association, 800 Michigan Bldg., 
Detroit, Mich., for descriptive literature, which includes infor¬ 
mation on the AEA Tune-Up Systenu 

_AIR BRAKES. Manual: '‘Maintenance Manual” dealing 
with description, operation, maintenance, and fitting of Bendix- 
Westinghouse automotive air-brake equipment, write Bon- 
dix-Westinghouse Automotive Air Brake Co., 6001 Centre 
Ave., Pittsburgh, Pa., and inclose 25 cents in stamps and ask 
for “B.W. 1027.” Be sure and mention Dykes Automobile 
Encyclopedia, Booklet: "Service and Maintenance Informa¬ 
tion on Wagner Air Brakes” (SD-377E). Write Wagner 
Electric Corp., Automotive Parts Division, 6400 Plymouth 
Ave., St. Louis, Mo. Descriptive Bulletin: "Wagner Air 
Brakes” (KU-12) describes rotary compressor. Write Wagner. 

AIR COMPRESSORS. Literature: Write Brunner Mfg. 
Co., Utica, N.Y.; Curtis Pneumatic Machinery Co., 1987 
Kienlen Ave., St. Louis, Mo.; Hobart Brothers Co., Troy, 
Ohio; The Imperial Brass Mfg. Co., Chicago, Ill. (compressor 
for paint spray work only); The United States Air Conmressor 
Co., Cleveland, Ohio; The Wayne Pump Co., Fort Wayne, 
Ind. 

ALIGNMENT OF WHEELS AND AXLES. (Also brake 
service equipment and wheel balancers.) Literature: See page 
1110. 6 m also page C94. 

ALUMINUM. Booklet: "Machining Aluminum" Write 
Aluminum Co. of America, 801 Gulf Bldg., Pittsburgh, Pa. 

ANTI-FREEZE AND COOLING SYSTEM, Manual; "The 
Bteready Manual of Cooling System Service” Write National 
Carbon Co., Inc., 30 E. 42nd St., New York, N.Y. Booklet: "A 
New Way to Get More Power from Your Car” Write E. I. du- 
Pont deNemours "Zerone” Div., Wilmington, Del. 


LITERATURE (Alphabetically Arranged) 

BATTERY. Deko Handbook (see "Maintenance” p. 691 A) 
contains good information on batteries. Manual: ” USL 
Battery Service Manual.” Write USL Battery Corp., Adver¬ 
tising Dept., Niagara Falls, N.Y. Manual: "A Comply 
Manual of Technical Information.’* Write Thomas A. Edi¬ 
son, Inc., Emark Battery Division, Kearny, N.J. Manual: 
"The Starting and Lighting Battery.'* Write Willard Storage 
Battery Co., Cleveland, Ohio. Literature: Write The I'lec- 
trio Storage Battery Co., 19th St. and Allegheny Ave., Phila¬ 
delphia, Pa. 

BATTERY CHARGERS, TESTERS, AND SERVICE 
EQUIPMENT. See pages 685, 555. 

BODY AND FENDER REPAIRING. Book: "Auto- 
motive Body and Fender Repairs” by C, E. Packer. 32.5 pages, 
232 illiiatration.M. Everything from laying out a shop and 
selection of tools to refinisliing car (price $3.60), Descrip¬ 
tive circular free. Write The Goodheart-Willcox Co., Inc., 
2009 S. Michigan Ave., Chicago, Ill. 

BODY AND FENDER REPAIRING TOOLS. Catalogue 
or Literature: Write Albertson & Co., Inc., Sioux City, Iowa 
(solder spray gun and sander); Blackhawk Mfg. Co., Mil¬ 
waukee, Wis. (“Porto-Power” hydraulic unit for all kinds of 
straightening work); Bonney Forge & Tool Works, Allentown, 
Pa. (tools); Duro Metal Products Co,, 2649 N. Kildare Ave., 
Chicago, Ill. (tools); Ernest Holmes Co., Chattanooga, Tenn. 
(solder spray gun); Herbrand Corp., Fremont, Ohio (tools)j 
Kent-Moore Organization, Inc., Detroit, Mich, (tools and 
equipment); Snap-On Tools Corporation, Kenosha, Wis. 
(tools); Stanley Tools, New Britain, Conn, (tools); United 
States Electrical Tool Co., Cincinnati, Ohio (sander); Vlchek 
Tool Co., Cleveland, Ohio (tools); We.aver Mfg. Co., Spring- 
field, Ill. (pneumatic hammer) 

BRAKES. Literature: See footnf)tes, page 1083 (Lock¬ 
heed) and page 1088 (Beiidix) BRAKES, AIR. See “Air Brakes.” 

BRAKES. HYDRAULIC. Booklet: “ Hem To Bleed and 
Refill Hydraulic Brake System.H” (HlJ-17). Write Wagner 
Electric Corp., Automotive Parts Division, 6400 Plymouth 
Ave., St. Louis, Mo. See also footnotes, pages 1083, 1088. 
Literature: (NU-19) explaining the principle of operation of 
the NoRoL as applied to nydraulic brakes to prevent cur rolling 
backward during a momentary stop. Write Wagner Electric 
Corp. Service Tool Catalog (HI 1-9), describes all tools needl'd 
in servicing hydraulic brakes. Write Wagner Electric Corp. 

BRAZING. See “Soldering.” 

CARWASHER EQUIPMENT. Literature: Write Curtis 
Pneumatic Machinery Co., 1987 Kienlen Ave., St. Louis, Mo.; 
Hobart Brothers Co., Troy, Ohio; The'Imperial Brass Mfg. 
Co., Chicago, Ill.; The Rotawasher Corp., ClevclancL Ohio; The 
^^^n^^Pump Co., Fort Wayne, Ind.; Weaver Mfg. <Jo., Spring- 

CARBURETION AND CARBURETORS. See advertise¬ 
ment of Dyke's Carburetor Book in the back of this book. 

CARBURETOR TESTERS. See "Vacuum Tester (Mer¬ 
cury Column),” "Testing Instruments” and “Exhaust Gas 
Analyzers. ’' 

CARBURETORS. Manual: "Motor Tune-up and Carbu¬ 
retor Instructions" (price $1.00). Write Carter Carburetor 
Corp., Sales Department, 2834 N. Spring Ave., St. J..ouis, Mo. 

CARE OF CAR; POLISHING. UPHOLSTERY, ETC. 
Literature: Write E. I. duPont ae Nemours dc Co., Inc., 
Finishes Division, Wilmington, Del. 


ANTI-FREEZE TESTERS. See “Hydrometers.” 
armature WINDING BOOK. See fn. p. 342. 


ARMATURES, GENERATORS, AND FIELD COILS. 
See “Armature Replacements” page 481. 

AC SHOP MANUALS—How to Service: Form A-1919 Fuel 
Pumps] A-1920 Spark Plugs; A-ld22 Luh. dt Fuel Oil Filters, 
Write Field Service Dept., AC Spark Plug Div. General Motors 
Corp., 910 Mott Fotmdation Bldg., Flint 3, Mich. 


CLEANING. Booklet: "The Automotive Cleaning Hand¬ 
book.” Write Magnus Chemical Co., Inc., Garwood, N.J. 
Booklet: "Modem Onkile Cleaning Methods.” Information on 
tank, automatic washing machine or steam cleaning for every 
part of a car; includes data on reverse flushing of radiators and 
removal of scale, rust from water jackets of engines (including 
Diesel engine water jackets), clogged radiators, etc. Write 
Oakite Products. Inc., 22 Thames St., New York, N.Y. Carb¬ 
uretor & fuel pump cleaning solvent —sec Insert 7, p 3. fn. 12. 

COLD WELDING. Literature: See footnote p. 723. 


AUTO-LITE MANUAL. See ^^Maintenance,” p. 691A. 

AUTOMOTIVE HOME STUDY COURSE. Questions and 
Answers on elementary and advanced fundamental principles. 
See adv. in back of this book on Dyke^s Self-Starter. 

BALL BEARINGS. Booklet: ‘*New Departure Bearing 
Serviu Manual" Write New Departure Division of General 
Motors Corp., Bristol, Conn. Booklets: **How To Service." 
Write M-R-C Bearings Service Co., Jamestown, N.Y. 


CONNECTING RODS. Literature: Exchange and bab¬ 
bitting service. Get in touch with your nearest jobber. See 
page 686. Write Federal-Mogul Service Division of Federal- 
Mogul Corp., 4800 John R. St., Detroit, Mich. (See also 
"Engine Bearings” footnote 6, page 786.) 

COURSE. Sec **Automotive Home Study Cowm,” Engine 
Tune- Up Course” "Ignition Course”, "Luhricaiion Course, 

CRANKSHAFT EXCHANGE SERVICE. Get in touch 
with your nearest job^r. See page 686. 


DELCO HANDBOOK. See “Maintenance,” p. 691 A, 

DIESEL ENGINE. Booklet: **Diesel-the Modem Power" 
Developments, operation of the Diesel. Write Department of 
^blic Relations, General Motors Corp., Detroit. Mioh 
•‘SpKialDiaa Smite TooU.” ^rite Kent-lK~ 
^wnuation, lnc„ Detroit, Mich. Book: Write The GoodhSS 
waioox Co., Inc., 2009 t Michigan Ave./di^o 18, HIL 
4>NOT£. Don't be diaappolnted if no reply—some firms may not have reprinted, due to shortage of paper, help. eto. Be aure etmA 
wriU your namemdaddt^ clearly. See aleo page 668 for additfonal liatiaga. ^ xfa aura ond 


BATTERY. Book: See adv, in back of this book. 

BATTERY CHARGERS (RAPID TYPE). See footnote 

page 569. 

BATTERY. Magazine: “TAa Battery Man." Write The 
Battery Man Publishing Co., Terre Haute, Indiana. 
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ELECTRICAL TESTING DATA AND WIRING DIA¬ 
GRAMS. Book: See page 1152, ELECTRICAL TESTING 
INSTRUMENTS. See “Testing Instrumenta.” 


ENGINE BEARINGS. Manual: **FederaUMoaul Enoine 
Bearing Service Manual” see footnote 6, page 786. Literature: 
” Federal-Mogul Bearing Oil Leak Detector” Write Federal- 
Mogul Service, Division of Federal-Mogul Corp., 4800 John R. 
St., Detroit, Mioh. * 

ENGINE COOLING SYSTEM. See “Anti-Freeae.” 


ENGINE RECONDITIONING. Manual: ^Engineered 
Motor Repairing.” Some of the subjects are: Reringing: 
Reconditioning; Rebuilding Piston; Piston ring; Bearing and 
valve steam clearances. Write McQuay-Norris Mfg. Co., St. 
Louis, Mo. Manual: ”Ramco Motor Overhaul Service Manual” 
Some of the subjects are: Motor overhaul check-up chart; 
Characteristics of engine knocks and noises; Methods of engine 
overhaul; Cylinder wear and distortion; Correct installation of 
cylinder head gaskets: Pistons; Piston rings; Piston skirt 
expanders; etc. Write Ramsey Accessories 

Mfg. Corp., 369.3 Forest Park Blvd., St. Louis, Mo. Manual: 
”0%l and Oasoline Economy with Better Performance.” Write 
Sealed Power Corp., Muskegon, Mich. See “Tools," alsop. 694. 

ENGINE TUNE-UP. Course; ”Allen Course of Modem 
Engine Tune-- Up” sponsored by Allen distributors. Devoted 
to both theory and actual shop practice. Deals with ignition, 
generators, carburetors, gasoline, etc. (price 115). For details, 
write Allen Electric and Equipment Co., Kalamazoo, Mich. 

ENGINE TUNE-UP TESTING EQUIPMENT. See 
“Testing Instruments” and "Testing Engine.” 

ENGINE, TWO-CYCLE as applied to outboard motorboat 
engines. Literature: Write Bendix Aviation Corp., Marine 
Division, 754 Lexington Ave., Brooklyn, N.Y.: Evinrude 
Motors, Div. of Outboard, Marine A Mfg. Co., Milwaukee, 
Wis.j Johnson Motors, Div. of Outboard, Marine & Mfg. Co., 
WauKPgan, Ill.; Muncie Gear Works, Inc., Muncie, Ind. See 
also, page 099. 


GENERATOR VOLTAGE REGULATOR Checking of). 
See AiUo-Lite and Delco-Remy Maintenance Manuals p. 691 A. 

GENERATORS. WIND DRIVEN. See page 1002. 

GRINDER AND BUFFER. Literature: Write Baldor 
Electric Co., St. Louis, Mo.; Hobart Brothers Co., Troy, Ohio. 

HEADLIGHT RELAYS. Literature: Write Packard Elec¬ 
tric Division, General Motors Corp., Department D, Warren, 
Ohio; Kem Mfg. Co., Inc., 601 W. 26th St., New Yora, N.Y. 

HEADLIGHT TESTERS. Literature: Write Bear Mfg. 
Co., Rock Island, III.; Kent-Moore Organization, Inc., De¬ 
troit, Mich.; The Electric Heat Control Co., Cleveland, Ohio 
(headlight meter); Weaver Mfg. Co., Springfield, UL 

HYDRAULIC LIFTS. See “Lifts." 

HYDROMETERS AND ANTI-FREEZE TESTERS. 
Literature: Write E. Kdelmann & Co., 2332 Logan Blvd., Chi¬ 
cago, Ill.; The Imperial Brass Mfg. Co., Chicago, Ill. 

IGNITION. Booklet: ‘'Questions and Answers on Igni¬ 
tion.” Write The Elhctric Heat Control Co., 9123 Inman Ave., 
Cleveland. Ohio. Course: “Mallory Ignition Course.” A 
simple and fundamental sttidy of the difficult subject of ignition. 
Recommended for all those interested and who wish to become 
ignition experts. Twenty-seven complete lessons assembled in 
a binder. Free, except for small enrolment fee of $2.00. 
Write Mallory Electric Corp., Detroit, Mich. 

IGNITION, ETC. Manual: “What Every Automobile 
Mechanic Should Know about Ignition Coils and Ignition.” 
101 pages of simplified, up-to-date information on such subjects 
as Ignition Coils, Interrupter Contact-Points, Condensers, 
Synchronizing, Cam Angle, Octane Selectors, Vacuum Control, 
Spark Plugs, Timing Ford V-8 Ignition, Voltage Regulation, 
Cutouts, etc., w’ith Questions and Answers (price $1.00). 
Write Machined Parts Corp., Detroit, Mich. 


EQUIPMENT FOR AUTOMOTIVE SERVICE STATION 
AND REPAIR SHOP. See pages 692-694, 585, 686. 

EXHAUST GAS ANALYZERS (also sometimes termed 
“Combustion Analyzer” and “Carburetion Analyzer”). Liter¬ 
ature: Write Allen Electric and Equipment C’o., Kalamazoo, 
Mich,: Charles Engelhard, Inc., Newark, N.J.; Joseph Weiden- 
hoff, Inc., 4340 Roosevelt Road, Chicago, III.; The Electric 
Auto-Lite Co., Toledo, Ohio; The Electric Heat Control Co., 
9123 Inman .\ve., Cleveland, Ohio; Weaver Mfg. Co., Spring- 
field, Ill. (also mercury column vacuum tester). Sec also p. 
43 of Addenda, “Carburetor Testers.” 

GOVEHNOHS (Engine speed). Literature: See fu. p. 946. 

FITTINGS. Brass replacement, for fuel and oil lines, etc. 
Literature: Write E, Edeimann & Co., 2332 Logan Blvd., Chi¬ 
cago, Ill. Literature: “Useful Information on Brass Fittings.” 
Write The Imperial Brass Mfg. Co,, 1200 W, Harrison St., 
Chicago, Ill. See also “Tools.” 

FUEL AND OIL LINES, FLEXIBLE. Literature (for 
most of the cars, trucks, and tractors). Write E. Edolmonn & 
Co., 2332 Logan Blvd., Chicago, Ill. 

FUEL PUMPS AND PARTS. Literature: Write AC Spark 
Plug Division, General Motors Corp., Flint, Mich.; ChefTord 
Master Mfg. Co., Inc., Fairfield, Ill. Catalogues: F-41 and 
F-^S deals with fuel pumps, fuel pump parts, testers, etc.', M-41 
with speedometer parts’, 1-43 with starting, lighting and ignition 
parts. Write Kem Mfg. Co., Inc., 601 W. 26th St., New York, 
N.Y. (mention Dyke's Automobile Encyclopedia). 

FUEI^PUMP TESTERS. Literature: 

^aee also “AC Shop Manuals—How to Service” p. 
690; Kem Mfp. Co., 601 W. 26th St.. New York, N.Y., Kent- 
Moore Organization Ino., Detroit, Mioh. See also "Ignition, 
High Speed” p. 691. 

GASKETS, OIL SEALS. ETC. Catalogue; “McCord 
Oaskei Guide” including service information, also “McCord 
Radiator Guide and Muffler Catalog.” Literature: “Grease 
Retainers and Oil Seals” and “Car Healers.” Write McCord 
Radiator dt Mfg. Co., Detroit, Mich. Literature: “Correct 
Installation Gaskets.” Write The Fitzgerald Mfg. Co., 
Torrington, Conn., for forma 3228, 3295, 3226,3278, 3279,3283. 

OASOLINE. Booklet: “Sparks, Octanes, and Perform¬ 
ance.” Instructive as well as interesting. Write Ethyl Gaso¬ 
line Corp., Chrysler Bldg., Now York, N.Y. 

GASOLINE MILEAGE TESTERS. Literature: Write 
Houser Engineering dt Mfg. Co., Bluff ton, Ind.; Kent-Moore 
Organisation, Ino., Detroit, Mioh. 
GASOLINE-LUBRICATION BUSINESS. See page ff88. 


IGNITION, HIGH SPEED. Manual: “Kern's Trouble 
Shooting Motor Manual.” Write Kem Mfg. Co., Inc., 601 W. 
l^th St., New York, N.Y,, and enclose 25 cents. Subjects 
covered: 1. Use of the Volt Meter and Ammeter; 2. High- 
Speed Ignition Distributors. Coils and Condensers; 3. Testing 
Ignition Circuits—Primary and Secondary Tests; 4. Use and 
Abuse of the Vacuum Gauge in Motor Analysis. Checking Valve 
Action, Compression Checks (also Testing Fuel Pumps, Gasoline 
Lines, Vacuum Pumps, etc.V, 5. Why Do We Time A Motor, 
Detonation Knocks, Pings; 6. Voltage Re^lators; 7-8. Carbu¬ 
retion, Fuel and Vacuum Pumps; 9-10. Trick Starter Circuits 
and Starting Troubles. 

IGNITION TIMING LIGHT (Stroboscopic type). Litera¬ 
ture; Write Allen Electric & Equipment Co., Kalamazoo, 
Mich.; “InsUnictions for Using Edeimann Timing Light.” 
Write E. ICdelmanu & Co., 2332 Logan Blvd., Chicago, Ill.; 
Joseph Weideuhoff, Inc., 4340 Roosevelt Road, Chicago, Ill. 

JACKS, CAR LIFTING. Literature: See page 694. 

LATHES. Catalogue; “Modem Service Shop Equipment 
CaUilog.” Write Soutli Bend Lathe Works, South Bend, 
Ind. Catalogue: Write Atlas Press Co., Kalamazoo, Mich., 
Book; “How To Run a Lathe,” 128 pages, 350 illustrations 
^rice 25 cents). Write South Bend Lathe Works, South 
Bend, Ind. Book; “Manual of Lathe Operation,” 234 pages, 
304 illustrations (price $1.00). Write Athis Press Co., Kala¬ 
mazoo, Mich. Mention Dyke's Automobile Encyclopedia. See 
also page 694, and “Service Bulletins,” next page. 

LEAD BURNING. See “Soldering,” and pages 585, 582. 

LIFTS. ELECTRIC (AUTO). Literature: Write Curtis 
Pneumatic Machinery Co., 1987 Kienlen Ave., St. Louis, Mo.; 
The United States Air Compressor Co., Clevdand, Ohio; The 
Wayne Pump Co., Fort Wayne, Ind.; W^alker Mfg, Co., Racine, 
TVis. 

LIFTS. HYDRAULIC (AUTOL Literature: Write Curtis 
Pneumatic Machinery Co., 1987 Kienlen Ave., St. Louis, Mo.; 
John Bean Mfg. Co., Lansing, Mich.; The United States Air 
Compressor Co., Cleveland, Ohio; Weaver Mfg. Co., Spring- 
field, Ill. 

LIGHTING. Booklet: “Safety Lighting Service Manual.” 
Write General Electric Co., Nela Park, Cleveland, Ohio. 

LUBRICANT. Literature: “Orel for Rubber and Chassis 
Bearings.” Write E. I. duPont de Nemours di Co., Inc., 
“Zerone” Division, Wilmington, Delaware. 

LUBRICATION; UPPER CYLINDER. Ut: See p. 166. 

LUBRICATION AND FUELS. Books, Course: See p. 688. 


Subjects formerly on this page axe now on pages 692, 693. 

^ENGINE BEARINGS. M anua l t “Clawstm db BaU Engine Bearing Manual.” Write Clawson dt Bala, Ino., 2508 S. Michigan 
Ave., Chicago 16, lU.^ Write clearly otherwise you may not receive a reply. See also fn. p. 600. Mention “Dykes”, 
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LUBRICATION SERVICE EOTIPMENT. Literature: 
Write Cincinnati Ball Crank Co., Cincinnati, Ohio; Stewart- 
Warner Corn., Aleinite Div., 1826 Diveisey Parkway, Chicago, 
Ill.; The Umted Sutes Air Compreesor Co., Cleveland, Ohio. 

' MAINTENANCE AND OPERATION H’BOOK DELCO- 
REMY DR-324 is avr ilable to readers of this book at a price of 
$1.00. This h’book <’ontains factory service bnlletins covering 
operation and maintenance of Delco-Rorny electrical e<iinp- 
ment. It also contains test specifications for Drleo-Remy 
cranking motors, ignition distributors, generators, and regula¬ 
tors. Voltage and current regulators fully treated. Fully il¬ 
lustrated. Orders should be accompanied by remittance and 
addressed to: United Motors Service, Inc., 3044 West (Jrand 
Blvd., Detroit, Mich. (Be sure to mention Dyke's Automobile 
Encyclopedia). 


MAINTENANCE AND OPERATION MANUAL AUTO- 
LITE S-24 is available to readers of tlii.s boi^k at a price of 
$1.10 prepaid in U.S. and Canada. Foreign orders must also 
include enough to cover postage for mailing (weight 10 ounces). 
(Contains service information on ignition coils, ignition dis¬ 
tributors, generators, relays and regulators, starting motors 
and switches, windshield wiper motors. Over a hundred illus¬ 
trations. Address: The Electric Auto-Idle Co., Parts and 
Service Division, Toledo 1, Ohio. (Mention ''Dyke's**.) 

MANUAL: "Allen Manual of Automotive Electrical Service." 
Principles, troubles, tests of battery & coil ignition, magneto 
ignition, condensers, generators, regulators, starters, etc. 
($1.00). Write Allen Electric and Etj. Co., Kalauiazoo, Mich. 

MANUAL: "ABC of Vacuum Power Brake.s." A basic 
trainii^ in fundamentals. 129 p., 150 ill.s. Write Bemlix Pro<iucta 
Div., Bendix Aviation Corp., South Bond, Ind. 

MANUAL: "Warner Electric Brakes Service Mantial." 
Write Warner Electric Braae Mfg. Co., Beloit, Wisconsin. 

MACHINISTS AND REPAIRMEN. Books: See p. 718. 

MAGNETOS. Literature: General information and main¬ 
tenance data. Slate model of which literature is desired. Write 
American Bosch Corp., Service Dept., Springfield, Mass. 
“ User Operating Instructions" on type O, Cll, PC, and Vertex 
magnetos. State the one desired. Write Scintilla Magneto 
Div., Bendix Aviation Corp., Service Dept., Sidney, N.Y. 
"Service Parts List, Description and Brief Instructions for AV 
IVico Magnetos" (price 25 cents). Write Wico Electric Co., 
Springfield, Mass. " Fairbaiiks, Morse Magneto Service Manual 
— No. £80T* (price 60 cents). Write Fairbank.s, Morse & Co., 
Mfg. Division, Magneto Sales, Beloit, Wi.s. Manual: " Eise- 
mann Service Manual" covering all Ei.semanu models (price 
$2.,50). Write Eisemann Magneto Corp., 60 East 42nd St., 
New York, N.Y. Sec also footnote p. 601B, 246, 266. 

MUFFLERS. Literature: Write Walker Mfg. Co., Racine, 
Wis. See also “Gaskets.” 


RADIATOR. Literature: "Radiator Seal" for leaks Also 
"Metallic Seal" for repairing cracked cylinder blocks and he^ 
—see al.so fn. "Cold Welding" p. 723. Write Korkling & Co., 
Bloomington, Ind. 

RECONDITIONING A USED CAR, See *‘Body and 
Fender Repairing” book. 

RE-WIRING A CAR. Manual; "Copper Nerves: The 
Certified Re-Wiring Manual" by the makers of Packard cable. 
Free to readers of Dyke's Automobile Encyclopedia. Contains 
24 pages and more than 70 illustrations including a chart 
"Packard Wiring Guide." Shows how to check and teat the 
storage battery, battery cables and ground strap with a low- 
reading voltmeter; how to cheek and test the starting, ignition, 
and limiting circuits; how to install high-tension ignition cable; 
candlepower and life of lamp bulbs; testing lighting circuits for 
“voltage drop”; purpose of headlight relay and how installed; 
how to determine gauge of cable and how to select the proper 
size cable for re-wiring service; wiring guide; etc. Write 
Packard Electric Division, Genor.'il Motors Corp., Department 
D, Warren, Ohio. See also “Wire (Cable).” 

S.A.E. "Handbook," "Journal": See footnote Insert No. 1. 

SERVICE BULLETINS. Write South Bend Lathe Works, 
South Bend, Ind. Mention Dyke's Automobile Encyclopedia. 
Bulletin No. 1; " IIow To Grind Valves": No. 2: "How To 
Service Armatures"', No. 4: "How To True Brake Drums": 
No. 6: “ How To Service Differentials": No. 6: " Hoiv To Bore 
Connecting Ro(ls"\No. 7: “ How 'To Make Bushings"; No. 9: 
"How To Finish Pistons"; No. 64: "MoUtr Mechanics Hand¬ 
book" —how to service fly wlieels, pistoas, brake drums, connect¬ 
ing rod.s, valves, crankshafts, clutclu's, dillerentials, etc.; No. 
3t}-A: "How To Cut Screw Threads"; No. 33-.JE; "South Bend 
0-inch Auto Workshop Lathe Bulletin." 

SERI'ICE INFORMATION Mu-ual: "Tune-Up Service 
Manual.** Sec “.4.10..4.,” page ti!H) Booklet: "Engine Per¬ 
formance.** Dealing with engiiu* tuiu-up procedure. 64 pjigps. 
Write The Shaler Co., Waupun, Wise, (mention "Dyki's"^ 

SOLVENT (carbon, gum). Write Shaler Co., Waupun, Wis.; 
Emeroii Co., 242 W. 69th, N.Y.; Curran Corp., Malden, .Mass. 

SERVICE STATION EQUIPMENT. See “Equipment.” 

SHOCK-ABSORBER SERVICE TOOLS. Literature: 
Write Kent-Moore Organization, Inc., Detroit, Mieh. 

SILVER SOLDERING. Literature: Write Handy and 
Harman, 82 Fulton St., New York, N.Y. 

SOLDER AND FLUX. For soldering aluminum, stainless 
steel, cast iron, zinc base die cast metal, monel metal, and 
chromium plated metals, radiators, c1;c. Literature: Write 
Kest.cr Solder Co., 4201 Wrightwood Ave., Chicago, Ill.; L. B. 
Allen Co., Inc., 6719 Bryn Mawr Ave., Chicago, Ill.* Lloyd S. 
.Johnson (I^o., 2241 Indiana Ave., Chicago, Ill. (formerly Aluma- 
weld Co. of America). 


PAINT-SPRAYING EQUIPMENT. Literature: WHte 
Binka Mfg. Co., Chicago, Ill.; The DeVilbiss Co., Tole<lo, 
Ohio; The Inmerial Brass Mfg. Co., 1200 W. Harrison St., 
Chicago, Ill.; The Wold Air Brush Mfg, Co., Chicago, Ill. 

PAINTING. M a n ual: "Diizler Repaint Manual" contain¬ 
ing 64 pag^ with over 200 illustrations. Write Ditzler Color 
Co., Detroit, Mich. Booklet: "Modem Automobile Finishing 
Methods.’* Write 'l^e Sherwin-Williams Co,, Cleveland, Ohio. 
Booklet: "Instructions for Using Du Pont Refinishing Ma¬ 
terials.** Write E. I. duPont De Nemours & Co-, Finishes 
Division, Wilmington, Del. See also page 648. 

PISTON SKIRT AND PISTON-RING EXPANDERS. 
Literature: Write list of manufacturers under “Piston Kings.” 

PISTON RINGS. Booklet: “ Hastings I iston Ring 
Enginesri^ Course." Write Hastings Mfg, Co., Hastings, 
Mich. Literature; Write Koppers Co., American Hammered 
Piston Ring Division, Box 626, Baltimore, Md.; The Perfect 
Circle Co., Hagerstown, Ind. Service Manual: "Pedrick 
Technical Service Manual." Write Wilkening Mfg. Co., 
Philadelphia, Pa. Service Manuals: See McQuay-Norris Mfg. 
Co.; Rams^ Accessories Mfg. Corp.; Sealed Power Corp. 
under “Engine Reconditioning.^’ 

PISTONS. Booklet; "The PisUm and Its Finishing—Cam 
Orinding.** ^ by W'alter Trefz 

Write Aluminum Industries, Inc., Cincinnati, 
Ohio, makers of Permite Products. Service Manuals; See 
Sealed Power Corp.; MoQuay-Norris Mfg. Co. under “Engine 
Reconditioning.” 

RADIATOR CORES. See “Gaskets.” 

RADIATOR SOLDER. Literature: Write Kester Solder 
Co., 4201 Wrightwood Ave., Chicago, HI. 

RADIO (AUTO). Service literature: Write Galvin Mfg. 
Cprp., Service Dept., 4646 Augusta Bl\d., Chicago, Ill. 
"Motorola Radief* (specify model number of receiver on which 
aervioe information is desired). The Crosley Corp., Cincinnati, 
O^o, "Crosley Radios" (sj^cify model number desired). 


SOLDERING. Booklet: "How To Solder Perfectly.'* 
Write Vulcan Electric Co., Lynn, Mass. Booklet: "Facts on 
Soldering." Write Kester Solder Co., 4201 Wrightwood Avo., 
Chicago, Ill. Literature: " Expert Soldering.” Write Stanley 
Tools, New Britain, Conn. Literature: Ask for chart giving 
English wire gauges in decimals and fractions and molting points 
of metals and solder. Write Gardiner Metal Co., 4820 S. 
Campbell Avo., Chicago, Ill. 

SOLDERING ALUMINUM. Literature: Write Kester 
Solder Co., 4201 Wrightwood Ave., Chicago, Ill.; Iv. B. Allen 
Co., Inc., 6717 Bryn Mawr Ave., Chicago, 111.; Lloyd S. John¬ 
son Co., 2241 Indiana Ave., Chicago, Ill. (formerly Alumaweld 
Co. of America). 

SOLDERING BODIES AND FENDERS. Literature: 
Write Albertson & Co., Sioux City, Iowa (solder spray gun); 
Ernest Holmes Co., Chattanooga, Tenn. (spray method); 
Gardiner Metal Co., 4820 8. Campbell Ave., Chicago, Ill. 
(solder and flux); John Bean Mfg. Co.. Lansing, Mich, (soldei 
spray gun); K^ter Solder Co., 4201 Wrightwood Ave., Chicago, 
Ill. (solder pd flux); Lloyd 8. Johnson Co., 2241 Indiana Ave., 
Chicago, Ill. (solder and flux "Tin-Ezy"), 

SOLDERING, BRAZING, LEAD BURNING. Literature: 

l^rest-O-Lite acetylene gas). 
Write The Linde Air IVoducta Co., 30 East 42d St., New York, 
N.Y. Literature: Write The Imperial Brass Mfg. Co., 1200 
jy-St., Chicago, Ill. Literature: "The Handy Torit 
Prest-O-Lite acetylene gas). Write Torit 
Mfg. Co., 8t. Paul, Minn. 

^ SPARK PLUGS. Booklets giving instructive and valuable 
Spark Plug Division, General Motors 
’ Mich., for "Importance of Spark Plugs in Today’s 

Lngtues ; Champion Spark Plug Co., Toledo, Ohio, for 
I acts about Spark Plugs and Engines**; Electric Auto-Lite 
Co., Merchandising Division, Toledo, Ohio, for ” Auto-Lite 
^o.rk Hug Data Rook." Literature: "Spark Plug Cleaners." 
— - * ^orkflash *- 


Concerns. Literature: 


Tension 


^tightening spark pIum as well as U.8.S. and S.A.E. 
bolts. Write Blacl^awk Mfg. Co., Milwaukee, Wig, 

STORAGE BATTERY. See "Battery.'' 

PRECISION TOOLS. Free Booklet: “Storrett Tools /or Aufomofjpe RcDrtiV pro-i. r* j rr m »» i t 

<qrniul.r bons. check »fid 6t ptaloni., pine, rinse, valvee bearing., drill,, three*, e*c.^ritI?L. ft StaSSlt 



AUTOMOTIVE SERVICE LITERATURE 


691B 


TESTERS, VARIOUS KINDS. See the hut four lines under 
'Testing Instruments” below. 

TESTING ENGINE. Booklet: “InstrttcHona on the Use 
of McQuay-Norris Compression-Vacuum Tester.** Write Mc- 
Quay-Norris Mfg. Co.» St. Louis, Mo. See also “Testing 
Instruments.” 

TESTING INSTRUMENTS—FOR ENGINE TUNE-UP 
WORK (compression, ignition, carburetion) such as compression 
testers, vacuum testers, ignition distributor, condenser and coil 
testers, spark-plug testers, ignition timing light (stroboscopic 
type), cam angle meters, battery testers, mileage testers, ex¬ 
haust gas analysers, electro-tachometer (r.p.m. indicator), fuel- 
pump testers, generator testers, armature testers (growlers), 
complete electrical test benches or stands, etc. Write for 
literature to the following concerns. Mention specifically the 
devices on which you desire literature: Allen Electric and Equip- 
nlent Co., Kalamazoo, Mich.; Hurton-Rogers Co., Sales Div. of 
Hoyt Electrical Instrument Works, 857 Boylston St., Boston, 
Mass, (voltmeters, ammeters, battery cell and cable testers); 
E. Edeimann & Co., 2332 Logan Blvd., Chicago, III. (ignition 
timing light, hydrometers, : Joseph Weiden- 

hoff, Inc,, 4340 Roosevelt Road, Chicago, III.; Kent-Moore 
Organization, Detroit, Mich.; McQuay-Norris Mfg. Co., St. 
Louis, Mo. (compression-vacuum tester); Rinck-McIIwane, 
Inc., 16 Hudson St., New York, N. Y. (compression tester, valve 
^ring tester); The Electric Heat Control Co., 9123 Inman Ave., 
Cleveland, Ohio; 

Warner-Patterson Co., Chicago, Ill. (portable motor analyzer). 
See also, on these pages: ‘battery Chargers and Testers,” 
“Engine Tune-Up,” “Exhaust Gas Analyzers,” “Fuel-Pump 
Testers,” “Ignition Timing Light,” “Testing Engine," “Vacuum 
Tester (Mercury Column).” See also pages 40-44 Addenda. 

TIRES. Display posters: Tread Wear** and ** Truck Tire 
Service,'* gives practical suggestions for improving tire wear and 
effect of load and speed on tire service. "Fabric Breaks" an¬ 
other display poster which describes and illustrates how tire 
carcasses are injured primarily due to underinflation and lack 
of reasonable care in driving (price 40 cents for the three above- 
mentioned posters). Write The Rubber Manufacturers As¬ 
sociation, Inc., 444 Madison Ave., New York, N.Y. 

TIRES. Service Bulletins: Deals with tire care and com¬ 
mon abuse of tire equipment, giving the trouble or failure, and 
its cause and prevention as enumerated: Bulletin No. 1: "Rim 
Bruise”; No. 2: "Fast Tread Wear"; No. 3: "Run Fbit or Al¬ 
most Flat"; No. 4: "Misalignment"; No. 5: "Mismatched 
Duals"; No. 6: "Correct Method of Mounting Tires on Drop 
Center Rims"; No. 7: "Bead Failure from Damaged Rims"; 
No. 8: "Heat and Impact Breaks (Truck Tires)"; No. 9: 
"Overload Failures (Truck Tires)"; No. 10: "Cuts"; No. 11: 
"Regubtr and Cupped Tread Wear (Truck Tires)"; No. 12: 
"Wheel Balance"; No. 13: "Overinfiation in Truck Tires" 
(price 15 cents for complete set of bulletins mentioned above). 
Manuals: "Manual of Tire Repaxriiig" (price 10 cents). 
"Manual of Tire Retreading and Recapping" contains 20 pages 
and 14 illustrations (price 10 cents). Write The Rubber Manu¬ 
facturers Association, Inc., 444 Madison Ave., New York, 
N.Y. Booklet: "Operators Handbook." Deals with truck, 
bus, farm, and industrial tractor tire.s. Write B. F. Goodrich 
Co., Public Relations Department, Akron, Ohio. 

TIRES AND RIM* Book: "Tire and Rim Association 
Year Book" (price 82.00). Write The Tire luid Rim Associa¬ 
tion, Inc., Akron, Ohio. 

TIRES, REPAIR AND RETREAD. Manual: "Goodyear 
Tire Repair and Rt tread Manual"—4H pages, over 100 illustra¬ 
tions. Write Goodyear Tire & Rubber Co., Inc.. 

Repair Materials Division, Akron, Ohio. See also, footnote 2, 
page 618. 

TOOLS. Catalogue: Auto me<’hanics’ hand tools, flat and 
socket wrenches; special service tools for carburetor, ignition, 
valve, carbon removal, brake work, etc.; wrenches for Allen hol¬ 
low set screws, screwdrivers for Phillips screws, and specialized 
service tools for popular cars. See footnote, page 098. See 
also pages 663, 694. Another manufacturer not mentioned on 
pageis 698, 663 is the Duro Metal Products Co., 2649 N. Kildare 
Ave., Chicago, 111. 

TOOLS. Literature: Tube benders, flaring and cutting tools. 
Write E. Edeimann & Co., 2332 Logan Blvd., Chicago, 111.* 
Kent-Moore Organization, Inc., Detroit, Mich.; The Imperial 
Brass Mfg. Co., 1200 W. Harrison St., Chicago, Ill. Literature: 
Diesel engine service tools. See “Diesel Engine.” 

TOOLS. Manuals: "Manuals of Approved Service Tools** 
for Chevrolet, Nash. Write Kent-Moore Organization, Inc., 
Detroit, Mich. Available to garages, service stations.^ Others 
send 25 cents in stamps for each. 

TOOLS; PRECISION. Booklet: See footnote page 718. 


TOOL&, BODY AND FENDER REPAIRING. See 
“Body and Fender Repairing Tools ” 

TORQUE-INDICATING WRENCHES. Literature: Deals 
with purpose, pressures, how to tighten aluminum and cast-iron 
q/linaer heads, etc. Write Automotive Maintenance Machinery 
Co.f 2100 Commonwealth Ave., North Chicago, Ill.; Black- 


hawk Mfg. Co., Milwaukee, Wis.; Bonney Forge & Tool Works, 
Allentown, Pa.; Cedar Rapids Engineering Co., Cedar Rapids, 
Iowa; Duro Metal Products Co., 2649 N. Kildare Ave., Chi¬ 
cago, III.; Herbrand Corp., Fremont, Ohio; Snap-On Tools 
Corporation, Kenosha, Wis. See also page 733. 

VACUUM TESTER (MERCURY COLUMN). Literature: 
"Operating Instructions.** Write 

Weaver Mfg. Co., Springfield, lU. See also 
“Testing Instruments.” 

VALVES, Booklet: "The Automotive Engine Valve 

by Walter Trefz 

Write Aluminum Industries, Inc., Cincinnati, Ohio, 
makers of Permite Products. Booklet: “ Valve Functions.** 
Write Cedar Rapids Engineering Co. of Delaware, Cedar 
Rapids, Iowa. Booklet: "Synchronized Valve Servicing'* by 
E. A. Hall. Write The Hall Mfg. Co.. Toledo, Ohio. Litera¬ 
ture: footnote, page 773. Booklet: '^Service Bulletin" Form 
No. 739. Write K-D Mfg. Co., Lancaster, Pa. See also, p. 694. 

VOLTAGE REGULATORS. See “Generator.” 

WELDING ALUMINUM. Booklet: "The Welding of 
Aluminum.” Write Aluminum Company of America, 801 
Gulf Bldg., Pittsburgh, Pa. 

WELDING AND CUTTING BY OXY-ACETYLENE. 
Book: "The Oxy-Acetylene Handbook," r>fi7 pages fully illus¬ 
trated (price $1.50). Write Linde Air Products Compiany, 30 
East 42d St., New York, N.Y. Literature on oxy-acetylene 
welding and cutting is also available from the same address or 
from any of their district offices located in major cities of 
United States. Booklet: " Torchweld Instruction Book on the 
Use and Assembly of Oxy-Acetylene Welding and Cutting Appa¬ 
ratus," 80 pages fully illustrated (price 50 cents). Literature: 
Write Torchweld Equipment Co., 1035 W. Lake St., Chicago, 
Ill. Book: "Instruction Book Oxy-Acrtylene Welding and 
Cutting,” 250 pages (price $1.00). Manual: 31 pages (15 
cents). Literature: Writhe The Superior Oxy-Acetylene 
Machine Co., Hamilton, Ohio. Literature: Welding, cutting 
brazing and lead-burning equipment (oxy-acetylene and oxy- 
hydrogen process). Write The Imperial Brass Mfg. Co., 1200 
W. Harrison St., Chicago, Ill. Literature: Write Alexander 
Milburn Co., 1416 W. Baltimore St., Baltimore, Md. Catalog: 
Write Smith Welding Equipment Corp., Minneapolis, Minn. 
Catalog: Marquette Mfg. Co.,’ Minneapolis 14, Minn. 

WELDING—ELECTRIC ARC WELDERS. Book: "Arc 
Welding and How To Use It," .\40 pages, 320 illustrations 
(price $1.50); Booklet: "Practical Lfcssona in Arc Welding," 
100 pages, 78 illustrations (price 50 cents). Literature: “ How 
To Build Your Oten Arc Wildtr,” "Carbon Arc Welding and 
Cutting." For any of the above write Hobart Brothers Co., 
Troy, Ohio. Booklet: “ How To Wtld 29 Metals," by Chas. H. 
Jennings, 108 pagea, 12 illustrations and numerous tabulations 
and diagrams illustrating types of welded joints (price50cents). 
Literature on equipment: Write Westinghouse Electric and 
Mfg. Co., Advertising Dept., East Pittsburgh, Pa., or their 
nearest district office. Literature: "AC Arc Welders." Write 
The Electric Heat Control Co., 9123 Inman Ave., Cleve¬ 
land, Ohio. Literature: Write Smith Welding Corp.,Minne¬ 
apolis, Minn. Literature: "Electric Arc, and Spot Welders.” 
Write Allen Electric and Equipment Co., Kalamazoo, Mich. 
Literature: Write The Superior Oxy-Acetylene Machine Co., 
Hamilton, Ohio. Books and Booklets: "Procedure Hand¬ 
book of Arc Welding Design and Practice," 8 chaptem, 1012 
pages, 1243 illustrations (price $1.50; foreign $2.00); "Lessons 
lit Welding," 44 lesson.s mimeograph^ (price 50 cents; foreign 
75 cents); "Simple Bueprint Reading" with particular refer¬ 
ence to welding and welding symbols, 140 pages (rnimeo- 
graphed) with over 85 drawings (price 50 cents; foreign 75 
cents); "Arc Welding in Dcsif/n, Manufacture and Construc¬ 
tion," 1048 pages, fully illustrated (price $1.50; foreign $2.{X)). 
Write The Lincoln Electric Co., Cleveland, O. Literature free. 

MODERN WELDING PRACTICE. A new and modern 
up to date book covering everything you want to know about 
welding; oxy-acetylene welding ami cutting and all forms 
of electric arc welding, electric resistance w'clding, spot wield¬ 
ing, properties and identific.Ttion of metals, heat treatment of 
inetnls; etc., etc. 412 page.a, over 300 illustrations, some in 
colors. Price $4.00. Free descriptive circular. Write The Good- 
heart-Willcox Co., Inc.,2009 South Michigan Ave., Chicago, Ill. 

WELDING—SPOT WELDERS. Literature: Write Allen 
Electric & Equipment Co., Kalamazoo, Mich. 

WIND-DRIVEN ELECTRIC-LIGHTING PLANTS. Lit¬ 
erature: See page 1002. 

WIRE (CABLE). Literature: Battery* caWe, spark-plug 
cable, primary cable, automotive wire, ignition cable sets, 
trailer lighting cables and connectors, w’inng assemblies, re¬ 
wiring kits, etc. Write Belden Mfg. Co., 4667 West Van 
Buren St., Chicago, Ill.; Crescent Cable Co., Pawtucket, 
R.I.; Packard Electric Division, General Motors Corp., Dept. 
D, Warren, Ohio, Cable Division of the Electric Auto- 

Lite Company, Port Huron, Mich.; Triple-A-Spec.»alty Co.t 
2101 Walnut St., Chicago, Ill. 

WIRING. See “Re-Wiring a Car,” and “Wire (Cable).” 

WIRING DIAGRAMS. See “Electrical.” 


Additional booWeta received too late to properly classify; “Tks ,- - - 

Ford, ChtsraUt and Plymouth** (66c for each carj; *^Mapnetos and Magneto l^tce,** 54 p. Various types, testing, servicing, see p. 246 
Write A. L. Dyke, 406 Market St., St. Louis 2, Mo. for address of publishers. 300 also page 688 for additional listings. 



INSTRUCTION No. 62 

THE REPAIR SHOP OR SERVICE STATION, and Its Equipment 

AUTOMOTIVE SERVICE STATION AND REPAIR SHOP 


A garage is a place where cars are stored, A gen¬ 
eral service station supplies gasoline, lubricates cars, 
cleans and washes, and jierforms other types of sim¬ 
pler services that arc required^ almost daily, A re¬ 
pair shop and mechanical service department can be 
incorporat(‘d as a piu^t of the garage husiness or as a 
separate enterprise. 

Service Department or Service Station 

A mechanical service department or station is 
more particularly concerned with mechanical serv¬ 
ice and minor repairs, for example: (1) engine test¬ 

ing and “tunc-up” service, which includes compres¬ 
sion and vacuum tests, tests and adjustments of car- 
buretion, fuel-pump, ignition, timing, spark ])lugs, 
and valve mechanism, etc.; (2) valve refacing, re¬ 
seating, or grinding, carbon removal, testing, clean¬ 
ing ana adjusting lamps, testing the electrical parts 
of the car, brake service, front-axle and sti'cring-gcar 
adjustments, wheel alignment, wheel and tire balanc¬ 
ing, etc.; (3) “winter conditioning,” which includes 
cooling-system service (flushing, installing new hose 
and malang leakproof, adding antifreeze, cheeking 
fan belt, water thermostat, water pump, etc.), chang¬ 
ing lubricants in engine, transmission; and rear axle 
to lighter viscosity, checking battery and ground, 
ignition cables, automatic choke, generator charg¬ 
ing-rate, brushes and commutator, windshield-wiix^r 
bhules, lights, heater, defroster, tire chains, etc., and 
“timing-up’^ engine. 

A service station is an indefinite term that may 
include any number of departoents, such as: ga¬ 
rage, general service, mechanic^ service, major re¬ 
pair shop, tire shop, paint shop, body sho]), etc. 
A super-service station is a term that could be ajv 
plied to a service station in which all kinds of serv¬ 
ice can be obtained. 

Repair Shop 

The repair shop usunlly undt.Ttakcs major repairs, 
overhauling, or reconditioning of units, such as en¬ 
gines, rear axles, transmissions, clutches, etc. (see 


also p. 665). The repair shop, if completely 
equipped, may have a machine shop, where suit¬ 
able lathes are provided to true up brake drums, and 
cylinder grinders for enlarging cylinders, etc. More 
likely, portable cylinder-boring and honing machines 
will he found in the average shop. Mac We shop 
work, however, is usually handled by specialists, 
who obtain such work from the mechanical service 
stations. 

A body and fender repair department, including 
painting (lacquer or synthetic enamel spraying), is 
often added to the repair shop. 

Equipment for Service Station 
and Repair Shop 

Service stations and repair shops that are pre¬ 
pared to do efficient service should have modem 
equipment. To obtain information on modern 
equipment, get in touch with the nearest auto equip¬ 
ment jobbing house. Sec also pages 690, 691, 694. 

The following is needed in almost every service 
station or repair shop, large or small, namely; a 

cash registery adding machine, and a good bookkeeping 
system (see p. 1040 on the latter). Three other 
items of equipment which every service station 
should have are: modern air compressory a good 
hydraulic lijty and car-lifting jacks. 

The air compressor is used not only for inflating 
tiros but also for operating other equipment, such 
as hydraulic lifts, lubricating guns, spark-plug clean¬ 
ers and testers, tire changers and spreaders, paint 
spray guns, solder guns, pneumatic hammers and 
drills, spring sprav guns, garage and service station 
door-openers, and for blowing out fuel lines, valve 
scat chambers, carl)\u'etor parts, testing radiators, 
etc. See page 691 for listing of manufacturers. 

The hydraulic lift is ideal for service work, such as 
lubrication, brake and wheel service, spring replace- 


Note: The subject: “To Find Diameter of Pulleys/* foriuorly 
ou this page, is now on page 1040. 
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ments, shock-absorber service, front-end service, 
and other work under a car. See page 691. 

Jacks on wheels, for lifting cars, are very neces¬ 
sary. They can be obtained in either the mechani¬ 
cal or hydraulic type. 

Some of the major items of equipment and sup¬ 
plies for the different kinds of work. Space limits 
our giving a complete list^ but a general idea will be 
obtained from the following paragraphs. A listingi 
of available literature on some of these subjects isj 
given on pages 690, 691, 694. 

Baiiery service: Battery testers and analyzers, 
fillers and service tools, battery chargers, distilled 
water, etc. 

Body and fender service: Special tools, straighten¬ 
ing jacks, frame straighteners, solder, flux, solder 
spray guns, electric sanders, pneumatic hammer, 
paint (lacquer or synthetic enamel) spray outfits. 
Vpholstcring service is usually a part of this depart¬ 
ment, and suitable sewing machines are often needed. 

Brake service: Special tools, hones, honing sets, 
plug gauges, bleeder tubes, assortment of brake 
parts, brake fluid, brake-lining equipment, brake 
truing-up equipment, brake relining and riveting 
machines. Many larger shops employ special brake¬ 
testing equipment. See pages 1083, 1088, 1110. 

Car washers: A power car washer which delivers 
a fast-cleaning stream and uses hot or cold water 
solutions; chamois, sponges, cleaning solutions, pol¬ 
ish, wax, touch-up paint, tire and running-board 
paint. 

CarbtiretoTf fuel pumpy and ignition service: Spe¬ 
cial tools, testing equipment, cleaning equipment, 
tube cutting and flaring tools, gaskets, pai ts, etc. 

Engine iune-up service: Compression and vacu¬ 
um gauges, ignition and electrical testing instru¬ 
ments for analyzing the condition of the engine, nc'on 
timing light for checking ignition timing, spark-rplug 
cleaners and testers, si)ark-plug wrenches, tools for 
adjusting valves, thickness gauges, wiring charts 
and data (see p. 1152). Carbiuetion is also includ¬ 
ed in engine “tune-up.^’ 

Engine reconditioning: Cylinder reboring and 
honing equipment; cylinder ridge reamer; piston 
and eonneetmg-rod aligners; piston pin-hole hones; 
boring tools or hones; valve reconditioning equip¬ 
ment; connecting-rod jig; engine stand; microme¬ 
ters; cylinder gauges; etc. 

Electrical service: Testing equipment, dafn, books 
and wiring manual, etc. See pages 683, 481, 690, 
691, 1152. 

Gasoline service: Gasoline pumps and gasoline- 
storage equipment, etc. 

Lubrication service: Grease rack or hydraulic 
lift, grease guns, and complete lubrication equip¬ 
ment. 

Painting service: Lacquer or synthetic-enamel 
spray guns, sanders, cleaners, polish, electric polish¬ 
ers, color charts, etc. A separate booth or room 
complying with Underwriters Laboratory spedfica- 
Horn should be provided. 

Radiator service: Flushing equipment, cleaning 
outfits, test tank, special soldering irons, etc. See 
page 735. 

Tools: This is a broad subject, and, like equip¬ 
ment for a shop, there is no end to what one mav 
select; but for a general listing we would suggest all 
sizes and kinds of wrenches, such as flat wrenches, 


socket wrenches, pipe wrenches, torque-indicating 
wrench, etc. (see pp. 697, 698, 690, 691). Also, a 
good assortment or drills, taps and dies, several kinds 
and sizes of pliers, screwdrivers, hammers, etc. 
Tools and equipment intended for specific jobs, su<;h 
as carburetor, ignition, rear-axle, transmission, and 
clutch work, should be included. 

Testing equipment: For headlights, electrical, 
engine (see “engine tune-up”), and fuel-pump (see 
“carburetor”). 

Tire service: Special tools, floor jacks, tire chang¬ 
ers and spreaders, inflation stands, vulcanizers, tube 
testers, air compressor, etc. 

Tow and service car: This can be made from a 
used car, but it should be in good condition and well 
painted, because from it the public judges the type 
of service rendered by the organization. 

Welding and cutting service: Oxy-aeetylene out¬ 
fit, electric arc outfit, welding table, etc. Sec also 
page 690, 691. 

Wheel-aligmnerLi service: Special equipment w'ill, 
of course, be re(piired for this service. Wheel balanc¬ 
ing is usually conducted in the wheel-alignment de¬ 
partment. Sec pages 1005, 1110. 

Work benches should always be placed next to 
windows wh(‘re there is light. Such a l>ench should 
measure at least 8 or 10 ft,, long, height about 3 ft., 
and width 2'6'' and be made of 2" thick, weli- 
seasoned pine, or, i)etter, birch. Some shops use 
benches made of 2''X4” oak or birch, fumed up 
edgewise and bolted together, then resurfaced. 
This construction minimizes splintering. 

Equipment for Machine Shop 

The kind of work one intends to do governs the 
selection of equipment for the machine shop. After 
deciding, we suggest writing to the manufactuna-s 
for literatnre, Tliis, as a nil(‘, fully ex])lains the 
construction and purpose of ea(*h machine and gives 
the .size to use for dith'rent kinds of work. After a 
careful study of this literature, one can then more 
intelligently select the proper equipment for his 
requirements. 

Some of the machines, tools, and equipment* for 
the machine shop are: Lathe \^—^with an assort¬ 
ment of chucks and tools; drill pres.s;- sejisitivc drilt 
'jrress —bench or pedestal type; portable elntrir drill— 
to take drills up to 1/4”, and 1/4” to \/2'' ;grindi r —■ 

1 Lathe sizes recommended for various automotive work: A 

0" ittring by 3 1/2' bed lathe ia suitable for truing and uiKirr- 
ciitting armature commutators, making biLslungs, rcfacing 
valves, cutting screw threads, etc. This lathe is usually a. pre¬ 
cision bench type. The larger lathe.s mentioned below are 
pedestal motor-driven floor-leg types. 

A 13" X 0' lathe is suitable for finishing pistons, truing dif- 
ferennul gear case flanges, relhreading ado shaft-s, etc. This 
lathe can also bo used for smaller work, tia staled under the 
9"X3 l/2Mathe. 

A 16" XS^ lathe is suitable for machining flywlieels for new 
starter gears, fitting reulaccment drive sliafts and universal 
joints, truing demountable type brake drums and general all 
around machine work of this type. This lathe can also be used 
for work as stated under both the 9" X 3 1/2' and the 13" X ti' 
lathes. 

A tad' X S* lathe is suitable for truing brake drums and for 
other wheel and hub-service operations. 'Phis lathe can also 
be used for smaller work, stated under the 13" X b' and 10" X 
8' lathe. (Compiled from "Modern Strrice Shop Equipvunt 
Catalog" of South Bend Lathe Works, Soutli Bend, Ind .—free 
to readers of Dyke's AtUomobile Encyclopedia.) See also page 
691, under "Lathes.” 

*For the average automotive repair shop, a 10" lathe, a IS" 
drill pressy and a S-SAon arbor rtress are reiximmended by the 
Atlas Press Co., Kalamazoo, Nlich., manufacturers of lathes, 
drill presses, arbor presses, and shapers. Write for catalogue 


Note: Subjeota formerly on these pagee have been taken out. 



694 


DYKE^S INSTRUCTION No. 62 


double whed, bench or pedestal type, for sharpening 
cutting tools, taking on metal, and wire and cloth 
buffers for buffing and polishing; carborundum 
cutter —^for cutting hardened (or soft) steel; arbor 
press —for pressure and straightening® work; shaper; 
Viywer hack saw; gas or electric fupiaccy or forge — 
for tempering, bending, and annealing work; anoU — 
about 100 lb.; tdse —4" wide stationary jaws and 
swivel base; wheel- and gear-pullers; cleaning tank; 
chain hoist; stationary work benches; portable varts 
bench; engine reconditioning equipment; welding 
equipmenty etc. 

Where To Obtain Equipment 

Some of the manufacturers of machines, tools, and 
equipment for automotive service and recondition¬ 
ing work are listed below.^ See also pages 090, 691. 

Air com'pre 89 ors: See pages 690, 691. Two other concerns 
are: John Bean Mfg. Co., Lansing, Mich.; Worthington Pump 
and Mchy. Corp., Harrison, N.J. 

Arhor presses: Atlas Press Co., Kalamazoo, Mich.; Weaver 
Mfg. Co., Springheld, Ill. 

Boring machines (for main bearings and connecting rods): 
Ammeo Co., 2100 Commonwealth Ave., N. Chicago, Ill.; Kent- 
Moore, Inc., Detroit 2, Mich. See also, pp. 784A, 7So. , 

Brake drum lathe: Lem poo Inc., Bedford, O.; Storm Mfg.» 
Minneapolis 4, Minn.; Van Norman Co., Springfield 7, Maes, 

Cylinder reconditioning machines and tools (Jboring, honing) 
(portable): Automotive Maintenance Maelunery Co., 2100 
Commonwealth Ave., North Chicago, Ill., Cedar Uapids Engi¬ 
neering Co., Cedar Ilapids, Iowa; Hall Mfg. Co., Toledo, Ohio; 
Kent-Moore Inc., Detroit 2, Mich,; Lisle Corp., Clarinda, la.; 
Microinutic Hone Corp., Detroit, Mich.; Storm Mfg. Co., S. 
Minneapijlis 4. Minn.; Van Norman Co., Springfield 7, .Ma.s,s.; 
Waterbury Tool “Watcrbury-Simplicity," Waterbury 91, 
Conn.; See p. 833 cylinder-ridge removing tools] ^ho/ootnofes pp, 
818, 824A, B. Jobbers on p. 686 supply automotive equipment. 

Cylinder grinding machines. See page 818. 

Drill presses: Atlas Press Co., Kalamazoo, Mich.; Buffalo 
Forge Co., Buffalo, N.Y. 

DriUs, electric (portable): Albertson Co., Sioux City, Iowa: 
Keystone Reamer and Tool Co., Millersburg, Pa.: Standard 
Electrical Tool Co., Cincinnati, Ohio; 

United States Eiectricai Tool Co., Cincinnali, 

Ohio. 


Engine testing equipment: See pages 690, 691. Another con¬ 
cern is Weaver Mfg. Co., Springfield, Ill. (exhaust gas analya- 
ers and mercury vacuum gauge for engine “tune-up" work). 

Generator rehuilder equipment: 

Grinders: Snap-on Tools Corp., Kenosha, Wis.: Stanley 
Electric Tool Division, New Britain, Conn.; Standard Electrical 
Tool Co., Cincinnati, Ohio; Keystone Reamer and Tool Co., 
Millersburg, Pa.; United States Eleotrical Tool Co., Cin¬ 
cinnati, Ohio. 

Hoists (overhead): Chisholm-Moore Hoist Corp., Tona- 
wauda, N.Y. 

Jacks: Blackhawk Mfg. Co., Milwaukee, Wis.; Weaver Mfg. 
Co., Springfield, Ill.; Vulcan Mfg. Co., St. Paul, Minn. 

Lathes: Atlas Press Co, Kalamazoo, Mich.; South Bend 
Lathe Works, South Bend, Ind.; Zoerman-Clark Mfg. Co., 
Jackson, Mich, (for commutator work). 

Shapers: Atlas Press Co., Kalamazoo, Mich. 

TapSydies^ drills: Union Twist Drill Co., Butterfield Division, 
Derby Line, Vt.; Rinck-Mcllwane Inc., 16 Hudson St., New 
York City, N.Y.; Snap-on Tools Corp., Kenosha, Wis.; Key¬ 
stone Reamer and Tool Co., Millersburg, Pa. 

Tire service equipment (regroovers, tire changers, tire spread¬ 
ers): Weaver Mfg. Co., Springfield, Ill. 

Tool chests, cahineis, portable benches: Snap-on Tools Corp., 
Kenosha, Wis.; Bonney Forge and Tool Works, Allentown, Pa.; 
Standard Pressed Steel Co., Jenkintown, Pa. (steel work-bench 
and tool stands). 

Towing equipment: Weaver Mfg. Co., Springfield, Ill. 

Valve reconditioning machines (valve refacing; valve seat 
grinding): Albertson & Co., Sioux City, Iowa; Cedar Rapids 
Engineering Co., Cedar Rapids, Iowa; Hall Mfg. Co., Toledo, 
O.: Van Norman Co., Springfield 7, Mass.; Snap-on Tools Co., 
Kenf»Hha, Wis.; Van Dorn Electric I'ool (i)o., 731 Joppa Road, 
Towbun, Md.; U.S. Electrical Tool Co., Cincinnati, Ohio. 

Welding equipment: See page 690, 691. 

Wheel alignment equipment (also leheel balancers): see foot¬ 
note on page 1110. Two otlicr concerns not inenfioned on this 

S age are: John Bean Mfg, Co., Lansing, Mich.; Kiass Mfg. Co., 
Lokomo, Ind. 

Whetl- and gear-pullers: Duro Metal Products Co,, 2619 N. 
Kildare Ave., Chicjigo, III.; Snap-on Tools Corp., Kenosha, 
Wis.; llerbrand Corp., Ereinont, Ohio. 

*A device known as “PoHo-Poieer” is a hydraulically oper¬ 
ated device for all kinds of straightening work. Write Black- 
hawk Mfg, Co., Milwaukee, Wis., lor catalogue. 

* Manufacturers addresses will be given to readers of this 
book on any muchinos, tools, or equipment not listed by writing 
A. L. Dyke, 4tX> Market St., St. Louis, Mo. 



• machine shop wth belt-driven rruwMnery employing one electric motor. The majority of shops ere now 
I** the lath^ drill pr^, grinder, etc., are driven by individual electric motors and thu^ 
the line shaR, belto, pulle 3 ^, and hangers are ehmmat^ If beit-^iven machinery is used, tor information: line shafts usually 

motors, from 1,^ to 1,800 r.p.m. With this information, and using the formula on page 
1040, under the subject. To Find the Diameter of Pulleys," one can easily figure the speeds of the pulleys and machines. Jto 
planning a shop one should send for literature and study the problem and obtain the latest modem equipment. * 

Note: Subjects formerly on these pages have been taken out. 


INSTRUCTION No. 63 

SMALL TOOLS FOR THE SHOP: Wrenches, Flat and Socket Type; SJL£. 
Cap Screw and Bolt Sizes; U.S. Standard Bolt Sizes; Tap and Die 
Sets; Portable Electric Drills; Electric Bench Grinder 


Some of the necessary small tools are shown on 
this and the pages following.^ Farther on, explana¬ 
tions are given as to the use of small tools. These 
can be secured of automobile supply houses. 



Fig, 1. (1) scrowdriver; (2) soldering iron; (3) hack-saw; 

(4) Niseis; (5) center punch; (0) straight shank drill (for 
hand and breast drill); (7) taper shank drill (for drill press); 
(8) reamer; (9) gas pliers; (10) cutting pliers; (11) tinners 
shears. 




Fig, 2, Hammers: (A) machinist’s ball pein; (B) riveting; 
(C) tinner’s riveting; (D) rawhide mallet; (E) engineer’s hand 
hammer; (F) blacljimith's hand hammer; (G) blacksmith’s 
sledge. 

Fig. 3. Stillson pipe wrench. 

Fig. 4. Monkey wrench. 

Fig. 5. Adjustable fiat wrench. 



Fig. 6 . A center punch is used to punch center marks in 
metal parts to be drilled, giving the drill a center to start in, 
and for reference marking, etc. 


Chisels are made in many forms. The most popular is the 
cold chisel which is used for cutting metals. A cape chisel is 
the next most popular, and is used for cutting key ways and 
working in narrow grooves, channels, etc. 

The diamond point chisel is used mostly for grooving in close 
places where a cape chisel could not be used. 

Other popular chisels are round nose or gouge, used for cut¬ 
ting oil grooves in bearings and chipping out broken bolts or 
pipe threads from fittings. An assortment of small chisels and 
punches is shown in the illustration. 


^ See pages 701 to 705 for precision tools. Tools can be se* 
eured of auto supply houses such as listed on page 687. 

The Webster magnet light is handy when night repair 
work around a oar is necessary. It consists of a 4 c.p. light 
with reflector and 12 feet of cord which permits reaching 
any part of the car. The plug is inserted In the dash light 
sooket. The main feature of this light is that it will “stick 
where stuck.’* It will hold tenaciously to any iron or steel 
•urfaoe, curved or flat, on fenders, axle housing, or engine. It 
esarts a pull of 3 lbs. and operates from the battery. 



Fig. 7 Fig. 8 


Fig. 7. Ret of straight shank drills for hand, breast, oi 
bench drill—from No, 1 to 60. See Index under “How to read 
drill sizes.” 

Fig. 8. Tap and drill set for average small work, such as 
on latnp.s, HjMJOilometcrs, horns, etc. Tap sizes are 2/56"; 
4/40": fi/32^', and 10/32", w'ith drills to match. See Index 
under ‘Tiow to read marks on drills.” 



Fig. 0. Three types of hand-drilling macinnos are showa 
above, intended for light work. The brea.st tlrill (Yankee No. 
1555) is intended for heavy service and will drill holes in metal up 
to y/'. Manufactured by North Bros. Mfg. Co., Philadelphia, 
Pa. Write for free “Yankee” tool book. (Mention this book.) 




Fig. lOA. StarrettNo. 152 
adjustable handle hacksaw 
frame for automobile repair¬ 
men. Takes 8" to 12" saws. 


Fig. 10. Showing a method of applying pi^sure to an 
ordinary hand drill. The hand drill u attach^ to a bar, as 
shown. The bar is hinged to the wall. 



Fig. 11. ^se. Note that the swivel-base 4" or 6'' jaw U 
generally used for average small work. A larger vian u alar 
neoessary. 
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Wrenchei 

18" pipe wrench. 

12" pipe wrench. 

6" pipe wrench. 

monkey wrench .. 
monkey wrench .. 

6" monkey wrench .. 

Bet double-end 

S-wrenches. 

Set 15^ double end.... 
Spark-plug socket.... 
Ratchet-handle 

socket set. 

Adjustable 6" 

end wrench. 

Adjustable 8" 

end wrench. 

Narrow-jaw monkey 

wrench.85 

Set speed wrenches — 7.00 

Files 

12" bastard cut, flat.. .$ 0.56 
12" bastard cut, half 

round.75 

10" bastard cut, round .45 

10" bastard cut, square .52 

10" bastard cut, three 

cornered.50 

8" second cut, flat.40 

8" second cut, half 

round.50 

8" finishing cut, flat,, .40 

8" finishing cut, half 

round.52 

8" finishing out, three 

cornered.38 

8" finishing cut, 

rat tail.70 

6" finishing, flat.36 

File for contact points .20 

File brush and handles 1.30 

Measuring Tools 
24" carpenters* square! 2.30 
6" machinists’ square 3.80 
Carpenter’s 2 ft. rule.. .45 

Machinist’s 12 in. scale 1.95 
Machinist’s 6 in. scale .95 
Machinist’s 2 in. scale .40 
Combination protrac¬ 
tor and square, 18 in. 6.85 

Spirit level.85 

Tnread gage. 2.90 

Thickness gage. 2.65 

Small and large 
external calipem 3.40 
Small and large 
internal calipers ... 3.40 

Small and medium 

spring dividers. 2.75 

Friction joint dividers, 

large .90 

Internal micrometer 

and extensions. 10.60 

Micrometer, 3". 16.90 

Micrometer, 2". 15.25 

Micrometer, 1". 10.40 

Shears 

Tinner’s snips.$ 1.40 

Heavy shears. 2.10 

Bolt cutters . 2.00 

Hammers 

Rawhide mallet.$ 1.65 

Lead hammer mold . 2.10 

Straight pien, 4 ox.65 

Ball pien, .80 

Ball pien, 1 lb. 1.00 


Ball pien, 2 lb.. 

Frio. 
t 1.40 

Blacksmith’s sledge. 

12 lb. 

3.60 

Blacksmith’s, 4 lb..., 

1.20 

Screwdrivers 

Small jeweler’s . 

! 0.40 

6" blade. 

.85 

10" blade. 

1.20 

12^' blade. 

1.76 

Offset . 

.80 

T-handle, large 

2.30 

Bench Equipment 

Small bench anvil. . . 

.! 3.60 

Swivel vise. 

17.00 

Medium pipe vise. . . 

3.70 

Surface plate. 

5.40 

Machinist’s clamps.. 

7.00 

C-clamps . 

. 8.00 

Surface gage . 

2.50 

Straightedge . 

4.20 

Scriber . 

3.65 

Chisels 

Cape, large. 

! 0.35 

Cape, medium. 

.25 

Cape, small . 

.20 

Chipping, large 

.40 

Chipping, medium 

.35 

Chipping, small. 

.20 

Round nose, large... 

.40 

Round nose, medium 

.35 

Round nose, email . 

.25 

Cotter pin puller.... 

.15 

Diamond point, large 

.40 

Diamond point. 

medium. 

.30 

Diamond point, small 

.20 

Center punch, large.. 

. .45 

Center punch, medium .30 

Center punch, small 

.20 

Drift pins, 1/16 to 

^"by 16ths. 

. 2.40 

Pliers 

Combination 8". 

.! 1.50 

Combination 6". 

. 1.30 

Piston ring expanding 
Side-cutting, parallel 

1.15 

jaws... 

. 1.40 

Cotter pin. 

. 1.10 


Miscellaneous Tools ** 
Wheel and gear pullers! 18.00 
Valve spring lifter... . 2.00 

Breast drill, two-speed 11.50 
Valve seat reamer set. 70.00 
Soldering copper, large 2.75 
Soldering copper, small 1.00 
Gasoline blow torch... 6.00 

Hand drill, small. 2.60 

Belt punch.60 

Hacksaw frame and 

blades. 2.50 

Small hand vise. 3.50 

Oil stone. 2.60 

Three bearing 

scrapers. 1.85 

Three carbon scrapers. 1.10 

Pickup pliers.85 

Gasket cutter. 13,60 

Portable electric drill 
and valve grinding 

attachment.110.00 

Piston ring compressor .45 


Total.!487.89 


List of Small To<ds and Approximate Prices* 

Price 
! 2.10 
1.60 
1.15 
2.55 

1.45 
.95 

2.30 

2.45 
.60 

24.00 


1.00 

1.20 


Open-End Flat Wrcnchea^* 

Probably the most abused, the least considered, 
and yet the most indispensable tool in the kit of the 
medianic is the wrench, the solid open-ended 
wrench, known to the British mechanician as the 
'*fixed spanner,^' and known in the United States as 
the “machioistV* wrench/* 


I Stanratt book, page 718, gives 

tepe,'dri]le,.eto. 


. screw threads. 





Pi*. l.> 


Fig. 12. The popular *'S"-wrenoh, 

Fig. 13. Engineer’s single-end wrench. 

Fig. 14. Double-head engineer’s wrench, machinist’s type. 
Fig. 15. Socket-type wrench, with bent handle. 


This style of wrench varies in 
quality and price in the following order; gray iron 
castings, malleable iron castings, sheet steel stamped, 
and steel drop forgings. The drop-forged wrench is 
superior. See illustrations for proper name of the 
popular t 3 rpe of open-end wrenches. 

Open-end wrenches are used on cap screws, bolt 
heads, and nuts. 

They may be divided into two general classes: 
the U. S. S,f and S. A, E. The only difference 
between them is width of opening between the jaws. 

A standard wrench for a U. S. S. bolt will not 
fit a S. A. E. cap screw, and vice versa. 

The S. A. E. wrenches are usually of the “cap¬ 
screw size” and the U. S. S. wrenches are of the 
“U. S. S. bolt and nut size.” The Tables 1 and 2 
explain this, and also give the various sizes for auto¬ 
mobile work. The head is always larger on a U. S. 
8. bolt than on a cap screw. 

Markings: Wrenches are usually marked with 
the size on each end. They are also marked with 
the manufacturer’s number; this number is an 
indication of its size (see Tables 1 and 2). 

Explanation of Tables z and a* 

The first columns in each table give the trade number of 
WiUiams wrenches, and those sizes marked (*) are those most 
used for auto work. See Tables 1 and 2. 

The second columns in each table give the actual diameters 
of the body of the bolts and cap screws. 

The third columns in each table give the milled (or actual) 
opening size of the wrench at each end, and are the sizes 
suitable for the heads and nuts, with allowance for an easy fit. 

Table i 


Num 

ber 


21 

22 

•li 

25 

26 
•27 

28 

• 29 

30 

31 

• 32 

• 33 

34 

§ 

•38 

39 

40 

41 

42 

s 


For U. S. 
Standard Nuts 
Size BolU 


l/8ft3/l6 
1/8 A 1/4 
3/16 & 1/4 
3/16 & S/16 
1/4 & 5/16 

1/4 & 3/8 
5/16 & 3/8 
5/16 & 7/16 
3/8 A 7/16 

3/8 & 1/2 
7/16 & 1/2 
7/16 & 9/16 
1/2 & 9/16 

1/2 & S/8 
^16 8c 5/8 

IIP 

M 


Openingi 

MUled 


5/I6&I3/J1 
5/I6&1/2 
13/32 & 1/2 
13/32A 19/32 
1/2 A 19/32 

1/2 A 11/16 
19/32 A 11/16 
19/32 A 2S/32 
11/16 A 25/32 

11/10 A 7A 
25/32 & 7/8 
25/32 A 31/32 
7/5 A31/32 

7/8 AI 1/16 
JI/33A1 1/16 
3l/32At 1/4 
I t/16Al 1/4 

1 06 A1 f/16 
1 1/4 AI 7/16 
I 1/4 A1 S/8 
1 7/16 A1 5/8 

6A113/16 
“lJ/16 



* This information baa not been revised for some time. See also, footnotee next page 
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To find the size of wrench to fit an S. A. £, cap¬ 
screw head, consult Tables 3 and 2.^ 

To find the size of wrench to fit a standard bolt 
and nut, see Table 4, and refer to Tables 1 and 2 for 
additional information.^ 


U.S. Standard Bolt Size: Head and Nat* 

Table 4 below dves (first column; dia. of bolt or screw; 
(second column) threads per inch; (third column) diameter 
across head; (fourth column) size of hole in thousandths of an 
inch; (fifth column) size drill to use for tapping hole (see p 
708). 


Table 2 


Korn* 

bar 

For Hexagon 
Head 

Ca^ Screws; 
Diameter 
Screws 



1/8 & 3/16 
1/8 & 1/4 
3/16 & 1/4 
3/16 & 5/16 

5/!6 A 3/8 
S/16 A T/16 
3/8 A 7/16 
3/8 A 1/2 

* 72Ia 

♦ p5B 
726 

1/4 & 5/16 
1/4 & 3/8 
5/16 & 3/8 
5/16 & 7/16 

7/16 A 1/2 
7/16 A 9/16 
1/2 A 9/16 
1/2 A S/8 

* 729 
730 

3/8 & 7/16 
3/8 A 1/2 
7/16 A 1/2 
7/16 A 9/16 

9/16 A S/S 
9/16 A 3/4 

5/8 A 3/4 

5/8 A 13/16 

731 

^73IA 

*^73IB 

732 

1/2 A 9/16 
1/2 A 5/8 
9/16 A 5/8 
9/16 A 3/4 

3/4 A 13/16 
3/4 A 7/8 
13/16 A 7/8 
13/16 A 1 

733 

734 

735 

736 

5/8 A 3/4 
5/8 A 7/8 
3/4 A 7/8 
3/4 A 1 

7/8 A 1 

7/8 A 1 1/8 

1 A 1 1/8 

1 A 1 1/4 

♦ 737 

738 

739 
739A 
739B 

7/8 A 1 

7/8 A 1 1/8 

1 A 1 1/8 
1 A 1 1/4 
1 1/8 A^l 1/4 

1 1/8 A 1 1/4 

1 1/8 A 1 3/8 

1 1/4 A 1 3/8 

1 1/4 A 1 1/2 

1 3/8 A 1 1/2 


S. A. E. Cap-Screw and Bolt Sizes* 

Table 8 below gives dia. of cap screw (D); threads per 
nch (P); thickness of licad (Al); diameter across flats of nut 
or head—where wrench fits (B); size of drilled hole for cotter 
oin for castellated nut (E); depth of slot in head (I); width of 
3lot (K) ; diameter of cotter pin (d). The diameter of bolts and 
cap screws is one-one thousandth of an inch less than the 
nominal diameter. 



48 dimsoaioM ia iacbw. 


Mill means the “milled size” of head of screw or bolt or the 
opening in an open-end wrench. 



Diameter 
oC Tap. 




'AH 






Vi 


Threads 
per Inch. 


20 

18 

18 

14 

13 

18 

11 

10 

0 

8 

7 
T 

8 
6 

4^ 

4H 

4 

4 



Mia 


■c 

3“ 



texact Size 
of Hole. 


Tap Drill 
Used. 


.1910 
.8403 
9938 
.8447 
.4001 
,4542 
.6069 
.8201 
.7307 
8378 
9394 
1 0644 
1.1566 
1 2835 
I 490e 
1 7113 
1 9613 
2.1752 
2.4252 
2.6288 


\ 

■'i; 








Wrenches Most Frequently Used 



Fig. 10. A popular set of six 
double-head, open-end wrenches 
having milled openings to the fol¬ 
lowing sizes: 3/8", 7/16", 1/2", 
9/16", 19/32“, 5/8", 11/16", 

3/4", 25/.32", 13/10", 7/S", 1". 
These sizes of wrench openings 
will fit all nuts and bolts from 
1/4" to 1/2" (some up to 5/8") 
and all cap screws up to 3/4". 


Fig. 16A. A popular 
tappet wrench set con¬ 
sisting of four double¬ 
end, long thin wrench¬ 
es, two of which have milled openings 1/2" and 9/10" and 
the other two 5/8" and 11/16". Two wrenches of the same 
size are required to adjust tappets. 

Fig. 17. Spark-plug wrenches of 
the twelve-point deep-socket type 
with thin walls can be obtained 
with the following opemngs: IS 116" 
to fit the 14 mm. spark plug; 7/iS" to 
fit the special (Buick and Nash) 18 mm. spark plug; 15/16" and 
1 1/8" to fit the 7/8" spark plug (this spark-plug shell has two 
hexagon sizes, see p. 235); to fit the regular 18 mm. spark 
plug. The 7 /8" spark plug has 18 threads per inch. The 
IS mm. spark plug has a pitch of 1.5 mm. (.slightly less than 
17 threads per inch). The 1 i mm. spark plug has a pitch of 
1.25 mm. (slightly more than 20 threads per inch). 

Fig. 17A. Spark-plug wrenches of 
the hexagon-socket type can be ob¬ 
tained with the following openings: 
13/10"; 7/8" and 1"; 15/16" and 
1 1 / 8 ". 





Wrench sets for specialized work, such as ignition, carburetion, 
electrical, engine, axle, brake, tire, rinj, water pump, battery 
and manifold work, etc. can be obtained of automobile etiuip- 
ment dealers. Literature can be obtained of manufacturers 
listed in footnote p. 698. 


Table 3 


1 Wrenches are now marked differently. They are marked 
according to the width of their milled openings, which is the 
dimension across flats of the bolt heads or nuts which they W'ill 
fit. They were formerly marked with a catalogue number. 
See also footnote 2 this page. See footnote, p. 698, giving a 
list of wrench manufacturers who will supply latest information. 


5 Refers to old standards. The former vS.A.E. thread is now- 
known as the American National Fine (NF) thread, and the 
former U.S. Standard thread is now known as the American 
National Coarse {NO thread. The same number of threads per 
inch are uatni but other dimensions have been slightly changed 
on some sizes. See also footnotes pages 707, 709. Literature of 
some of the wrench mfr’s. show later cap screw and bolt 
sisos, see Table 6, page 698. 
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Socket Wrenches 

Probably the handiest wrench to use for all nut 
and bolt work about a car is the socket wrench. 
See a list of some of the wrench manufacturers 
in footnote^. 

In the set shown in Fig. 18 the socket (S) can 
be operated by a ratchet (R), and is especially desir¬ 
able in places difficult of access, or around hot 
engines, or in crjtnipf^ quarters wht‘re a swing 
through a long arc is impossible. With the socket 
wren(*n, finished surfaces and corners of nuts need 
not be marred. 


Fig. IS. Starrett socket ratchet 
wrench set. Has 27 hexagon «teel 
sockets, varying in size by tfiirty- 
seconds, from S/lb' to 1', also 
1 1/32', 1 3/32', 1 0/32' and 
1 9/32'. Two 8<iuare steel sockets, 
13/32' and 21/32', aro included. 
Drilling attachment whi<h takes 
standard iyiuare shank drills from 
1/8' to 1 /2' diameter and a sciew 
driver with reversible end i.s in¬ 
cludes!. 

Sockets are made with handles attached and also 
with detachable handles: in fact tlicrc arc a great 
variety of each. They can he obtaiiu'd in sets of 
various size sockets and difT(*rent kinds of handles 
for general shop work, or they can be ohtaim^tl in 
sets to fit all nuts and bolts on certain makes of cars, 
or they can be obtained singly. 

Hexagon sockets find a wider use than square 
sockets, because most of the nuts and cap screws on 
automolDiles are hexagonal in sha|K'. Sqiuirehead 
bolts and nuts are generally used on running boards 
and fenders, and usually wherever wood is joined 
to metal, and also on tractors. Therefore a square 
socket would be necessary. 

The hexagon socket of the single-broached type 
has six points of contact and gives 1/6 of a turn. 
The hexagon socket of tlic double-broached type 
has twelve points of contact and gives 1/12 of a 
turn. This tjq^ is favored bv the mechanic and is 
especially desirable for work in close places and 
short tuniing radius. Sockets can also be obtained 
with very thin walls for use where mits are located 
in tight places and are also very popular with 
mechanics. The square socket of the single- 
broached type has four points, and the double- 
broached type has eight points. 

How to Find Socket-Wrench Sizes 

When selecting a socket wrench for a certain 
size cap screw or bolt, the first point to determine 
is if the cap screw or bolt head is hexagonal in 
fehap>e, or if square. Next, determine the type and 
series of the bolt from Table 6. 

Table 6. This table gives the various sites of American Stand¬ 
ard holts, cap screws, etc. The first column wve« tho nominal 
opening or site of wrench from 5/32' to 3-1 that wifi fit the 
hexagon, or square bolt head on these various types anri Mzes 
of bolts. The wrench sizes apply not only to socket wrenches 
but to open-end wVenches andT baaockets of various makes. 


1 Some manufacturers of wrenches of various kinds such as 
open end (single and double), socket and box wrenches (hexa- 
am and 12 pomt), and mechanics hand tools: Blackhawk Mfg. 
Uo., Milwailkee, Wis.; Bonney Forge & Tool Works, Allentown. 
Pa.; Cornwell Quality Tools Co., Moga^lore, Ohio; Herbrand 
Corp., Fremont, Ohio; Owatonna Tool Co., Owatonim, Minn.; 
8nap-on Tools Corporation, Kenosha, Wis.; L. S. Starrett Co., 
Athol, Mass.; Stevens Walden, I no Worcester. Mass.: Truth 
Tool Co., Mankato. Minn.; Vlcbek Tool Co., Cleveland, Ohio; 
Wilde I>op Forge it Tool Co., Kansas City, Mo.; J. H. 
Williams it Co., Buffalo 7, N. Y. (ask for booklet “A-409”). 



The old SAE and USS Standards are now replaced by the 
American Standards. The Heavy series are comparable to the 
old USS and Light series comparable to SAE series. (Courtesy 
Snap-on Tools Corporation, Kenosha, Wisen.) 


Wrencli 
Size ] 




•'S. 


Uifi 
1 > ^ 
1*4 

1‘;^ 

1:'8 

1".. 


l‘*.« 

m 

2 

2' 1.', 


21,, 
29 w 
2H 
2-’4 
2»\.. 
oii 
3 

3l« 


REGriTAR 1 HEAVY 
SERIES ISERIES 
Unfinished, Senii- 
Pinished & Finislu'd 


Bolts 


Nuts, 
Jam 1 
Nuts & 
Slotted 
N Us 


Vi 

Vh 

1*2 

l-‘4 

lU 


Bolts, 
Nuts, 
Jam & 
Slotted 
Nuts 


I's 

1*4' 

1 ’, 

1 

IS 

1 ‘4 


A ' 8 
! 1*4 

1 's 

1 'i 
V’h 
1\ 
V'H 


LIGHT 
SERIES 
N uts, 
Jam 
Nuts, 
Castle 1 
Nuts A 
SlotUd 
Ntits 


1 

1*^ 

1*4 

I's 

1 


Cap 

Scrt'wj 


1*8 

Vi 


Set 

Screws 


% 


I'l 

IS 

I'; 


Ma¬ 
chine 
Nuts 
A Stove 
Bolt 
Nuts 


0-1 

2-3 

■t 

5-0 

8 

10 

12 & 


Table 

6 


Fig. 10 (see below) . Snap-on interchangeajt>le socket wrench¬ 
es. The Master Serviee Set •'hown has a range (^f serv/e»* uses 
as foJtows: Each handle with 15 sizes of sockets gives the 
equivalent of 15 wrenches; longer speed handles can be made 
by the; addition of <uther one or botli of the exten.sion bars; 
tills also ajipnes to the ti'C handle; by use of the extiuision bars 
on the sliding bar, a short or long ell wrench of powerful lever¬ 
age is obtained; by hooking the exUuisiim bars onto the ratchet 
handle, very useful wrench combination.^ are obtainoil; tlie 
universal joint gives ten universal wYenehes on any de.sircil 
handle. 

A popular (louble-broaehci,! socket sid i.s the No. 84 Ferret 
sot. The socket wwdls are ve.y thin and sludlow and the handles 
are extremely slender for getting into tight idaces. 


I 



e e 0 0 

0 0 Q 0 

B D 0 0 D 0 


Fig. 19. SoAp^ Master Service set. 
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Fig. 20. Types of sockets: Single-broached, six-point hexa¬ 
gon socket (left); double-broached, twelve-point hexagon socket 
(second); double-broached, twelve-point, thin-walled hexagon 
socket (third); double-broached, eight-poinjb square socket 
(right). Sizes of sockets range from 3/16' to Spy. Sockets apo 
interchanged on several typos of wrench handles, ratchets, 
speeders, nut spinners, etc.* 



Fig. 21. Double-offset “Blue Point" “Boxocket" wrench 
with double-broached hexagon twelv('-point openings. Wrenches 
of this typo are supplied in sizj‘s ranging from 3/10* op<uiing 
up to 3-1/8*. They are especially dcHiraSlc for such plac(*.s as 
manifold, connecting rod, main bearing work, head and basc*- 
bolts, gciuifator studs, etc. They arc rnacli* with straight and 
offset handles. A popular sot is the X-70 set, ranging from 
7/16* to 1*. Another popular set, suitable for such work as 
carburetor, magneto, manifold, generator, universal joint, and 
similar close quarter work, is the Dwarf XS-5A set.* 



Fig. 22. The Blackhawk No. 22CD detachable socket 
wrench set. A popular set eMj)eeiHlly suited for student 
mechanics. It is al.so a favorite with ear owners who make 
their own repairs. A eornpaet sot of 22 tools that eares f»)r a 
wide range of v^ork, naeked in a ease. A very popular twelve- 

f >oint box-type wreneli set is No. 2702. The No. 70HD Blaek- 
lawk “Chief’ treasure chest is a complete set of 70 tools for 
any job.* 

Jacks 

A good jack is not only handy for carrying in a car but it is 
also adapted for shop use, for example, the one shown in Fig. 
22,\ can be used for frame straightening, spring compressing, 
wheel pulling and general shop service. They can be operated 
horizontally or vertically and may be secured for inverted use. 

The hydraulic jack is the approved type now recommended 
by leading ear and truck manufacturers. For examine, the 
“rourist" model is a light compact jack, w'oighing only nine 

f iounds, and will lift 3,000 Ib.s. A child can rai.se the entire 
ront or rear end of an automobile with one hand. 

To raise load: First, turn relea.se-valve clockwise (Fig. 22A) 
to a firm seat; this may be done with the slotted end of handle. 
iSecond, slip handle onto [uimp beam, place under load and 
work up and down. To lower load: Turn release valve slowly 
anti-clockwise until load is lowered, then turn one-half revolu¬ 
tion more to left and remove jack. Close release-valve. 
Keep release-valve closed when not in vtse. 

Oil: If Jack docs not raise load to full height, oil level i.s low. 
Add any light non-acid lubricating oil (preferably Blackhawk 
oil) through filler plug hole in top cap. For weather below 
zero, refrigerating oil, or pure glycerine, can be used in emer¬ 
gencies. However, Blackhawk has developed a special oil for 
extremely low temperatures, which insures the oest results. 
To operate jack horizontally, or when placing in tool box, keep 
pump side down to prevent formation of air pockets in pump. 
If jack fails to function, hold jack in horizontal po.sition, pump 
side down, and operate pump rapidly back and forth. This 
will expel air in jack. 

Note: When lowering passenger car, bus or truck it is 
advisable that the last inch or two of drop bo quickened by 
further turn of the release valve to left. This quickened drop 
causes both tire and sprinif to compress slightly. Then the 
natural return to normal position of both tire and spring releases 
jack head and permits easy withdrawal of jack from under oar. 

Addition of oil: It is seldom necessary to add oil to a |i;ood 
hydraulic jack. When this is necessary, which would be indi- 
oated by not securing the full lift on the jack, add the proper 
oil through the filler plug in cap, as explained under paragraph 


on oil. Refilling ii#only necessary when poor oil has been used. 
To refill, totally collapse plunger. Drain old oil through filler 

f )lug. Wash with gasoline or kerosene, and refill with oil to 
evel indicated by notch in gauge. 

To clean twin-check valves: Unscrew pump cylinder and 
remove unit, wa.sh in gasoline and replace in pump chamber, 
screwing pump in place snugly. Be sure unit is placed with 
two holes upper side.* 

Jacks for general garage use are shown on page 675. 



Fig. 22A. Sectional view of the Blackhawk hydraulic oil- 
power jack. A(’ti<m: Pump draws oil from the reservoir 
through one check v.alvc and forces it into the pressure chamber 
through the other, raising the load. See text, a 4 

Taps, Dies and Screw Plate Sets for 
Automohilc Work®’ 

Among the esisential and necessary tools for the 
repair sliop is a set of taps and dies for cutting 
threads (see Index under ‘^Threads"; “How to use 
taps and dies/’ etc.). Reamers (see Index) are 
al.so necessary.* 



Fig. 23. Butterfield “General Purpose" screw plate set, con¬ 
sisting of 15— 1'a" iliameter round screw adjustable dies, cut¬ 
ting—1^x28". 5/16x24", *8x21", 7/16x20", Hx20", 9/16x18", 
HxlS", S.A.E. Std. and 3/10x24", tix20", 5/16x18", ?8xl6" 
7/16x14", J^<ixl3", 9/16x12", U.S. StJ., also iron pipe size; 
14 —plug hand taps S.A.E. Std. and U.S. Std. matching above 
dies; 1—J'g" pipe tap; 7—13/16" diameter round screw adjust¬ 
able dies cuttmg--2x.56", 3x48", 4x36", 6x32", 8x32", 10x24", 
12x24", A.S.M.E. Std; 7—plug machine screw taps, matching 
above dies: 1;—stock 7" for 13/16" diameter dies; 1 —stock 
14" for 1 diameter dies; 1—adjvistable tap wrench No. 0; I— 
adjustable tap wrench No. 2. (Butterfield Co., Derby Line, Vt.) 


* Descriptive catalog describing a groat variety of wrenches, 
mechanics tools ami shop equipment will be nmilod gratis to 
readers. Write Snup-on Tools Corporation, Kenosha, Wise. 

* Descriptive catalog describing a great variety suitable for 
all kinds of work will be mailed gratis to readers of this book by 
writing Blackhawk Mfg. Co., Milwaukee, Wis. 

* Some other manufacturers of taps, dies, reamers, etc.^are: 
Greenfield Tap & Die Corp., Greenneld, Mass., Snap-on Tools 
Corporation, Kenosha, Wise, (tap-die sets, torqometers, micro¬ 
meters, etc.), Alvord-Polk Tool Co., Millersburg, Pa. (reamers 
—see also p. 714). Most automotive supply jobbers p. 686 
carry tap-die sets, wrenches, reamers and automotive service 
equipment. ^See tn. 3, p. 694 for Blaokhawk’a Porlo-Pawtr, 
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Pipe Dies and Ta^s 


Taps and dies for cutting threads on small pipes 
usually come in such sizes as and 

See also page 709 for the *‘Brigm Standard*^ pipe- 
thread table. Can be secured of autobomile supply 
houses. 


Size 

1/8 

1/4 

3/8 

3/4 

1 1/4 
1 1/2 

2 

2 1/2 


Pipe Specifications Table 7 


Outside 

Inside 

Length 

Distance Pipe 
Screws into 

Diameter 

Diameter 

of Thread 

Fitting 

13/32 

9/32 

27/64 

13/64 

35/64 

3/8 

4/8 

19/64 

11/16 

1/2 

41/64 

5/16 

1 1/16 

53/64 

53/64 

33/64 

1 21/64 

1 3/64 

1 1/32 

9/16 

1 29/32 

1 5/8 

1 5/64 

67/64 

1 3/8 

2 5/64 

1 7/64 

61/64 

2 7/8 

2 15/32 

1 41/64 

1 


Portable^ectric Drills 

One of the handiest tools the automobile me¬ 
chanic could possess is an electric portable drill. 
They can be secured of auto supply houses or direct 
from the manufacturers. 


The motors are built specially, and operate on 
direct current or 25, 40, or OQ^ycle altornatiug 
current. 



Fig, 24. The Black & Decker electric portable drill “with 

piatol grip and trigger switch’* is made in the following sizes: 

Size 0 to for drilling steel; in hardwood, 0 to 9/16"; speed, 
no load, r.p.m. 900; weight 26 lbs.; volts, 110, 220, or 32; 
fuse ampere, 6, 3, 15. 

Size 0 to for drilling steel; in hardwood, 0 to speed, 
no load, r.p.m. 600; weight 34 lbs.; volts, 110, 220, 

32; fuse ampere, 6, 3, 20. 

Size 0 to 54" for drilling steel; in hardwood, 0 to speed,* 
no load, r.p.m. 600; weight 34 lbs.; volts, 110, 220 or 
32; fuse ampere, 6, 3, 20. 


Some of the Uses of a Portable Electric Drill 

Portable electric drills designed for use in auto¬ 
mobile shops, garages, and automotive electrical 
service stations, are made in sizes 
and capacities, that is, for drilling holes in 
metal to and including and in diameter. 


In addition to drilling holes, the portable electric 
drill can be used for a great number of oilier pur¬ 
poses, in connection with special attachments. For 
example, removing carbon, grinding valves, honing 
cylinders, drilling windshields for spot lights, drill¬ 
ing storage-battery posts, filing and roughing tire 
casings, buffing nickel and brass, light grinding 
work, etc. 

Accessory attachments for the drills, such as out¬ 
fits of accessories for tire repairing, battery rep^^ring, 
grinders, etc., can be secured of the manufactui'^^^. 



Fig. 25A. A 5^" portable drill-press stand in use ar - Irill 
press. A 12" up-and-down adjustment with a 3*^" j* 3>ffiment 
of rack. Drills at any angle of 360® circle. Fig. 2biJ. Tr use 
as an emergency grinder. 

Some of the manufacturers of portable electric drills, electric 
bench grinders with or without pedestal, polishers, etc. are: 
Black and Decker Mfg. Co., Towson Heights, Baltimore, Md.; 
The Cincinnati Electrical Tool Co., Cincinnati, Ohio; Chiceigo 
Pneumatic Tool Co.. New York City, N.Y ' 

United Stales Electrical Tool Co., Cincinnati. Ohio. 


Electric Bench Grinders 
For grinding tools or general grinding work. 

These grinders (except¬ 
ing the 6 ) should be con¬ 
nected to the electric 
power line, not the lamp 
socket. They are designed 
for alternating current or 
direct current. 

They are made in four 
sizes of 6" {\i h.p.), 8" 
(Kh.p.), 12^’ (m h.p.), 
14 (4 h.p.), and the speed 
^8 3,6(X' and 1,8(X) r.p.m. 
Wheels used are 6“^ 8", 
12", and 14" respectively. Can be secured ot auto supply 
houses (page 687), or of manufacturers of portable electric drills 
and grinders mentioned abov . 

The portable bench grinder shown in Fig. 26 is a 3" ball¬ 
bearing, h.p., and operates two wheels (Van Dorn make). 



Fig. 26 


IMPORTANCE OF PROPER SHOP EQUIPMENT 


The chief cost in repair work and overhauling is 
in labor. The owner of a car is naturally going to 
the shop where the charges are reasonable. With 
the proper equipment, the labor charges can be 
reduced considerably, the profit for the repairman 
will be just as remunerative, and satisfaction to the 
customer will mean more business. 

Take, for example, the fitting of a speedometer, or 
a set of b^pers or shock absorpers where consider¬ 
able drilling and fitting is to oe done. Consider 
Khe time saved by using a socket wrench set (page 
199) and an electric power drill, instead of a monkey 
trench or flat wrench or an old-time hand, or 
trace and drill. 

If is difficult to enumerate what specific tools and 
devices would constitute a properly equipped shop, 
>2t a few examples will be given. 


Every shop should have a valve-lapping machine; 
portable electric drill; portable grinder and buffer; 
brake-band riveting machine; carbon burning out¬ 
fit; oxy-acetylene welding and soldering outfit; 
piston and connecting-rod alijping devices; stands 
for engine, axle and transmission; electrical testing 
instruments: parts-washing tank with gas heater 
(using an alkaline solution for cleaning wease from 
everything before it is worked upon. This is better 
and cheaper than gasoline and kerosene). If the 
volume ot the work justifies the investment required, 
a drill press, lathe, arbor press, and straightening 
presses may be added. See pages 692-094. 

An emergency equipment, consisting of a service 
truck with a wreclong crane and a fml equipment 
of took and accessories for bringing In ears that are 
broken down on the road is a necessity. 
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PRECISION TOOLS FOR THE AUTOMOBILE MECHANIC; How to 
Use Them; How to Read Micrometer Calipers; How to *‘Mike” up 
Cylinders, INstons, etc.; Miscellaneous Small Tools and Gauges; Types 
of Bolts, Screws, and Nuts; Standards of Threads; Sizes of Taps and 
Drills to Use for Cutting Threads; How to Select Dies and Taps and 
How to Use Them; How Drill Sizes Are Designated; How to Sharpen 


Drills; How to Select Reamers and 
Tightening and Removing Studs and 
to Use Them. 

Precision tools" are those designed for accurate i- 
measurements, such as calipers, micrometer calipers, 
thickness gauges, etc. They measure in fractions 
of an inch, such as one one-hundredth and one one- i- 
thousandth part of an inch. 

One feature of automobile repairing which has i- 
been sadly neglected by the average repairman is the 
use of electrical testing instruments for testing 
generators, starting motors, the wiring system, the 
Ignition system, and storage batteries; as well as 
the use of the micrometer caliper for measuring and 
testing piston clearances, to see if the cylinders are i- 
out of round, etc. 

The reason for this neglect is possibly the fact t- 
that the repairman has not realized the irnfxjrtance 
of making adjustments to a thousandth part of an 
inch, or else he thinks the subjects are too compli¬ 
cated for him to understand. 

The writer would, however, advise every repair¬ 
man who wishes to be skilled in making small 
measurements and in doing accurate work, not only 
to study the use of the instruments which will now 
be mentioned, but to become the proud possessor of 
the instruments. You will not only place yourself 
in a position where you can diagnose and remedy 
troubles, test cylinders, pistons, valve clearances, 
etc., with a degree of accuracy you have not been 
accustomed to, but you will be m a position to do 
work ‘‘over the head ”of your comi>etitor, and your 
work will be accurate, which of course will build a 
profitable business for you. 

List of Precision Tools and Instruments Suit¬ 
able for the Automobile Mechanic 

1—Model 280 Weston volt-ammeter, for making; tests 
aa shown under electric teats and storago-battery 

teats. Price.$41.25 

1— Cadmium voltmeter with cadmium stick, for testing 

storage-battery plates. Price.$ 26.50 

1— Hydrometer, for testing electrolyte of storage bat¬ 
teries. Price.$ 1.50 

1— ^Wiring manual to aid one in tracing electrical wiring 

circuits. Price.I 17.50 


How to Use Them; Types of Keys; 
Nuts; How to Select FUes and How 

-No. 208 micrometer caliper, for measuring spaces 
from .001" to 1". This instrument can be us^ for 
measuring ball bearings, drills, screws, rods, sheet 

metal, etc. Pric^.$ 8.50 

-No. 226 8-mcli micrometer caliper, for measuring 
the diameter of pistons, etc. Will measure from 2 to 3 

inches in thousandths part of an inch. Price.$ 10.00 

-No. 226 4-inch micrometer caliper, for measuring the 
diameter of pistons, crank shafts, etc. Will measure 
from 3 to 4 inches in thousandths part of an inch. 

Price.$ 10.75 

-No. 226 6-inch micrometer caliper, for measuring the 
diameter of pistons, etc. Will measure from 4 to 5 

inches in thousandths part of an inch. Price. I 12.00 

-No. 124A inside micrometer caliper, for measuring 
the inside diameter of cylinders. Will measure 

spaces from 2 to 8 inches. Price.$ 7.25 

-No. 72 thickness gauge, for measuring spark-plug 
gap clearance; interrupter-gap clearance; piston- 
ring gap clearance, etc. Has 22 leaves varying in 

thickness from .004" to ,025". Price.$ 2.50 

1— No. 172A thickness gauge; has 9 leaves and meas¬ 
ures smaller clearance than No. 72, as follows: 
.00132" or .6015"; .002" ; .003" also .004"; .006"; 

.008"; .010"; .012"; .015". These smaller meas¬ 
urements are neces.sary for mea.suring ring-groove 
clearance and valve clearances where under .004". 


Price.$ 1.50 

1—Machinist’s steel rule or scale, 0". Price .$ 1.00 

1—Inside caliper, 5", as shown in Fig. 7, page 704. 

Price.$ 1.00 

1—Outside caliper, 5", as shown in Fig. 8, page 704. 

Price..$ 1.00 

1—Compression tester, for testing the comparative 

pressure of cylinders. Price.$ 6.50 

Total.$148.75 

You will note that all of the foregoing list is 


required, in order tliat one may nyike all tests. 

Note: The L. S. Starrett Co., Athol, Mass., are now prepared 
tosupply a No. 224A micrometer caliper set to take measure¬ 
ments from 2 to 6 inches at a price of $27.00 with a ratchet stop 
and standards, which is less than the three No. 226 individual 
micrometers mentioned above. See also Fig. 3A, page 703. 

Other suggested tools are: 4" machinist’s vise, $12.75; 
blow pipe torch for soldering, $8..50; set of drills 1/16" to H" 
in thirty-seconds. $7.00: 


* A good book dealing with this subject is mentioned on 
page 718. 


THOUSANDTH P 

A thousandth part of an inch is infinitesimally 
small, but must be used to measure correctly the 
clearance of a spark-plug gap, the interrupter-point 
gap in ignition systems, and also for valve clearances, 
piston clearances, and for many other purposes. 

What la a Thousandth Part of an Inch 

If V* is divided in 2 parts, each part is 
If 1" is divided in 32 parts, each part is A" 

If ii divided in 64 parts, each part is 
If if divided in 100 parts, each part is ills'' 

If 1" is divided in 1,000 parts, each part is xM* 


PIT OF AN INCH 

A hundredth part of an inch could be expressed 
in fractions as part of an inch, but is usually 
expressed in decimals as .01". 

A thousandth part of an inch could be expressed 
in fractions as part of an inch, but is usually 
expressed in decimds as .001". 

To read decim^s. start with the decimal point 
(the period); call it decimal or point; the next figure 
to the right of it, call tenths; the next figure, hun¬ 
dredths; the next fi^re, thousandths; the next 
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tAi4-thousaQdths; the next, hundred-thou¬ 
sandths, and so on. 

Thus, the figure 3, standii^g alone, would repre¬ 
sent three imits. but if it had a decimal point in 
front of it, as .3, this would represent three-tenths; 
if express^ thus, .03, it would represent three- 
hundredths; if expressed thus, .003, it would repre¬ 
sent three-thousandths; if express^ thus, .0003 it 
would represent three-ten-thousandths, and so on. 

If an inch was measured off into one thousand 
equal parts, each part would represent one one- 
thousandth part of an inch or .001". 

Twenty-five of these parts would represent 
twenty-five one-thousandths of an inch (.025"), 
which is equal to ^ of an inch. 

One hundred of these parts would represent one 
hundred one-thousandths of an inch (.100"), 
vhich is exactly equal to iV of ioch. 

Five hundred of these parts would represent 
•ve hundred one-thousandths of an inch (.500"), 
hich is exactly equal to H an inch. 

One thousand, or all of these parts would repre¬ 
sent one thousand one-thousandths of an inch 
(l.(KX)"), which is exactly 1 inch. 

In order to gain an idea as to the thickness of a 
one-thousandth part of an inch, we will compare the 
thickness of this paper, which is only approximate. 

.00) (one one-thousandth) =■ 1/3 thickness of this sheet of 
paper, or about the thickness of hnc tissue paper. 

.003 (three one-thousandths) = the thickness of this page you 
are reading (approximately). If it were one-thou¬ 
sandths, it would be expressed as .0035" (thirty-five ten- 
thousandths of an inch). 

.(X)fi (six one-thousandths) the thickness of two sheets of 
this paper. 

015 (fifteen one-thousandths) » the thickness of five sheets 
of this paper. 

020 (twenty one-thousandths) - the thickness of seven sheets 
of this paper. 

.025 (twenty-five one-thousandths) «» the thickness of eight 
and one-third sheets. 

.0;i0 (thirty oue-thousandths = the thickness of ten sheets. 

Decimal Equivalent of Fractional Parts of an 
Inch 

In using Table 1, it is not necessary to carry out 
all of the fraction. As a rule, three figures to the 
right of the decimal point is close enough for all 
practical purposes—which would be, of course, 
read in thousandths, as .015 (fifteen one-thou¬ 


sandths). Note that H of an inch is equal to .125 
(one hundred and twenty-five one-thousandths ol 
an inch). 


8thf 
H-* .189 
K » .850 
H « .375 
H - .500 
^ .025 
% « .750 
H - .875 

XGthi 

« .0625 
■» . 18 T 5 
« .3126 
’A. == .4875 
« .6625 
= .6875 
a .8125 
r^* - .9376 

32ds 

» .03125 
Ht = .09375 


Table 1 
Ha » .15625 
Ha » .21875 
Ha .281^5 
*Ha * .34875 
*Hf * .40625 
'Ha « .4^875 
"/it « 153125 
*Ha “ .59875 
»Ht « .65625^ 
*Ht » .71875' 
»Ha « .78125 
*Ha » .84875 
*^ia « .90625 
•H, *= .96876 

64ths 

H« - .015625 
H* « .046875 
Hi« .078125 
ss' .109375* 
. aS .140625 
«r .171875 
*H* - .203125 
'Hi = .234375. 


^Hi » .265625 
'Hi » .296875 
>H« - .828125 
*Hi -» .869376 
*Hi iM .890625 
.421875 
SHi a .458,126 
*Hi » .484876 
•Hi-*- .515686 
*H1 -> .646876 
•Hi « .578125 
>Hi » .609875 
‘Hi *= .640625 
‘Hi * .671875 
‘Hi -'^08125 
‘Hi * .784875 
*Hi.«*.765626 
•H* «i .79Q876 
M44 » .828m 
•Hf-i.869375 
■H. * .890625 
•Hi « .921875 
•Hi » .953125 
•Hi » .984375 


See also page 68 , "Converting decimals of hiiD- 
dredths of an inch into fractions of an inch." 

Another table of decimal equivalents is give^ 

below (Table 2): 

Table 2 



^(S)- .15625 

- .171875 

Gi)- .1875 

.*05125 


359375 
.375 
.390625 
.40625 ' 

-.453125 




- .703128 

-.71875 
■ -/^-•7W37» 

|;«r-®-’.^5e25 

-.78125 

-.796875 

-.8125 
.828125 
•.64378 

^:?88SP 

^^^.953125 
*1878 



MICROMETER CALIPERS 


It would be 8 difficult matter to divide an inch 
into one thousand divisions or graduations on a rule 
or scale, therefore an instrument known as a microm¬ 
eter caliper with a double scale is emploved for 
measuring spaces as small as In fact, by 

adding a third scale (called a Vernier, Fig. 4, page 
703), and computing the ratio of one figure to an¬ 
other, a i^ace as small as one ten-thousandth 
(.0001") of an inch can be measured. 

The automobile repairman seldom finds it necessary to 
measure spac^ less than .001"; therefore this subject will be 
devoted to micrometer calipers reading .001" and more. 

The three kinds of micrometer calipers the auto¬ 
mobile repairman will need most are shown in Figs. 
1, 2, and 3. 

The "outside micrometer caliper'^ (Pig. 2) is used 
for measuring the outside of pistons, etc. The 
"inside micrometer caliper" (Fig. 3) is used for 
measuring the inside of cylinders, etc. 

The outside micrometer caliper shown in Fig. 1, this page* 
is a smaller oi^ L measures spaces only from .001" to 1". ^le 
one shown in Fig. 2 will take larger measuroments, but also reads 
001'' to 1". 


Micrometer Caliper Reading One- 
Thousandth Part of an Inch 
How to read: Frame A (Fig. 1) and sleeve D 
are stationary. The thimble E and spindle C are 
connected together. On the inside of A and D 
there are threads (40 to the inch). 
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When fhe micrometer caliper is closed, the end 

of (C) is against (B) and the bevel edge of thimble 
(E) is on the vertical line (O) on (D), and the (O) 
line on the bevel edge of (E) is in line with the hori¬ 
zontal line on (D). 

When caliper is opened fwe will assume that it 
is closed), turn thimble (E) to the left. If it is 
turned one complete revolution, then the (O) line 
on (E) would have revolved from the horizontal 
line on (D) back again, and one vertical line will 
then be visible on (D) which represents a space of 
twenty-five one-thousandths (.025") of an inch 
from (B) to the end of (C) (where all measurements 
are made). 

The reason for this is the fact that the spindle (C) 
and thimble (E) are revolved on threads which are 
cut 40 to the inch, and a complete turn represents a 
movement of (C). of 1/40 of an inch, which, ex¬ 
pressed in decimals, equals .025" (twenty-five one- 
thousandths) 25/1000=1/40. 

Each line, therefore, on (D) which is exposed by 
the bevel edge of thimble (£) as the (^iper is 
opened, represents .026" or 1/40 of an inch. Every 
fourth line is longer, and is numbered, 1, 2, 3, 4, etc. 
Therefore, if the fourth line with the number 1 on 

(D) is visible at the edge of (E), then we should have 
an opening at (B) to (C) of 4 x .025", or .100", or 
4/40, or 1/10 inch. If eight lines on (D) were visible, 
tlie eighth line would be numbered 2, and wo should 
have an opening of 8 x .025", or .200", or 8/40 of an 
inch, which is also equal to 1/5". 

Any fractional part of a complete revolution of 

(E) will be read on the edge of thimble (E). For 
instance, suppose thimble (E) is not revolved a com¬ 
plete revolution, but only a portion of a revolution. 
We know that a complete revolution of (E) repre¬ 
sents .025"; therefore there are 25 divisions or lines 
on the bevel edge of (E), an equal distance apart, 
and every fifth line is numbered, from 0 to 25. 
Rotating the thimble (E) from one of these marks to 
the next, moves spindle (C) longitudinally 1/25 of 
twenty-five one-thou.sandths, or one one-thousandth 
(.001) of an inch, and this is where we get the read¬ 
ing in one-thousandths (.001). 

For example, see Fig. 1: There are seven vertical lines (do 
not count the O line) visible on (D). Multiply this by .02.'> 
(7 X .025 = .175), then add the numoer of divisions or lines from 
(O) (do not count the O line) on thimble (E) to the horizontal 
line on (D), and we have 3 divisions or lines (each line repre¬ 
sents .001). Therefore, wo have a space from (B) to the end 
of (C) of (.178") one-hundred and seventy-eight one-thou¬ 
sandths of an inch (7 x .025 = .1754'.003 = .178"). 

The outside micrometer caliper (Fig. 2) is used 
for measuring the outside diameter of pistons, etc. 
Note that the frame is much deeper, which is neces¬ 
sary, so that there may be room to place the caliper 
over the piston. 



Fig. 2. Outside micrometer caliper. 


The usual diameter of pistons for automobile 
engines varies from 2" to 5" diameter. In order to 
measure pistons from 2" to 5" diameter, it is neces¬ 
sary to have three micrometer calipers (see list, 
page 701), as each caliper reads only for 1" meas¬ 
urement. In other words, the movement ot (C) 
(Fig. 2) is only 1 inch. This 1" movement can be 


read in thousandths of an inch, as explained in con¬ 
nection with Fig. 1. 

For instance, on a caliper designed for 2" to 3". 
the permanent open space between end of (C) ana 
(B) would be 2" when the caliper was closed. Thus 
the micrometer reading in thousandths of an inch 
would be between 2 to 3 inches. This also applies 
to the 3" to 4" and 4" to 5" micrometer caliper. 
See reference to No. 226,3" to 5" calipers, page 701. 



Fig. 3. Inside micrometer caliper. 


To rea(l the inside micrometer caliper 

the same method is used. However, bear 
that in order to read the measurement of a cylinder, 
which, say, is 4.080" (four and eighty one-thou¬ 
sandths of an inch in diameter), we should place an 
extension bar in the end of (C) (bars of different 
lengths are supplied with inside micrometer cali- 
jxirs). Then open the caliper slightly more than 
the required amount. Then close the caliper gradu¬ 
ally until it will go into the cylinder freely. Then 
gradually open it until the edge of (F) touches the 
cylinder wall on one side and the end of the bar on 
the other side. Remove and note the reading 
(note that (F) is i)ointed, as is also the end of the 
extension rod which fits into (C), in order that they 
conform with the curvature of the cylinder). 

The reading on Fig. 3 show? three lines exposed on (D). 
The third line is hardly visible, but the bevel edge of (E) is 
just exposing the third line on (D). In fact, the spaces be¬ 
tween lines IS more often count^ than the lines themselves. 
Do not count line (O). Therefore as each lino on (D) repre¬ 
sents .02.5", we have 3 x .025 = .075 on (D). Then count the 
number of lines from the (O) line on (E) (at bottom), to the 
horizontal line on (D), counting each line as .001", and we have 
6 lines, or .(K)5; therefore we have a reading of .080" (3 x .026 = 
.075-b.005 = .080"). 


(Fig. 3), 
in uind 



Fig. 3A 


Fig. .3A. Starrett No. 462 cylinder ^uge for 
measuring inside of cylinders. It will deter¬ 
mine a variation of bore of cylinder; or whether 
tapered, out-of-round, or scored cylinders. 
Measures one one-thousandth part of an inch 
and from 2^" to 6" diameters. Price 315.00. 





Fig. 4 


Fig. 5 


Fig. 4. The Vernier micrometer caliper has a third scale 
and reads one ten-thousandth. To read, note the thou¬ 
sandths as in the ordinary caliper (Fig. 1); then observe the 
numbered line on (D) which coincides with the line on (E). If 
it is the lino marked (1), add one ten-thousandth; if it is the 
fine marked (2), add two ten-thousandths, etc. 

Fig. 6. A thickness gauge; This tool is used for measuring 
the clearance of valve stems, spark-nltig and interrupter points, 
etc. as mentioned on page 701 (No. 72 and 172A thickness 
gauge). This is the No. <2, and has 22 leaves which vary in 
mickness from .004" (four one-thousandths) to .026" (twenty- 
five one-thousand the) of aninoh. See page 701 for desoriptioa 
of the No. 172A gauge. 
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SYMBOLS OF DEGREES, MINUTES, SECONDS, INCHES, AND FEET 


It will be observed that the same designations 
which stand for inches are also used for seconds, 
and those for feet are also used for minutes. 


Degrees 

A degree is a unit employed in measuring angles, 
and is the ninetieth part of a right angle or one 
three-hundred and sixtieth part of a circle. 

The explanation of degrees is riven on page 60. 
See also pages 68 and 69 for Converting degrees 
into inches.” 


A circle is 360® around its circumference. If 
divided into 360 equal parts, each part would repre¬ 
sent 1 degree, designated as 1®. 

We can divide each degree into 60 parts called 
“minutes/* and each minute can be divided into 60 
parts called “seconds.” One minute would be 
designated thus (!') and one second thus (1”). 

Signs or Symbols of Inches, Feet, Minutes, and 
Seconds 

The sign for inches or seconds is (”) as 6”. 

The sign for feet or minutes is (') as 6'. 


MISCELLANEOUS SMALL MEASURING TOOLS AND GAUGES 



Fi«. 6. Dividers are used to lay oflf circles and distances on 
metal, for drilling, etc. 

Fig. 7. Inside calipers are used for measuring inside di¬ 
ameters, such as cylinders, bearing, etc. The points of a 
caliper are then placed on a machinist’s rule and the measure¬ 
ment is noted. 


Fig. 8. Outside calipers are used for measuring exterior 
diameters, such as drill taps, etc. The caliper is adjustable, 
and after the measurement is taken the points of the caliper 
are placed on a rule or scale to find the measurement in inches 
or the fraction thereof. 


Caliper dividers are made unth and without springs. The 
spring is an advantage, however, inasmuch as when once set, 
they retain their setting. 



Fig. 0. A machinist’s steel rule or scale is of thin tempered 
steel and comes in lengths from 2" to 24". The popular siae 
is 6", with graduations reading sixty-fourths and thirty-Mconds 
of an inch on one side and sixteenths and eighths of an inch on 
the other side. They can also bo obtained gr^uated in tenths 
and hundredths of an inch, as well as in millimeters. 



Fig. 10. A pocket slid¬ 
ing rule, also called a 
caliper rule, usually made 
in 3" lengths; naduated 
in thirty-seconds on one 
side, and in sixty-fourths 
on the other. Handy 
for measuring sheet or bar 
stock, wire, tubing, etc. 

Fig. 11. A hook rule 
for measuring the diame¬ 
ter of flanges or circular 
pieces, through the hubs 
of pulleys, setting calipers 
or dividers, etc. 




Fig. 12. A fcriber. used for scribing fine lines on planed 
surfaces of iron or steel, such as timing marks on fly wheels, etc. 
The points are of tempered tool steel. 


I . Starrett book described on page 718. 

Devices of this kind and other tools shown can be obtained of 
leading supply houses; If not, write L. Starrett Co., Athol, 

hdlM* 



Fig. 14. Spirit level, 
used for lining up 
pistons, connecting 

-rods, etc., when used in 

conjunction with a steel square. Also used for finding grades. 


Fig. 15. A speed 
indicator, or revolution 
counter, as it is some¬ 
times called, is a neces¬ 
sity in high-speed work. 
The dial can be set at 
the 0 niark, and when 
timed with a watch for 
a minute or fraction 
thereof, will indicate the 
total number of revolu¬ 
tions made by the crank shaft, line shaft, motor, or generator. 




Fig. 16. Screw pitch 
gauge for determining 
the number of threads 
to the inch on bolts, 
taps, etc. The shape 
of the blades makes it 
applicable also for in¬ 
serting in nuts and bolt 
holes. Sizes and deci¬ 
mal equivalents are 
stfimped on each blade. 
This particular tool is 
made in pocket-knife 
form. 


Dial Gauges^ 

Primarily, dial gages are not instruments for making measure¬ 
ments, as they do not ordinarily directly indicate (lisitance. 
They do indicate differences in sizes within their range. 

In combination with a micrometer, however, they can be 
used to measure exact distance. 


The dial gage is a great help in testing shafts for alignment 
P'lg. 16B and Fig. 29, page 792); for testing cylinder bores 
for roundness and taper (page 8U) ; for testing bearing bores. 

In any of these jobs, the dial gage indicates directly to within 
001" the alignment or roundness of the article being tested. 
In the hands of a skilled man, the instrument can be read to 
within .0002,5". The dial gage is exten.sively used in manu¬ 
facturing and 18 rapidly being found a necessity in service work. 

Dial test indicators may be used to advantage in connection 
with straightening crankshafts, determining amount of shim to 
insert or remove, determining taper, checking play in bearings, 
reboring work, lining up Ford magneto coil assembly, etc. 



1 QA r ^ ata^ett universal dial test Indicator, No. 

196. Circumference of dial is divided into KX) equal spaces, 
^ch reprinting a movement of the contact point of one- 
thousandth of an inch. One revolution of hand therefore 
indi(»t€« one-^nth of an inch, capacity of instrument being 
twe^tenths. Fig, 16B. Dial test indicator being us^ in con¬ 
nection with straightening a crankshaft. Fig. iSC. Dial test 
cUtoeoUalringgw ®®““®ction with testing alignment ol 
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Wire and Sheet-Metal Gauges 

Standard sauees for wire and sheet metal: The standards 
were originated oy the various plate and wire manufacturers, 
thus causing several standards to be recognized. 

To avoid confusion it would be well, when ordering wire or 
sheet metal, to specify the diameter or thickness in dimensions 
of an inch. If this is not possible, and a wire or sheet-metal 
gauge can be used, gauge the stock, and when ordering, specify 
the gauge number and the name of the gauge. 

There are three 
standards in general 
use, and they ml look 
very mucli like that 
shown in Fig. 17. 

The “United States 
Standard Gau|;e“ for 
sheet and plate iron and 
steel was legalized by 
Act of Congress, March 
3, 1893, as a standard 
gauge to be used by the 
custom-house ^ depart- 
xricnt for sheet iron and 
steel. This gauge is 
now the adopted stand¬ 
ard of the tin-plate 
manufacturers, there 
being about forty-five 
nianufacturers using it for their steel. The number of this 
gauge is No. 283. 

The steel-wire gauge is known as the “American Steel and 
Wire Gauge,” as well as the "W and M Standard” (Washburn 
and Moen Standard). This gauge is applied to all steel wire 
upon the recommendation of the Bureau of Standards at 
Washington (No. 287). 

The American Standard Wire Gauge is the gauge usually 
recognized in the Unite<l States as the standard for copper 
wires and wires of metals other than steel (No. 281). 

No confusion should be encountered between these two 

gauges; that is, the “Steel Wire Gaxige” is used only to gauge 
steeT wire, and the “American Wire Gauge” is used on copper 
wire and wires of metals other than steel. 

Before using these gauges the material to be gauged shotild 
be cleaned thoroughly of all rust and grit. A gauge is then 
applied, and tests of the dilTerent gauge slots are made until 
one is found that fits the material snugly. Never force the 
gauge on the material. By doing this the gauge may be sprung, 
which will cause it to be inaccurate. When gauging a alieet or 
plate, file off the edges smooth to eliminate danger of error in 
engaging. 

Tap and Drill Gauge 

By the use of this gauge one is enabled to select 
at once the right-sized drill, to suit tho machine 
screw taps most commonly used, leaving just stock 
enough lor the tap to cut as near a full tliread as is 
practical without breaking it, thus saving much 
time and uncertainty of result attending the former 
crude ways of selection. 

Explanation of illustration (Fig. 18): The first row 
of figures, for instance, reads thus, 14 x 20 10 H. 
The number 14 (in the first row of figures) means 
the number or size of the tap; 20, the pitch or num¬ 
ber of threads per inch; 10, the size of drill to use 
which will leave the right stock for proper thread; 
and the size of drill to use to let this tap or screw 
througn outside of the thread. 

The figures—1, etc., up to 60—designate the 
number of drill (the size agreeing with the holes). 
Other figures, 228, 221, etc., designate the size of 
the hole in thousandtlis of an inch. 

Example: Suppose you had a cap screw of a cer¬ 
tain size and you found that it required a 10 x 32 
tap. First find the tap size 10 x 32 in the first column 
to the left (on the drill gauge). Referring to the 
second column (tap-drill size), you will find that a 
drill is reauired of such size as will be a snug fit in 
the No. 20 hole. Referring to the No. 20 hole you 
will note that it has the decimal .161 under it. 



Fig. 18 


This is the diameter in thousandths of an inch ol 
the drill to use, and is the proper size for tapping, 
to insure a full thread. 

Suppose, however, that in this particular job you 
were fastening a bracket or brace to the frame of 
the cha.ssis. It would then be necessary to drill 
a hole large enough through the bracket so that the 
screw would pass through it (as there would be no 
threads required in this piece). Referring to the 
third column (body size of cap screw), you will find 
after the figures 10 x 32 20, the figure 9, thus the 
proper size drill to use is the one that is a snug fit 
in the No. 9 hole, and under hole 9, the decimal size 
is .196 (196 one-thousandths). By referring to 
the table on page 702 of Decimal Equivalents, tbe 
nearest size of the drill to use can be found. 

In selecting a drill to drill a hole (whose diameter 
is expressed in thousandths), always select the near¬ 
est size to it, preferably a size or two lar^r. As 
an example, take the decimals above: the fitst one 
was 161 thousandths. Referring to the table on 
page 702, you will fmd that the nearest decimal to 
this is 171 thousandths. Thus this is equivalent to 
a 11/64 drill. 

The second decimal was 196 thousandths, and 
we find that the nearest size to this is 203 thou¬ 
sandths, equivalent to a 13/64 drill. 

If you select a size smaller instead of larger, you 
run cnances of breaking the tap when trying to cut 
the threads, esp^ially in hard or very thick metals. 
As long as there is 75 per cent of the thread available, 
the thread will be stronger than the bolt itself, and 
so there is no harm done by having the hole a 
trifle larger. 
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BOLTS, SCREWS, AND NUTS 


Nuts are not usually used on cap^ews, as the 
capscrew is generally screwed right into the metal 
part. However, nuts can be put on to them, and 
they can be used in place of bolts. 



Fig. 19. A hexagon nut. 

Fig. 20. A *‘castellated** nut. The castellated nut Is 
•lotted to take a cotter pin to prevent it coming loose. 


Fig. 21. U. S. S. (United States Standard) capscrew and 
bolt thread. 


Fig. 22. S. A. E. Standard cap screw and bolt thread. 
These exaggerated illustrations are intended to show the only 
difference between a U. S. S. capscrew and an »S. A. E. capscrew 
—which is in the thread. Note that in this illustration (S.A.E.) 
the thread is much finer. Therefore there are more threads 
per inch. 

By referring to Table 4 (page 697) it will be seen that a 
U. S. S. capscrew has 20 threads per inch; whereas a 
8. A. E. capscrew (Table 3, page 697) has 28 threads per inch. 



Fig. 23. Illustrations showing the different kinds of bolts 
and screws. The square-head capscrew is seldom used for 
automobile work. 


Bolts always have nuts on them, either square or 
hexagon, and in most cases the nuts are larger than 
the head and consequently take a different size 
wrench. For instance, a % machine bolt has a 
11/16" head and a H nut; whereas an S. A. E. 

capscrew has a 9/16" head (see page 697, Table 3). 

The measurement for the diameter of a bolt or 
screw is taken just below the head, where the metal 
is full diameter. If measured across the threaded 
part, they will be found to be of slightly less diam¬ 
eter, owing to the "flat" (see Fig. 27, page 707). 

U« S, S, and S. A. £. Bolt and Cap Screws* 

The U. S. S. and S. A. E. capscrews are alike in 
aU respects, with the exception of the pitch diameter 
and the number of threads per inch. By referring 
to table No. 5, page 709, you will notice the 
number of threaos to the mch on the S. A. E. is 
more than on the U. S. S. (table 4). 

On the automobile we find bolts are used on the 
springs and various parts. In fact there is hardly a 
part of the entire mechanism that does not have its 
quota of bolts, capscrews, machine screws, or car¬ 
riage bolts (the latter used for holding the body to 
the frame). Stove bolts are used frequently for 
fender and drip pans. 

DilTerence between Bolts and Cap Screws 

The difference between a capscrew and a machine 
bolt lies mostly in the method of manufacture. 

In making a capscrew, the usual method is to out 
off a piece of the required length, from a piece of 
steel of hex^on shape and of the size required for 
the head. Tne piece is then turned down to the 
size required for the body, and a thread is cut on it 
(or it is milled). 

In making a machine bolt, the stock is cut from a 
bar of round steel of the r^uired diameter of the 
body, and the head is then formed by a process called 
‘^upskting." The machine bolt has a slightly larger 
diameter head than the capscrew, but the threads 
are identical in both. 


The only difference between an S. A. E. bolt and 

an S. A. E. capscrew is in the amount of thread cut 
on it. The size and shape of the head are the same 
and the number of threads per inch is the same. 

The difference between a U. S. S. bolt and a 
TJ. S. S. c^screw is also in the length of thread and 
the size of head. The thread on a capscrew is run 
down nearly to the head, while on a Dolt it is run 
down only about one-third of its length. The heads 
differ in that the bolt head is larger than the cap¬ 
screw head. 


The difference between a machine screw and a 
machine bolt is mostly in the shape of tlie head. 
The screw has either a round or a flat head, but never 
a hexagon head, and differs in the further respect 
that the head is slotted for the reception of a screw¬ 
driver. 

A wrench that fits a U. S. 8. capscrew will fit an 
S. A. E. capscrew, because the heads are of the same 
size. 

A wrench that fits a U. S. S. machine bolt will not 
fit an S. A. E. capscrew, because the U. 8. S. bolt 
head is larger. 

A wrench that fits a U. S. S. capscrew will fit an 
S. A. E. machine bolt, because the S. A. E. bolts 
have the same heads as capscrews. 

A wrench suitable to fit any and all of those men¬ 
tioned above is the adjustable S-wrench, and open 
wrenches in sets. 

Studs, Taper Pins, and Set Screws 

Studs are usually placed in the top of cylinders 
with detachable heads. The cylinder head is 
slipped over the studs and fastened down with 
hexagon nuts. They are also used on top of the 
crank case. 

Taper pins require taper pin reamers—a reamer 
must always match the pin (see Index for a 


* Rsfsrs to old standards* See footnotes pp. 707,697 for the new screw thread standards. 
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taper pin reamer). Taper pins are used for locking 
collars to shafts (where keys cannot be conveniently 
used), and for various other purposes. 

Set screws are usually cut full, so as to fit tight 
in the part to be held. They are either pointed or 
cupped at their lower ends, and are either sauare 
headed or slotted. In using, set up tight and tap 


them directly on top with a light hammer, then 
tighten again. This will set the point or cup in 
the shaft. The threads are always U. S. Standard. 

When driving out bolts that are to be used again^ 

strike the hardest blow you can, and use a heavy 
hammer. Light blows and the use of a small 
hammer will upset or rivet the bolt. 


THREADS 


The two principal threads with which the repair¬ 
man or mechanic should familiarize himself are tlie 
bolt thread and the pipe thread. A little study and 
use of the various sizes will enable him to know the 
particular kind and size by merely looking at it. A 
comparative dilTerence in size between a bolt tap 
and a pipe tap is shown in Figs. 38 and 39, page 710. 

Note how much larger a jiipe tap is than a 
% bolt tap. This is due to the fact that a pipe 
is measured on the inside and twice the thickness of 
the metal (of which the pipe is made) must be added 
to the to get the diameter required. In the bolt 
tap the measurement is taken on the outside, 
consequently the tap is of i)ractically the same 
diameter as the bolt. See also, Fig. 24, page 700, 
for pipe dies and outside and inside dimensions of 
pipes. 

Explanation of the Meaning of Threads 

Note the original size of stock on which the thread 
was cut in Fig. 24. Then note the meaning of 
‘^angle,” “j)itch,” and ‘'V-thread.” The “root diam¬ 



Fig. 25 Fig. 26 Fig. 27 


Fig. 25. The sharp V-thread (U. S. S.). 

Fig. 26. Whitworth’s standard (oval). Note that the thread 
does not come to a point at either top or bottom. 

Fig. 27. The U. S. 8. (United States Standard) and 8. A. E. 
thread. Note the flat at top of thread. This is also called 
the A. S. M. E. thread. 


U-PITCH -j 




Fig. 29 



Fig. 2S. Explains the meaning of "pitch,” "angle,” and 
"flat.” The "pitch” i.s the distance from one thread to another. 
The "angle” is the degree of slope, and is usually 60°, except 
Whitworth, which is 5.")°. The "flat” is the top of the thread 
coming to a flat instead of to a point. 


Fig. 29. The number of threads to an inch can be measured 
as here shown, or with a screw-pit eh gauge a.s in Fig. 16, page 704. 
The pitch is the number of threads per inch. A screw-piteh 
gauge is a quicker and more accurate method for finding the 
number of threads per inch. 


U. S. S. and S. A. E. Threads Used Alost* 


eter” i.s measured from the base of threads and 
the “basic diameter’* is measured from the top of 
fiats (used in this illustration lU Tcly to explain its 
meaning). 

Root Diameter Determines Drill Size 

Root diameter means the diameter of the bolt 
measured from the bottom of one thread to the bot¬ 
tom of the thread diametrically across from it, and 
is the measurement that must be taken into account 
when figuring the working strength of the bolt, and is 
the diameter that gives you the drill size. 

In practice the drill size is a little larger, so that 
after a thread is cut, it will be found that it is not 
really a full thread, but is full enough for all prac¬ 
tical purposes if drill is not unnecessarily large. 

The sharp V-thread (Fig. 25) with its razor-like 
edge, is a tnread the manufacturers do not favor. 
The flat thread (Fig. 27) is the one favored. 

The length of a thread on a capscrew is more than 
on a bolt. 


The threads most commonly used in this country 
are the United States Standard and the S. A. E., 
formerly A. L. A. M. This latter is the standard 
adopted by the Society of Automotive Engineers 
for automobile work. 

The diameter and angle of the S. A. £. thread is 
the same as the U. S. Standard^ the only difference 
being that the S. A. E. thread is of finer pitch (see 
Fig. 22, page 706), or more threads to the inch. 

Take, for instance, a U. S. Standard screw. 
It has 20 threads per inch, while a }4" S, A. E. screw 
has 28 threads per inch (see Tables 4 and 5, page 709). 

This finer thread has been found by experience 
and tests to have several advantages over the coarse 
U. S. S. thread in auto construction, one of which is 
in meeting the incessant vibration to which a fast- 
moving automobile is subjected. A nut with 
fine threads takes more revolutions or turns to 
remove it than one with coarse threads, and the 
chances are that were the threads coarse, the nut 
would be far more likely to be lost, whereas the fine- 
thread nut with the same number of turns would be 
only loose. There are various other reasons, of as 
much or more importance, which led the manufae- 
turers to adopt this finer tnread. 


* Refers to old standards. 

American National Coarse (. ‘ 

Nt’l Fine ( NF) —formerly ^_. 

(jy^F)—formerly 8. A.E. Fine. Although there are other threads the (NC) and (NF) are commonly used for auto use. The (NBF) was 
adoptM p Htnan Ty for soTonautio use. See also fn. pp. 700,607. Starrett book p. 7tS givesinformation on threads, drills, tap sises, etc. 
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The fine thread is nearly always used where hard¬ 
ened material is employed (such as case hardened), 
and the coarser thread where soft material is used, 
such as aluminum, brass, bronze, etc. 

Other thread standards used somewhat in this 
country (although they are made principally for 
foreign business) are the Whitworth Standard (Fig. 
26) and the metric or French standard (not illus¬ 
trated). 

Pipe Threads 

The Briggs Standard (Table 6) is for pipe work 
only, and has no connection with capscrews or bolts. 

Pitch of thread: By this is meant the number of 
threads per inch, or the distance from the top of 
one thread to the top of the next. This pitch is 
always the same for the same size bolt, nut, tap, or 
die of the same standard. 

To Find the Pitch or Threads per Inch 

To find the pitch of a screw when a thread gauge 
is not convenient, place a scale on the screw (Fig. 
29), so that the end of the scale is opposite the top 
point of any thread; count the number of spaces 
under the scale between the threads, for a distance 
of one inch, viz.: there are eight spaces underneath 
the scale in one inch, therefore the screw is 
pitch or eight threads per inch. 

Another method is to place the scale as shown in 
Fig. 29, and count the top of the threads for a dis¬ 
tance of one inch, omitting one thread. The reason 
for omitting one thread may be seen by following 
the two dotted lines drawn from the top point of 
the first and ninth threads; count the number of 
complete threads between the dotted lines at the 
bottom of the screw, and you vriW find it to be 
eight. 

Pitch angle: By this is meant the angle or degree 
of slope that the sides of the individual threads 
have, and is always 60° in the various standards, 
with the exception of the Whitworth which has d 5°. 
This angle is clearly shown in Fig, 26. 

Flats: See Fig. 27; note that U. S. S. and S. A. E. 
use this thread, but while the angle and flat are the 
same, the S. A. E. is of finer pitch, or more threads 
per inch. 

In Tables 4 and 5, page 709, a tabulation is given 
of sizes and threads per inch, from Y" to 1" for 
U. S. and the S. A. E. standards, and also the drill 
size to use for drilling a hole preparatory to tapping 
or cutting the threads. 

Size of Tap and Drill to Use for U. S. S. Threads 
Expressed in Decimals 

The sizes of tap and drill to use for U. S. S. 

(United States Standard) or A. S. M. E. (American 
&)ciety of Mechanical Engineers) screw thread, 
are given in Table 3 this page. 

The first and sixth columns give the size of tap 
designated in number; the second and seventh 
columns, the outside diameter of tap; the third and 
eighth columns, the number of threads per inch: 
the fourth and ninth columns, the size of drill 
expressed in decimal parts of an inch; the fifth and 
tenth columns, the number, or size, of drill which is 
necessary to drill the hole for the tap. Those sizes 
marked (-h) are most commonly used. 

Example: Suppose that on the tap the numbers 
1^20 appeared. This would mean that the tap 
number was 14, and 20 is the number of threads per 


inch. Therefore by referring to the sixth and tenth 
columns, the size of tap to use would be No. 14 and 
the size of drill to use for this tap would be No. 10 
drill which is .1932" in diameter. See page 712, 
explaining drill numbers and page 711, explaining 
tap numbers. 

Note. A yi" S. A. E. tap is larger in diameter than a U.8.S. 
tap, due to the difference in the root diameter of the bolt 
or screw. See page 707, explaining root and basic diameter. 

How drills are designated: Refer to Table 7 
page 712, which explains how certain sizes of drills 
are lettered instead of numbered, etc. 


Table 3 


Site 

Tap 

Out. 

side 

Diam 

Threads 
per Inch 

Nearest Com* 
mercial Site Drill 
producing 75% 
depth of thread Sue 

Out- 

side 

Otam 

Threads 
per inch 

Nearest Com¬ 
mercial Site Drill 
producintt 75% 
depth of thread 

Inch 

Dectmale 

Com¬ 

mercial 

Desig¬ 

nation 

of 

Tap 

Inch 

Decimals 

Com¬ 

mercial 

Desig¬ 

nation 

0 

.060 

80 

0478 


9 

177 

24 

1364 

29 

1 

.073 

72 

0595 

53 

♦10 

.190 

32 

.1610 

21 

1 

.073 

64 

0577 

54 

10 

190 

30 

1575 

21 

2 

.086 

64 

0707 

50 

♦10 

190 

24 

.1496 

25 

+2 

.086 

56 

0686 

53 

12 

216 

28 

.1812 

14 

3 

.099 

56 

.0816 

45 

♦12 

.216 

24 

.1754 

16 

+3 

.099 

48 

.0786 

47 

14 

.242 

24 

.2014 

7 

4 

.112 

48 

.0916 

42 

♦14 

.242 

20 

1932 

10 

4 

.112 

40 

.0876 

43 

16 

268 

22 

.2237 

1 

+4 

.122 

36 

0849 

44 

16 

.268 

20 

2192 


5 

.125 

44 

.1028 

37 

18 

.294 

20 

.2452 

D 

5 ! 

125 

40 

1006 

38 

18 

.294 

18 

.2398 

C 

3 

125 

36 

.0979 

; 40 

20 , 

.320 

20 

.2712 

1 

6 1 

138 

40 

.1136 

; 33 

»«0 

‘.320 

18 

.2658 

H 

6 

.138 

36 

1109 

34 

22 

.346 

18 

.2918 

M 

+ 6 ! 

.138 

32 

.1075 

36 

22 

.346 

16 

.2851 

K 

7 

.151 

36 

.1239 


24 

.372 

18 

.3178 

O 

7 1 

.151 

32 

.1205 

31 

♦24 

.372 

16 

.3111 

V' 

7 

.151 

30 

.1185 

31 

26 

.398 

16 

.3.331 

R 

& ! 

.164 

36 

.1369 

28 

26 

.398 

14 

.3284 


+8 

.164 

32 

.1335 

29 

28 

.424 

16 

.3631 

U 

8 

164 

30 

.1315 

30 

28 

,424 

14 

.3544 

T 


.177 

32 

1465 

26 

30 

.450 

16 

.3891 


9 

.177 

30 

.1445 

27 

30 

.450 

14 

.3804 

V 


Note. A common nut, drilled out .so that it contains only 
50 per cent of a full-depth thread will break the bolt before it 
will strip. 


A 75 per cent depth of thread yields an ample margin of 
safety (2 to 1), and is economical in tapping. 

A full depth of thread in a common nut is only about 5 per 
cent stronger than a 75 per cent depth of thread; yet it requires 
three times the power to lap. 

Size of Tap and Drill to Use for U. S. S. Threads 
Expressed in Fractions of an Inch 

Tap and drill sizes for U. S. S. threads: Table 4 
gives the diameter of the tap, the threads per inch, 
and the size drill to use (expressed in common frac¬ 
tions) for the tap. The diameter of the tap ex¬ 
presses the screw size. For instance, a J4" tap is for 
a Y" screw with 20 threads; therefore the size of 
drill to use would be 3/16", etc. 

To find what size and number tap to use for a 
Y" U* S* S. bolt with 20 threads to the inch: First 
find the decimal equivalent of Y inch (see page 702); 
Y inch is equal to 2/8 inch, so by looking in the 
column under heading of "Sths" Table 1 (page 702), 
you will find that Y (or 2/8) is equal to 250 one- 
thousandths, or decimal point 250. Referring 
back to Table 3, this page, find the nearest decimal. 


To find what would be the number of the drill for 
a Y'* U. S. S. tap, 20 threads to the inch: Proceed 
as in the previous instance. First find the decimal 
equivalent of Y inch. This you have found to be 
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n.S.S. Threads * 


Diam. 

Tap 

in 

Ins. 

Thds. 

per 

incti 

Size 

of 

DrUl 

Ins. 

Diam. 

Tap 

in 

Ins. 

Thds, 

per 

loch 

Size 

of 

Drill 

Ins. 

Diam. 

Tap 

in 

Ins. 

Thds. 

per 

Inch 

Size 

of 

Drill. 

Ins. 

H 

20 


% 

12 

P 


7 

1* 

H 

18 

H in. 

H 

il 

a 

IH 

6 

III 

H 

16 

H in. 

ii 

11 

li 

i‘A 

6 

Ul 

H 

14 

H in. 

y4. 

10 

Vb 





13 

J1 in. 

u 

10 

% 





12 

il in. 


9 

n 







tt 

0 

It 







1 

8 

li 








7 

n 





Table 4 


250 one-thousandths. The nearest decimal to this 
is in column No. 7, Table 3 (page 708), 

and the proper drill 
corresponding thereto is found in column No. 10 

You will notice by referring to Table 4 that a 3/10- 
inch drill will also answer. 

Note. The only difTerenoe in iisin^ one or the other of the 
varioun drills would ho in the fullness of the thread. The larger 
the drill, the loss depth of thread. You can readily see that by 
ii.sing a drill too large, you would cut away the metal that should 
go to make the thread, and, on the other hand, if you use a 
drill too small, you wo»dd not be able to enter the tap. See 
note at bottom of Table 3. 

Tap anfl Drill Size for S. A. E. Threads 

Tap and drill size for S. A. E.: Table 5 gives prac¬ 
tically the same information tis Table 4—but for 
S. A. E. capscrews. The first column gives the 
size of tap to use; the second column, the number 
of threads to the inch (pitch); the third column, 
the size of drill to use. 

To find what number of tap would be required, 
or the nutuber of drill, the procedure would be the 
same as in the case of Table 4. The diameier of 
drill and tap would be the same as for the U. S. S., 
but the number of threads per inch would be greater, 
as would also be the rout diameter. A comparison 


of the two drills for the 5/16" taps, for instance, will 
make this clear. 


Stove Bolt Threads 


Diameter 

Threads 

3/16" . 

.24 

K". .. 

.18 

5/16" . 

.18 

H" . 

.16 


Tap and Drill Size for Pipe Threads 

Tap and drill size for pipe threads: Table 6 gives 
the size of drill to use for a certain size of pipe tap. 
The Briggs standard is the one used in this country. 

Note that the threads on a pi^ tap are 18 
to the inch, whereas on the S. A. E. (Table 5) there 
are 28 threads to the inch, and on the U. S. S. 
(Table 4) there are 20 threads per inch. See also, 
page 700 for “Pipe specifications." 

The diameter of a pipe tap is larger than a stated 
size of any other tap (see page 710). 


S. A. E. Threads t Pipe Threads 


Diam. in. 

Pitch 

Tap Drill 

Size Tap 
Inches 

IBRIGCS STANDARD 







28 

No. 4 

Thread 

Drill 

H 

Vb 

K 

24 

iJJn. 

1} 



24 

20 


27 


Vi 

20 

%in. 

'4 

18 


% 

18 


H 

18 

% 

Vb 

18 

% 

% 

14 


% 

16 

It 




y* 

16 

*n. 

64 

K 

14 


Vb 

14,18 

U.U 

% 



1 

14 

St 

1 

11>i 

IH 


Table 6 


Table 6 


The size of a No. 4 drill, as shown in the third column of 
S. A. E. threads above (Table 5) can be found by referring to 
Table 8 (page 712). It is .207. The nearest decimal to this 
on page 702 is .203, or 13/64". 

Note that the S A.E. thread with 18 threads per inch ir 
for the S.A.E. spark plug. 


DIES AND TAPS 


Tap and die sets are shown on page G99, under 
Fig . 23, . An explanation as to how to 

select and use dies and taps is given below. 

Dies 

The subject of dies is really a part of the tap 
subject, inasmuch as where the one is used, the 
other must be used also. The tap cuts a thread on 
the inside and the die cuts the companion thread 
on the outside. Thus you would “tap a hole" or 
nut, and “nm a die over" a bolt or pii>e. 

Dies, as in the case of taps, are divided into two 
classes: pipe dies and bolt dies. 

The better grade of dies are adjustable as to size, 
that is, you can make them cut a little larger or a 
little smaller than “standard." This will be found 
to be of special value in repair work. 



Fig. 30. Cutting male threads is accomplished with a die 
and stook, or on a lathe. When a die and stock is used, jt is 
placed in a collet (C), and the collet and dio (CD) are then 
placed in a stock (S). This is worked over the part to be 
threaded. The llluatration shows a die and stock for cutting 
threada on machine screws. 

♦ The new designations are American National Coarcc {NC). 



Fig. 31. A screw plate or gunsmith’s stock and die. It cuta 
thre4Ml3 in the same manner as the one shown in Fig. 30, but 
there is no collet. Bicycle and also machinists’ and black¬ 
smiths’ dies are often made in this form. 

iiwMW T ' 

Fig. 32. A stock without die or collet 



Fig. 33 Fig. 34 » Fig. 35 Fig. 36 


Fig. 33. Die without collet. Fig. 34. Sectional view coUet 
and die. Fig. 35. Threads may ^o be cut on a lathe. Note 
the lathe tool cutting an outside, or male thread. Fig. 36, 
Note the lathe tool cutting an inside or female thread. The 
tool is held stationary—just the reverse of hand-cutting. 


Tables on this page refer to old standards—see fn. p. 707. 
fThe new designations are American National Fine (NF). 
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The solid die is non-adjustable, and, when worn, 
will not cut deep enough. As a consequence, the 
nut or fitting is nearly ruined by forcing it on. It 
sometimes happens that a cutting lip is oroken off; 
this necessitates the purchase of an entire new die, 
whereas in the adjustable die one can renew—^just 
the broken lip—at slight expense. 

How marked: Dies are marked as to size, num¬ 
ber of threads per inch, and whether right or left 
hand thread, designated by the letter R or L. In a 
great many instances it is both necessary and con¬ 
venient to cut a left-hand thread, and it is advisable 
to have a few of the most used sizes on hand. (A 
brake rod, for instance, where it screws into the 
turnbuckle, has a left-hand thread.) 

Dies and their corresponding taps are so made 
relative to the diameters at the top and bottom of 
thread, that when the nut is screwed on the bolt, the 
extreme tops do not touch one another. In other 
words, there is a small space allowed, called the 
“clearance” (about .002"). The real bearing sur¬ 
faces are the angular sides of the thread. This 
clearance space is accountable for the rust that is 
found in the threads of old bolts and nuts, and it is 
in this space that the kerosene soaks, when applied 
to loosen up a rusty nut. 

See page 699 for illustration of a set of dies of 
various sizes and also the stocks in which they are 
used, as well as tap wrenches. 

The stock is the holder for the die while cutting, 
and usually has removable handles. 

“Screw plate set” is a term used to express the 
entire outfit, as shown on page 699. Although we 
have shown Fig. 30 as a die and Fig. 31 as a screw 
plate, the term is used as stated above. 

Screw Taps 

Taps may be divided into two distinct groups: 
bolt and pipe taps. 

Machinists’ hand taps are used for cutting internal 
threads in metal, and are usually bought in sets of 
three, viz., taper, following, and bottoming, as 
shown in Fig. 37. 



oorroMiNo tap 


Fig. 37 


Pipe taps are used for cutting threads in pipe 
fittings and cutting threads for the insertion of 
pipes, pet cocks, drain plugs, etc. (see Fig. 39, also 
Table 6, Briggs standard, page 709). 


The taper tap (Fi^. 37), so called owing to its 
sides being tapered, is the one first used alter the 
hole is drUled. This is in reality a roughing tool, 
and does not give a full thread unless run all the 
way through. It is used for open work, such as 
the truing up of the threads in a nut, and also for 
tapping various parts of the chassis. 


The **following” tap (Fig. 37) is next used, and. 
in the majerity of cases, is all that will be required 


to finish the tapping process. Where tapping is 
done in solid metal, this is the one generallv used. 
If threads are desired clear to the bottom of the solid 
work, then the “bottoming” tap is used. 

The “bottoming” tap (Fig. 37): In manv in¬ 
stances, the thickness of the metal is such that a 
tap cannot be run in far enough to cut a complete 
thread all the way to the bottom of the hole. It is 
therefore necessary to use the bottoming tap. 
There is no taper to this tool, consequently it cuts 
full size from start to finish, and the thread must be 
started with one of the other taps first. 

Flutes: This term applies to the grooves cut in 
the sides of taps for the reception of iron cuttings 
or chips and any foreign matter that might be 
present while cutting. It is the almost universal 
practice to make taps with four flutes, as shown in 
the end view of Fig. 4.5 (page 711). This makes 
it convenient to caliper the diameter, which other¬ 
wise could not be so easily done if there were five 
or any other odd number of flutes. 



Fig. 38. A machinist’s tap. 



Fig. 39. A pipe tap. 


Figs. 38 and 39 are intended to siiow thf* comparative differ¬ 
ence in size between a machinist’s hand tap and /s" 
pipe tap, as explained in the text. 

U. S. S. and S. A. E. Taps 

Sizes of tap: After the proper size of liole is drilled, 
it will then be in order to get tlie proper size and 
standard of tap necessary to cut the thread. 

Suppose, for example, you wished to tap a hole to 
fit a 8. A. E. screw. If you drilled the hole of 
such a size as called for in Table 5, page 709, you 
would have used a 21/64” drill. Therefore you 
would call for a S. A. K. tap. 

If the bolt or stud was the U. S. Standard Js" 
size, use a 5/16” drill, as in Table 4. Note tliat the 
S. A. E. tap is 1/64” larger than the U. S. S. (page 
709) and use a y” Standard taf). 

If, on the other hand, you are working on a 
pipe job instead of a bolt job, you would have used 
a 9/16” drill (see Table 6, page 709). Therefore 
use a pipe tap. Notice that the drill used for 
a pipe tap is nearly twii^e as large as that used 
for a standard bolt of the same size (sec Figs. 38 
and 39, above, for relative size). 

How Taps are Marked 

You will find on all taps at.least two marks: They 
refer to the diameter and to the threads per inch. 
Thus, a tap marked 34-20 or 34-28 will denote that 
the tap is for 34'^ size nut or hole, and has 20 or 28 
threads per inch. The 34-20 is a U. S. S. tap, and 
the J4-28 is an S. A. E. tap. 

A great many taps are marked with a number 
instead of a fraction, thus: 14-20, means that the 
number of the tap is 14 and the threads are 20 to 
the inch. 














PRECISION TOOLS FOR THE MECHANIC; HOW TO USE THEM 711 


In Table 3 (page 708) is shown a complete list 
of tap numbers from 0 to 30. Those marked with a 
-f mark are the sizes most used for ordinary work. 
The table also gives the proper size of drill to use 
with the various taps. The dimensions are given 
in thousandths of an inch. By referring to 
Table 1 of ‘‘Decimal Equivalents” (page 702), you 
can get the proper size in fractions of an inch. 

Tap Sizes 

Sizes of numbered taps: Taps from No. 1 to No. 
30 run from 1/16” to 7/16” outside diameter, varying 
approximately by thirty-seconds. 

Numbers above 30 are marked according to the 
size and thread; for instance, a 3/$” tap (U. S. S.) 
would be marked Jirl3, meaning 3^” size and 13 
threads to the inch. When taps are marked in 
this manner, they run from 3^” to 1”, varying in 
1/16” sizes, or fractional parts of an inch. 

Size of taps most used: A set for small work 
would be from No. 1 to No. 30 (page 708, Table 3), 
which runs from 1/16” to‘7/16” with variations by 
sixteenths, then from 3^” to 1”, varying in eighths 
of an inch. Taps arc seldom used over 1” for 
general auto work. 

Special Taps for Spark Plugs 

For regulfu- 3^” size (Fig. 13, page 23o), with 14 
threads per inch, use the regular standard pipe 
tap and a drill 11/16” (see Table 6, page 709). 

For S. A. E. J^” size, with 18 threads per inch, 
use the 8. A. E. “special spark-plug tap.” 
Note, by referring to Table 5, page 709, that the 
standard J/s” 8. A. E. screw tap has 14 threads, and 
the 8. A. E. spark plug has 18 threads. It is for 
this reason that a special tap is required. A 13/16” 
drill is the proper size to use. 

The metric 18 m.m. size uses the metric 18 m.m. 
spark-plug lap (French standard). 

See page 235 for 8. A. E. spark-plug dimensions, 
and page 236 for spark-plug gaskets. 

IIow lo Use Taps^ 

Before using a tap, the hole must be drilled to 
the proper size. Never use a monkey wrench or an 
8-wrench unless in a tight corner, as there is a 
liability of breaking the tap. 

Get the work perfectly level and rigid before 
starting the tapping, and start the tap true. 

When the tap is caught, sight or use a square (Fig. 
40) to see if it is true; if not, turn the tap backward, 
and then forward, pressing in the direction required 
to straighten on the forward stroke only. 

Start the taping with a No. 1 tap, or “taper tap,” 
followed by the No. 2 or “following” tap, and if 
threads are desired a little large, or particularly 
clean, and to the bottom of a hole, then use the 
“bottoming,” or No. 3 tap. (See page 710 for the 
meaning of “taper,” “following,” and “bottoming” 
taps.) Fig. 41 above also shows the three taps. 




Lard oil should always be used on taps, or dies, 
never a mineral oil. 

Brass or cast iron requires little oil; steel, a con¬ 
tinued application, and the tap should not be forced 
during the cutting. If the tap sticks, backing off 
and starting over will usually permit the tapping to 
be done with little exertion. 

Several methods are employed to make a tap cut 
oversize. One is to pack the groove with cotton 
waste;; another, to place a thin strip of copper or 
brass oyer one cutting lip, and another, to place 
the tap in boiling water, and cut the thread while the 
tap i.s si ill hot. Of the three, the first is |>erhaps 
the best method. 



Fig. 42. The tap should be started squeure, and with evei' 
pressure on each arm of the “tap wrench.” 



Fig, 44. Illustrates a screw-pitch gauge, similar to that 
shown in Fig. 16, page 701. 

Fig. 45. End view of a regulai type (4-flute) tap. See 
page 710 for meaning of "flute.” 


DRILLS 


Twist drills are the kind always used for boring 
in metals. They are generally made with two flutes 
or spiral grooves, for the reception of the cuttings 
or cnips of the metal being drilled. 

Flute drills are those having flutes or grooves 
arranged longitudinally along their length. They 


are mostly used for soft metal, and are the kind 
which usually come with hand drills in small sizes. 

Shanks: The part that goes into the chuck is 
called the shank. The shanks most generally used 
for a power-drill press are either straight or taper. 

Straight shank drills are used in lathes or in drill 
chucks. For instance, where a straight shank drill 
is desired to be used in a power drill press which 


»From Motor World. 
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Fig. 46 

Taper shanks on drills vary. For tliis reason, 
drill presses are usually fitted with four sizes of taper 
shanks as follows: 

For drills A" to A'' with No. 1 taper shank 
For drills jj" to |l" with No. 2 taper shank 
For drills If' to 11" with No. 3 taper shank 
For drills 14J" to 2" with No* 4 taper shank 

How Drills Are Designated in Sizes^ 

Twist drills can be had as large as 12 inches, but 
it is seldom that a larger size than 1inch is used 
for average automobile work. 

Drills from to Z (Table 7) have the size 
stamped on them, as 1^, or fj- From Z to A, 
which are called letter sizes, letters are stamped on 
them. It will also be observed in Table 7 that 
there are fractional sizes in between the letter sizes, 
which are stamped on the drills. 

Drills from No. 1 to No. 40 (Table 8) have the 
number stamped on them which indicate the size 
in decimals, as for example a No. 1 drill is .228 (two 
hundred and twenty-eight one-thousandths of an 
inch in diameter) and No. 40 is .098 (ninety-eight 
one-thousandths of an inch in diameter). 

Drills from No. 40 to No. 80 (Table 8) do not 
bear size numbers or letters on them because they 
are too small. They are measured on drill gauges, 
as for example the one shown in Fig. 18, page 705. 




20 I .161^ 

2 1 1 .1590 “ 
■ '±r T .rsTd- 

2 ^ I .1640 
24 .1520 


to .1380 
ti .1200 
« T .1180 
kt r .1180 
^ rnr" 

IT" "HOT 

M .i 0«5 


.101 
.099 
.0980 .097 

.0960 .095 

■“.0985 .092 

.0890 .088 

.0860 .085 

.0820 .081 
.Oslo .079 
.0785 .077 

.0760 .075 

.0780 .072 , 

.0700 .069 

.0670 .066 

.0685 .068 

~| .0595 .058 ~ 

.0550 .055 

.0520 .050 

~ h 4 ^ .045 


.0410 .040 

0400 .(&9 

.0890 .038 

.0880 .oaf" 

.0370 .086 

) .0360 .035 

“ 6 J 50 .088 

.0830 .082 

1.0320 
.0810 .080 
. 02925 ] .029 
.0280 .6i7 

' 1 ..0260 .026 



There are many fractional sizes which run in between the 
number sizes, as for example 7/.32 (.218); 13/64 (.2031); 3^6 
(.1876); 11/64 (.1718); 6/32 (.1562); 9/64 (.1406); Vs (.125); 
7/64 (.1093); 3/32 (.0937); 6/64 (.0781); 1/16 (.0625); 3/64 
(.0468); 1/32 (.0312); 1/64 (.0156). In fact, drills can be 
obtidnied running in sixty-fourths in between all these sizes. 

Decimal equivalents, designated as in 

Table 7 and shown in Table 8, give the size in thou¬ 
sandths of an inch. See pages 702 and 1048 for tables 
of decimal equivalents to fractional parts of an inch. 

Drill rods are used for various purposes, such as 
for making pins, etc., and when reejuired, they arc 
called for by the same number as twist drills. Note 
however in Table 8, third and sixth columns, that 
drill rods run sU^tly smaller than drills. 

> Sm page 693 for a drill and lathe chuck. * See page 709 for 
the iiae of drUla to uae for 17. S. S. and 8. A. E. tape. 


How to Sharpen Drills^ 

Few mechanics know how to sharpen a drill or 
how to tell when it is properly sharpened. Four 
factors are essential. They arc; 



Figs. 47, 48, 49. Results of improperly ground drills. Fig, 
47 has an unequal lip angle; Fig. 48 shows an unequal Itp 
length; in Fig. 49, both lip angle and length are unequal. 

• From Shield's Mechanic*9 Quids Hand Book, copyright. 

•From Motor World. Fig8.^47, 48. and 40.are from Slee^ 
frical BxpertmerUer. See page 718 about Starrett books. 
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1. Both cutting lips should have the same angle to 
the axis; otnorwise the cutting will all be done 
by one lip, and the drill will drill oversize (see 
(Fig. 47). 

2. Both cutting lips should be exactly the same 
length: otherwise it will throw the point of the 
drill off-center, causing the drill to cut oversize 
(see Fig. 48). 

3. Proper clearance back of the cutting edge is 
necessary. Insufficient clearance causes the 
drill to drag, cut hard, and get dull quickly. 

4. The angle of the lips should be about 60° each, 
as shown in Fig. 51. 

To Sharpen 

5. Hold the drill lightly against the wheel, as 
shown in Fig. 54, with the cutting lip on the 
wheel. 

Wheels for drill grinding should be fairly soft 
and open so that they will not clog or burn. 
The drill should be pressed lightly against the 
the wheel and carefully watched to see that it 
is not burned and the temper drawn. Watch 
the surface from which the grinding wheel 
leaves, as the heat is concentrated there (see 
Index for “Temfjcring drills and small tools”). 



Fig. 50. Method of mea.suring cutting*lip length. 

Fig. 51. Measuring the angle. 

Fig. 52. Method of beveling cutting lip to cut thin or hard 
material. 


6. Twist the drill and at the same time throw the 
right hand down in order to grind the proper 
clearance. 



7. Check the length of the cutting lip, as shown 
in Fig. 50. 

8. Check the angles of the cutting lips, as shown in 
Figs. 51 and 53, when sharpening it. The best 
cutting angle is 60°. 


Drilling 

9. Brass or thin sheet metal may be more readily 
drilled if the cutting lips are beveled, as sliown 
in Fig. 52. This prevents the drill from digging 
in and catching. 

10, Always clamp or hold the work being drilled to 
prevent the drill catching and breaking, and 
place a block of wood under the work. 


11. In starting to drill use moderate speed, gradu¬ 
ally increasing until the best cuttmg speed is 
obtained. 

12. When drilling small holes, speed the drill up and 
go carefully when the drill is breaking through 
the work. This is the point where the drill 
usually catches and breaks. 

13. When drilling large holes, say to in diam¬ 
eter, it is better to drill a small hole first. 

14. It is advisable to always make a center punch 
mark in metal to be drilled. 

15. Case-hardened steel must first be softened until 
an even red heat is reached, and re-hardened 
again. 

16. The following are the cuttmg compounds for 
the various metals: 

Hard steel—turpentine, kerosene; soft steel 
—lard oil, machine oil; brass—soda water, if 
anything; aluminum—kerosene; cast iron— 
none. An air blast is a very good cooling 
medium for cast-iron drilling. 

17. If the drill chips out at the cutting edge there is 
too much feed, or the drill has been ground 
with too much clearance. A split up the w^eb is 
caused by the same improper grinding. 

Laying Out Work for Drilling 

The easiest way to lay off work for drilling, etc., 
on iron or steel is to cover it with a coating of chalk, 
which permits the lines to be scribed on the surface 
with a steel-pointed instrument so as to be readily 
seen. 



Fig. 55 Fig. 66 Fig. 67 


Fig. ,55. Accurately mark off the center distances with a 
pair of steel dividers, after first lightly prickpunching one center. 

Fig. 56. Shows the part to be drilled after having scribed 
it and prick-punched the centers. 

Fig. 57. The piece must be clamped to the drill table by 
steel clamps; otherwise the drill will wander, destroying the 
accuracy of the bole. 

All lines showing the size, location of holes, etc., 
are scribed out on the metal, previously chalked 
over, as mentioned, or, if on wood, simply by a 
h.ard pencil, and all centers of holes to be drilled 
should then be center punched by a hard-steel 
punch. 

The finished piece, wdth the center lines scribed, 
is shown in Fig. 56. 

When drilling a piece of thick metal, if the drill 
has a tendency to bore crooked or off the center, it 
can be re-centered again by cutting a groove with a 
diamond-point chisel on the side towards which you 
wish to draw drill, as shown in Fig. 58, next page. 
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desired to draw the drill, and on the side that the drill is to be 
drawn. Right—A triangular hole may be corrected in the 
manner illustrated. 

A diamond-point chisel, shown in Fig. 58A, should 
be used in “drawing” the drill. 


One method for finding the size drill to use for 
tapping is. to select one that will be a sliding fit in 
the die which goes with the tap. If the drill is too 
large to go into the die (a nut will do just as well), 
the threads will not be full, and if it is smaller than 
the die or nut, the tap will turn so hard that it will 
probably break (see Fig. 58B). 



Fig. 58A. A diamond-point chisel. 

Fig. 58B. Using a nut to find the drill size. 


REAMERS 


The term “reaming” is given to the process of 
enlarging a drilled hole. 

Reamers are used a great deal in automobile 
work, as they enable one to enlarge a hole to any 
desired size and also for reaming bearings opposite 
each other, a process called align reaming. 

There are three general t 3 rpes of reamers: the 

solid, expansion, and adjustable types. 

Solid reamers have two kinds of cutting edges 
which actually cut the metal with a shearing action, 
called flutes. There are two kinds of flutes: the 
straight flute (Fig. 60) and spiral flute (Fig. 59). 
The object in cutting the flutes spiral on a reamer is 
to prevent chattering, which is very likely to happen 
if the work is carelessly done. Straight-flute ream¬ 
ers always have an odd number of flutes, so that no 
two flutes can ever be exactly opposite each other, 
and this also helps to stop chattering. 



Fig. 59. Spiral flute reamer; Fig. 60 Straight flute reamer; 
Fig. 61. Taper reamer for finishing; Fig, 62. Taper reamer 
designed with a head or stock to use in an ordinary brace; 
Fig. 63. An expanding type of reamer. 

Expansion reamers can be expanded a few thou¬ 
sandths of an inch by means of a taper screw plug. 

Adjustable reamers, often called the Critchley 
(not shown), have blades which are adju.stable for 
increasing or decreasing the diameter of the reamer. 

Pilots are provided on reamers to assist in guid¬ 
ing reamer, especially where it is necessary to ream 
two or more bushings or bearings in perfect alignment. 

Some of the Uses of Reamers 

Reamers are used for reaimng out such parts as 
piston-pin bushings, steering-spindle bushings, 
fransmission-gear bushing, cam-shaft front and rear 
bushings, crankshaft main bearings, connecting-rod 
bushings, valve-stem and valve-tappet guides, valve- 
seats, cylinders, etc. 

A reamer for piston-pin bushing is shown in Fig. 
73. It is used for align reaming through both the 


piston-pin bushings for perfect alignment of the 
piston pins. See also i)age 798. 

Reamers can also be used for reaming the connect¬ 
ing-rod lower bearings and other bearings. See also 
pages 799-803. 




Fig. 73. Pi.ston-pin hole reamer; Fig 71. \’alve rescater; 
Fig. 75. Cylinder reamer; Fig. 7r)A. Main bearing boring 
tool; Fig. 76. Main bearing reamers. , 


Aligning Reamers 

A reamer, as shown in Figs. 76 and 76A, is de¬ 
signed to ream all main bearings simultaneously, and 
saves much time in scraping and rctitting bearings. 

The unequal distribution of w eight and of driving 
strain on the crankshaft of an engine naturally 
causes unequal wear in the main bearing. It can 
be seen that tightening up on the hearing caps only 
will spring the shaft out of line and throw additional 
strain on the bearings, causing them to wear loose 
again very rapidly. The reamer will bring all 
bearings to proper size and perfect alignment. See 
pages 783, 784, 794. 

Operation: The upper and lower halves of the bearings are 
tightened in place. The reamer fixture is adjusted to the case 
and bearings are reamed to crankshaft journal size, or about 
.001" clearance for each inch of rrankpin diameter. On many 
of the universal type reamers and boring tools the crankshaft 
gear is placed on the reamer or boring bar and meshes with the 
camshaft gear (shown in Fig. 75A) when reamer is being 
adjusted, to insure a proper mesh of the gears. 

There are a number of universal type reamers for general 
service work, two of which will be mentioned: the Taft-Pierce 
Mfg. Co., Woonsocket, K I. (Martell system),and the Norbom 
Engineering Co., Darby, Pa. (Peters system, boring machines.) 

Reamers of different kinds can be secured of sorpo of the 
manufacturers as follows: Alvord-Polk Tool Co., Millersberg, 
Pa.; Butterfield A Co., Derby Line, Vt.; Chadwick A Trefeth- 
en, Portsmouth. N.H.; Foster-Johnson Reamer Co., Elkhart, 
Ind.; Greenfield Tap A Die Corp.. Greenfield, Mass., Hempy 
Cooper Co., Kansas City, Mo. (boring machine for Fords); 
Keystone Reamer and Tool Co., Millersberg, Pa.; Millersberg 
Reamer and Tool Co., Millersburg, Pa.; Norbom Engineering 
Co., Darby, Pa.; Taft-Pierce Mfg. Co., Woonsocket, R.I.; 
Watcrvliet Tool Co., Albany, N.Y., and also of automotive 
supply bouses (page 087) and concerns as shown at the bottom 
of page 803. See also page 773. 
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CUTTING A KEY-WAY; TYPES OF KEYS 


Key-way cutting with a chisel is an art that 
requires skill. There are many men who can cut 
a key-way nearly as well as can be done by a ma¬ 
chine; not so the amateur. The first thing to do is 
to mark out on the shaft the key-way required, with 
a line to show the center. It is best to drill a series 
of holes in the shaft to the depth of the bottom of 
the proposed key-way with a flat-bottom drill. The 
holes should not be in actual contact; if they were 
so, the drill would not bore straight. Then, with a 
narrow cape chisel, chip away the intervening spaces 
and file with a small, blunt, square file. Allow the 
file to work up to the ends of the key-way. The key 
must be of steel, fitted to the bed on the bottom of 
the key-way and tight at the sides. Keys of dif¬ 
ferent sizes (in the rough )can be bought at tool 
shops. The key and key-way must be slightly 
tapered. The key-way will be found sh/illowest 
in the middle; this must be worked down, using the 
edge of a flat file. 

Note. Key-ways on automobile work are seldom cut by 
hand, but are milled on a milling machine, or by a special key¬ 
way cuttinK machine. This explanation is given as a matter of 
information. 

Keys 

There are three kinds of keys used on shafts: 

the square key, the round, and the half-disk type, 
called the Woodruff. 


Fig. 80 

The Woodruff key is used more on automobile 
work. It is the easiest to remove and to apply, but 
when fitted, the shaft must be milled on a milling 
machine to take this key (see Figs. 80, 81). 

The round key (Fig. 77) is seldom used because it 
is diffictilt to remove. If, however, a quick job is 
desired, the round key is the most speedy, as a hole 
can be drilled and the round key hammered in (not 
advised except on temporary work). 

The square key (Figs. 78, 79), if applied properly, 
can easily be removed. 




SHAFT 


Fig. 77 Fig. 78 



Fig. 79 


Woodruff Key-Ways 

The key-way for a Woodruff key must be milled. 



A shaft that has been milled for a Woodruff key 
is shown in Figs. 80 and 81, with keys inserted. 
(X) (Fig. 81) equals the thickness of the key. The 
key should project above the shaft one-half its 
thickness. 

Standard key-ways for pulleys and shafts: Table 
9 shows the recognized standard for the depth and 
width of a key-way m pulleys. The same formula 


Diameter (D) of Hole 

Width (W) 
of Key way 

Depth (II) 
of Key way j 

Radius 

(R) 

3/8" to 9/16" 

3/32" 

3/64" 


5/8 to 7/8 

1/8 

1/16 

030 

15/16 to 1 1/8 

5/32 

5/64 

035 

1 3/16 to 1 3/8 

3/16 

3/32 

040 

1 7/16 to 1 3/4 

1/4 

1/8 

050 

1 13/16 to 2 

5/16 

5/32 

060 

2 1/16 to 2 1/2 

3/8 

3/16 

060 

2 0/16 0)3 

7/16 

3/16 

060 


Table 9 


of course may be used for the depth and width of 
a key-way in a shaft. A list of the standard sizes 
of key-ways, both for pulleys and shaft, is given. 
The radius (R) refers to the round corners on the 
key. 

A Drift 

A drift (Fig. 83) is used for many purposes. In 
this instance it is used with square keys. 



If the shaft projects from the boss, a drift should 
be used to prevent damaging the key-way by the 
blows of the hammer. The drift (Fig. 83) is a steel 
tool with a hardened nose. They are sometimes 
curved (note the dotted lines), as in many cases it 
is im|X)ssible to get a straight blow at a key. Care 
should be taken not to burr up the end of the key. 
A piece of heavy copi>er held over the end of the 
key by an assistant will prevent this. 


Tightening Nuts on Cylinder Heads 

Attention is called to the method of tightening 
the nuts on a detachable cylinder head, as well as 
to the importance of locking nuts to prevent them 
from coming loose. 

Detachable cylinder heads arc now quite gener¬ 
ally used, and it is very important that they be kept 
tiglit against leakage at the joint with the main 
cylinder cjisting. A striking loss of jwwer in a cer¬ 
tain engine w as puzzling until a thorough inspection 
revealed that some of the head bolts were loose, 
allowing some of the compression pressure to 
escape. 

There also are many instances of careless tighten¬ 
ing of heads and cylinder blocks which has resulted 
in cracking the casting. This is due to drawling 
down one bolt or series of bolts too tightly before 
equalizing the strain by tightening others in another 
part of the casting. The object is to pull the casting 
down uniformly without any tendency to bend or 
distort the piece. 

In the diagram (Fig. 84A) (the Dort cylinder 
head), the cylinder head has fifteen bolts, and the 
numbers on the diagram indicate the order in which 
they should be tightened. It will he seen that the 
center bolts are adjusted first; then the rest are 
tightened alternately. 
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REMOVING TIGHT NUTS AND STUDS; LOCKING NUTS, ETC. 


To Remove a Tight Stud 

A method of removing a tight stud is to use two nuts and 
lock them, keeping the wrench on the lower nut (Fig. 84). 



Fig. 85 Fig. 84 (upper) 

Fig. 84A (lower) 


Removing a Broken Stud 

A broken stud or screw (S) (Pig. 85) can best be removed by 
a special left-hand drill (D), called the “Ezy-out,” manufac¬ 
tured by Cleveland Twist Drill Co., Cleveland, Ohio. 

Other methods are; Pour kerosene around the stud to soak 
into the threads. If a piece of the_ broken stud stands above, 
the broken part may be removed with a chisel and hammer— 
not a sharp clusel, however. A diamond-point chisel is best. 
If it will not move, then drill it out, using a drill well under the 
size of the thread. The hole should then be cleaned out with 
a tap, the same size as the thread. In the case of a hardened 
set screw which is broken, use a blow torch and heat. Another 
method: If the broken part projects, saw a slot and use a 
screwdriver. 

Over-Size Stud in Worn Bolt Hole 

Use an over-size stud which will make a tight fit in the top 
of the cylinder-stud bolt holes; then either file, bore, or ream 
a hole out in the cylinder head so that it will take the over-size 
stud you are to use. For instance, if a 5/16", use a tap and 
stud bolt. If a use a 7/16" tap and stud bolt. If a 
use a tap and stud bolt. The holes could be drilled out 
if you have no reamer. A straight reamer would be beat. 

To Remove a Tight Nut 

Try heating it, if it cannot bo budged wnth a wrench. Try 
pouring kerosene on the nut and bolt and let it stand for an 
nour or so. Drill holes in the nut and split it with a chisel if 
it will not come otherwise. This will save the threads of tjhe 
bolt. 

A Stripped Nut Will Not Grip 

Usually the fine-thread nut is the one which causes this 
trouble. A method that may be adopted is to reline the nut 
uniformly with soft solder and then give it a start on the bolt, 
and, by w'orking it down the thread, a little at a time, to cut a 
new thread inside the nut. 

The soldering part of the operation is simple enough, the 
niit being fastened to a piece of iron wire, dipped in the killed 
spirits, and then held in the blow-lamp till hot enough to melt 
tne solder. The same process reversed would apply equally 
well to a stripped bolt and nut used to cut a new tnread on it. 

Fig. 85A (next column). A simple method for inserting 
screws in inaccessible places. 

Fig. 85B. Cut a slot in a cap-screw head with a hack saw 
and use a screwdriver to start capscrews in inaccessible places. 

Fig. 85C. Showing the method for tightening a loose 
throttle-control lever. Remove the lever from the car, place 


it on the anvil portion of the vise, strike it a few sharp blows 
with a hammer, as indicated in the illustration. 



McthcKls of Locking Nuts and Studs 

To prevent nuts from coming off, variou.s locking devices ar^ 
employed. The first one shown in Fig. 86 to the left is the well- 
known and most used lock washer. The next one is used a 
great deal also, and is operated by using two nuts. By holding 
the top one and backing off the lower one slightly, the nuts are 
securely locked. The next one is also u.sed a great deal in 
connection with castellated nuts. The two other methods are 



used extensively 1^ the Navy Department (absolutely sure, 
but expensive). The lower cuts show a plan view of the 
various locking devices directly above. 

A stud locking method is shown in Fig. 87. It sometimes 
happens that after securely loeking the nut on a stud, the stud 
unscrews itself at the other end, and is lost. When wired os 
shown in the lower cut, this is provcnte<l. 




Wrong and right way to secure a cotter pin: (1) Head of 
cotter notin slot of nut—turned wrong. Enfls not split right— 
turned wrong. This combination will soon work loose and come 
out. (2) Head of cotter in right—pounded down firm—a snug 
fit in hole. End of cotter pounded back over end of bolt— 
other end pounded down. Cotter should bo tight. 


FILES 


Kinds: There are many different kinds of files, 
but we will deal principally with those used for 
metal work and suitable for automobile repair shops. 

Shapes of the files in general use are shown in Fig. 88. 

Cutting surfaces are shown in the upper row of 
Fig. 89. The coarsest metal cutting file is the 
**bastard-cut”; the next is the “second-cut”: the 
next, “smooth-cut”; then, “dead-smooth.” Note 
that the finer the cut, the closer the teeth are to- 
getW. Coarse-cutting files are used for soft metal 
or for removing a quantity of metal, and finer cut 
^es are used for finishing or for harder metals. 


Method of cutting teeth on a file: The teeth can 
be “double-cut” or “single-cut,” but this does not 
interest the purchaser, as the manufacturer makes 
some of the files “single” and some “double” cut. 
But whichever way they are made, the point that 
determines the cutting surface of a file is as given 
in the paragraph above. 

The flat file (1) (Fig. 88) tapers, but not to a fine 
point. Used for filinp; flat surfaces. A very popu¬ 
lar file. Caa be had m any of the grades of cutting 
surfaces as shown in the upper row of Fig. 89, 
Teeth are usually a “double-cut.” This file comes 
in lengths from 3” to 18”. 
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One point to remember about a "miH” file is that it is one 
grade finer cut than a flat or band file. That is, if you call for a 
mill file with a bastard-cut, it will be equal to a hand or flat 
of a second-cut. Lengths, 3^' to 18^^ 

Warding file (4): Is a flat file, but very thin, 
about half the thickness of other flat files of the 
same length. It tapers sharply to a point towards 
its end. Used for work where space is limited. 
Can be had in different grades of cut. Teeth are 
usually ^^double-cut.’^ Lengths, 3" to 10". 

Half-round file (5): Tapers. Can be had in dif¬ 
ferent grades of cutting surfaces. Teeth usually 
"double-cut" on one side and "single-cut" on the 
convex or round side. Used for work curved in 
shape; the flat side is used for flat work. Lengths, 
3" to 18". 

Round file (6): Tapers. Used for enlarging 
round holes, etc. Is usually a "bastard-cut." 
A small round file is known as a "rat-tail" file. 
Lengths, 4" to 18". 


10 I 

Fig, 88. Shapes of files in general use. Illustrations below 
show some of the different cuts. 



Huaturd cut H«eond cut Smuuth cut Do»d smooth 



Double out Sinslo cut Open cut flat Hasp cut 


Fig. 89. The top row illuatrates the different cutting 
grades of files that can be obtained; the closer the teeth arc 
together, the finer the cut. The lower row illustrates some of 
the different methods of eutting teeth on files. Most of the 
ctit.s are to bo had in either single or double cut. Doubl€^-cut 
files are usually preferred. Single-cut files are useful for 
finishing up fine work and for draw filing. 

Fig. 80A. Parts 
of a are shown 
here. The length 
of a file is from the 
heel to the point, exclusive of the tang. The point is the end 
farthest from the tang and the heel is the juncture of the tang 
and the file proper. Some files have one or more edges or sides 
without teeth. These are known as "safe” sides or edges and 
are u.seful in fitting step joint piston rings, etc. 

Extra fine files are designate<l by numbers. No. 00, No. 0, 
No. I, etc., to No, 8. The degree of coarseness varies with 
the length; for example, an 8-inc^ file second cut is coarser than 
a shorter file bastard cut. This confuses the user somewhat, 
unless he is familiar with practice. 

Testing flat filing. Flat work is tested by the use of steel 
straight ^ges, steel squares, bevel protractors, etc. 



The hand file (2) (Fig. 88) is also a flat file. Used 
very much for the same purposes as the "flat" file 
(1). Does not taper towards its end, but does taper 
in thickness. This file can also be had in different 
grades of cutting surfaces. 
The teeth are usually "double¬ 
cut." There is one point, 
liowever, wdiere it differs. It 
has one or both edges plain 
(not cut at all), called "safe- 
edge." It would be suit¬ 
able for beveling piston-ring 
grooves as shown in Fig. 90 
(left). Comes in lengths 
of 3" to 16". 

Mill file (3): Used very much for the same pur¬ 
poses as the "flat" and "hand" file, but of cheaper 
make. Teeth usually "single-cut." Can be had in 
different grades of cutting surfaces. 



Square file (7): Tapers. Usually a 'Hbastard- 
cut." Teeth "double-cut." Used principally for 
enlarging apertures square in shape or rectangular. 
Lengths, 3" to 18". 

A square "blunt" file is a square file which does 
not tai>er, but preserves its sectional shape from 
point to tang. It is used for finishing and enlarg¬ 
ing mortises, key-ways, or splines. Usually "bas¬ 
tard-cut"; "double-cut." Lengths, 10" to 20". 

Triangular files (8): Come in many different 
names as "three-square," "handsaw taper single¬ 
cut," "handsaw tai>er double-cut," "slim taper," 
and "extra slim taper." 

The three-square file tapers and its teeth are 
usually "double-cut " with cutting surfaces mostly 
"bastard." Used lor filing out square corners, 
filing taps, cutters, cutting steel tubing, notching 
round bars, etc. I^engths, 3" to 18". 

The handsaw taper single-cut file tapers to a small 
point. Teeth "single-cut." Usually a "second- 
cut." Used for sharpening handsaws. The three- 
square file is not suitable for sharpening handsa>vs. 
Lengths, 3" to 10". 

The handsaw taper double-cut file is another tri¬ 
angular file with teeth "double-cut," and a "second- 
cut" surface. Used for filing fine-tooth hand and 
metal workers’ hack saws, which are harder than 
wood saws. Lengths, 3" to 6". 

The slim taper: Teeth are "single-cut" with 
"second-cut" surface. It tapers and is triangular 
in shape but very light; in other respects like the 
"handsaw file." It has superseded the regular 
handsaw file as it has a greater sw'eep or stroke. 
Lengths, 3" to 10". 

Extra slim taper: Lighter stock than the slim 
taper. Teeth usually "single-cut" with "second- 
cut" surface. Generally tapers, but occasionally is 
blunt. Lengths, 4" to 8". 

Other triangular files are the "bandsaw file" for 
filing the teeth of a bandsaw; the "cantsaw file" 
for filing cross-cut saw teeth, and the "ginsaw file," 
which is a 4", three-square, single-cut. 

Wood rasp file (9): Is a very coarse-cut file. 
Note the "rasp-cut" in Fig. 89. Rasp files can 
be had wdth teeth shaped as shown, but in the dif¬ 
ferent grades of fineness of cuts, as "coarse," "bas¬ 
tard," "second-cut." and "smooth." Can also be 
had in flat and half-round shapes. They are used 
for various purposes, as for wood cabinet work, 
wheelwright, carriage, and, to some extent, by 
plumbers and marbleworkers. 
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Coil file (10): A very fine, flat file, made espe¬ 
cially for dressing down vibrator and screw points on 
ignition coils and platinum interrupter points on 
magnetos and timers. 

Files to Use for Different Work 

The larger the work, the larger the file. For flat 
surfaces, use the “hand,” “flat,” or “mill” file. 

If the work is in a thin narrow space, use the 
warding file. If for interior work, curved or square, 
use the round, half-round, and square file. 

For cast iron, use the “bastard-cut” to begin the 
work, and finish with a “second-cut.” Cast iron is 
softer than steel. 

For soft steel, use a “second-cut’’ to begin the 
work, and finish with a “smooth-cut.” If a “mill” 
file is used, see “Mill file (3).” 

For hard steel, use a “smooth-cut,” finish witli a 
“dead-smooth.” 

For brass or bronze, use a “bastard-cut,” and 
finish with a “second” or “smooth-cut.” 

For babbitt, aluminum, lead and soft metals, use a 
“bastard-cut.” A popular file used for soft metals 
is a “float” or “o{>en-cut” file, which has wide, 
deep, open-cut teeth, which do not fill up as readily 
as those of a finer cut. 

How to File 

First, select the file suited for the work. 

Second, the vise jaws should be about 42” from 
the floor. 

There are three general methods of using a file: 
‘cross-filing,” “dnvw-filiiig,” and “revolving-filing.” 


Fig. 90 Fig. 91 

Fig. 90. Cross-filmg. 

Fig. 91. Draw-filing 


Cross-filing: Fig. 90 represents the position of 
the file when used for filing flat surfaces. The file is 
grasped firmly but not tigntly. The far end of the 
file may be grasped with the left hand, but not in 
such a way as to assist the left hand in drawing the 
file forward. The right hand will push it forward, 
and the left hand will regulate the pressure desired. 

If the pressure of the hand be equal through the 
stroke, it will be greatest on the cf)rner nearest the 
workman at the commencement, and on the other 
corner at the end of the stroke—due to the leverage 
—and will tend to form a curved surface by impart¬ 
ing a slight rocking action to the file. 

Therefore the pressure must be greatest on the 
left hand at the beginning of the stroke, and as the 
file cro.s.ses the work, must be gradually diminished 
on the left hand and at the same time increased on 
the right hand. > 

Notwithstanding tliis, it is impossible to file truly 
flat. If the work be examined with a straight edge, 
it will be found higher in the middle. 

Draw-filing: To reduce this higli part, recourse 
must be had to draw-filing (Fig. 91), which is the 
method used for filing bearing caps, which must be 
filed even or they will not fit up snug against the 
opposite member. The file is held at both ends and 
is operated over the work at right angles to the 
length of the file. In this position the cutting stroke 
can occur on the forv\‘ir(l or the return stroke or 
both. An even pressure on each end of the file is 
necessary, and if this is effected, there will be little 
danger of filing one side more than the other, and 
the oscillation, which is certain in cross-filing, is 
mostly done away with in this method. 

Revolving-filing: Is filing done on work in a lathe, 
chuck, or in some cases while in ji drill press. Be¬ 
cause of the work revolving at a greater rate of 
speed than the file moves in hera^h filing, the strokes 
are less frequent, but should continue through the 
length of the file, thereby bringing all the cutting 
edges into service. Hold the file in the same man¬ 
ner as in cross-filing in the vise. Do not exert as 
great a pressure as in cross-filing or draw-filing. 
Special “machine files” should bo used where con¬ 
siderable of this work is done. 




ruE sTARUfcrrr book for sfudent mac.iiinists », ^ 


Contains 184 puKes with over 200 flinKrariiH and illuatrationfi 
and 30 reference taldes. Poi ket size, 4®-^' x 

A /jortidi hst of contents of this hook 
are- Hrjw' to rea l workinj? drawingB, 
}if»w to make mea.surernents, how to 
transfer mejisurementB, the microm¬ 
eter and how to rea l it, hf)w to read 
teii-thousandths of an inch on a Ver¬ 
nier micrometer, micrometer operat¬ 
ing features, dial indicators for meas- 
uriiifE to close limits, facts about fits, 
limits of tolerance, bench work, how 
to determine angles, chipping an<l 
filing practice, file shapes atul kinds, 
filing, how to use hack saws, drills 
and how to use them, lathe work, 
tyi>es of lathe tools, screw threads, 
tool making, reamers, milling cut¬ 
ters, jigs and fixtures, grinding, 
classifying metals by spark testing, 
locating and aligning machinery, how 
to set up the transit, mensuration, 
geometric problems, useful mathematical short cuts, mechanics, 
levers, pulleys, formulas for oulley diameters and revolutions, 
length of belts, gears, formulas for speed of gear, lathe gear¬ 
ing, etc. 


Reference tables include: AlIowance.s for different classe.H 
of fits, allowances for grinding, American national standard 
screw threads. Brown and Sharj)® taper shanks, circumferences 
and areas of circles, cubes and cube root.s, cutting lubricants 
for drills, cutting speeds of drills, decimal e<iuivalent.s, dis¬ 
tances across corners of sciuarea, hexagons, and octagons, 
double depth of threads, drilling cast iron, grade markings 
of grinding wheels, grinding wheel recommendations, grinding 
wheel speeds, letter sizes of drills, metric dc(‘imal cciuivalents, 
metri csystem, Morse taper shanks, sizes of tap drills, speeds 
and feeds for drilling, fujuares and scpiare roots, standard 
wire gages, tapers, tapers and angles, weight of cast steel, 
weight of sheet steel and wrought iron, tap drills sizes of, taper 
in given length, taper shanks. 


^The Starrett Booh for Student Machinists can be obtained 
of The Goodheart-Willcoz Co.f Inc., 2000 H. Michigan Ave., 
Chicago, Ill. Price 76 cents. Add 10c for postage. 

^Free instructive booklet dealing with precision tools, en¬ 
titled: "Siarrett Tools for Automottve Repair Work and How 
to Use Them." Explains how to read a micrometer, how to 
check cylinder bores, how to check and fit pistons, pins, rings, 
bearings, valves, etc., how to measure clearances, threads, etc., 
how to find right drill for t^ped holes, decimal equivalents, 
etc. Write The L. 8. Starrett Co., Athol, Maas. (Please mention 
Dyke's Automobile and Gasoline Engine Encyclopedia.) 
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INSTRUCTION No. 65 

MISCELLANEOUS REPAIRING: How to Solder; How to Braze; How to Case- 
Harden and Temper Steel, etc.; How to Straighten Metal Parts; Repair¬ 
ing and Adjusting Silent Chains; Gaskets; Radiator Repairing 

EQUIPMENT FOR SOLDERING 


The equipment required for soldering consists of 
a blow-pipe torch, soldering irons or coppers, and 
solder, acid or flux. 

Blow-Pipe Torches^ 

There are many different methods of heating a 
soldering iron, the usual method being with the 
use of blow-])ipe torches as illustrated below. 



Fig. 1. The “baby” blow-pipe torch does not ro(|uire air 
io be pumped into the gasoline tank (B). It is intended for 
very light work. 

Fig. 2. A single-jet blow-pijK; torch. 

Fig. :h A double-jct blow-pipe torch. 



Fig. 4. A gasoline torch or “fire pot.” designed for melting 
solder and lead; used extensively by plumbers for wiping lead 
joints. 

Fig. A large-size gasoline blow-pipo torch dc.signed for 
brazing, pre-heuting, and general work. The principle of 
operation is similar to that explained in F'ig. 12. With the 
torch shown in Fig. 5, about 75 lbs. of air is pumped into the 
gasoline and air tank by the hand air pump. The tank is 
usually of a 10-gallon capacity. 

A Home-Made Gas Blow-Torch 

Small soldering jobs, especially in cramped quarters, may 
be most readily done by means of a blow-torch. Such a torch 



' Imperial Brass Mfg. Co., Chicago, Ill., and Clayton & Lam* 
bart, l5etroit, Mloh., manufacture blow-pipe torches. 


may be m^e from pipe fittings in the manner illustrated (Fig 
6). In brief, it comprises a piece of pipe, attached to the ga» 
main by a length of rubber hose, with another piece of pipe, 
attached to the air line and weMed to the gas nozzle, as shown 
A spacer cross-brace is welded between the two pipes at the 
rear, making a torch a unit. A valve on the gas pipe renders 
regulation of the fiame easy. Though this torch is somewhat 
small for brazing jobs, a heavier torch could readily be made 
for that purpose. 

Ghh Torch and Soldering Iron 

(A) copper soldering iron; (B) gas-burner tube; (C) gas 
burner; (D) gas tube to connect hose. 



Fig. 7 


The gas-heated .«»oIdcring iron (Fig. 7) can be used with illumi- 
minating or acetylene gas by attaching it to a gas burner or 
to a Prest-O-Lite lank with a rubber tube. By removing the 
soldering iron, the burner can be. used as a blow-pipe for braz¬ 
ing, ami also for soldering aluminum, (For sale by automobile 
supply houses.) 

Slarrclts Gas Healer 

The heater (Fig 8) will be found very useful in the machine 
shop, IIS it is convenient for tempering small tools, heating 
soldering irons, melting load, babbitt, etc.; and as a forge for 
light work it will be found very valuable. 



Fig. 8 

It consists of t)ne, two, or three burners (B), with or wuthout 
a tool holder, and is connected to the ordinary gas jet at (T). 
A ladle (C) 14" long, holding 12 oz , can be had of the same 
company, L. E. Btarrett, Athol, Mass. 

Soldering Copper or Iron 

A soldering copper or iron (Fig. 10) is a wedge- 
shaped block of copper, fitted in an iron fork with a 
wooden handle. Preparatory to its use, it is placed 
in a clear fire, or gas or blow-pipe torch burner until 
it is hot enough. The usual size used is No. 1 cr 
No. 2 (1 lb. and IJj lb. in weight, respectively). 



Fig. 9 Fig. 10 (above) 

Fig. 11 (below) 

If the copper is a new one, it must be tinned. 
When hot, nle off the scale on both sides and ends 
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for a quarter of an inch from the tip, so that the 
metal will be clean and bright. Dip the nose in the 
soldering fluid for a second, and then apply it to 
the stick of solder. A globule will melt off on to a 
piece of dry brick or tinplate which must be ready 
to receive it. Rub the nose of the copper in this 
solder, which will adhere to it as quicksilver does 
to zinc. The copper can then be used. Copper is 
used because copper readily absorbs heat and will 
retain it longer and give it off again rapidly. 

The soldering copper must not be allowed to get* 
red hot, as the tin will be burned off and the tinning 
process must then be repeated. The reader should 
practice soldering at leisure. 

How to Solder* 

In soldering two parts together, it is necessary 
that the contact sukaces be perfectly clean. A 
clean file, scraper, emery cloth, or a little acid is 
generally used in cleaning the surfaces. Some¬ 
times, especially in old work, the emery cloth will 
not get a clean surface, A dark spot may be a 
depression; the file must then bo used. 

If the work to be cleaned is greasy, clean it first 
with hot water and soda. 

After cleaning, the surface to bo soldered should 
be warmed, and sw’abbed w’ith prepared acid—that 
is, muriatic acid which has been prepared by dis¬ 
solving in it as much zinc as it will hold. 

The flux or acid generally used may be prepared 
in the following manner: To 34 pint of muriatic 
acid add scraps of zinc in a pot (Fig. 9) until the 
acid ceases to bubble and a few small pie( es of the 
metal remain. Let this stand for a day; then care¬ 
fully pour off the clear liquid, or filter it through a 
piece of blotting paper. Add to this a teaspoonful 
of salammoniac, and when dissolved the solution is 
ready for use. 

A solution of salammoniac and borax also makes 
a good flux for soldering copper and brass. 

Wire solder, containing a flux, is generally used, 
thus saving the necessity of a separate flux or acid 


How to Operate a Gasoline Torch—Single-Jet 
Typo 

Fill about two-thirds full of gasoline; the filler 
plug on this type of torch is at the bottom of the 
tank. The torch is turned up-side-down, the j^aso- 
line is poured in, and the plug is screwed up tight, 
making sure that it does not leak. 



Air is then pumped into the tank by the hand 
air-pump plunger, after first opening the air inlet 
valve (Fig. 12), and after making sure that the 
gasoline adjusting valve is closed. 

Next hold the hand over the mixer tube, and 
slowly open the gasoline valve at which point 
gjisoline will drip into the heater. Light this gaso¬ 
line with both valves closed. This heats the pipe (R). 

After the gasoline in the heater has burned up; 
the heat should be sufficient to vaporize the gasoline, 
causing air and gasoline to flow through the pipe 
(L) and (R) from the tank to the burner or mixer, 
when the gasoline valve is opened. A match is 
applied to this mixture, and the resulting flame 
should be blue in color; if it is yellow, the heating 
is not sufficient, and the operation must be repeated. 
It is advisable to protect the flame from wind while 
heating. 

All torches work on the same principle. Some, 
however, have two valves (as shown in Fig 3, })ago 
719); this type is termed a “double-jet.” They 
are also constructed with pots over the flame in 
which to melt lead; these are termed “fire pots” 
(Fig. 4). 

For brazing, a similar principle is resorted to, 
except that a larger tank and burner and a separate 
air pump are used, as shown in Fig. 5, page 719. 


Soldering Pointers 

The melting point of the soldering material must 
be lower than that of the article being soldered (see 
Index for melting points of different metals). 

Hard soldering or brazing is a term used when 
the soldering mixture is composed largely of copper, 
brass, or silver. Use borax for flux. Hard solder¬ 
ing is best where the material will stand intense heat. 

Soft soldering is the ordinary half-and-half (one- 
half lead and one-half tin). Plumbers’ solder has 
2 parts of lead to 1 of tin, and is therefore still 
softer than half-and-half, in order to fit it for work¬ 
ing on lead pipe. See pages 738, 736 for solder for 
radiator repairing, known as “50^50” solder. 

Sweating is a term used where the solder is applied 
to a surface to be soldered and the hot iron is then 
held on it until it “sweats” cr runs in. 

For electrical work use resin or a soldering paste, 
as acid sets up a resistance in the joint. 

After an iron has been cleaned and heated and is 
then rubbed on a piece of “fluorite,” the tin or solder 
will spread readily thereon. 



Fig. 14. The usual method of placing a soldering iron on 
a blow-pipe torch to be heated. Where an air compressor is 
at hand, the torch can be filled with air by drilling a hole and 
soldering a tiro valve stem (T) into it. 

Soldering Aluminum 

There are various compounds on the market for 
soldering aluminum, but this operation depends 
more on the workman than on the solder, and 
unless considerable experience has been had, it is 
probably better to purchase solder than to attempt 
makin" it. 


^ pages 600, 691. 
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The chief difficulty in soldering aluminum is that 
the heat is dissipated so rapidly that it cools the 
soldering iron. Furthermore, aluminum oxidizes 
instantly upon exposure to the air. This extremely 
thin film effectually prevents a perfect union being 
made. If the parts are well heated and melted 
solder is kept melted by allowing the iron to stand 
on it, the surface can be scraped beneath the melted 
solder by the point of the soldering iron, thus pre¬ 
venting oxidation to a certain extent. In this way 
the metal can be tinned. When both parts to be 
brought together are well tinned, the parts can be 
united with some chance of success, nitrate of silver, 
resin, or zinc chloride being used as a flux. 


The parts to be united must be thoroughly 
cleaned. If the surface is of such a shape that it 
cannot be readily cleaned by scraping, it can be 
cleaned by dipping it into a solution of nitric acid 
in three times its bulk of hot water containing about 
5 per cent of commercial hydro-fluoric acid. This 
causes a slight action on the surface of the metal, 
as shown by bubbles. Rinse the metal after remov¬ 
ing from the acid bath and dry in hot sawdust; or 
thoroughly clean and allow it to stand two or three 
hours in a strong solution of hyposulphate of soda 
before being operated upon or cleaned in the acid 
bath described above. 

* Aluminxim solder: The following formula, in the 
hands of a competent man, can be used to unite 
aluminum or aluminoid parts: tin, 10 parts; cad¬ 
mium, 10 parts; zinc, 10 parts; lead, 1 part. It 
is best however, to purchase tlie solder nuidy made. 


Soldering Cast Iron 

To solder and tin cast iron, dissolve as much zinc 
as ywssible in one quart of common muriatic acid. 
Take a half-pint of warm water and dissolve in it 2 
oz, of sal ammoniac. In a half-pint of warm water 
dissolve 2 oz. of chloride of tin. Then mix all 
thoroughly. 

Where cracked cylinders, etc., are to be repaired, 
half-and-half solder is melted with some copper 
added. If this is used with the acid just described, 
excellent results will be obtained. A mixture of 
about 5 parts tin and 1 part copper is also recom¬ 
mended. 

Another method of soldering cast iron: Clean 
the parts with a file until bright; also use muriatic 
acid. Wash the acid off with water. Then use a 
hot soldering iron and soldering acid (muriatic acid 
cut with zinc), so as to clean the pores of the iron 
where it is to be soldered. The work must be 
brought up to the heating point required to melt 
solder. When the work is thoroughly cleaned and 
heated in this manner, cool it with a solution of 
copper sulphate (copper suljdiate dissolved in water). 
This will give a coppered surface. After coating, 
wash the surplus off; then use soldering acid, the 
solder and a hot soldering iron, and sweat or run the 
solder in. {Sheet Metal.) 


1 One popular brand of flux for Boldering radiators and for 
eleotricaf work is "Hubyfluid.” made by toe Ruby Chemical 
Co.» Columbus. Ohio. 

* See pages 690i 691. 


Flux for Soldering Different Metals^ 

Iron and steel: sal ammoniac or chloride of zinc. 
Tinned iron: borax, sal ammoniac. 

Zinc: chloride of zinc. 

Copper and brass: rosin or chloride of zinc. 

Lead: tallow or rosin. 

Lead and tin: rosin and sweet oil. 

Gasoline Feed-Line Repair 
A broken gasoline feed line (taken as an example 
of soldering) may be quicklv repaired by Scraping 
the tube near the break, and winding it for 1 in. on 
each side with clean copper wire. The wire should 
then be heated, covered with soldering flux, and 
sweated together with solder. A solid sleeve is thus 
formed that makes the pipe stronger than originally. 


COP^£ff ruBiNG 



Fig. 15 


Gasoline pipes sometimes get loose in the sockets 
of the unions. This is due to bad fitting, and show s 
that there is not sufficient elasticity in the pipe; ii 
is too rigidly held. The screwing up of the union 
strains the pipe, and the vibration on the road 
causes the pipe to give way at its weakest point, 
njirnely, the soldered joint. If the pipe gets loose 
more than once, it shows that there is something 
wrong. A longer pipe should be put in, having a 
U-bend in it, or a complete circle, to give ehustici^. 
The U-bend, or circle, should lie horizontally, with 
a drop towards the carburetor, otherwise there 
may be what is called an air-lock in the pipe, and 
the gasoline wall not pass through. 

If the carburetor float leaks (if of metal), it can 
be repaired with solder. Sometimes it is difficult 
to find the leak. For one method of locating it see 
Index under “Carburetor float repair.’^ 

Brazing 

Brazing is infinitely stronger than soldering. It 
is by brazing that bicycle frames are built up. 
Bicycle makers use a gas blow^-flame. This consists 
of two parallel pipes—one for gas and one for air. 
The air, which issues under pressure, causes a 
strong and very hot flame. The air pressure is pro¬ 
duced by a small bellows w^orked by the foot. The 
work may be done wuth the torch showm in Fig. 5 
(p.age 719). 

The hard solder, as it is sometimes called, is a 
brass that melts at a low, red heat. It is generally 
bought in packets, and is in grains about the size of 
a pin’s head. Brass w ire is also used. After being 
W'ound around the part to be brazed, it melts and 
runs into the joint. The flux used for brazing is 
powdered borax. 

Brazing a flange: If, for example, it is desired to 
bnize a flange on to a pipe, the flange is placed on 
the pipe and the pipe is expanded by hammering 
till it is a tight fit. This is necessary, as it may shift 
its position in the act of brazing. 
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The flange and pipe (A) (Fig. 16) are put in a clear 
fire in the forge. Then as it gets hot the spelter, 
with borax, is sprinkled round the joint, which melts 
and finds its way into the space between the pipe and 
the flange. If the reader has a gas or gasoline blow- 
ipe, it will make the work easier, as the heat can 
e directed where required from above. When cool, 
the suf^rfluous brass is filed off. In many cases it is 
impossible to keep the two pieces of metal in the cor¬ 
rect places in the forge; therefore a pin or rivet 
must be put in, so that they cannot shift. 

Wiping a Joint 

Joining two pieces of lead pipe is termed ^‘wiping 
a joint.” The pipe is first cleaned and prepared, by 
spreading one pipe with an cxpiinder, as at (1) (Fig. 
17), and pointing the other ends, which are slipi)ed 
together, shown at (2). The solder is then melted in 
a ladle, as shown in (3), and poured around the 
joint. A pad about 3” or 4" square and about 3^" 
thick, of cani^as or velvet, is held in the hand under 
the pipe as shown (3), the surface being grejised with 
tallow. The bottom layer may be an asbestos sheet, 
so that the molten metal will not burn through. 



Fig. 17 


As the melted solder is poured on the pad, it is 
wiped around the joint until it is heaped up all 
around it. The amount of metal used depends 
upon the size of the pipe. Rub the pipe on each side 
of the joint with a tallow candle to prevent the metal 
adhering to where it is not wanted. 

Although copper or brass pipe may be joined with¬ 
out difficulty by the ordinary methods of soldering 
or brazing, the “wiping” method is about the only 
practical way to couple lead pipe. 


MISCELLANEOUS 


How to anneal, to bend tubing, to use a metal 
saw, to make small springs and to it'pair a cracked 
cylinder, are explained in the jiages following. 

Annealing Tiilung 

The copper or brass tubing used for gasoline pipes, 
carburetors, etc., can be purcha.sed either annealed 
or not annealed. When not annealed, it is stiff and 
hard. It is difficult to Ixind it when hard. The 



P'ig. 18. Annealing copper tubing. 


tubing can be softened by heating, as shown in Fig: 
18 (called annealing). Iron rods and other metals 
of like nature can also be softened by annealing. 

Bending Metal Tubing and Small Rods 

The problem of bending metal tubing is one that 
comes up quite often in the motor vehicle repair 
and construction shop. Frequently when you 
undertake to bend some of the new kinds of metal 
tubing you are surprised to have it break, even 
though the usual precautions may have been taken 
to prevent a fracture of this nature. Fill the tube 
with fine sand packed tight, otherwise the walls 
are very liable to break, or they are liable to col¬ 
lapse. 

First of all, it is best to determine the character 
of the composition of the tubes. Many tubes are 
made by different manufacturers and are finished 
nearly alike, and you cannot very well determine 
what procedure to follow when desiring bends or 
scrolls in them. But the file test will quickly make 
this clear; or even the point of a cold chisel will do 
to determine the nature of the metal. Then you 
can work accordingly. 



Fig. 19 Fig. 20 


Fig 10. Bending small tubing: It is uoll tu atuu'iil the 
tubing first. Then proouro 8cv(‘ral wushorK, ami place side by 
side until the diameter of the tubing i.s obtained. Two wood 
blocks are placed one on each sitlo of the washers and are 
clamped in the vise. The block.s serve as guides. The tubing 
is then bent by hand over this form. ^ 

Fig. :^). Another plan to secure a uniform beml of smaller 
tubing is to employ an outside mandril on the tube. This 
consists of a clo.sely and tightly wound spiral of iron wire of 
about 14 gauge over the tube. Thi.s ili.stributea the stre.sses in 
the operation of bending, and it ean be unwound afterwards. 
Srnall-boro tubing ean be bent bv plaeing a piece of eopper 
wire (a fairly good fit) inside, ami withdrawing it afterwards. 
A piece of string 8')lder well greased ran Ix' u.sed and then 
melted out. 



Fig. 21. To bend an “eye ” in a small nxl. 


To bend wire or a small rod and yet leave it eireular in form: 
Drill a hole in a flat piece of iron; fix this in a vise; heat the 
end of the rod, having previously marked the place where the 
bend is to be; in.sert the not rod in the hole and bend down, using 
the hammer to in.sure a right-angle turn, nr)t a curve. The hole 
must be larger than the nxl or tlie hot emi will not enter. 



F'g. 22. Flanging copper tubing: Copper tubing may be 
rea<li!y flared for the attaihrnent of unions by the use of a 
pair of linernan’a splicing pliers. The end of the tube to be 
flanged is caught in the jaw of the pliers and a punch is used 
to press the end out to the extent required. Ordinarily some 
one of the grooves in the pliers will be found to fit almost any 
of the copper tubing commonly used. WhfJti this is not the 
case, the grooves may bo readily enlarged by an emery wheel. 
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How to Use the Metal Saw 

The fine-toothed blades should be used for iron 
and steel, and the coarser ones for brass and soft 
metals. For cutting through a brass or steel tube 
use a fine-toothed blade, as the teeth rip off the 
coarse ones. Before sawing, make a true circum¬ 
ferential line round the tube where the cut is desired; 
then, by turning the tube round a little between each 
cut, the latter will be true and square. The broken 
blades are useful at times for small repairs, as they 
are readily softened. 

Another method for sawing tubing is shown in 
Fig. 23. 



somewhat smaller than the inside diameter of the spring to be 
wound. One end is bent to form a crank and handle, the other 
being notched to receive the spring wire. 

Fig. 25. How a spring is made by winding wire around a 
bolt. 

Repairing a Cracked Cylinderi 

Repairing a cracked cylinder: Welding is best, but if this 
is not convenient, repair with copper as directed below: 


P-S S 

o I o 
0^0 
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Fig. 26 



Fig. 23. Method of sawing through tubing. Consists of a 
wooden block with a drilled hole to receive the tube. 

How to Make Small Springs 

Spiral springs are now so readily obtained in a 
large variety that it is not often one is at a loss for a 
particular size of spring. The occasion may arise 
where a certain unusual size of spring is required. 
Figs. 24 and 25 illustrate two methods of winding 
small spiral springs. 




Fig 24. Springs of vnrioiis sizes may be wound on the 
spring winding outfit illustrated. A cast-iron frame supports 
two uprights that art as bearings for the spring-winding 
spindle Thfse spindles are tool steel rod, having a diameter 


A small hole should be drilled at each end of the crack, or a 
little beyond it (Fig. 26), for the crack may go farther than is 
visible to the eye. A quarter-inch hole should be drills and 
tapped, and a screw inserted and screwed home, and the end 
Cl^ off fliisli with the metal. Then a piece of stout sheet 
copper (P) (not less than 1/12^' thick) should be cut out, cover¬ 
ing the crack extending about all around. This must be 
bent to fit the cylinder and fixed down with a number of 3/16" 
or screws. Put a piece of canvas smeared with red lead, 

{ )utty, or thick oil paint under the copper. The patch may 
cak a little at first, out will probably “take up” in a few days. 

Plugging is another plan. A very small crack in a cylinder, 
probably caused by freezing of contained w’ater, may be mended 
as follows. Drill a small hole in each end of the crack, and tap 
it for a small copper plug (Fig. 27). Scrape the surfaces near 
the crack until tl>e metal is bright. Cover the crack with soft 
copper filings and melt them in with the blow-torch. Use a 
flux of rosin dissolved in alcohol, or .simply drill and thread 
hole, if not too large, and screw in a pipe-plug tap, and saw oflf. 

Rusting up a small leak in a cylinder: Ib. of sal ammoniac 

to 1 quart of water, poured into the cylinder and left to stand 
for 48 hours has caused rust enough to form to close a small hole 
entirely. Be sure to w^ash out thoroughly. Another remedy 
is an “iron cement,” secured at supply houses. 

Cider or vinegar will cut rust out of cast-iron cylinder water 
jackets, if left standing for two or three days. Sec also page 151. 

Smooth-on, it is claimed, will repair breaks in castings and 
also radiator leaks. Write for free pamphlet Smooth-On Mfg. 
Co., Jersey City, N.J. See also page 814. 


HEAT TREATMENT OF STEEL 


In ordinary shop practice this consists of the 
following: (1) the process of annealing; (2) the pro¬ 
cess of hardening; and, (3) the process of tempering. 

Annealing Metal 

Annealing or softening renders a metal in such a 
condition that it can be easily cut, machined, or 
bent. See Fig. 18, page 722, showing how tubing 
is annealed. 

To anneal steel: Heat to a dull-red heat and then 
remove the metal from the heat and permit it to 
cool in the air. 

\\ here the work is of great importance, an oven 
or crucible is used. A simple oven is shown in Fig. 
28 and in Fig. 30, page 724. 


* The cold welding method, which han for years been known 
as larinff, has found wide acceptance with fleet owners and 
engine buildeTs for repairinp cracked cylinder blocks and heads. 
Literature can be obtained by writing to Kerkling & Co., 
Bloomington, Ind. and mentioning Dyke's Auto Encyclopedia. 

How to use hack saws is also discussed in the Starrett book 
mentioned on page 718. 

An outfit for annealing, drawing and tempering is mentioned 
on page 752. 


A piece of gas pipe is used, large enough to admit 
the tool or metal to be heated. One end is closed 
and placed in the coals until the inside of the pipe 
has been heated to a bright red. Then the part to 



Fig. 28 


be heated is placed in the pipe and brought to the 
desired heat. Then, instead of cooling in the open 
air, the work is placed in a bed of non-heat-con¬ 
ducting material, such as charred bone, asbestos 
fiber, ashes, lime, fire clay, or sand. The metal 
should be left for a long period of time, well covered, 
until cool. 

Brass or copper is heated to a low red heat and 
quickly dropp^ into cold water. 
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Hardening 

The process of hardening is accomplished by 
brin^g the metal to the proper temperature, 
slowly and evenly, the same as for annealing, ana 
then cooling more or less rapidly, depending on the 
grade of the steel being worked upon. 

The degree of hardening is determined by the 
grade of steel, the temperature from which it is 
cooled, and the temperature and kind of cooling 
bath into which it is plunged for cooling. 

Steel to be hardened is placed in the oven and 
permitted to come to a heat of about 650° or 700°. 
It then is placed in a heating bath of molten lead, 
fused cyanide of potassium, heated mercury, or 
some other preparation designed for the purpose. 
The degree of heat to which a piece of steel must be 
brought depends on the percentage of carbon con¬ 
tained within the steel. The more carbon, the 
lower the heat required to harden it. 

It is essential that the cooling bath be of the same 
temperature during each process of cooling. 

Ordinarily, steel is cooled in water, but many 
other liquids are used. If cooled in strong brine, 
the heat will be extracted very rapidly and the 
degree of hardness will be much greater. If cooled 
in mercury, a still greater degree of hardness is 
obtained. 

If toughness is wanted without extreme hardness, 
the metal may be cooled in lard oil, fish-oil, or neats 
foot oil. 

In hardening carbon steel, bring to a cherry-red 
heat, plunge into cold water (brine is best), and 
hold until hissing ceases; then remove and place 
in oil for complete cooling. 

For hardening high-speed tool steel, see page 726. 

When hardening brass, bronze, or copper, the 
work is accomplished by hammering or working 
while cold. 

Tempering 

Tempering differs from hardening, in that tem¬ 
pering IS the process of making steel tough so that 
it will hold a cutting edge and not crack or check. 
Tempering makes the metal stronger and the grain 
finer. Tempering may be considered as a continua¬ 
tion of the hardening operation. 

To temper, the metal or tool is heated slowly, to 
a cherry-red neat, then dipped into water (Fig. 29), 
to a depth of about or above the point. 
MTien the piece has cooled to the point where the 
portion above the water has not lost its redness, 
remove it from the water and quickly rub the end 
with fine emery cloth. 



Fig. 29 


While the heat from the uncooled portion of the 
metal 9 *adually heats the point again, a change of 
color occurs at the polished point. When a certain 
color has been reached, the entire tool should be 
completely immersed in water and permitted to 
remain there until cold. 


Colors for different work are as follows: Wood 
saws and springs: dark blue, 600°; cold chisels 
and screwdrivers: dark blue or light pu^le, 600° 
or 520°; punches, drills, and wood-working tools: 
brown, 510°; taps and reamers: ordinary straw 
color, 450°; lathe tools, planers, shapers, and 
Blotter tools: light straw color, 430°. Colors 
darker than the dark blue, ranging through green 
and gray, signify that the piece has reached its 
ordinary temper, which means it is partially an¬ 
nealed. 

After a spring has been properly hardened by 
dipping in fish-oil or lard, it may be held over the 
fire while still wet with the oil and permitted to 
catch fire. After the oil burns off the spring, it 
has been properly tempered. Self-hardening steel 
should never be placed in water. 

Drills and small tools can be tempered quite well 
in a flame. Larger parts are better tempered on an 
iron plate on which has been placed a thick layer 
of fine sand and the flame allowed to play under¬ 
neath. This insures the part being uniformly 
tempered. 

Difficulty is often experienced in lathe work on 
nickel-steel stock through the failure of the tool to 
retain its cutting edge. To overcome this, heat the 
tool nearly to white heat and plunge it into kero¬ 
sene oil. See also, page 725. 

Case-Hardening 

The process of hardening the surface of the steel, 
leaving the inside strong and tough, is termed 
^^case-hardening.’’ More carbon is added to the 
surface of the steel, which offers good wear-resisting 
qualities and has the effect of forming a very hard 
coat on the outside while leaving the inside practi¬ 
cally unaffected. In other words, the outer surface 
only is hardened, as for instance, gear teeth or nuts 
which are hardened to only about 1/50'' deep (see 
page 725). 

Example of Case-Hardening Steel 

The outer surface of any piece of soft steel may 
be made hard by case-hardening. Its purpose* *is 
to increase the strength and wearing qualities of 
the steel. All machine work to be done on the steel 
should be done before the case-hardening, as grind¬ 
ing alone can be done afterward. (If any part of 
the piece must be left soft, this may be done by 
covering that part with asbestos paste or paper.) 

The hardening compound: Mix parts of fine 
charcoal with 2}/^ parts of table salt. Place 214 
parts of kerosene oil in a dish, and put with it as 
much sawdust as is required to soak the kerosene up. 
Now mix the sawdust and oil with the charcoal and 
salt. This compound may be used many times. 



Fig. 30. Case-hardening Bteol. The pieces are packed in a 
pipe with the hardening compound—but they must not touch 

The crucible: Get a piece of iron pipe long and 
large enough to hold the pieces to be hardened 
(Fig. 30). Pack the pieces in this pipe with the 
hardening compound. Do not let one piece touch 
another, or touch the pipe side, but keep them well 
apart with the compound. Now clo^e both ends 
of the tube with fire clay. 
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A large forge fire is necessary for heating the pipe, 
and the pipe should be heated oO a bright-red neat. 
The len^h of time varies, depending on the size of 
the pieces and the depth of case desired. 

Ordinarily two hours at bright-red heat will give 
1/16" case. This heat should be held as evenly as 
possible to give an even case and reduce warping 
effects. 

To produce the maximum strength, two heat 
treatments are necessary after hardening. First 
heat each piece to a bright red and plunge in oil. 
Then again heat it to a dull red, and plunge. This 
will give a fine grain, both in the core and in the case. 

Quick case-hardening: If a tliin case is desired, 
this may be applied quickly by heating the piece 
to redness and sprinkling the part to be harclened 
with potassium cyanide. Keep the temperature 
constant for 4 or 5 minutes, then plunge the piece in 
water or oil. An exceedingly thin case will result 
that will increase the wearing qualities of the steel, 
better its a])pearance, and prevent rust. 

To harden tools quickly: The tool should be 
heated to the correct temperature and then thrust 
into a potato, after which draw to the proper temf)cr. 

Anolhf^r Method of Casc-IIardeuing 

It is possible to case-harden small pinions ouite 
well by bringing them to a uniform bright-red heat 
and plunging them into finely-powdered yellow 
prussiate of potash, repeating the operation three 
or four times, and finally plunging into clean cold 
water while still at a reel heat. The mild steel 
absorbs carbon from the potash to a depth of about 
1/50", and this surface hardens perfectly on the 
final cooling. Nuts so treated resist rougli usage 
with the spanner much better than an ordinary 
soft-surface nut. 

In treating parts of this class it is, however, 
important to remember that the threaded part 
should be filled up with clay so that it does not come 
in contact with the carbonizing material, otherwise 
it will be certain to be spoiled. Any roughness of 
the surface, such as on the teeth of pinions, can be 
smoothed off with emery cloth wrapped over a thin 
flat file. Parts made from tool or high-carbon steel 
are readily hardened by making them red-hot and 
plunging them into cold water. The correct heat 
18 important, because if the parts be heated to a 
very bright red, they may be spoiled or decar¬ 
bonized, and if heated to a white heat, they will 
certainly be decarbonized. On the other hand, if 
heated barely red, the parts will not harden. 

Straightening Warped Pieces 

Uneven heat and uneven cooling warps the steel. 
Case-hardened pieces cannot be straightened by 
pressure or by pounding, as this cracks the case. 

To straighten a warped piece of case-hardened 
steel: 

1. Find the high (H* "bowed" part. Mark this with 
a chalk line. 

2. Heat the piece slightly—never near a red heat. 
(The amount of heat depends on the warp, and 
can be determined only by trial.) 

3. Clamp the piece in a vise between the blocks, as 
shown in Fig. 31. 

4. Direct a stream of water at the chalk line. This 
will contract the long side and make the piece 
straight. 



How to Make Lathe Tools 

Higji-speed steel should usually be heated until 
the tip of the tool starts to melt, and then plunged 
in oil, or buried in common salt until thoroughly 
cool. 

High-carbon steel gives the best results when 
heated to dull red and plunged in oil. 

Only the tool point proper should be heated to 
the plunging temperature, the heat being applied 
slowly at first, to be followed by the blast being 
turned on and the point heated to the required 
plunging temperature. 



Fig. 32. There is a tool for doing each job most efficiently. 



Fig. 33. Steps in making a lathe tool. The work hould 
be done during one heat 
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The tool should be plunged into the oil when the 
heat is increasing, and in the case of carbon steel 
at the instant the point reaches the plunging tem¬ 
perature—dull red, the fusing temperature m the 
case of high-speed steel. This is particularly neces¬ 
sary with high-carbon steels, as heating the steel 
white hot^ allowing it to cool to dull red, and then 
plunging it in oil will make a poor tool. 

High-speed steels, after hardening and grinding, 

are ready for use. Carbon-steel tools, however, 
must be tempered. 

This may be done in two ways^ the best being to 
plunge only the point of the tool m oil after heating 
to a dull red, thus leaving some heat in the heel of 
the tool. 

When the point is black, remove the tool and rub 
the cutting edge with emery paper mounted on a 
stick. Watch the point closely, and as the heat is 
driven from the heel to the point, the color of the sur¬ 
face being polished will turn light straw, chirk straw', 
and blue. When the point of the tool is straw color, 
plunge the whole tool in oil and cool it entirely. 

The other method of tempering is to cool the tool 
after the first heating, polish the point, slowly heat 
it again until straw color, and then plunge it. 

Almost any grinding wheel may be used for grinding the tool 
but care must be taken not to draw the temper or burn the 
tool. The tool should be held lightly against the wheel and 


frequently cooled in water. Grind the tools to the shape de¬ 
sired, following as closely as possible those illustrated. Finish 
the cutting edges with an oil stone. 



Fig. 34. A tool bit-holder and a set of high-speed lathe 
tools. Excellent for renairshop purposes. They cover a 
great variety of work. Tool should be changed to suit the 
work, rather than regrinding tool each time. 


Channel, Angle, T-Beatn, etc., Sec^tions 



Moit sccrioii tuiuiah scctiom 


These terms are often used 
In connection with some of the 
nictal parts of the automobile. 
For example, many front axlc.s 
and engine conne<*ting rods are 
“I-beam section,” and part.s of 
the chas.sis frame are often 
“channel section.” The terms 
or name-s are derived from the 
shapes, lus shown. 


STRAIGHTENING BENT FRAMES, FENDERS,^ ETC.^ ^ 


Straightening a bent frame: A pan of charcoal is 
)laced under frame, and pieces of charcoal are 
leaped around the bend as shown; the frame is then 
heated up al)Out the bent portion by playing ufion 
the pile of charcoal with the flame of a blow-torch. 

As the frame is brought to a cherry-red heat tin; 
device (A) (Fig. 35) is applitnl and ustnl in connec¬ 
tion with a w'oodcn beam (B) which sufiports the 
jack. 



The torch now is set aside, the charcoal removed, 
and w'hile one man carefully operates the jack ana 
slowly draws the bent member back to its proper 
shape, another assists the operation by tapping and 
shaping the heated section with a hammer. 

This hammering is quite necessary and an 
important factor in bringing about a successful 
result as it assists the molecular action of the steel, 
and prevents the end of the frame from springing 
back out of line as the job cools off. 

Tlie entire straightening process must be done 
while the injured section is red hot, and the job must 
be completed before the red color is lost.* 

Bent frame horns may be pulled back into place 
by a chain,^ providing the force is applied in the 


proper place. The method of attaching the chain 
is show'n in Fig. 37, and the force is applied bv 
twisting the chain with a steel pinch bar. A jack 
placed against wooden blocks and wit h a chain sling 
over it, as shown, may be useil to straighten the 
side members of the frame. 


Fig. 37 

Frames may be straightened without heating, 
and sometimes without even dismantling the car, 

by means of the simple deviee shown (Fig. 38). It 
consists of a wooden beam 4 in. x 6 in. x 5 ft., rein¬ 
forced with iron thick on each side. The beam 
forms the base of the device, to whicli are attacheil 
the steel arms which fasten to the frame. A power¬ 
ful jack is used to apply the required pressure to 
bring the frame back to normal. A chain may be 
substituted for either of the arms. 

Other methods of straightening bent frames are 
shown in Figs. 39 to 42. 

Straightening dents in bumpers and similar 
articles can be done in minimum time with the de*| 
vice illustrated in Fig. 43. 


1 Fender damage is one of the most frequent auto casualties. 

The fender buHineKs ia uaually a replacement buaineaa. One 
manufacturer of fenders for replacement on a great number oi 
cars is The Fostoria Pressed Hteel Corpn., Fostoria, Ohio. 

When assembling a fender, bo sure the frame of the oar is not 
Ijent and start assemhly of bolts from the running board side. 
Do not tighten any bolts until all of them have been started. 




> See footnote 3, page 694, where to obtain literature on a hydraulic-operated device for straightening frames, etc. 

> See page 690 where to obtain literature on tools and other equipment for body and fender repairing, also a book on body and 
fender repairing including reconditioning a used car. 

«Whenever it can be done without danger of cracking, cold straightening is preferred. This method does not affect the heat 
treatment that may have originally been given to some frames. Also appOes to a front axle and other parts. 
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Fig 42 



Fig 30. Whon ono ohook and part of the face are buckl«*d, 
only the bent parts should be heated. 

Fig. 40 When the face is buckled very little heat should 
be apph('(l to the clu'eks. 

Fig. 41. When both cheeks are buckled heat should not 
be applied to the face but to the shaded portion 

Fig 42 Small crimps may be taken out with heat and a 
monkey wrench 



It is not necessary to remove the bumper from 
the car. The central member, which does the pull¬ 
ing, may be slid from one end to the other as 
retiuired, so that a dent in any part of the bumper 
may be removed. 

A fender straightener, made of oak 3" x 4", is 
.showti in Fig 44. 



Fig. 4.5. Easy mctliod of removing dents from fenderii 
with the use of a shaped wood block. 


TOOLS' AND POINTERS ON STR\IGIITENING FENDERS, EEC. 


With a small investment in tools, a liltle praetiee, 
and cjire in their use, a n(‘w department may be 
developed that will show a jirofit, and that will 
also feed other de])artinents. 

There is but one secret to sheet-metal straight¬ 
ening: to support all jiarts exee[)t t hat which is to 
b(; straightened, and to go slow', w'orking the metal 
back to its original form by light blows. 

To do this requires many special tools, some of 
them taken directly from the tinsmith trade; 
others can be developed on the job. 

The Tools 

1. The blacksmith’s fuller: This is used as a hand 
anvil, either in conjunction with the light mallet, 
or the light hammer, particularly to remove 
small dents. The combination of flat surfaces 
with the rounded edge will cover a wide variety 
of work. 

2. Half-round file: After all dents or indentations 
have been removed by use of the mallets, ham¬ 
mers, and hand anvils, this file is used to remove 
any small pits or hammer marks. 

3. Heavy wooden mallet: Used in the preliminary 
straightening in order roughly to form the metal 
back to shape. The flat wooden surface does 
not dent the metal on flat or crowned surfaces. 

4. Light wooden mallet: The most useful tool of 
all. After the metal has been pounded back 
to its original shape, the light mallet, in con¬ 
junction with some one of the hand anvils, is 
us^ to smooth up the work. 



Fig. 46. Mallets, hammers, files, and special tools for 
straightening fenders, etc. 


5. Medium cross-peen hammer: A tinsmith’s 
hammer, used to smooth up the surface still 
further. Wooden mailets will not remove all 
of the smaller indentations. Hence this ham¬ 
mer must be used as it strikes the require! 
concentrated blow over a limited area. 

6. Light riveting hammer: Any minor indentation, 
not smoothed by No. 5 hammer, is taken out 
by the light riveting hammer. The cross-peen 
is used to finish corners, prior to filing. 


1 See also pages 683, 690, 601. 
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7. Hand block: A steel block, roughly about 4" 
square, and 1" thick^ with the corners rounded 
and beveled. The curves and beveled edges 
vary, so that some part of the block may be 
fitted to almost any part of the work. This 
and the light wooden mallet are the most used 
combination. 



Fig. 47. Some unusual-shapeil tools used in straightening 
renders, etc. Can be secured of auto supply houses (ace pg. 687). 


8. Forming chisel: Made in an infinite variety of 
widths, shapes, and sizes. The one shown is 
used to form sharp corners, or edges. One with 
a half-round edge is used to reshape a groove. 
By grinding the edge to the desired form, the 
metal may oe readily driven to that form. 

9. Beading tool: The side strips on most fenders 
are held in place by roUed-in edges. When 
bent, these edges open. After straightening 
to the original form, the bead may be again 
closed by the aid of this tool, and a mallet or 
hammer. 

10. Hand anvil: An irregular-shaped steel plate or 
block, mounted on a steel handle. The edges arc 
beveled, and wdll fit almost any curved surface. 

11. Babbitt hand anvil: Made in an infinite variety 
of forms by pouring melted babbitt intev an 
unbent portion of the part to be straightened. 
When hard, the shape is that to which it is 
desired to form the bent portion. Make the 
handle as shown. 

Reshaping Bent Metal 

It is not usually advisable to attempt to straighten 
. ludguards and lamps having broken surfaces. 

The first step is to work it roughly back to its 
oi iginal shape with a heavy wooden mallet. Care 
mast be taken not to break the surface or to draw 
it l)eyond the original 8hai>e. 

A hand anvil of some sort should always be used 
In conjunction with the hammer or mallet, to sup¬ 
port the edges of the bent surface. Many light 
blows, rather than few heavy blows, should be 
applied, and the blows should be drawn, rather 
than applied dead on. The main thing is to go 
slow, to feel the dents with the hand anvil, and to 
direct the straightening blow to the point of bend. 

After the surface has been malleted to approxi¬ 
mately the original shape, the smaller dents should 
be removed, using first tne small mallet and then 
one of the metal hammers. This is slow work. 

Filing 

By passing the hand over the surface, many of 
the smaller dents may be felt and removed. Some, 
however, will still remain. These may be located 
by filing the surface down. The file will hit the 
high spots and pass over the low spots. Then the 
low spots may be pounded up to shape. 


Finally it will be found that the file will touch all 
of the surface except the smallest indentations. 
Then file the whole surface down to a smooth sur¬ 
face and polish with emery paper. 

The four steps in re¬ 
moving a dent from a 
sheet of metal are shown 
in Fig. 48, the section 
being that of a crowned 
mudguard. But whether 
the part to be straighten¬ 
ed be mudguard, lamp or 
body, the principle in¬ 
volved is absolutely the 
same. {Motor World.) 

Painting Fenders After Repairing 

Before applying the paint, the surface must be 
thoroughly cleaned with turpentine. This removes 
all gratae that would otherwise prevent the paint 
from sticking. If the surface is that of a mudguard, 
the under side should also be cleaned and painted 
to prevent rusting. 

For hurry-up jobs a quick-drying enamel or a 
black japan may be used to paint the repaired sec 
tion, the latter, of course, being suitable only for 
use on black guards or parts. The japan, mixed 
in turpentine, will dry in about 15 minutes, and, 
after a few washes, cannot be detected readily. 

Enameling Fenders, etc. 

Enameling of fenders (baked enamel) and other rnetal parte 
requires special equipment such as ovens, enamels, etc. Some 
of the concerns who supply equipment of this kind are Young 
Bros. Co., Detroit, Mich.; Gehnrich Indirect Heat Oven Co., 
Long Island City, N.Y. 

Fenders can also be finished with lacquer. See page 756. 

Painting Outfit 

The subject of painting a car is treated on pages 617 and 756. 

A book covering the painting subject, Automobile Painting 
(11.50), by F. N Vanaerwalker, can,be obtained of Geo. E. 
Watson Co., 62 W. Lake St., Chicago, Ill. 

A free booklet, Modern Clennina Methods for Service Stations. 
Garages, Paint Shops, will be furnished by Oakley Chemical 
Co.. 22 Thames St., New York, N.Y. 

Straightening Bodies 

Upholstery must be removed or the body must be 
raised to get at both sides of the surface. Another 
difficulty is that two men are often reqtiired—one to 
hold the hand anvil and the other to use the mallet 
or hammer. The co-operation between the two 
must be perfect, or the anvil will not be back of the 
hammer blow and the surface will be bent still 
further. Body work is more difficult. 

To Stop Noises about the Car 

When seeking to stop rattling noises about the 
car, attend first to the fenders, then to the brakes, 
hood fasteners, and lamps, and finally to doors 
and springs. As a rule the fenders, doors, and 
springs are the most troublesome source of noises 
on the average present-day machine. 

Dent in Gasoline Tank 

flop bowl 


jack. 


Fig. 40. A dent can eometimes be removed by plugging the 
vent, filling with water, and applying a ao-lb. air preseure. A 
lead or wood mallet is uaed by tapping gently around the outer 
edge of the dent. {Motor World?) 

Fig. 50. An ordinary jack may be uaed'^to advantage In 
itraigbtening bent parta by backing the oar up to garage wall. 
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FITTING EXHAUST CUT-OUT 

Fitting an exhaust cut-out valve: Mufflers some¬ 
times are not large enough, or are clogged up, and 
offer back pressure or resistance to the full passage 
of the exhaust. An exhaust cut-out is helpful in 
this instance and in climbing hills and assists in 
keeping the engine cool. It also provides a con¬ 
venient method of ascertaining (by listening) 
whether all cylinders are firing regularly. 



Exhaust cut-out valves are installed by cutting a 
hole in the exhaust pipe just ahead of the muffler 
(Fig. 51), then clamping valve over the hole. 

Note. When ordering an exhaust cut-out, measure the oiit- 
sido diameter of the exhaust pipe to which it is to be fitted, 
and specify this measurement. (See Index under “Sizes of 
exhaust pipes.") 


VALVES AND EXHAUST HORNS 

The exhaust cut-out is not intended for roaring 
through towns or villages, but for the purpose of 
testing the firing and can)uretion and is often termed 
a tuning valve. 

Cleaning Muffler 

Attention to the cleaning of the muffler must not 
be neglected, for this is a point having a great effect 
upon efficient operation of the engine. 

Although it is necessary to remove the muffler for a thorough 
cleaning, it is quite possible to effect a satisfactory temporary 
cleaning of the badly obstructed passages by tapping its sides 
all over lightly with a hammer or mallet. The result will be 
that much sooty accumulation will be knocked off and blown 
out through the tail pipe. 

Fitting an Exhaust Whistle or Horn 

Fitting an exhaust whistle: The exhaust whistle 
(Fig. 52) is blown by the exhaust pressure. 

When fitted to an exliaust pipe, the exhaust is temporarily 
cut off from tlic muffler and thrown into the whistle by a 
special valve attached to the exhaust pipe. Multiple cyliiider 
engines blow a whistle almost steadily, but single and double- 
cylinder engines blow in jerks or uneven blasts. 


WATSON STABILATORS 


Watson stabilators are friction brakes to hold the 
car down against the rebound or throwing action of 
the car springs. Stabilators do not in any way 
stiffen t he car springs against compression, but leave 
the springs perfectly free and supple to act as soft 
cushions in protecting the car and passengers from 
road .shocks. The braking resistance pro<iuced by 
Stabilat/ors is always automatically in proportion to 
the mildness or vieiousness of the rebound force. 

Just how this proportional resistance is accomplished can 
be seen from the illustrations. Drum (f)), Figs. 53, 53A, is 
electrically welded to the fStjibilator cover meniber which is 
bolted fast to drum (0), which is a part of the main ba.se ciustiiig 
which in turn is bolted fast to the car frame. The Stabilator 
spring is liold on matidrel (1), and its power is transmitted to 
the Stabilator brake shoe (1) by means of ring (3) which pas-ses 
through a narrow space or slot between drums (5) aiui (0) and 
which is hooked into the brake shoo. Tlio spring ean be 
wound to any desired tension by turning mandrel (1) which is 
locked in any desired position by means of locking pin (2). 
The spring i.s thus constantly tending to pull the .shoe around 
the stationary drums (5) and (h) and is likewi.se constantly 
tending to wind up the strap (7) which is riveted to the end 
of the brake shoe (.4). 



Fig. r>3. Showing parts disassembled. First illustration at 
left is the cover assembly; next, shoe assembly; next, spring 
assembly; next, base assembly. 



Fig. 53A. Side internal view (left) and front external view 
(right) with base removed. 

While the car is standing, the spring cannot pull the brake 
shoo around the drums and wind up the strap because the other 
end of the strap is fastened to the axle of the oar and thus holds 
all parts stationary in spite of the pulling of the Stabilator 
tpring. ^ 


When the car hits a bump and the axle and frame are driven 
together and the car spring is compressed, the Stabilator spring 
is then no longer held back by the strap and instantly and like 
lightning turns the brake shoe around the drums and winds up 
the strap to whatever extent the car body and axle have been 
caus3d to approach each other (see Figs. 54, 54A, 54B). 



As the car spring recoils, 
forcing the body and ths axle 
apart, the strap must pull the 
brake shoe back around the 
drums. This pulling of the 
brake shoe in this backward 
direction, being resisted by the 
pull of the Stabilator spring at 
the end of the shoe, causes the 
strap to bind the shoe against 
the drums, producing a friction 
brake against the recoil of the 
car spring. It will be noted 
that not all of the Stabilator 
shoe is in active contact with 
the drums (5) and (6). Only 
that portion is active which has 
been run under the strap and is 
thus bound by the strap against 
the drums. 


Figs. 54, 54A, 54B. Action of the Stabilator during rebound 
of the spring. 

The amount of active braking area is therefore precisely 
regulated by the extent of spring compression and the approach 
of car bc^y and axle. Thus, the size of the Stabilator brake is 
automatically set by each different extent of spring comprejision 
correctly and adequately to resi.st each variation in rebound 
force, as shown in Figs. 54, 54A, 54B. 

Adjustment: There are two points in the adjustment of 
Stabilators: (1) the strap should be pulled down and attache] 
to tne axle bracket so that the 
strap eyelet (Fig. 55) is about 
l^elow the top edge of the 
Stabilator window wien the 
car is standing on a level floor 
with no passengers; (2) front 
Stabilators should be wound 
up by the mandrel (1) (ad¬ 
justing nut) to the 5th or 6th 
notch into which the locking 
pin (2) is held in the cover. 


Fig. 55. External view of Stabilator. There are two front 
and two rear fitted to a car. The front have stronger springs 
than the rear and are designated by the letter (D) stami^ on 
^ring retaining ring, while the rear is designated by letter (B). 
The eyelet in a front strap is 6" from nearest pair of rivets, 
while a rear strap is 4". 

Hear Stabilators should bo wound up to 7 or 8 notches. 
There are 6 notches to one complete revolution of the adjust¬ 
ing nut. 

If these adjustments have been carefully made and if the 
instruments have been properly installed so that the straps 
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are held in practically a vertical lino and are thus not rubbing 
against either edge of the Stabilator window, the care of 
Stabilators amounts to practically nothing. Stabilators should 
never under any circumstances be lubricated. Any form of 
lubricant will not only deteriorate the Stabilator shoe, but will 
iJso cause the Stabilators to cease to hold just as wheel brakes 
would cease to hold if they were lubricated. 

Adjusting wrench: A special adjusting wrench is supplied 
with each set of Stabilators, and should Stabilators not be 
giving complete satisfaction the adjustment of mandrel (1) 
(adjusting nut) should be checked up as foUo^: Turn the 
ai^usting nut very slightly in the direction indicated by the 
arrow stamped on the nut. This slight movement will enable 
you to pull out tlie locking pin far enough to allow the nut to 
turn back into the next notch into which the pin will fit. Take 


a new hold with the wrench and in the same manner allow the 
nut to go back one more notch and so on until the adjustment 
is off or “dead.” From the “dead” position wind up the front 
Stabilators to 5 or 6 notches and the rear Stabilators to 7 or 8 
notches as mentioned above. 

This adjusting of the Stabilators in no way alters the position 
of the strap eymot, but by placing more spring tension on the 
end of the Stabilator shoe, the strap is caused to bind the shoe 
more tightly against the drums in pulling the shoe backward 
around the drums, and this causes a greater and increased 
resistance to the recoil of the car springs. 

Any detailed information as to installing, adjusting, remov¬ 
ing, or disassembling can be obtained by writing to the Stab¬ 
ilator manufacturers, John Warren Watson Company, 24th 
and Locust Streets, Philadelphia, Pa. 


HOUDAILLE (HOO-DYE) HYDRAULIC SHOCK ABSORBERS 


HoudaUles are double-acting hydraulic shock absorbers for 

controlling the action of the ear sorings by cushioning the com¬ 
pression and checking the rebound. The resistance is not equal 
both ways, being less on compression of the springs. The 
hydraulic resistance is compensating, and automatically changes 
ti) govern the varying spring movements, whether slight or 
violent. The resistance is developed by a fluid being forced 
through check valves and controlled ports. 

The absorbing unit has two main chambers, the working 
chamber and the reservoir. The working chamber is divided 
by a stationary wing “2“ in two comj^rtments “AD" and “BC“ 
in wliich works one end of the osciUating piston “4." In the 
stationary wing are check v'alves “1" which permit the flow of 
fluid in one direction. The porta “3” in the oscillating piston 
are controlled by a needle valve “5." Each pair, either front 
or rear units, are of opposite resistance to permit of uniform 
installation. The internal parts of units of opposite resistance 
are not interchangeable. In fact, each shock absorber is an 
individual assembly. 

The absorbing unit is bolted directly to the frame or axle and 
through lever on the oscillating piston, and a pitman rod is 
connected to the axle or frame. ()n compression of the springs 
the wing shaft moves in a counter-clockwise direction. The 
ball check valves “1" unseat, allowing fluid to pass from “A” 
to“B" and from“C" to “D" with very little resistance on slight 
movement, but cushioning severe action. On rebound the balls 
seat, and re^sistance to clockwise motion is afforded to the flow 
of fluid through the controlled ports “3” from “B" to “C" and 
from “D" to “A" in the wing shaft. The same charge of fluid 
is used continually in the working chamber. 

The reservoir contains a reserve supply of fluid. The pump¬ 
ing action of the piston tends at all times to draw in fluid from 
tlie reservoir through ball check valves "6" in the flange. The 
high pressures developed in the working chamber are relieved 
at “7" before reaching any packing. All fluid escaping from the 
working chamber is caught in the reservoir to be us^ over again. 

The HMtnmn rod consists of two ball joints on ends of link 
stud.s locked in place with check nuts. The ball joints are 
booted and providetl with lubricators. 

Adjustment (Fig. 55H): Resistance adjustment is obtained by 
varying the size of the valve opening within the instrument 


controlled by the movement of needle valve “5," which has right- 
hand threads. Clockwise movement—increasing resistance. 
Counter-clockwise movement—decreasing resistance. (Note 
the needle valve pointerj'TS" actuates the needle valve stem “6".) 

All units are filled with glycerine, obtained at any drug store, 
w'ith which is mixed 10 per cent denatured alcohol. Never 
refill with lubricating or other oils. Additional fluid should be 
added to the reservoir every five to eight thousand miles; 
under continuous driving, more frequent inspections would be 
advisable. The absorbers require no other lubrication. 

Pitman-rod assemblies should be kept thoroughly lubricated. 
tSemifluid oil or grease of good quality is recommended The 
installation should be periodically inspected for loose bolts and 
nuts. Changing or disassembling outside the factory voids the 
warranty. The Houde Engineering Corporation, 177-237 
Winchester Avenue, Buffalo, N.Y., ISIanufacturers. 
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SAowinf CwulnieHo/i HoudallU Shock Abiorbor 

Fig. 55H. Construction of Iloudaille shock absorber: 1 
ball check valves; 2, stationary wing; 3, controlled ports; 4, 
oscillating piston; 5, needle-valve stem; 6, intake check valve; 
7, pressure relief; 8, air vent; 9, cover packing; lU, flange pack¬ 
ing; 11, valve-stem packing; 12, filling plug; 13, fluid level; 
14, lever; 15, needle-valve pointer. 


REPAIRING AND ADJUSTING SILENT CHAINS 


Silent chains are used to drive the cam shaft, gener¬ 
ator, water pump, magneto, fan, etc., instead of gears. 

The Morse silent chain^ as used on many cars, 
differs from other silent chains only in that the Morse 
employs two pins in the joint, one called the “seat 
pin” and the other “rocker pin” (see Figs. 56, 63). 



^ Fig. 67 


To connect the ends of this silent chain: Place 
the chain over the wheels to run in the direction 
indicated by arrows. On all automobile front-end 
drives the arrow side of the chain will be the near 
side, as shown in Figs. 56 and 57, 

Bring the ends of the chain together and lap the 
link plates in regular order, as shown in Fig. 57; 
insert “seat pin” (S) (with wafsher riveted on one 
end) from the far side of the chain, taking care that 
the ribbed side of the pin points in the direction of 
rotation of the chain as shown in Fig. 57. 

Insert “rocker pin” (R) from the near side of the 
chain as shown bv Fig. 57, with the segmental, or 
pointecTj side of the pin against the flat side of the 
“seat pin,” and toward the direction of rotation of 
the chain. The relative positions of the two pins, 
when properly inserted, will be as shown by Fig. 63, 

Place the washer on the end of the ^seat pin” 
and, after backing up with a bar or wedge, rivet 
over the end with a few sharp blows of the hammer. 

To shorten the chain one pitch by removing the 
'^hunting link”: All chains containing an odd 
number of links must include the thin-leafed sec¬ 
tion (ECL) (Fig. 68). This row of leaves (collec¬ 
tively) is called the ^hunting link.^^ 
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To remove it, move the chain until the hunting 
link is on top of a wheel; then with a chisel in verti¬ 
cal position and the edge of the blade at right angles 



to the plane of the washer, strike sharply with a 
hammer until washers (A) and (B) are split suffi¬ 
ciently to make them fall off. This releases the 
pins in the two joints which can then be driven out, 
and the leaf-plates of the hunting link will fall away 
when the chain is lifted up. 

The chain is thus reduced in length one pitch 
(one link),.and all that is necessary to put it again 
in running order is to bring the ends together, mesh 
the link plates in regular order, and make proper 
connections as stated above. The ‘‘pitch” of a 
silent chain is the distance from center to center 
of the pins. 

To shorten the chain one pitch, by removing four 
links and inserting three, one of which is the “hunt¬ 
ing link”: Arrange the chain with the arrow side 
as the near side, cither flat (as shown) on some solid 
foundation, or on top of one of the wheels. 


13 3 4 Fig. 59 



Select a joint at the head of an arrow, and, with 
hammer and chisel, cut washer (C) (Fig. 59) until 
it falls off. Move to the right four links and cut 
washer (D), also at the head of an arrow, in the 
same manner. 

Be careful that each severed washer is at the head 
of an arrow, otherw ise the leaf-plates of the three-link 
section will not mesh in regular order wdth the chain. 

Drive the pins from joints (C) and (D) anu re¬ 
move the links marked 1, 2, 3, and 4 in Fig. 59. 
Insert a three-link section in place of the removed 
section, making sure that the arrow on the new^ sec¬ 
tion points in the same direction as the arrows on 
the old chain. Bring the ends together, mesh the 
leaf-plates in regular order, and make connections. 

Note. It is necessary to remove only four links and to insert 
the section of three links, as described above, where the chains 
iro used with an even number of links and do not contain a 
hunting link (HL) (Fig. 58). If the chain contains a hunting 
link, it should always be shortened as described in the com¬ 
ments on Fig. 58. 

Silent Chain Adjustment^ 

Various methods are used for adjusting chain 
tension: For instance, if the chain drives the genera¬ 
tor shaft, the generator can be moved in the slot 
holes to adjust the chain tension, as shown in Fig. 
37, (page 75), or the shaft on which the sprocket is 

^ See pages 74 and 75 for remeshing timing gears when using 
silent chains. Chains have a tendency to wear in the pins, so 
much BO that they will often have sufficient slack to strike the 
case covering it. When maximum adjustment is reached, usual¬ 
ly. a new chain is necessary, or enough links must be removed to 
take up the slack and thus obtain minimum adjustment again. 


mounted can be rotated on an eccentric bearing 
(Fig. 36, page 74), or, if mounted in a separate case, 
shims can be installed under the case. 

To adjust while running, 

tighten the chain until it be¬ 
comes noisy; then slacken to 
the point where noise ceases. 
The chain should be as tight 
as possible without causing 
noise. 

To adjust where the cover 
is removed, as in Fig. 60, 
take hold of the chain and pull the long strand as 
far as it will go, to test the free movement. The 
total free movement will vary with the length 
between sprockets. If the length is from 5” to 7”, 
the total free movement should be to if 
the length is from 8” to 11”, the free movement 
should be from 3^'' to When worn and noisy, 

remove 2, 4, or 6 links each; never an odd number. 

Chain alignment: When tightening a silent chain 
by movement of the generator, make sure that it is 
moved in perfect ahgiiment, otherwise it will cause 
the chain and sprocket to wear rapidly. This i.s 
important. If too tight, it will sing and cause wear. 

The Morse adjustable sprocket (Fig. 61 ) is 
designed for shafts, such as generator shafts, etc., 
w hen the shaft cannot be removed for adjustment. 

Fig. 61. Thesprock- 
et (S) rotates on a 
bearing (B) which is 
eccentric to the shaft. 
(This shaft does not 
revolve with sprocket 
(S), but can be rotated 
for adjustment.) By 
rotating tlie bearing 
(B), the sprocket is 
moved, thus adjusting 
the chain ten.sion The 
drive is through the 
sprocket to a plate- 
type universal joint (C) at the left and thence to the generator 
shaft. This joint also tends to relievo vibration of the chaii», 
and is called a vibration dampener. (Manufacturer, Morse 
Chain Co., Ithaca, N.Y.) 

Some of the engines on which Morse front end drive is used: 
Auburn six, Cadillac, Case "(Y)”, Chandler, Chrysler. Cleve¬ 
land. Essex six, Flint six, Hudson, Hupmobile, Jordan, Lincoln, 
Loco Jr., Moon, Oakland, Packard, Peerless, Rickenbacker, 
Stearns, Studebaker Standard six, Star, Continental Motors 
and Lycoming Motors. 


Other chain manufacturers are Link Belt Co., 
Indianapolis, Ind.; Dalton & Dlach, Chicago, Ill.; The Whitney 
Mfg. Co., Hartford, Conn.; Duckworth Chain Mfg. Co.. 
Springfield, Mass. See also supply houses. 

Example of Silent Chain Disassembling and 
Assembling (Cadillac models 53 and 55) 

Detecting looseness: Looseness in the silent 
chains grows so gradually that it is scarcely to be 
noticed until the chains have become so loose that 
they jump the teeth of the gears. This, of course, 
destroys the timing. The extent of the looseness 
mav be felt by grasping the generator shaft and 
rocking it back and forth. Any great looseness 

destroys the proper 
timing of the valves 
and necessitates a re¬ 
placement of chains. 

Fig. 62. Using special 
pullers, both gears and 
chains together with the dis¬ 
tributor housing are re¬ 
moved at once. The gen¬ 
erator universal must first 
be disconnected. 
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Disassembling: After removing all parts so that 
access is gained to the chains, then turn the engine 
until one tooth of the cam-shaft-driven sprocket 
(A) (Fij;. 64), which is marked with an arrow, is 
diametrically opposite the tooth with an (O). A 
tooth on the crank-shaft sprocket (B) has a similar 
arrow upon it, and the two teeth opposite each have 
an (O) mark. All should line up, as shown in Fig. 64. 

Apply the special gear puller, as shown in Fig. 62, 
to the crank-shaft gear; next apply the special cam¬ 
shaft gear puller, as also shown in Fig. 62. 

Working both pullers together, remove both cam¬ 
shaft and crank-shaft gear, at the same time sliding 
the distributor housing and fan-drive chain forward. 
All will come off together. (The usual method is 
first to cut the rivet^ head of one of the seat pins 
on the driving chain, and to remove the seat pin and 
rocker pin. The driving chain is then removed. 
In refitting the new chains by this method, it is 
necessary to rivet the seat pins while on the gears 
and in the case. This is a difficult and tedious job. 
By the method outlined here, the chains are riveted 
on the bench easily^ quickly, and with a certainty 
of the work being right.) Place the gears, chains, 
etc., on bench, removmg cam-shaft driving chain. 

The repair: Cut off the riveted head of one of the 
seat pins on the fan-shaft driving chain, and remove 
the seat pin and rocker pins. Remove the fan-shaft 
driving chain. Clean All parts with gasoline, and 
examine the gears for wear. If worn, the faces of 
the teeth will be ridged, showing the marks of the 
chain links, and must be replaced. 



Fig. 63. In replacing the chains, make certain that the 
arrows point in the direction of rotation, and that the rocker 
and seat pins are in the position shown. Otherwise the chain 
will quickly ruin itself. 

Place a new fan-shaft chain over the fan-shaft 
^'ear with the arrows on the outside links pointing 
m the direction in which the chain is to run (Fig. 63). 

Rivet a small washer to one end of a seat pin in a 
vise. Bring the ends of the chain together. Insert 
a rocker pin’then drive the seat pin with its washer 
into place. Be certain that the rocker pin and seat 
pin are in the position shown in Fig. 63. Head over 
the end of the seat pin. Rivet up the new camshaft 
driving chain in the same manner. 

Assembling: Place the cam-shaft gear on the fan 
chain with mark (0, Fig. 64) in the lowest position. 
Place the cam-shaft chain on the gear^ with the 
arrows pointing in the direction of rotation. Place 
the crank-shaft gear into the cam-shaft chain with 


the marks as shown in Fig. 64. Now slide the 
whole assembly into place on the engine, driving 
the gears home with a brass bushing and machinist’s 
hammer. Replace the nut and washer on the crank- 
then replace the parts which are 


Fig. 64. The marks on the cam¬ 
shaft gear (A) should line up with those 
on the cranknshaft gear (B) before the 
gears are removed, and should be re¬ 
placed in exactly the same position. 
Note the arrow points on chain. 


The valve timing: The valve timing was automatically cared 
for in replacing the cam-shaft driving chain ns directed, pro¬ 
viding tne valve tappets have the proper clearance. Tlie 
exhaust tappet should have .003" clearanoe, the intake .002"; 
the e.xhaust should close and the inlet open on dead center. 
The inlet should never open at a point more than 1" past 
dead center on the flywheel. (See page 1052.) 

Ignition timing: Open the compression relief cocks, crank 
the engine until No. 1 cylinder (the one nearest the radiator, 
on the right-hand side when facing the engine from the front) 
is on the firing center. The pointer above the flywheel will 
then he exactly over the mark 1-5 on the flywheel, and both 
valves of No. 1 cylinder will be closed. 


Fig. 65 (left). Position of the spark lever, when timing the 
ignition. The end of the lever on the .quadrant should line up 
with the point of the arrow, as illustrated. 

With the timer open, as shown in Fig. 6A, page 216, loosen 
lock screw (A) slightly. Then set the spark lever as shown in 
Fig. 65. 

Connect the test lamp into the primary circuit, as shown in 
Fig. 65A. When the breakers are closed, the light will l>€ lighted, 
if the ignition switch be closed. 

Fig. 65A. (right). Bv placing a test light in the primary cir¬ 
cuit. the exact instant that the spark occurs can be determined, 
as tne light then goes out. 

Replace the distributor rotor, and turn by hand until the 
distributor brush is under the terminal marked No. 1 on the dis¬ 
tributing cover. Turn on the ignition switch. The light 
should light. ^ Turn the rotor very slowly, in the direction in 
which it is driven by the engine, until the lamp goes out. Re¬ 
move the rotor; tighten screw (A) of Fig. 6A, page 215. 

Replace the rotor and retard the spark. Then move the 
spark lever slowly back toward the point of the arrow, as shown 
in Fig. 65. When the point of the arrow is reached, the light 
should go out. If it does not, reset the rotor and cam as 
directed. 




shaft end: and 
disassembled. 



GASKETS! 


Gaskets are used on the engine, transmission, rear 
axle, and other parts of the car, the purpose being 
to provide a seal between two metal surfaces that 
are connected together. Thin gaskets are generally 
used on joints that come together fairly even. Metai- 
^metal joints would require an expensive 'Aground 
joint’' to make both surlaces meet absolutely even 
so that they would not leak. It is for this reason 
that some sort of flexible material is interposed 
between the surfaces to make up for the uneven¬ 
ness. 

There are several kinds of gaskets: Paper, fiber, 
asbestos, asbestos wire-lined, metallic, copper, 
copper-asbestos lined, steel-asbestos lined, cork. 


and felt; and, in some instances, lead or soft iron 
can be used. 

For engine cylinder heads of the detachable type, 
a soft copper gasket, lined with asbestos on each 
side, or copper on each side with asbestos inside 
(usually the latter), is used to prevent leakage of 
compression between the cylinder block and cylinder 
head and also to prevent leakage of water from the 
water jackets into the cylinders. 

1 Gaskets for oars and trucks are obtainable from distribu¬ 
tors or auto supply houses. Free booklets: **McCord Gasket 
Guide (also ''McCord Radiator Guide" and "McCord Muffler 
Catalog" giving information on radiators, cores and muflflers for 
replacement purposes) can be obtained by writing McCord 
Radiator 6t Mfg. Co., Detroit, Mich. (Mention Dyke'e 4uto- 
mobile Encyclopedia.) 
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When taking off cylinder head for anv purpose, or 
if there is a water or compression leak, a new 
cylinder-head gasket should be used. In emergen¬ 
cies, the old gasket can be used if it is not damaged 
and is carefully applied. 

Where old gaskets are used over again, the important point 
is to see that the surfaces are clean, and that the gasket is not 
damaged. Put shellac^ on each side of the gasket and apply 
before it dries, but be sure to scrape and clean the surfaces 
carefully before applying, otherwise a leak will occur. Alcohol 
is used to clean surfaces which were previously coated with 
shellac. Bear in mind that if there are any rough surfaces, 
the gasket will leak. 

When using a new cylinder-head gasket, the use of 
shellac is not recommended. It has a tendency to 
set after the engine has run a short time, which 
interferes with the final tightening. 

One of the leading manufacturers of copper-asbes¬ 
tos gaskets states that while grease and shellac are 
used in applying gaskets, experience dictates that 
the best practice is to see that the face of the head 
and cylinder block, as well as the gasket itself, are 
thoroughly clean, and then to apply the gasket with¬ 
out grease or shellac, as this prevents the soft 
copper from working into the unevenness in the 
metal faces. If, however, such a material is used, be 
sure that there are no lumps or foreign particles in it.i 

Soaking cylinder-head gaskets in water before 
applying them is a practice frequently employed, 
particularly where cylinder head or block may be 
slightly warped.® The moist asbestos tends to more 
closely conform to the uneven space between a 
warped head and a flat cylinder block. Sec p. 151. 

In the absence of manufacturer’s instructions 
(which are always best to follow), the order in which 
cylinder-head stud-nuts can be tightened is shown 
in Fig. 66. The same general principle applies to 
“fours,” “sixes,” “eights,” and “twelves.” A socket 
wrench, is generally used.^ '• 



Fig. 66. When putting on a cylinder-head gasket tighten the 
cylinder head stud-nuts in order indicated above; that is, 
tighten 1, then 2, 3, and so on to insiire apainat lessening of 
compression and against leakage of water into the cylinders. 
In general, start at the center of the head and work toward the 
ends and sides, tightening the corners last. This illustration 
also shows the shape of a typical copper asbestos-lined open 
edge cylinder-head gasket used on cylinders with detachable 
heads. Example is for a 4 cylinder engine. 

The stud holes are numbered 1 to 14. The holes in the gas¬ 
ket provided for water circulation from the cylinder head to the 
cylinder water jacket are the other holes (W). Sometimes, 
when gaskets do not fit properly, the water works its way into 
the cylinder, thus causing water in the crank case, as well as 
a loss of compression. See also pages 715, 716. 

When applying a new gasket, in order to insure 
compression in all cylinders, the cylinder head 
should be drawn down firmly on the gasket and 
block with an even pressure at all points l^efore the 
later operations of tightening are attempted. 

After first drawing down the nuts evenly and 
snugly, but not tightly, go over them in the same 
order a second and third time until they are as 
tight as it is safe to make them. Drawing nuts too 
tightly and unevenly may result in a broken stud, 
stripped threads, cracked head, or distorted cylinder 
block. 


The final tightening should be done after the 
engine has been run and is thoroughly warmed up. 
It 18 advisable to again re tighten after a few hundred 


miles of operation.* The important point is to have 
all stud-nuts to the same degree of tightness.^ 

A type of gasket used ext^sively is made of pure 
copper and asbestos.^ When properly installed, 
they will not leak or blow out. See Fig. 66, showing 
a typical exaniple of this type of gasket, and Fig. 67 
showing how it is placed between the cylinder head 
and the cylinder block of the engine. 

Other t3rpes of cylinder-head gaskets are: ( 1 ) 
Steel-asbestos gaskets are made similarly to copper- 
asbestos gaskets except that cadmium-plated steel 
is used in place of copper. (2) Graphited asbestos 
gaskets consist of asbestos with one layer of copper 
or steel. On some types, the copper or steel covers 
the bottom surface. On some types, the copper 
or steel is in the center and both top and bottom 
surfaces are asbestos. In either type, the exposed 
asbestos surfaces are covered with graphite. 


Gaskets can be obtained extra thick for the pur¬ 
pose of reducing compression. 



Figs. 67 to 72. Different places where gaskets can be used. 


Copper (also brass) asbestos-lined gaskets, termed 
the “flange” type (Fig. 68) are used extensively for 
placing between the mtake manifold and cylinder 
(Fig. 71), and also between the carburetor and the 
intake manifold; between the cylinder and the ex¬ 
haust manifold; between the exhaust manifold and 
the exhaust pipe (Fig. 69). The round type of cop¬ 
per asbestos-filled gasket (Fig. 70) is used under 
spark plugs. See footnote p. 732. 

Paper or fiber gaskets are often used on many 
parte of the car not subjected to high temperatures. 
Paper gaskets are often used where very close cle>ar- 
ance^ are required, such as on oil pumps, starting- 
motor mountings, engine timing cases, etc. Pajx;r 
or fiber gaskets are used in a great many places, 
such as between oil pan and crankcase, between 
crankca.se and cylinder block, on transmission, rear- 
axle housing, engine-valve case covers, etc. Fiber 
gaskets are more compressible than paper and do not 
require as good a fit between the surfaces. 

1 See also pages 151, 152. Always follow manufacturer’s 
instructions where possible to do so. On aluminum cylinder 
heads, flat steel washers should be placed under the nuts to 
prevent gouging of the aluminum and to facilitate easy removal 
of head in the future. * Or gasket cement. 

> If badly warped, see Resurfacing on page 

* A wrench which will register the pressure applied is made by 
the Cedar Rapids Engineering Co., Cedar Rapids, Iowa. A free 
circular issuea by this firm states: “It is important that all 
stud-nuts and cap-screws be uniformly tightened in motor re¬ 
conditioning work if unequal stresses are to be eliminated. Un¬ 
even tightening sets up strains in the metal that may cause a 
properly rebuilt engine to lack power or use excessive oil.” 


* See page 601 for other torque-indicating wrench manufacturers. * Steel-asbestos gaskets are also frequently used. 
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Paper gaskets should be oil- and water-proof. If 
not obtainable and it is necessary to make a paper 
gasket, select a heavy wrapping paper. 

Many repairmen coat the gasket with grease in order to hold 
it i n place while fitting the parts together. Shellac is also used. 

A gasket in paste form, known as Permatex Form¬ 
a-gasket, is applied with finger or knife blade, and 
the manufacturers claim it produces leak-proof as¬ 
semblies on j^ear-case covers, cylinder heads, crank¬ 
cases, water jackets, etc. 

Fibrous sheet packings that resist the action of 
hot or cold water, oils, and gasoline and are suitable 
for such joints as valve and gear covers, oil pans, 
carburetor flanges, axle housing covers, water con¬ 
nections, etc., where the temperature docs not exceed 
about 200° F., are obtainable. Some of the brands 
are Seigelite, Vellumoid, Victorite. 

Cork gaskets are not suitable for cylinder heads, 
as they would burn or blow out under the extreme 
heat and pressure to which they are subjected in 
this particular spot. The cork gasket is used 
extensively for the same purposes mentioned in 
connection with paper gaskets, such as for oil, water, 
and gasoline connections. They arc particularly 
adaptable for presscd-stcel parts because of their 
flexibility, \\hich enables them to fill up all the 
rough spots and unevenesses in such parts. Their 
main applications are between the oil pan and the 
crank case; on the oil-pan bottoms; on the valve- 
plate covers; in the water-manifold connections; 
in the timing-gear case; on hand-hole covers on the 
transmissions, clutch and differential housing, and 
hub flanges of wheels, and for all similar purposes. 

Felt gaskets are used to a great extent for oil 
retainers, washers, etc. 

Gaskets of all kinds can be obtained of auto¬ 
mobile supply houses. 

To remove paper on the running-boards of new cars: A new 
car usually has brown paper over the running board and floor 
boards, to protect them in transit. A good way to remove 
this neatly is to fasten a safety^razor blade in a small block of 
wood and trim close. No ragged edges will then be in evidence. 

Cutting Gaskets 

Perhaps one of the first things at bench work that 
a young repairman is taught on entering a shop is 
that of cutting gaskets. 

The gjusket between the base of the cylinders and 
the crank case and the cover of the gear box are 
usually made of paper (or of cork, which is obtained 
already cut. Paper gaskets are also obtainable 
from the manufacturer, already cut). 



Fig. 73 Fig. 74 


Fig. 73. Cutting a gasket for the lower part of the cylinder, 
where i t fits to the crank case. 

Fig. 74. Cutting a gasket for the transmission cover. 

If care is not exercised in removing a cylinder 
from the crank case, or other parts, the paper gasket 
may easily be damaged by part of it adbenng to 


the cylinder and another part to the crank case. 
Should the gasket be ruined by any chance, a new 
one can easily be made in a few minutes. 

Cutting gaskets: A sheet of fairly heavy wrapping 
paper should be obtained and a hole made just large 
enough to accommodate the piston. The paper is 
then rested on the crank case or cylinder (Fig. 73), 
and with the aid of a ball peen hammer tamped all 
around the edges. It is, however, best nrst to 
mark the holes for the holding-down bolts, and to 
insert the latter to hold the paper in position. 

When making the corners and also the holes for 
the bolts it is best to use the peen or round end of 
the hammer. It is not necessary to strike the paper 
a hard blow, a series of slight taps only being re¬ 
quired. With these, it will be found that the gasket 
will have a nice clean cut edge, and will conform 
exactly to the desired shape. 

The hardest part of the whole {irocedure is to 
keep the paper in place on the crank case, but if 
the holes for the holding-down bolts are first made 
and the holts are then inserted, as shown in the 
illustration, no difficulty should be experienced. 


Fig. 75 Fig. 76 (upper) 

Fig. 77 flower) 

Fig. 75, When cutting gaskets from metal and ashestoa 
parking, felt, and other materials, it is sometimes dilTieult to 
cut bolt holes, e.speeially those elose to an edge, without damag¬ 
ing the material. A way out of the difficulty is to use two 
round-headed harnmcr.s, plaeing the round head of one over 
the hole and striking it with the other. 

Ball bearings of various sizes are also useful in cutting small 
holes, such as for studs, in gaskets. After the gasket is cut 
to shape by hammering around the edge of the gasket flange, a 
ball bearing is put over the hole and hammered until the hole 
is cut in the gasket. This method produces sharply defined 
edges. In cutting paper gaskets it is advisable to grease the 
paper first, so that it will stick to the surface. 

Fig. 76. A device for cutting circular gaskets may be made 
out of two pieces of steel shaped a.s shown and fitted with a 
clamp which forms the center. The two cutting members are 
adjustable, so that practically any size of gasket may bo cut. 

Fig. 77. It is difficult to cut holes in gaskets and not have 
ragged e<lge8. When there are a great many holes of a given 
size to be made, it is advisable to construct a die consisting of 
two plates of metal doweled together and with a hole or series 
of holes through which the dies may be puslied. The gasket 
material is slipped between the plates, and then the die is 
forced through with a hammer. 

Another method is to file a chiseled edge on short sections of 
different sized iron pipes, which can be used as punch cutters. 

Cuttii^ gaskets for gear box or transmission 
cover: The same principle applies here (see Fig. 
74). Be careful in tapping to see that the edges 
are not broken. Sometimes it is possible to press 
the paper by hand and to make inaentation enough 
from which to cut the gasket. 

Other gaskets, such as those made from mobilene 
and asbestos service sheet packing, are made in a 
similar manner, but are usually marked off by pres¬ 
sure of hand or finger, when placed over the part to 
be fitted, and then cut out with a sharp knife. 
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Water Pump Packing 


Shellac 


Water pump packing can be obtained in three 
forms: (l) asbestos twine treated with graphite; 

(2) molded split rinp of asbestos and graphite; 

(3) asbestos and graphite paste that is inserted into 
the packing nut. 

Adjustment. Tighten packing nut only when 
leaking water. On some engines a spanner wrench 
or blunt punch can be used to tighten the notched 
packing nut or gland; on others, a special wrench 
IS required, and on some the packing nut is hexagon. 
Adjustment should be made, on old or new packing, 
only when the water is hot and tested with engine at 
idling speed. Do not adjust the packing too tight 
as it may score the shaft and cause unnecessary 
wear on the fan belt (if driven by belt as explained 
on page 151). One prominent manufacturer’s in¬ 
struction book reads; “Packing nut should not be 
drawn tighter than from 1 to 2 flats more than 
nec(‘ssary to stop the water drips in order to avoid 
excessive friction on pump shaft.” 

Repacking. When the packing nut has reached 
its limit of travel against the packing, install new 
])acking by backing off nut, removing old packing 
(not on all cars) arul installing new packing. Be sure 
that the pump shaft is smooth before packing it. 
When installing packing rings having joints, it is 
advisable to place the joints between 120“ to 180° 
apart to pn‘V(mt a possible leak. If installing 
“twine” or “wick” packing see page 150. 

Packless type of water pumps. Water in this type 
is prevented from entering the pump body by a seal 
which is under spring tension. This type only re¬ 
quires lubrication at regular intervals. 

Lubrication: On some types of water pumps non¬ 
soluble waterproof “water pump grease” is applied 
to the packing and pump shaft where grease is sup¬ 
posed to bo used for lubrication, for reason ex¬ 
plained on i)age 151. Many types of water pumps 
use oil; some have an oil reservoir; some use only 
a few drops; some have two places to lubricate and 
some are self-lubricating. Always follow the manu¬ 
facturer's recommendations for adjusting, repacking 
and lubrication. 


Shellac is a preparation to insure a tight joint. 
Shellac dries up; but a way to keep it and handle it 
is to have a wooden stopper (Fig. 78) which can be 
used for applying the shellac as well as serving as a 
stopper. Another plan is shown in Fig, 79. 


Fig. 78 Fig. 79 


How to mix and use shellac: Secure un opcn-niouth bottle; 
fill nearly full of Hake shellac, and pour in alcohol, and let it 
di.ssolve. This will make a very thick solution. To make it 
thinner, put in fewer flakes of shellac. The flakes can be 
secured at any drug store. Only the smallest possible amount 
should be used, and this should be quite thin. 

Shellac is not xised as much for gasket work as formerly: other 
products which posse-ss a greater heat resistance and which can 
be more easily separated without damage to any part have 
taken its place. Shellac is often used in emergency ca.ses, such 
as a filler for a damaged gasket where a new one is not obtain¬ 
able, or where there is difficulty in stopping a water or oil leak, 
as it makes a very tight joint. 

A new gasket should always be used if possible, but if one 
is not available, shellac can be used to help make a tight joint. 
Clean the shellac from the surfaces and also clean the md gasket 
with alcohol. Shellac can then be u.sed on both sides, as there 
will probably be some rough surfaces still left. Draw gasket 
up tight before the shellac dries and draw up again after it 
dries. If used on a cylinder head gasket, run the engine to 
warm it up, and tighten again after running car a day or so. 
If the surfaces are not clean on an old or new gasket it stands 
a chance of leaking, therefore care must be used to tighten it. 
See also pages l.jl, lo^, 7.i3. 

To make leak proof joints on gasoline, grease, oil and water 
connections, procfucts known as "Form- A-Gaskot" and "Gasket 
Goo" are recommended (can be obtained at auto supply deal¬ 
ers). 
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Radiators are divided into two classes: tubular 
radiators with stniiji;ht vertical tubes with crimped 
fins, a.s in Fig. 14, page 147, and with vertical tubes 
with horizontal fins, as in Fig. 15, page 147. The 
cellular type comprises both the tubular type, 
resembling the genuine cellular, as in Fig. 18, page 
147, and the cellular type, as in Fig, 19, page 147. 

Equipment 

The equipment necessary for repairing tubular 
radiators, as well as those of the cellular type, con¬ 
sists of tne following: 

1. A table, as shown at (1) (Fig. 81) for assembling 
or disfissembling. The repair outfit (Fig. 80) 
also includes a work table^ dimensions of which 
are given on the illustration, covered with tin, 
and with racks for turning radiators upside 
down or otherwise. 

2. A test tank, as shown in (2) Fig. 81, or in Fig. 80. 
Air pressure is necessary, but not over 8 or 9 lbs. 

3. A compressor (12) (Fig. 81) should be provided 
for the air pressure, and a hot-water tank can 
be used for an air receptacle with a gau^e (8) 
on the tank to indicate pressure. This air 
tank can be used for testing radiators, as ex¬ 


plained on pages 736, 737. It can also be used 
for the air supply to the torch (Fig. 80), in con¬ 
nection with gas. 




7S6 


DYKE’S INSTRUCTION No. 



Fig. 81 . Radiator repair tools and devices. 


4. A gasoline fire-pot torch (7) (Fig. 81) or a gas 
furnace (Fig. 80) must be provided for heating 
the soldering irons. 

5. Two soldering irons (6) (Fig. 81) heavy enough 
to convey sufficient heat to the work. The 
iron should taper to a flat point as in Fig. 82. 
Long-pointed irons for core work are also nec¬ 
essary. 

6. Acid (4) (Fig. 81) must be kept in a stone pot. 
It is made of commercial muriatic acid cut with 
zinc, that is, zinc is placed in the acid and left 
in it until boiling stops. It is used for cleaning 

arts before soldering, and as a flux for soldering, 
ee also page 721 for soldering flux. 

7. A blow-pipe torch (5) (Fig. 81) must be used, 
but should be of a type which will give a con¬ 
centrated or flooding flame. It is used for sol¬ 
dering, loosening, or removing sections. 

8. A combined gas and air-type torch (Fig. 80) is 
necessary. This torch should throw a fine 
needle-point flame (see page 751) . With such a 
torch and with wire solder, inside core leaks, 
honeycomb radiators, and hard-to-get-at places 
can be reached, but a torch of this kind must be 
kept in motion, otherwise part will be burned. 

9. Wire brushes (3) for cleaning off rust. See also 
page 740 for small scrapers. 

10. Metal snips, or shears (9). 

11. Weaver pliers (10) for straightening core mate¬ 
rial, also rods for running through bent tubes. 

12. Rubber plugs (11), to 4" diameter in 
sizes for closing openings in radiators when 
testing with air. Sw also pages 737,740. 


Soldering Pointers 

Solder: Use ^‘50-50’^ solder. It can be secured 
in wire or bar form. See also pages 738, 720.' 

The soldering iron should be well tinned. When 
iron becomes so dirty that it cannot be cleaned on 
sal-ammoniac it should be filed and re-tinned. 

To tin an iron, heat it, dip it into the acid, and 
rub it on a piece of sal-ammoniac, at the same time 
holding a bar of solder on the iron and thus coat its 
surface with the solder. Or, if a pot of molten solder 
is at hand, dip the iron into it. Never permit the 
iron to become red hot. 

To clean old fittings hard to solder^ heat the part 
light red and plunge it into raw muriatic acid. 



Fig. 82. Sweating a seam. 


Sweating: When extra strength is desired, seams 
are “sweated.’’ Sweating is accomplished by first 
putting the soldering iron (Fig. 82) on the seam to 
be sweated so as thoroughly to he;it the metal. The 
solder is then flowed on to and between the pieces 
of metal to be united. The iron is again laid on 
the seam, in order to make sure that the solder 
flows in as deeply as possible. The iron must be 
very hot. 

Torch for radiator work: Although the soldering 
iron, which is drawn to a very fine point, is used 
extensively for soldering radiators in close places, 
the torch can also be used, especially for reaching 
the inner part of cells of a cellular radiator. The 
torch must throw a ver^ fine needle-point flame. In 
the book mentioned m footnote, page 740, it is 
stated that the best needle-point flame is obtained 
from gasoline. 

A very desirable radiator torch is one 

which will bum gasoline 
gas, the gas being produced by forcing air through ga-soline. 
Air from any source can be used just so the flow is steady. A 
reducing valve in air line from high-pressure tank or a small 
rotary compressor meets tliis retniirement. This torch has a 
larger range of flame adjustment than from other gases, produc¬ 
ing a heavy brush flame to a lung needle flame. 

A small air compressor that can be operated from a 1 to H 
h.D. motor and which will compress from 7 to 10 lbs. pressure 

With this compressor no 
supply tank is necessary; simply turn on the motor and there is 
a continuous supply of air which cun be used for testing radiators 
as well as for torches. 

The compressor has two openings, one for compressing, the 
other creating a vacuum which is sometimes used to suck the 
anti-leak compound from the holes in a radiator. 

Testing Radiator for Leaks 

After the removal of the radiator from the car, 

the first thing to do is to test it. The inlet, outlet, 
and filler cap must bo plugged, so that air pressure 
may bo applied to the overflow pipe. Then if the 
radiator be put under water, the bubbles will show 
where the leaks are. 

When removing a radiator, the hose and flange 
are left on, as shown in Fig. 83. If the radiator is 
to be repaired, then the lower hose is removed. 

The openings in the radiator are then stopped 
up by means of expanding rubber plugs, or by an 
arrangement as shown in Fig. 84. Can be secured 
of auto supply houses (see page 687). One plug is in- 
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sorted in the intake, another in the water return, 
and another in the filler opening. 



Fig. 83 Fig. 84 


The air pressure is applied to the radiator 
through the overflow pipe, by slipping the rubber 
hose from the air line over the overflow tube. The 
radiator is then immersed in a tank full of water 
(Fig. 85), and the leaks determined by the bubbles. 
The leaky parts are then marked. 



Fig. 85. Testing a radiator submerged in water with air 
pressure. 

Another method for closing up a radiator for test¬ 
ing is to solder a piece of tin in the filler opening and 
to put a rubber plug in the bottom outlet and bolt a 
rubber gasket at (F) (Fig. 83). Then place the air- 
pressure hose on the overflow pipe. 

Another plan is to remove the radiator from the 
car and plug up all but one opening; then run the 
tube of a tire pump through a cork and place the 
cork in this last opening. 

Note. A radiator should never be subjected to a pressure 
greater than 2 to 4 lbs. New units will withstand from S to 
15 lbs., but that is seldom necessary. 

The next procedure is to determine if the radiator 
is a tubular or cellular type, by studying page 147. 

Removing Core of Radiator for Repairs 

The core of a radiator consists of all the tubes or 
cells through which the water flows from the upper 
tank to the lower tank (see Fig. 83). The core is 
connected to the upper tank and the lower tank by 
projecting it into the tanks and then soldering it. 

The core can be a tubular or cellular type, as 

shown in Figs. 86 and 87. 

In the cellular type (Fig. 86), the water flows 
around the cells and air circulates through the cells, 
whereas in the tubular type of core, the water flows 
through the tubes (Fig. 89), and air circulates around 
tho tubes. 

When a radiator core is damaged badly, the core 
must be removed. Place tho radiator on the repair 
bench, face down, and unsolder the lugs which hold 
the shell to the body. Then with a torch and a 
pry bar (Fig. 87), unsolder the core from the bottom 
tank; next unsolder the core from the top tank, 


starting at the lower flange or header. The core 
can then be removed. Do not hold the flame in 
one place too long. 




Fig. 86. Cellular type of radiator core. 

Fig. 87. Tubular t 3 T>e of radiator core. 

Repairing Radiator Tubes 

To straighten damaged radiator tubes when the 
core is removed, use a long steel bar (Fig. 88). This 
will also clean the tubes and all tubes should be 
subjected to this process. 


UlllIL 
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Fig. 88 


When only one or two tubes are damaged,^ the 

tube can be cut out of service altogether; for in¬ 
stance, see (A) (Fig. 89). Make holes at the ex¬ 
treme top and bottom of the tube and as close to 
the header as possible, using a prick punch. Flow 
solder into the holes liberally, and let it set until 
hard. Sec (A) (Fig. 89^ 
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Fig. 90 (upper) 
Fig. 91 (below’) 


Sometimes tubes are cut out of service by cutting 
the tube and pinching it, and soldering as shown at 
(B). This, however, is not good practice, as the 
water will collect and freeze in winter. 

To splice a tube (see Fig. 90): Cut out the 
damaged part of the tube. &lect another piece of 
the same diameter as the piece removed, but slightly 
longer. Spread one end by reaming with a punch or 
any tapered tool, and make the other end smaller 
by making a few cuts in it lengthwise, .and then com¬ 
press the end. Fit the large end (D) over the end 
of tho tube being repaired, and the other end over 
the other part of the tube, and solder. 


1 It is not necessary to remove the core or to tear down the 
radiator for slight repairs. Simply force the fins to one side 
and straighten them after the repair. Before making a repair, it 
is, of course, necessary to test, in order to find out where the 
leak is. This should then be soldered without removing the 
core, if it is only a slight leak. 
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Another method (see Fig. 91) is to wrap a piece of 
light brass or copper around the injured part of the 
tube, so that the edges of the patch just meet or 
fail to do so by a slight margin, and then to solder it. 

There are many methods of repairing radiators: 
A method for repairing a leaky tube is shown in 
Fig. 92. 

The radiator is placed on a bench, and the leaky 
part of the tubes is heated with a blow-torch. 
When quite hot—a little hotter than boiling—muri¬ 
atic acid soldering solution is poured through the 
fins, all over the leaky tubes, to clean their surfaces. 
The cleaning process is very important. 



Fig. 92 Fig. 93 


Fig 92 Illustrating how soUlor is poured over the leaky 
radiator tubes. 

Fig. 93. Illustrating dipping a radiator in a solder bath. 

A ladleful of solder is then melted. The radiator 
is bolstered up from the bench on blocks, and the 
melted solder is i)oured through the fins, over the 
leaky tubes. Note the method of catching the 
excess solder. 

Then the radiator Ls turned over and the solder 
is poured in from the other side in exactly the same 
manner. 

A little more acid is then added and a torch is 
applied to melt the solder and sweat it into all the 
lea^, closing them permanently. 

What ia known commercially aa “GO-.'jO” solder is adapted 
to this work. 

Though leaks and splits of quite a large size may 
be fixed in this way, it is occasionally necessary to 
tear the radiator down and to put in new tubes. 
The hardest part of the job is tearing the radiator 
down to the core and building it up again. New 
cores can be purchased with the top of the bottom 
tank soldered on. 

There are many other methods of cleaning and 
soldering leaks. The leaky parts are often scraped 
bright with small scrapers made from three-cornered 
files with the teeth ground off, and then acid is 
applied and the parts are soldered with a soldering 
iron made especially for this work by taking a 1 ^ 
lb. soldering iron, heating it red hot, and drawing 
out long and slim. Then tin the iron carefully. 

Soldering by dipping: In large shops the tubular 
radiator is dipped into a solder bath (Fig. 93). The 
parts to be soldered are thoroughly cleaned and 
treated with muriatic acid solution, then dipped. 
TTie solder naturally will adhere only to the parts 
that are clean. The solder is made of 50 per cent 
lead and 60 per cent bar tin melted together. 


Radiator Fin Repair 

Where the lateral fins of a tubular radiator (Ford 
type) have been removed for a repair, a false fin 
(D) may be made as shown in Fig. 94, oy folding a 
strip of light bmss, copper, or even sheet iron 
longitudinally upon itself to make a double strip 
5^''wide. Bridge it across the gap in the fin or 
fins, and then paint the patched place the same color 
as the rest of the core. 



Repairing Cellular Cores 

The cellular core is removed from the tank by 
melting the solder w ilh a blow-pipe torch. As inch 
by inch is melted away, insert a piece of sheet iron 
between the coi-c and the tank, so that when the 
flame is removed the solder hardens and the core 
and tank are not reunited. 

Inside leaks in cellular cores^ can be soldered 
with a torch throwing a fine needle flame. Be 
very careful, however, to not burn the light metal 
up. Squirt acid or soldering flux on the spot with 
an ordinary oil squirt can. Deposit solder on the 
spot, using wire solder and the blow-torch. Smooth 
the solder over afterward with a small thin irou. 
A suitable iron for this work may be made from 
ordinary 34^' iron. 

To remove a leaky cellular section from a core, 
the leaky section is cut out (Fig. 95) with a scroll or 
hacksaw blade or with a .special (;hisel or torch. 
A new section of the same dimensions is built up, 
inserted in the core, and properly soldered. 

It is advisable to secure an old radiator core and 
to practice soldering it before attempting a repair 

Remember, when soldering parts of the radiator, 

that the metal must be scrupulously clean before 
the flux is applied, or else the solder will not hold. 



Fig. 96 


* It is not necessary to remove the core from the radiator shell 
unless there are several leaks or the core is damaged. 
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After completing the soldering, file smoothly and 
then place the radiator in the water and again test 
it with air pressure, in order to see if the leak is 
properly repaired. Small leaks * are dealt with on 
pages 151, 152. 

Painting a Radiator 

It is very difficult to paint a radiator quickly and 
thoroughly with a paint brush, and the usual plan, 
where a great deal of the work is done, is to dip the 
radiator in a paint solution. A very satisfactory 
job can, however, be quickly done with a spraying 
outfit.* A simple home-made device is illustrated. 



Fig. 97. A home-made sprayer for painting radiators. Two 
siies and designs are shown, both of wliicli coinprises a can (D) 
for the paint, consisting of a mixture of lampblack and turpen¬ 
tine, a hollow cylindrical tin handle (B) attached to the can, 
and air pipe (A) passing through the handle and through the 
l an, as indicated by the dotted lines; and another similar pipe 
or tube extending downward ut right angles from the one end 
of the horizontal tube into and near to the bottom of the can, 
as is also indicated by dotted lines. This is an adaptation of 
the principle employed in most atoinizerfl. 

Fig. 08. Showing how the paint is sprayed on the radiator. 
When a stream of air is forced tlirough the air tube (H) and 
(A), passing through the handle, and directed acros.s the opening 
(C) ut the top of the vertical tube, the fluid from the inside of 
the can is drawn up and sprayed on to the radiator. It is best 
to tilt the radiator when spraying, so that the solution will 
drain off. 

A home-made spraying outfit similar to the one shown above 
consists of a 1/2-gal. oil can (Fig. 99) made into an atomizer 
by attaching a tire pump to the end of the air pipe (B). A 
piece of small brass pipe (A) is mounted in one side of ttie ran, 
the upper end of it extending a short distance ouiside of the 
top. A second piece of pipe is mounted in a horizontal position 
in the top of the can, a.s shown at (B). If a liundle is attached 
to the can, ad at (C), the piece of pipe (B) may pa.ss through it 
lengthwise and extend a sliort ilistance beyond the end of the 
handle. Both pipes arc soldered to the top of the can, and 
the screw top is provided with a gasket to make it tight. 

When the air is forced 
through the horizontal 
tube (B) and caused to 
pass across the opening in 
the upper end of the verti¬ 
cal tube (A), the li«iuid in 
the can is drawn up and 
forced out in a fine spray. 
A mixture for spraying the 
radiator may be made of 
lambblack and turpentine. 
A sheet of paper should 
lie placed back of the radi¬ 
ator to protect the engine, 
anti around the outer 
edge, to prevent thelitiuid 
from be.spattering the fin¬ 
ish. Wipe before it dries.* 

Paint for radiator: See p. 647. Paint for fins: Drop-black 
ground in japan and gold size, thinned with turpentine. 

Cleaning the Cooling System and Radiator 

Flushing the cooling system. Run the engine to 
loosen up sediment, then stop engine and drain the 
cooling system by opening the drains in the cylinder 
block as well as on the radiator. The car should 
stand on a level surface so that it will drain com¬ 
pletely. After the system is empty and with all 
drains still open, run water into the radiator. Run 
engine and occasionally accelerate. If the water 
runs clear, stop engine, close drains and refill. 
Tighten connections and add rust preventive as ex¬ 
plained on page 151. 


If the water does not run clear and there is rust 
and scale, then use a good cleaning compound, 
particularly if engine has tendency to overheat. If 
car has aluminum cylinder head, follow manu¬ 
facturer’s recommendation. See page 151. 

If a cleaning compound is not available, a soda solution can 
be used as follows: Run the engine to get it warm and loosen 
up sediment. 8top engine and drain the cooling system. 
Make a solution of about 1/2 lb, of sal soda (washing soda) 
thoroughly dissolved, to each gallon of hot water.* Fill the 
cooling system almost full of this solution and close the radiator 
cap tight, and run engine at moderate speed until thoroughly 
hot (about 180°) but not so hot that the water will steam. 
1‘lngine can be heated up more quickly by covering the radiator. 
Stop engine and allow to stand for a few minutes (in order to 
dissolve the sediment), then open all drain cocks and drain 
thoroughly, lie. careful to avoid Hcaldinu haudn. After temi>er- 
ature has been reduced, fill cooling system with clean water and 
run engine until the water is hot and drain again. Repeat this 
operation until the water is clear and free from rust and all 
traces of the cleaning solution are removed. Note, Caustic 
soda and alkaline solutions are not recommended on engines 
eipiipped with aluminum cylinder heads; sec page 151. 

Reverse Method of Flushing 

First, use a good cleaning solution to loosen the 
rust, scale, and grease. Then use the reverse 
method of flushing the radiator and engine block 
scf)arate]y, to remove stime. The water thermostat 
should temporarily bo removed while flushing. 

Before replacing the water thermostat, test it by immersing 
it in water. Follow numufacturer'a instructions if available. 
'I'he aveiage thermostat valve starts to open at about 140° to 
160° F. and should be wule open at about 175° F., rtiore or less. 
ll’hen heattnu the water to test thermostat, do not allow thermostat 
(»r thermometer to rest on bottom of the container, as this \\ill 
cause the thermostat or thertnometer to be at liigher tempera¬ 
ture than the water. 

High-temperature thermostats operating at temperatures 
about 20° higher are usually used with hot-water heaters. ()nly 
non-i'olatile antifreeze solutions arc satisfactory for use with these 
thermostats. 

To flush radiator: Remove upper and low'er radiator hose 
and replace the radiator cap. Attach a lead-away hose at the 
top of the radiator. Attach a pie<'e of new' hose to the lower 
opening of radiator. Insert the flushing-gun^ in this hose and 
connect the water hose of theflusliwig-gun to a water outlet and 
the air hose to an .airline. Turn on the water, slowly at first; flush 
upward, being sure drain cock is open so that tlie water will 
flow freely, as a radiator will only stand a limited pressure und, 
if clogged, pressure would build up. Wlien the radiator is full, 
turn on air in short blasts, producing a pul.sating action, allow¬ 
ing radiator to fill with water between each blast. (The air- 
valve handle controls the amount of air pressure applied ) 
('ontinuc thi.s flushing until the water from the lead-aw'ay hose 
runs clear. 

To flush engine cylinder block and head. .Attach a lead- 
away liose to the water pump inlet and a piece of new hose to 
the water outlet at the top of the engine. Insert flushing gun 
in this water-outlet hose. Turn th^ water on and fill I he cylin¬ 
der block; when full, turn on tlie air intermittently, or in short 
blasts. Continue until the water from the lead-away hose ruim 
clear. 

The hot water heater can be flushed in a similar manner as 
the radiator. 

After flushing drain thoroughly, tighten all connections and 
put in a rust preventive (see jiage 15n. Blow dirt and bugs 
out of radiator air passage.^ from the rear, w’ith air pressure 

Where radiators cannot be cleared of obstructions, or leaks 
cannot be stopped, they should be taken to a radiator specialist 
who will determine if the radiator .should be boiled out, reimired 
or if a new core i.s required. 


1 A common radiator leak is where the hose connection fitting 
is attached to radiator tanks, top and bottom. Clean thor¬ 
oughly and tap holes for small screws, and sweat over and 
around the screws after screwing them in tight. 

* Eclipse Air Brush Co., Newark, N.J., manufacture sprayers. 
Literature free. 

* From Popular Mechanics. 

* Kerosene is sometimes used in connection with the soda in 
the proportion of 1 qt. per gallon of water. It is put in the 
radiator first, then the soda solution, then finish filling with 
water. 

* Flushing-guns are available of service station equipment 
dealers. The following manufacturers will supply descriptive 
literature on flushing-guns: Miller Tool and Mfg. Co., Detroit, 
Mich. ("Miller”); National Carbon Co., ^0 K. 42nd St., New 
York ("Eveready”). See also page 690 for literature on various 
subjects, such as The Automotive Cleaning Hand Book. 
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Cleaning a radiator in order to solder it: It is 
necessary to remove all grease, dirt and corrosion 
in order to solder so it will hold. Scraping bri^t 
by means of metal brushes and special too£ which 
will reach the leaks is necessary, and these can be 
made from time to time. After the part to be 
soldered is thoroughly cleaned, the spot is swabbed 
with*flux and then soldered, and right here is where 
the skill of a good radiator repairman is tested. 

Boiling of the radiator in a solution of some com¬ 
mercial cleaner, 1 caustic soda or lye in a specially 
made boiler (similar to Fig. 101) is often done by 
rapairmen where the entire radiator is to be cleaned 
of grease, paint, etc. For the solution, lye is prob¬ 
ably the easiest to obtain and use: about a one 
pound can to each seven gallons of water, or a 
strength that will produce best results. Before 
boiling, the radiator should be flushed out with the 
hose, and thoroughly flushed afterwards. 

Where radiators have lime or hard deposits, a 
muriatic acid bath in a lead-lined wood vat is some¬ 
times given^ after which the radiator ts washed 
thoroughly inside and out, and a^ain put into the 
boiling solution to neutralize the acid. The radiator 
is then washed again and unless worked on at once, 
should be placed in a vat of clear water, to seal from 
exposure to the air. If this is not done, exposure 
to the air after this cleaning process, will soon 
oxidize the radiator and require a repetition of the 
cleaning process. 

The subject of cleaning a radiator is thoroughly treated in the 
book mentioned in footnote.’ In addition to giving the method 
of removing such matter as dope, chewing gum, cements, etc., 
which were placed in radiator temporarily to stop leaks, it 
also explains how to make the boiler, scraping tools, etc., and 
gives many other valuable pointers. 

When it is necessary to clean the radiator spaces 
of accumulated mud, the radiator should be flushed 
from the rear, not from the front. In that way you 
avoid getting water into the magneto or ignition 
system, which is often short-circuited when the 
moisture enters it. 

Radiator Repair Tools and Supplies* * 

Following paragraphs will give an idea as to where 
to obtain some of the parts, such as cores, tools, etc. 

The core of a radiator is the principal part, and can be pur¬ 
chased separately from the upper and lower tanks. It is usually 
'he part to be replaced. A new core in an old radiator saves the 
necessity of buying a new radiator. 

The core can often be purchased cheaper than it can be 
repaired. For instance, if any great number of tubes, say 
more than ten, need repairing, then a new core is advisable. 

Cores are usually sold by the square inch. The height of 
the core is multiplied by the width, to find the number of square 
inches in a core. Standard thicknesses are 2', 2^', 3', 3H*', 
4", 4 y/'. Seventy per cent of cars and trucks use tubular-type 
radiator cores. Always replace the core with the same type 
and design as the original, a tubular for a tubular and a cellular 
for a cellular. 

Some of the firms who manufacture or supply radiator cores 
for replacement purposes are: Fedders Mfg. Co., Black Rock, 
Buffalo, N.Y.; McCord 

Radiator 4c Mfg. Co., Detroit, Mich.; 

United Motors Service,' Inq., The G. & O. 


Mfg. Co., New Haven, Conn. Can also be obtained of auto 
supply houses listed on page 687. 

Core material and other repair material is often obtained by 
the repairman from disassembled radiators he has worked on. 
The repairman should be careful to select only the best grade, 
and new material is advised, which can be obtained from supply 
houses.* Some of the miscellaneous material and tools that 
will be required are: 

Side walls, bottom and lower tanks, filler necks, brass rivets, 
etc. False fins made of tin or brass. Brass pipes 5/16'^ 
tinned, for overflow pipes, 29^' long. Copper tubing tinned. 

In addition to the tools listed on page 736, the following are 
further suggestions: Tools of this kind can be obtained of 
auto supply houses or firms mentioned in footnote*. 

Electric fllash light for examining close places, and also a special 
magnifying mirror. Brushes for cleaning, acids swabs, etc. 

Soldering irons made specially for small places. Scrapers for 
close luaces. 

Rubber stoppers: a gasoline torch of special do^n with a 
needle-point flame. Torch with larger flame. IFlux and a 
flux squirter. Soft sheet brass, hose clamps, drain cocks, etc. 
Air compressor of the type mentioned on page 739. 

Gasoline grs generator for use with a gasoline torch. 

Coil spring for placing in copper overflow tubing, so that it 
can be bent, etc. 

Radiator Solder and Flux 

Cleaning parts to be soldered is most important This can 
be done by scraping and also, if in a close place, by using muri¬ 
atic acid applied to a cloth attached to a wire. 

Soldering flux, which is applied after cleaning in order that 
the solder may stick, is made of cut muriatic acid, as described 
on pages 736, 720, 721. See also, footnote page 721. 

Wire solder with acid or flux in the core of the solder is used 
for radiator work. 

Thawing Radiators 

The common practice is to block off the air and run the engine 
with a retarded spark, dej^nding upon the heat generated to 
do the work. This method is permissible if the freezing is slight, 
but not always effective. Best plan is to get into a warm 
garage as quickly as possible, or to pour hot water on bottom 
of radiator (see also page 154). 

However, if the unit is frozen solid, damage to the radiator 
and engine may result long before the solid mass liquifies, for 
the reason that the water in the jackets very quickly boils 
away, leaving the engine dry. 



Fig. 101 Fig. 102 


Fig. 101. To thaw out a solidly frozen radiator and test for 
leaks, place it in hot water in the testing tank. Do not have 
the water so hot that it will damage the finish. 

Fig. 102. A device which is quickly and easily made for 

elevating a radiator while soldering. 


NICKEL PLATING 


The reputing of nickeled parts of automobiles has been found 
to bo quite a profitable business, particularly when conducted 
in connection with an automobile paint shop. 

A plant for the pUting of lamps, lamp reflectors, and other 
small parts, can be installed for approximately $426. A plant 
to handle small parts, and in addition, such large pieces as 
bumpers and radiator shells, would coet approximately $860. 

Practical emrience is of course a big aid in plating as in 
any other trade, and it would be of great assistance to anyone 
contemplating embarking in the plating business to obtain some 
pUting-room experience, particularly to become familiar with 
the methods of cleaning, dipping, and the manipulation of the 
plating solutions. 

An excellent book on the suMect is PrincipUt of Electro- 
fjofinp and Eleetro/anning, by Dr. Wm. Blum and Qeo. B. 
Hogaboom, who are authorities on this subieot, and will be 
found to be a big help to experimsd piats^ and almost 


indispensable to the novice. The price of this book is $4.00 net, 
plus postage. This book, also full information on plating equip¬ 
ment and supplies can be obtained from A. P. Munning & (jo. 
of Matawan, N.J. manufacturers of electroplating and buffing 
iwparatus and supplies. (Please mention Dyke's Autom^ile 
Encyclopedia, when writing.) 

free booklet Modern Cleaning Methods dealing with 
cleaning radiators and metal parts is Issued by Oakley Chemical 
Co., 22 Thames St., New York, N.Y. 

*For literature listing replacement cores for pass, cars, 
tracks, tractors, also material for radiator repair work write 
Faber-Schneider Radiator Co., 2317 So. Waba^ Ave., Chicago 

^ A book, A Manual of Automotive Radiator Construction and 
Rewir, by F. L. Curfman and T. H. Leet» containing 186 pages 
and 120 illustrations and of a practical nature, price $1.60 pre¬ 
paid. can be obtained of Goodheart-WiUoox Co., fno., m)09 
^tn MiohifMi Ave., Chicago, IlL 
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OXY-ACETYLENE WELDING AND CUTTING^*** 

OXY-ACETYLENE WELDING 


A successful welding process for joining metals 
depends upon a source of heat which can be ac¬ 
curately controlled and locally applied. Shortly 
before 1900 it was discovered that acetylene when 
burned with oxygen produced a flame temperature 
higher than anv known to science before that time 
or since. In the early years of the twentieth cen¬ 
tury, efforts were made to apply this discovery com¬ 
mercially for the welding of metals. The success of 
these efforts is evidenced by the fact that the oxy- 
acetylene welding process has grown to tremendous 
commercial and industrial importance. Continu¬ 
ous research and experimentation with oxy-acety- 
lene welding has progressed so rapidly that today 
procedures, equipment, and materials arc available 
tor the welding of practically all commercial metals. 

The temperature of the oi^-acetylene flame, esti¬ 
mated to be in the neighborhood of 6,000® F., is so 
far above the melting point of all commercial metals^ 
that it provides a means for localized melting of 
metals rapidly and under complete control. 

Out of the oxy-acetylene welding process and the 
fact that iron or steel will burn in a remarkable 
way in the presence of pure oxygen has grown the 
oxy-acetylene cutting process. It seems curious 
at first thought to realize that by the proper com¬ 
bination and handling of two gases, oxygen and 
acetylene, metals can be joined together or cut apart 
with equal ease. 

General Principles of Welding 

In principle, oxy-acetylene welding is simplicity 
itself. Two pieces of metal are brought together 
and the edges in contact are melted, with or without 
the addition of filler metal in the form of welding 
rod, and the molten metal flows together until each 
edge is completely fused with the other. After the 
metal has cooled, there is, in effect, but a single piece “ 
of metal with no joint at all. The rules for practical 
application, of course, cannot be stated quite so 
easily, but the art of oxy-acetylene welding never¬ 
theless retains this essential simplicity. 

Welds made in the manner just described are 
known as fusion-welds because the base metal is 
actually melted and fused together with the metal 
added from the welding rod. In fusion-welding 
the base metal and welding rod generally have es¬ 
sentially the same composition, that is, in fusion¬ 
welding cast iron, for example, a cast-iron welding 
rod is used. 

It is also possible to produce sound, strong joints 
in metal without actually melting the base metal. 
In bronze-welding, as this process is generally 
known, the edges of the joints are simply heated to a 
dull red by the oxy-acetylene blow-pipe flame. 
With the base metal at the proper temperature and 
with the aid of a suitable flux to clean the base- 
metal surfaces, molten bronze from a bronze-welding 
rod will unite with the base metal to form a strong 
bond. A properly made bronze-weld is quite com¬ 
parable in strength to a true fusion-weld. 

The oxy-acetylene welding flame lends itself to a 
number of other operations in addition to fusion¬ 
welding and bronze-welding; for example, hard-fac¬ 
ing materials which may be welded onto metal sur¬ 
faces to give increased wear resistance. In addition, 
there are innumerable applications in which the 
oxy-acetylene welding flame is used: for heating 


purposes, for bending, straightening, or forming 
operations, or for preheating or postheating for 
welding. 

Welding Equipment 

In its simplest form, an oxy-acetylene welding 
outfit consists of: 

A cylinder of oxygen 
A cylinder of acetylene 
An oxygen regulator 
An acetylene regulator 
Oxygon hose and connections 
Acetylene hose and connections 
Necessary wrenches 
Welding blow-pi{>e 
Goggles and gloves 
Friction lighter 

To equip such an outfit for cutting operations as 
well, it IS only necessary to add a cutting attachment 
wdiich may l>e attached to the welding blow-pipe in 
the place of a wielding head, or a fiul-size cutting 
blow^-pipe. If such an outfit is mounted on a hand- 
truck as shown in Fig. 1, it becomes readily portable 
and can be taken to the work with ease. 



Fig. 1. (left). Welding and cutting unit. This portable 
outfit is fully equipped to do oxy-acetylene welding, cutting, 
or local heating operations. 

Fig. 2 (center). Oxygen cylinder. When made in accord¬ 
ance with various official regulations is a seamless drawn steel 
shell, which, when full, contains 220 cu. ft. of oxygen com¬ 
pressed to a pressure of 2,000 lb. per sq. in. at 70® F. 

Fig. 3 (right). Acetylene cylinder. This is also made in ac¬ 
cordance with official regulations. Contains a porous filler in 
which acetone is used to dissolve many times its own volume 
of acetylene. This cylinder is operate by a T-handle valve 
which should not be opened more than turns. 


J The subjects on pages 741-752 have been revised and oon- 
seqiiently there may be some discrepancies between the Index 
and text. See Supplementary Index. 

book 

can be obtained of 

The Goodheart-Willcox Co., Inc., 2009 South Michigan Ave., 
Chicago, Ill. This book tells how to weld every weldable metal 
by each of the weldina nrocesses. See page 690 under “ WcW- 
ing 

^ * Attention is called to '*Dyke's Self-Starier" which has ques¬ 
tions and answers pertaining to o^-acetylene welding and 
cutting, alao eleotrio aro welding. ^ also pages 752, 690. 

< For melting points of some of the various metals see p. 104S. 
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With the addition of the necessary welding rod 
and fluxes, this outfit can be used to weld practically 
all commercial metals or to cut steel, wrought iron, 
and cast iron within the range of thicknesses that can 
be handled by the cutting blow-pipe used. Hard- 
facing operations or local heating can also bo per¬ 
formed. 

For large-scale operations or for permanent setups 
in shops or plants, manifolded oxygen supply and 
an acetylene generator or a manifolded supply of 
cylinder acetylene can be used. From such main 
supply point the acetylene and ox>^gen are piped to 
welding or cutting stations located throughout the 
shop wherever they are needed. 

Gases Used for Welding 

Oxygen, supplied in portable steel cylinders, can 

Ihi obtained from reliable manufacturers having 
conveniently located warehouses and distribution 
I)oints throughout the country. ^ The standard 
oxygen cylinders usually contain either 220 cu. ft. 
or 110 cu. ft. of ox>'gen (depending on the size) and 
are charged at a pressure of 2,000 lb. per sq. in. at 
70° F. when full. Each cylinder is equipped with 
a valve especially designed to oj)erate at high pressure. 
\Mien the oxygen is being drawn off, after a suitable 
reducing regidator has ^en attached, the valve 
should ^ways be opened as far as it will go. 

Acetylene is available also in portable steel con¬ 
tainers or cylinders and have rated capacities of 
eithe" 300 cu. ft. or 100 cu. ft., depending on size. 
These cylindera are quite different in construction 
from oxygen cylinders, for free acetvlene should 
never be stored at pressure above 15 ih. per sq. in. 
After much study, the problem of combining safety 
with capacity was solved by packing the cylinders 
with a iK)rous material, the fine pores being then filled 
with acetone, a li(iuid chemical haying the property 
of dissolving or absorbing many times its own vol¬ 
ume of acetylene. In such cylinders, acetylene can 
be handled and shipped with perfect safety. The 
acetylene is produced in large stationary generators, 
purified carefully, and then dissolved into the 
cylinder. The acetylene dissolved in acetone will not 
change its nature. Acetvlene is drawn off through 
a valve, wliich in Prest-O-Lite® cylinders is located 
in a recessed top, where it is protected from break¬ 
age. The valve is much simpler than an oxygen 
valve, not having to withstand as high pressure. It 
should be opened only one and one-half turns. 
Safety fuse plu^ are provided to meet any fire 
emergencies, and the entire construction, as is the 
case also with oxygen cylinders, must satisfy the re¬ 
quirements of various governmental and regulatory 
bodies. 

Stationary or portable acetylene generators of 
various capacities are available for the manu¬ 
facture of acetylene directly from carbide, the 
preferable style and size of generator being de¬ 
pendent upon the amount of acetylene necessary 
and the conditions under which it is to be used. 
All acetylene used cwnjnercially is made from calcium 
carbide^ or ‘^carbide,’' as it is known in the trade. 

In the carhide-to-^vater type generator^ which is used 
almc^t exclusively in this country, small lumps of 
carbide are fed from the hopper into a comparatively 
large volume of water. The heat given off during 
the reaction is readily absorbed by the surrounding 
water. When the acetylene forms, it bubbles Uf) 
through the waUir, being cooled ana purified in this 
way. While all carhide-to-water generators operate 
according to the general method outlined^ there is of 
course considerable variation in mechanical details. 
Modem acetylene generators for use in welding and 


Fig. 4. Acetylene generators 

are manufactured so aa to 
be 83 nearly foolproof in 
operation aa possible. Before 
using an acetylene generator, 
the manufacturer’s instruc¬ 
tions should be carefully stud¬ 
ied and followed exactly. 


cutting are designed to bo automatic in operation 
and as nearly foolproof as possible. When in¬ 
stalling oi operating acetylene generators, th(^ 
manufacturer’s instructions should be followed 
exactly. 

Blow-Pipe Construction 

Blow-pipes perform the essential function of mix¬ 
ing oxygen and acetylene to produce an oxy-acety- 
lene flame under conditions of complete control as 
to size, characteristics, and ease of application. 
W'hile blow-pipes vary rather widely in design, all 
types have certain fundanKuital and common 
characteristics. 

Welding blow-pipes have a handle with two Met 
connections for gases at one end. P^ach inlet has a 
vedve that controls the volume of oxygen or acetylene 
passing through. By means of ihese valves, tlu* 
desired propoi tions of o.xygen and acetylene are al- 
low^ed to flow through the blow-pipe, w^here they are 
* thoroughly mixed Before issuing irom the blow¬ 
pipe at the tip or nozzle. '^I'he oxy-acctvlene flames 
IS produced by igniting the mixture at the blow-pipe 
tip. 

Types of oxy-acetylene blow-pipes. Considered 
from the points of view of construction and operat¬ 
ing principles, there are two general types, low 
pressure and medium pressure. The distinction 
refers to the acetylene pressure range required for 
operation. Acetylene at pressures less than 1 lb. 
per sq. in. is designated as low pressure; from 1 to 
15 lb. per sq. in. as medium pressure. Low-pressure 
blow-pipes can use acetylene from low-pressure gen¬ 
erators, medium-pressure generators, or cylinders. 
For pressure blow-pipes the acetylene pressure must 
be more than 1 lb. per sq. in. and can be supplied 
from cylinders or medium-pressure generators, but 
not from low-pressure generators. 

A low-pressure blow-pipe which makes use of 
what is known as the injector principle is shown in 
Fig. 5. Oxygen passes through a small opening in 
the injector nozzle, producing a suction effect which 
draws acetylene into the oxygen stream. One ad¬ 
vantage of this type of construction is that small 
changes in the amount of oxygen will produce a cor¬ 
responding change in the amount of acetylene drawn 
into the gas mixture, sb that the proportion of the 
two remains substantially constant while the blow¬ 
pipe is in operation. The blow-pipe shown in Fig. 5 


* The words **Preat-O^Lite,** **Oxweld,** ^'Preal-C-Weld,'* 
"Purox** and “Haynes Stellite,** are trade-matks of Units of 
Union Carbide and Carbon Corporation. 
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is known as the type W-17 Oxweld hlow-pi^e and is 
supplied with a series of welding heads, either one 
piece or two piece, for practically the complete range 
of welding work. There are thirteen of each type 
head in this series. 

/ 


Seating 

Kj..» Surfaces Oxygen Passage 



Expansion Chamber k ^ ^ 

\ Acetylene Passage Handle 
Welding Head 


Fig. 5. Low-pressure blow-pipes operate on what is known 
as the injector principle, in which oxygen pas-sing through the 
center orifice of the injector draws the proper amount of 
acetylene into the stream. 



In medium-pressure type blow-pipes, oxygon and 
acetylene are fed at indopendtait pressures to a 
mixing chamber, the construction of which vari(‘S 
considerably according to the ideas of different 
manufacturers. Medium-pressure blow-pipes which 
operate with equal jtressures of oxygen and acetylene 
mo also designated as the balanced pressure type. 
1 ig. 0 shows a medium-pressure welding blow-pipe 
known as the type W-l()5 Prest-O-WM hlow-mpCf 
while I'ig. 7 shows a typii^al balanci'd pressure welding 
torch, known as the No. 35 Purox 'welding blow-jnpe. 



Fig. 6. Medium-pressure blow-pipes require moi^e than 
1-lb. pressure of acetylene. These may be operate<l on cylin¬ 
ders of di.s.solved acetylene or medium-pre.ssure acetylene gen¬ 
erators. 



Fig. 7. Balanced-pressure blowpipes operate on enual 
pressures of oxygen and acetylene. Tb^e may be operated on 
cylinders of dissolved acetylene or medium-pressure acetylene 
generators. 

Practically all welding blow-pipes are provided 
with a series of interchangeable heads or tips of 
different sizes so that the same handle can be used 
Dn a wide variety of operations. 

Cutting blow-pipes are so designed that the flame 
is divided into several small jets surrounding a cen¬ 
tral opening in the tip or nozzle. The central open¬ 
ing, connecting to ttne oxygen inlet through an in¬ 
dependent tube and valve, supplies the jet of oxygen 
that actually does the cutting. 

In cutting blow-pipes the same differences in prin¬ 
ciple regarding the method for mixing the preheat 
gases applies as in the welding blow-pipe. Cutting 
blow-pipes using the injector or low-pressure. 


medium-pressure, and balance-pressure principles 
are available. Fig. 8 shows a cutting blow-pipe in 
which the preheating gases are mixed by means of 
the injector or low-pressure principle. This blow-pipe 
is known as the type CSl Oxweld cutting hlow-j/ipe. 



Fig. 8. Oxy-acetylene cutting blow-pipes supply mixed 
gases at the nozzle for preheating and a stream of pure oxygen 
which does the cutting. The blow-pipe shown here operates? 
on the low-pressure injector principle, but blow-pipes arc aksi 
manufactured which operate on the medium-pressure 
balanced-pressure principles. 

Cutting attachments. In addition to the full 
size <‘uiting blow-pipos, cutting attachments arc 
manufactured whieh attach to the handle of the 
welding blow-pipe in the same manner as a welding 
head. In princujde these cutting attachments oper¬ 
ate in the same way as the cutting blow-pipe, but 
the design is considerably altered so that, when 
mounted on a welding blow-pipe handle, the unit 
becomes an easily manipulated hand equipment. 

Regulators 

Re^lators are necessary to reduce the high pres¬ 
sure in the oxygen and acetylene cylinders to a 
working pressure at the blow-pipe, also to provide a 
st(‘ady and unfluctuating working pressure. 

For example: Let us assume that we have a 
cylinder containing oxygen at 2,000 lb. per sq. in. 
and that we wish to do some welding that requires 
only 10 11). oxygen pn'ssure at the hlow-pijx). We 
must liave a regulator that can be set so as to deliver 
oxygen at 10 lb. })r('ssure. 1'hat is, the regulator 
must furndion as a reducing valve, reducing 2,0(X)-lb. 
pressure to 10 lb. But it must be more than a simple 
reducing valve, for the cylinder pressure docs not re¬ 
main constant while the blow-pipe is in operation. 
After welding several hours with that one cylinder, 
for examf)lc, half of the oxygen may be used, and 
the pressiu'e in the cylinder will then be 1,000 lb. 
instead of the original 2,000 lb.; but we still need 10 
lb. at the blow-pipe. Consequently, in order to 
maintain working pressure constant, regardless of 



Fig. 9. Cross-section of a two-stage regulator. Two-stage 
regulators are used for general oxy-acetylene welding and 
cutting work. Regulators perform the double funetion of re¬ 
ducing the cylinder pressure to the desirt'd working pressure 
and maintaining the working pressure constant until the 
cylinder contents are exhausted. There are two gauges on 
the body of the regulator, one showing pressure in the cylinder, 
the other the working pressure being supplied to the blow-pipe. 
Cylinder pressure gauge, safety release, and hose connection 
4<» not ehow iD this view. 
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what the cylinder pressure may be, regulators must 
have a sensitive relating mechanism in addition to 
a reducing valve. 

Two-stage regulators. A numlxjr of different 
types of regulators have been developed to ac¬ 
complish these functions. The regulator shown in 
the cross-sectional view in Fig. 9 operates on what is 
known as the two-sta^ principle. The gas enters 
directly from the cylinder into the first-stage or high- 
pressure chamber. By means of a diaphragm and 
valve coupled with a spring of previously determined 
tension, tne gas pressure is reduced in this chaml)er 
to a lower pressure, say, 125 lb. per sci. in., the 
amount depending upon whether the regulator is to 
be used for welchng or for cutting. Notice that the 
valve in the high-pressure valve closes with the 
pressure, thus eliminating leakage and making it 
possible to drain the cylinder completely even after 
the gas pressure has dropi^ed below that set for the 
high-pressure stage. 

In the second stage an adjusting screw adjusts the 
tension on the spring operating the valve and thus 
makes it possible to make the final reduction of pres¬ 
sure to the desired working pressure. The use of a 
spring in this stage to control the valve makes it 
possible for the regulator to maintain this working 
pressure at a constant value. 

Oxygen regulators must be so designed that the high-pres¬ 
sure side of the regulating mechanism will take care of the full 
cylinder pressure, 2,000 lb. per sq. in. It is customary to pro¬ 
vide a 3,000-lb. cylinder pressure gauge on oxygen regulators 
so there is an ample margin to prevent straining the gauge 
mechanism. The cylinder pressure gauge usually has a second 
scale which shows the contents of the cylinder in cubic feet at 
70° F. 

For weldingf the regulator i.s designed to deliver a maximum 
of about 50 lb. and usually has a 100-lb. working pressure gauge. 

For cutting, which requires higher pressure than for welding, 
the working pressure gauges are usually 400 lb. The maxi¬ 
mum delivery capacity of the regulator may vary from 125 to 
200 lb. per sq. in., according to type. 

Note: Oxygen and acetylene cylinders are loaned by distribu¬ 
tors, usually for a free j^riod of thirty days, to purchasers of 
the contents. Users are billed for the oxygen or acetylene con¬ 
tained in the cylinders at time of delivery or shipment. 

Regulators are not loaned, however, and must be used in all 
cases except when smali-capacity acetylene tanka are used for 
air-acetylene work. Special regulators with gauge readings up 
to 400 lb. and 1,000 lb. are used with manifolds and occasionally 
for heavy oxygen lance operations. 

Acetylene regulators for welding and cutting with dissolved 
acetylene have cylinder pressure gauges registering \\p to 350 
lb. per sq. in. and usually 30-lb. working pressure gauges 
(graduated only to 15 Ib., because acetylene should never be 
used at pressures above 15 lb. per sq. in.). Acetylene gauges 
all have vent holes in the side of the ca.se to relieve any abnormal 
pressure. 

Gauge dials are colored —green for oxygen and red for acety¬ 
lene. 

Connecting the Equipment 

The steps in connecting an o^gen regulator to 
the oxygen cylinder are shown in Fig. 10. Oil or 
grease should never be allowed to come in contact 
with oxygen imder any circumstances. Cylinders 
should be fastened so that they cannot be tipped 



Ml) Keep hands and gloves free from <»1 
and grrifc 

U-(2) Stand to one fid* when "cracking” 
the vaWe 

(3) Uie the fight wrench when oonnecl- 
ing an oxygen regulator 

<4) Loosen the pressure adjusting ecrew' 
of the regulator before opening qrb 
inder valve 

L-<5) Open the cylinder valve oftly slight¬ 
ly at first 


Fig. 10 


over and damaged and so that the regulator will not 
be damaged. 

Before attaching the ojygen regulator the cylinder 
valve should be ‘‘cracked” to blow out any dust or 
dirt in the cylinder valve opening. To do this, 
stand at the side or rear of the oxygen cylinder out¬ 
let, open the oxygen cylinder valve slightly for an 
instant, and then close it. 

Connect the oxygen regulator which regulates the 
oxygen cylinder by means of the union nut, which 
should be tightened with the proper wrench. If 
the threads do not match exactly, a suitable adaptor 
should be used. 

The pressure-adjusting screw of the regulator 
should be loosened until it is free and then the 
cylinder valve should be opened very slowly, while 
tne operator stands at one side away from the facre 
of the regulator. The oxygen cylinder valve should 
be opened all the way. The cylinder valve should 
never be opened suddenly^ as the rush of high- 
pressure ox>'gen might strain the cylinder pressure 
gauge mechanism. 

The acetylene regulator should be attached in a 
similar manner, although on Prest-OLite acetylene 
cylinders the valve is operated with a T-handle. 
This valve should not be opened more than one 
and oiHvhalf turns. 

Connecting hose. Oxygon and acetylene liose 
should not be interchangial. The oxygen hose is 
green, while the acetylene hose is red. In Fig. 11 
the standard forms of Ox weld hose and hose connec¬ 
tions are shown. Notice that the acetylene ho.se 
connection has a left-hand thread, while that for 
oxygen is right-hand. All the eiiuiprnent supplied 
by most o.xy-acetylono eciuii)ment manufacturers 
have these distinguishing marks: a red color and 
left-hand thread for acetylene connections and a green 
color and right-hand thread for oxygen connections. 

Hoses are connected to the regulator and to the 
blow-pipe as shown, and all connections arc 
tightened with the proper wrem^li. 


RIGHT-HAND THREAD GREEN OXYGEN HOSE 



Fip. 11. Conventions for distinguishing between and pre- 
ventmg the interchanging of oxygen and acetylene hoses are 
pointed out in this illustration. 

Adjusting Pressures and the Welding Flame 

The methods for adjusting pressures and blow¬ 
pipe flame vary somewhat depending upon the make 
of apparatus. The manufacturer’s instructions 
should be followed exactly. 

For information on the size head, tip, or nozzle, 
and for the oxygen and acetylene pressures to use 
for the particular job and blow-pipe, refer to the in¬ 
structions leaflet furnished with the blow-pipe by the 
manufacturer. After the proper head, tip, or 
nozzle has been attached to the blow-pipe, ana with 
the oxygen cylinder valve opened as directed above, 
open the blow-pipe oxygen valve and then turn in 
tne pressure-adjusting screw on the oxygen remila- 
tor until the desired pressure is registered on the low- 
pressure gauge* TTien close the blow-pipe oxygen 
valve. 

With the blow-pipe acetylene valve closed and the 
acetylene cylinder valve open, turn in Jhe pressure- 
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adjusting screw on the acetylene regulator to the 
desired pressure. Open the iDlow-pipe acetylene 
valve, light the flame and readjust the regulator to 
the correct pressure. Then close the blow-pipe 
acetylene valve. 

Instructions accompanying the blow-pipe should 
be followed carefully in lighting and adjusting the 
flame. This is necessary for best results, since the 
procedure for operating one blow-pipe is not neces¬ 
sarily satisfactory for another. Before using any 
oxy-acetylene equipment make sure that the general 
safe practices for handling this blow-pipe are 
thoroughly understood.® 

Adjusting the Flame 

There are three types of oxy-acetylene flames 
which are used for welding work, known as the 
neutral jlamey the carburizing or excess acetylene 
flamef and the oxidizing flame. 

The neutral flame is probalily the most widely 
used for welding work and is secured when equal 
(juantitles of oxygen and acetylene are being burned. 
The neutral flame is made up of two clearly defined 
zones or cones—a brilliant inner cone and an outer 
envelope. When the flame is adjusted with an 
excess of acetylene, a third cone appears surround¬ 
ing the inner cone. If the acetylene is then shut 
down slowly by means of tiie blow-pipe acetylene 
valve, the flame becomes first a neutral flame and 
then an oxidizing flame. The oxidizing flame has 
two cones, but the inner cone has a purplish tint and 
is “necked in” when compared with the neutral 
flame. As a first jiart of his work in oxy-acetylene 
welding, an operator should practice adjusting to 
the three types of flame until he readily recognizes 
each one. 



Fig. 12. The oxy-acetylene flame. Top illustration shows 
the ventral flame properly adjusted. Center illvistration shows 
a carburizing flame; excess of acetylene. Lower iIlu.stniUon 
shows an oxidizing flame; excess of o-xygen. All are required 
in oxy-acetylene welding work. 

Identifying Metals^ 

Ability to recognize commercial metals and alloys 
is obviously an essential part of a welding operator’s 
fund of practical information, for welding procedure 
varies with the different metals. 

There are a number of simple tests that will aid 
the operator in identifying metals. These are: 

Appearance. Observe the color, surface char¬ 
acteristics, and appearance of a fractured surface. 

Chip test. Chip a narrow groove with a cold 
chisel and hammer. Observe the facility of chipping 
and the characteristics of the chips formed. 

Spark test. Hold a piece of the metal against a 
power grinding wheel, prcfenibly in a dark place. 
Observe the color, shape, length, and activity of the 
sparks produced. 

Blonhpipe teat. Melt the metal with the welding 
blow-pipe flame and observe its behavior. 


Joint Designs 

The fundamental joint designs for welding sheet 
metal are relatively few in number. These general 
types are shown in Fig. 13. By trade custom, metal 
up to 1/8” in thickness is considered sheet metal; 
material thicker than 1 /8” is considered plate. 


Butt weld for sheet metsL 



Flange weld. 


Fig. 13. Standard joint desims for sheet-metal welding. 
The black area indicates the weld. 

The types of joints recommended for welding 
plate depend upon how the plates to be joined arc 
disposed with relation to each other. The simplest 
case is, of course, the joining of plates in lino with 
each other. The fundamental joint designs for 
plate is showui in Fig. 14. If the plate is more than 
.3/1 (>” in thickness, it should 1)C beveled so that the 
included angle is betwoiai and 9(F, depending 
upon the welding method to be employed. 



Open single vcc butt weld. 



Fig. 14. For material more than 3/10" thick the edges are 
beveled before welding to an included angle of between 50® and 
90®, depci.diiig upon the wcldnig process used. For material 
more than in thicknow a double-vee bevel is rccoin- 

ntended. 

Expansion and Contraction 

Before getting into a discussion of the various 
techniques employed for welding the different types 
of metal, it would be well to discuss the subject of 
expansion and contraction briefly. 

The theory of the expansion and contraction of 
metals with changes in temperature is based on 
facts which are easily understood. Heat causes 
metal to expand and the subsequent cooling neces¬ 
sarily means that the heated section will endeavor 
to contract into its original size and shape. Uneven 
heating will, therefore, cause uneven expansion, or 
uneven cooling will cause uneven contraction. 
Under such conditions, stresses arc set up within the 
metal. These forces must be alleviated, and, unless 
precautions aie taken, w’ari)ing or buckling or even 
fracture of the metal takes place. Likewise, on 
cooling^ if nothing is done to take up the stress set 


® A booklet outlining the precautions and safe practices in weld¬ 
ing and cutting with oxy-acctylene equipment ia available from 
the nearPi^t office of The Linde Air Products Company, or from 
General Publicity Department, 30 Kast 42d St., New York 
City. Ask for booklet F-2035. 

7 A chart giving a number of simple tests far the^ idcntiflcaiicn 
of metals is available from the nearest office of The Linde Air 
Products Company. See also footnotes 8, 9, 10. Ask for 
chart F-M209, 
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up by the contraction forces, further warping may 
result; or if the surrounding cool sections of the 
metal are too heavy to permit this change in shape, 
the stresses remain within the metal itself. Such 
stresses may cause cracking while cooling or may 
remain within the metal until further force is ap¬ 
plied, such as when the metal is put into use. 

Sheet metal has such a large surface area per 
unit of weight that heat sti'esscs tend to produce 
warping or buckling of the sheet. This and the 
contraction effect which tends to draw together long 
scams are the principal points to be considered in 
sheet-metal welding. If the edges of a long seam 
are placed in contact throughout their entire length 
Ixjfore welding starts, the far ends of the seam will 
actually overlap before the weld is completed. One 
way to overcome this effect is to set up the ])ie(‘es 
to be welded so the edges are nearly in contact to 
one end of the seam and separated at the other end, 
a distance that varies according to the metal and 
the thickness. Tnck-wdding at various int(‘rvals 
along the seam also assist^i in holding piece's in 
alignment for welding. A propcTly made tack-wcld 
need not be melted out but can Lh; made a part of 
the finished weld. 

Means of removing heat. ''Phe means most com¬ 
monly employed to pn'vc'nt buckling or warping of 
sheet metal during welding is to apply the principle 
of removing the heat from the base mel:il adjacent to 
the weld. In the case of flat seams, a heavy piece of 
metal such as a section of st('(‘l rail or heavy bar- 
stock phu-ed on either side of the seam will effec¬ 
tively prevent the heat from sj)reading too far and 
will also tend to prevent moveinent of the parts by 
resisting the force.s of expansion and contraction. 
Heat may also be removed from metal adjacent to 
the weld zone by tlx* use' of wet asl>cstos cement 
along either side of each seam, 

Ik'cause of the frequently irregular shape and gen¬ 
erally great(T bulk of castings, a more careful con¬ 
sideration of expansion and contraction during 
welding is required than is the case with sheet metal 
or plate. // the cast-iron casting is to he fusion- 
uxldedy using cast-iron rod, the safest method,to 
employ is to preheat the entire castirig to a good red 
heat followed by slow cooling after welding. If the 
casting is to be bronze-welded, preheating to a black 
heat, or m(a*ely local preheating is all that is neces¬ 
sary. In any ca.se, careful consideration of the 
ca.sting should l>e made before welding to determine 
just how much and what parts of the casting should 
be preheated. 

General preheating is best i)erformed in a tempo¬ 
rary brick furnace such as that shown in Fig. 15. 


Fig. 15. The recommended method for constructing a 
temporary preheating furnace is shown in these four views. 
Such a f»irnoce would preferably be iirod with charcoal. 

In thi.s tcrniK)rary funiat^e the fuel would be char¬ 
coal, oil, or gas. Care should be t/aken to see that 
the heating proceeds smoothly and regularly, so 
that uneven expansion stresses are not set up. The 


temporary furnace should be covered with a sheet 
of asbestos cloth, and the welding should be per¬ 
formed while the casting is still in the furnace. 
Holes in the asbestos covering provide ventilation 
for the fire, while sections of the covering may be 
turned back to permit welding to proceed. After 
the casting has been welded, the cover should be put 
back over the furnace and the entire casting al¬ 
lowed to cool to room temperature very slowly. 

Nonferrous metals,® wdiether in the form of sheet, 
plate, 'irifte, or c^istings^ reejuire much the same con¬ 
sideration as outlined in the previous discussion, with 
such modifications as are made necessju-y by the 
.specific characteristics of each metal. 

The welding technique for joining various 
metals®.^® diffei-s from one to another to a certain 
(‘xtent, a fa(dor which depends upon the different 
propertit's of the various metals. Furthermore, in 
c(*rtain (‘ases the same metal is frequently joined by 
differ(‘nt proce.sses or the ])rocoss may differ depend¬ 
ing upon the physical form of the part, for instance, 
wiictlx'r it is sheet ini'tal or a complicated casting. 

Iron and Steel 

Iron and steel being the mast iinportiint industrial metals, 
a few lines will bo devoted to them.**-Quoting from “2’Ac 
Oxa'i tder's Handbook" 

Cast iron is by no means pure iron; it is a rather complex mix¬ 
ture eontaining 01 to 04 per cent metallic iron and varying pro¬ 
portions of other elements, the more imiiortant of wliiiF are 
carbon, silicon, manganese, sulphur, and phosphorus. The 
dtdrrt'fice in the properties of ntnl and cast iron is due mainly to 
the difference in carbon content. Steel contains less carbon 
than east iron. 

Wrought iron, the purest of commercial irons, contains very 
little carbon, le.MS than O.Oo per cent. It is «*omparatively soft 
and ductile, having a tensile strength of almut 45,tKM) lb. per 
s'|. in., and it melts at a temperature of about 2,700° F. As 
tlie. carbon content increases, the product becomes harder, but 
more brittle, the tensile .strength increa.ses up to a certain 
limit, and the melting tempcralure decrea.ses. The products 
known U.S steel come uitlun this range, beginning with “dead 
soft” steel (about 0.10 per cent carbon;, passing through “mild,” 
“medium,” and “rail” steel up to the tool steels. Commercial 
steels stop in tlie very high-carbon tool Ateols, containing about 
l..'»0 per cent earlion. Steel melts at from 2,4(M)° to 2,700° F., 
upproximutely, depending upon its < hcmi(‘al compasition. 

Nature of cast iron. At about 2..50 per cent carbon, the prod¬ 
ucts become so brittle that they cannot be rolled or worked 
like steel but must be cast to shape in molds. The range from 
about 2..50 to 8..50 per cent carbon includes the commercial 
cast irons, the characteristic properties of which are discassed in 
cliupter 20 of **Tke Oxy-Acetylene Handbook.” 

Alloy steels. In addition to the carbon steels mentioned 
above, there are special steels or alloy steels which contain 
varying amounts of one or more other metallic elements, such 
as chromium, manganese, silicon, nickel, tunpHten, vanadium, 
and molybdenum and whose special properties are produced 
only after a heat-treatment of more or less precision and com¬ 
plexity. These are considered in chapters 21 and 22. 

Malleable iron. When white cast iron is heated under cer¬ 
tain s lituiile ctuiditions to about 1,4(M)° F. for several days, the 
c.uiibtncd carbon separates not as flakes of graphite but as very 
fine rounded particles of carbon in the iron. This process 
tends to give castings more of the properties of pure iron; 
namely, high strength, ductility, toughness, and ability to rCvsist 
shocks. Malleable iron must bo bronze-welded. It cannot be 


’’Ferrous metals, quoting from ”Dyke'a Self-Starter ” “are 
metals which contain iron such as cast iron, wrought iron and 
steel. Non-ferrous metals contain no iron (except in very 
small percentages) and include all metals except the ferrous 
metals.” This book also includes information on the Brinell 
and ilockwell hardnes.s test, meaning of tensile strength, etc. 
(See inside of back cover of this book explaining where the 
reader can obtain "Dyke's Self-Starter.”) 

* A complete instruction handbook pmnp the procedures and 
techniques for vjelding practically all commercial metals is avail¬ 
able from the nearest oflfice of The Linde Air Products Com¬ 
pany, or from General Publicity Department, 30 East 42d 
St., New York City. This book, **The Oxy-Acetylene 
Handbook,” contains over 300 pages of instructions and illus¬ 
trations (price $1.50). 

A booklet v^hich lisle essential automotive parts and gives the 
kind of metal they are composed of, and the recommended welding 
method of repairing, is available from the nearest offfoe of The 
Linde Air Products Company. Ask for booklet Form SS36-D, 
** Repairing for Profit,'' also for chart Form F-4464. 
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fusion>welded, as the malleable properties are completely de¬ 
stroyed when the metal is melted. 

Cast steel is frequently used to make parts of intricate shape 
when cast iron does not have the desired physical properties. 

Welding Steel 

In many ways the welding of steel by the 03^- 
acetylene process is similar to the steel-mill practice 
by which a great deal of our steel is made, a method 
known as the open-hearth process. In the oxy- 
acetvlene welding of steel, the blow-pipe flamti is 
useef to melt a puddle of base metal and into this 
puddle is melted metal from a welding rod. The 
puddle is then moved i3rogressively along the part 
by means of manipulation of the welding rod and 
welding flame. When this action is made to take 
place at the edges of two pieces of base material of 
the same comi)osition, the continuously solidifying 
puddle made up from the base material itself and 
the welding rod results in what is, in effect, a single 
piece of metal. 

In the practical application of fusion-welding of 
steel, the edges of the two pieces of metal to be 
joined are thoroughly clmtud of any oxide or dirt. 
This may be done by grinding, filing, chipping, or 
wire-brushing, depen<ling upon the type of foreign 
matter present. If the edges arc more than 3/16" 
in thickness, they are beveled as shown under Joint 
Designs, which Ijeveling may be done by the oxy- 
acetylene cutting blow-i)ipe. 

After the joint has been studied and it has been 
determined in what direction the welding will pro¬ 
ceed and how the effects of expansion and contrac¬ 
tion are to be cared for, the metal parts are spaced 
the distance of about l/Ki" at the start of the weld 
and are then firmly held in this position either by 
means of jigs ancf fixtures or by means of tiick- 
welding, short welds spaced at intervals Jilong the 
edge to be welded. W^ith the j)ropcr size head or 
tip attached to the blow-pii)e and with the flame 
adjusted to neutral, an area about 2" in diameter 
at the start of the weld is then heatiHl to a bright 
red ternfierature. The flame is then concentrated 
at the point at whicjh the weld is to start and a 
puddle of molten metal formed. If the metal is not 
allowed to become too fluid, it will easily bridge the 
space 1 ) 0 tween the edges of the base metal, aided 
by metal molted from the welding rod. 

The puddle is then caused to progress the entire 
length of the weld, making sure that complete 
fusion takes place at all points between the puddle 
and the liase metal. Some practice will be required 
l)efore good-appearing welds w'hich will develop full 
strength are secured. 

To a large extent, the strength of the weld de¬ 
pends upon the thorough union of all parts of the 
weld metal to itself and to the edges of the pie(!es 
being joined. A true fusion-weld is not produced 
in steel until it actuallv melt«. In weldmg, care 
BMist bo taken to work all oxides to the surface: 
otherwise it wiB be found that they weaken the weld 
moM considerably. The oKide or scale remaining 
on the surface of the completed weld can be easily 
removed by wire-brushing or hammering just before 
the weM gets cold. 

Weldmg In fusion-welding it is most im¬ 

portant to seleet only a high quality welding rod. 
Several good rods are on the market today, and weld¬ 
ing supply manuketurers will be glad to advise 
which rod to use for a particular job. 

Blow-pipe rmnipuhiion. In general, the welding 
blow-pipe will be held in the right hand and the 
welding rod in the left. These two should be in¬ 


clined to each other at an angle of ah>out 90® or 
slightly more and each should make an angle of 
al)out 45® with the weld. Depending upon the 
position of welding and the speed at which the weld 
IS progressing, it may be necessary to vary these 
angles depending upon how fluid the puddle has ho- 
come and certain other factors which will appear to 
the ofierator as he progresses. The tip of the inner 
cone of the welding flame should be held about 1/8" 
away from the top of the welding puddle and the 
welding rod should be held so that the metal as it 
melts will flow into the puddle, not so that it will drip. 

As the rod melts, it should be moved from side to 
side in the puddle, the motion being just opposite 
to that of the blow-pipe. In this way the blow¬ 
pipe flame is allowed to play first upon one side of 
the V(^e and then upon the other, insuring complete 
fusion. Care must be taken not to flow the molten 
metal ahead under the relatively cold sides of the 
v(‘e, since under these circumstances it will merely 
stick, but will not fuse. 



Fi>j. The motion of blow-pipe and welding rod are illus- 
IrafHl. The upper views illustrate the method for i)uildiiig up 
tiu< weld III layers wlnui welding heavy walle<l pipe. A third 
layer i.s required which i.s not shown. 



Fig. 17. The swinging motion of the blow-pipe is illustratwi. 
The motion of the rod is opposite to but much le.vs than the 
blow-pipe motion. Thi.s motion, employed in forehand weld¬ 
ing, allows the blow-pipe flame to play hrst on one side of the 
vee and then on the other. 

Welding am he carried on, in, practically any pasi- 
tioUy horizontal, vertical, overhead^ or in a Hori¬ 
zontal position with the work vertical. Consider¬ 
able practice will be required before welding can be 
carried on successfully in the various ]X)sitions, and 
it would be well to have more complete instructions 
than it is possible to give here.^^ 

Bronze-Welding 

As was mentioned earlier, bronze-welding differs 
considerably from fusion-welding in that fully com¬ 
parable weld strengths can be secured without 
actually melting the base metal. This is because 
molten brass or bronze will flow evenly over a 
properly heated and chemicallv clean metal surface 
and form a bond or molecular union w hich has 


*‘More complete instructions for the welding of steel in the 
various forms in which it is commercially at'otlable today will be 
found in **Th€ Oxy-Acetyl me ffandbook" available from near¬ 
est office of The Linde Air Products Company (price Sl.W)) 

booklet dealing with welding rods and fluxes is available 
from the nearest office of The Linde Air I’roducts (''ompany, 
Ask for booklet Form SB6SA. 


See page 726 for ant^e, channel* I-beam sections formerly on this page. 
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admirable strength. In fact, bronze>welds having 
tensile strengths of 55,000 lb. per sq. in. or more are 
consistently made in steel. < 

Bronze-welding is used both in production and in 
repair for the joining of steel, cast iron, galvanized 
iron, copper, nickel, and alloys of copper and nickel. 
Practically any commercial metal can be bronze- 
welded successfully, but this is not done if it is 
necessary that the weld metal and base metal have 
the same appearance or the same corrosion-resistant 
properties. It is also not done in those few cases 
where the temperature of the part is to be at any 
time higher than 500° F., since bronze rapidly loses 
strength at temperatures above that point. Bronze- 
surfacing is the term used to describe the application 
of the bronze-welding process to the building-up of 
worn surfaces, such as pistons, shafts, etc. It is 
also used for building up worn or broken gear 
teeth, lugs, or bolt holes. 

The fimdamental technique of bronze-welding, 
^r of bronze-surfacing (which are the same with 
few exceptions), is as follows: 

First consideration is the preparation of the edges 
to be bronze-welded or the sunaces to be rebuilt. 
Clean metaly with complete absence of oxides^ dirt, 
oil, or grease, is essential. If the edges to be joined 
are 1/1^' in thickness or less, surface chipping or 
grinding to bright metal will suffice. If over 1 /4" in 
thickness, the edges should be beveled to give about 
a 90° included vee. The beveling operation in itself 
will expose clean metal. Further than this, the 
metal for about 1/2" back from the top edges of the 
bevel should be thoroughly cleaned orF, For parts 
that are to be bronze-surfaced a clean surface is 
equally essential. Machining, binding, chipping, 
or sand-blasting is preferred for this work. 

Second, it is important to determine before start¬ 
ing whether or not the part should be preheated. 
Then with the parts properly aligned and held in 
alignment either by tack-welds or by clamps, and 
with any necessary preheating done, the operator is 
ready to start the actual bronze-welding. 

A blow-pipe head or tip one size larger than woydd 
be used for welding steel of a similar thickness should 
be selected. This recommendation applies general¬ 
ly to the various steels, cast iron, wrought iron, and 
malleable iron. For copper and certain other metals, 
and for certain special conditions, a different size 
head or tip may be required. Experience is the best 
dictator of this. 

The flame is adjusted so as to be slightly oxidizing. 
The proper flame is obtained by first adjusting the 
flame to neutral and then closing the blow-pipe 
acetylene valve slowly until the iimer cone has been 
reduced in length by about 1". 

During welding it is necessary that a liberal 
amount of flux be supplied continuously to insure a 
chemically clean surface. If the rate of welding 
is to be rapid, this can be done best by coating the 
entire rod witn the flux. Where welding takes place 
more slowly, as it will for heavier castings and 
heavier material, it is suflicient to dip the hot end 
of the rod in the can of flux and add to the puddle in 
this way as it is required. 

Start the welding by heating the metal over a 2" 
diameter spot where the welcT is to begin bv means 
of a circidar motion of the blow-pipe. As the metal 
gets hot, test its heat by applying a drop or two of 
rod. When at just the right temperature, the metal 
from the sufficiently flux bronze-rod will spread out 
evenly to produce a "tinning" coating on the base 
metal. The inner cone of the slightly oxidizing 
flame should be kept from 1/8" to 1/4" away from 
the surface of the metal.^* 


Welding Cast Iron 

Cast iron may be either fusion-welded or bronze- 
welded, with the latter process offering the greater 
advantages and ease of operation. Although cast 
iron has relativclv high resistance to compression, 
its tensile strength and resistance to shock are rela¬ 
tively low. The probems of expansion and con¬ 
traction, therefore, assume greater importance in the 
welding of cast iron. 

Bronze-welding assumes considerable importance 
in the welding of cast iron aside from the fact that 
it is considerably more rapid than the fusion-welding 
process. The lower heat required for bronze-weld¬ 
ing minimizes the effects of expansion and contrac¬ 
tion and often makes it possible to bronze-weld the 
cast-iron parts without dismantling and without 
anything but local preheating. 

Malleable cast iron^ which depends for its proper¬ 
ties upon a lengthy and complicated heat treatment 
can be joined satisfactorily only by bronze-welding. 
The heat of fusion would destroy the malleability. 

Fusion-welding cast iron. As mentioned above, 
the first factor to be considered when cast iron is to 
be welded is the effect of expansion from heating and 
contraction upon cooling upon the casting. If the 
casting is at all intricate with light sections joining 
heavy, or if the facture or part to be welded is in 
such a location that there is any restriction to free 
movement of the casting upon heating or cooling, 
it is probably better to preheat the entire casting to 
a bright red heat, making sure that the heating is 
even and that cooling after welding is slow and 
uniform. 

In preparing the casting for welding, it is absolutely 
necessary that all foreign matter in the form of oil, 

f rease, dirt, sand, or scale be completely removed. 

Usually this will be accomplished in the weld area 
itself by the chipping or grinding required for the 
preparation of the vee. A 99° included voc is 
recommended for fusion-welding, and care should be 
taken that this vee extends nearly through the part 
to be welded. 

The welding of cast iron requires the use of cast- 
iron welding rod, a neutral flame, and a suitable flux. 
During the welding operation, which is conducted 
similar to that of steel, more manipulation of the 
welding rod is required to work any particles of sand 
or slag out of the weld.** 

Bronze-welding cast iron. As was mentioned 
earlier under the subject of bronze-welding, this 
operation is performed without melting the base 
metal. The preparation of a casting for bronze¬ 
welding requires the same consideration as to the 
effects of expansion and contraction, but these are 
usually not nearly so great in their effect because of 
the lower temperature. If the casting does require 
preheating, this can be accomplished in a temporary 
or permanent furnace, with the preheating allowed 
to progress until the entire casting has been brought 
up to a good black heat. A convenient method to 
judge this temperature is to throw a few drops of 
water on the casting. If this water sizzles, the cast¬ 
ing is at about the right temperature. This is simi¬ 
lar to the housewife’s test of a hot iron. 

The preparation of the vee and the cleaning of 
the base metal should be done as described under 


14 More complete information on hrome-welding may be 
eecured in a number of publications available from the nearest 
office of The Linde Air Products Company, or from General 
Publicity Department, 30 East 42d St., New York City. 

n" The Oxwelder't Handbook** contains complete inatruo- 
tione for welding cast iron. See footnote 9, page 746. 
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fusion-welding cast iron, making certain that the 
entire surface is properly cleaned. If the vee is 
prepared by grinding, it is advisable to rub the sur¬ 
face briefly with a file afterward to remove the small 
grinding-wheel particles which adhere to the sur¬ 
face. 

There are one or two precautions regarding the re~ 
pair of fractures in castings which it is well to men¬ 
tion. In preparing a crack for welding, the prepa¬ 
ration of the vee must extend to the limits of the 
crack. If a little oil is rubbed on the surface of the 
casting first and then wiped clean, chalk or other 
fine white power rubbed on the surface will pick up 
oil which has accumulated in the crack and will 
indicate its extent better than can be seen with the 
unaided eye. A small hole drilled at the extremity 
of the crack will aid in preventing it from “running” 
when heat is applied during welding. 

To apply the bronze-welding technique, the point 
at which the weld is to start should be heated to a 
temperature at which it just begins to glow. Ex¬ 
perience is necessary in determining the proper tem¬ 
perature for bronze-welding, and an operator will 
soon recognize the characteristic appearance of the 
casting when it is ready after pra(;ticing a little to 
determine how the bronze rod flows upon the sur¬ 
face. If the casting is too hotj the bronze will 
bubble and boil upon meeting the surface, whereas 
if it is too coldf the bronze will not adhere but will 
roll off. When the right temperature is reached, 
the bronze rod, previously heated and dipped in 
flux, when melted upon the surface will spread out 
evenly and properly tin the base-metal surface. 

The tmning action is the most important part of 
the bronze-welding procedure, and care should be 
taken to see that it is done properly. After the 
surface has been tinned, the vee is filled up by melt¬ 
ing in more bronze, making sure that the added 
metal is completely tused with the bronze which has 
been previously deposited. 

Welding Galvanized Iron 

Galvanized iron has a surface coating of zinc 
which volatilizes or turns into a vapor at a relatively 
low temperature. Bronze-welding is of particular 
advantage in welding galvanized iron, since the 
higher speed of welding and the lower temperature 
to which the base metal must be raised considerably 
reduces the amount of zinc which is burned off. 

The technique for welding galvanized iron is the 
same as that outlined already, with a neutral flame 
being used for fusion-welding and a slightly oxidiz¬ 
ing flame for bronze-welding. The corrosion re¬ 
sistance of the bronze-weld deposit compares very 
favorably with that of the zinc coating on the galva¬ 
nized iron and usually requires no special care after 
welding. If the joint is fusion-welded, on the other 
hand, it is usually advisable to paint the surface of 
the weld and adjacent to the weld with aluminum 
paint or some other preparation which will increase 
its corrosion resistance. 

Welding lligh-Carbon Steel and Alloy Steel 

It is not possible to describe in the space that is 
available here the various techniques required to 
weld the large number of low and high alloy steels 
now commercially available any more than it has 
been possible to point out all the precautions or to 
desenoe the complete operations for other types of 
welding. For this additional information it is neces¬ 
sary that the operator consult the various publica¬ 
tions which are available today giving complete in¬ 


structions for the type of work in which he is inter¬ 
ested. See footnotes 2 and 9, pages 741, 746. 

Welding Aluminum 

As the behavior of aluminum under the welding 
flame is quite different from that of steel, a distinc¬ 
tive welding method is required. Once the differ¬ 
ences in behavior and technique are thoroughly 
understood, it will be found that aluminum is one 
of the easiest metals to weld.^‘ 

Characteristics. Aluminum has a relatively low 
melting points 1,215° F. for the commercially pure 
metal. It conducts heat more than four times as 
fast as steel, which means that, when heat is applied 
to the metal at any point, it is carried away and 
dispersed rapidly throughout the body of the metal. 

Because of its light color and low melting point, 
aluminum does not give any indication by changing 
color that the metal is approaching the welding 
heat. W hen the melting point is reached, the metal 
collapses suddenly. By observing the behavior of 
aluminum as it melts under the action of the blow¬ 
pipe flame, the operator will quickly learn how to 
control the rate of fusion. 

The surface of the molten puddle of aluminum 
oxidizes rapidly, forming aluminum oxide which 
has a higher melting point than aluminum. In 
order to make a sound weld, this oxide must he re¬ 
moved. It is customary to use for tliis purpose a 
suitable flux wliich combines chemically with the 
aluminum oxide to form a fusible slag that rises to 
the surface of the puddle where it is readily removed. 
Another property that must be considered is the' 
fact that aluminum and many of its alloys are weak 
when hot; in other words, they are “hot/-short.” 
This means that due care must be taken to see that 
aluminum parts are adequately supported when hot. 

Joint design. The only difference in the joint 
design for welding aluminum from that for welding 
steel is that it is often desirable to notch the edges 
to be welded with a cold chisel. These notches aid 
in obtaining full penetration and also make it less 
likely that holes will be melted through the sheet. 
The notches also act as small expansion joints to 
prevent local distortion. 

fV/7w CeuLO Notches ty'/rM 

Coco 

90 * 


Singlt vM notcl^ed butt type Joint 

FiK. 18. In welding aluminum it is often found desirable to 
notch the edges to be welded to assist in securing thorough 
fusion. 

Welding technique. There are so many weldable 
aluminum alloys on the market today that it is not 
ixissible to give a very complete description of the 
technique here. The welding rod should compare 
closely with the base metal and a good aluminum 
flux should be used. 

The hlow-pipe flame should be adjusted to have a 
very slight excess of acetylene. This is not because 
an excess of acetylene is needed, but because even 
the slightest oxidizing flame would make a very poor 
weld. 


See also page 690 under “ Wetding Aluminum.** 


e( 




See page 752 for ozy-hydrogen formerly on this page. 
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In welding aluminum it is advisable to use a hUnjo- 
"pipe head or tip one size larger than ordinarily used for 
welding steel of the same thickness. The gases 
should oe adjusted so as to produce a soft flame. Ip 
w'elding, the blow-pipe should be held at an an^le of 
about 30® to the plane of the weld with the inner 
cone of the flame about 1/8" away from the metal. 
Metal from the wielding rod should be fused thorough¬ 
ly with the base metal as it is added. It is gener¬ 
ally better to complete the weld in one operation. 
Shoukl a section prove to be faulty and have to l>e 
replaced, chip out the old weld metal and re-weld 
w ith new metal. Care should be taken during the 
welding o])oration to make certain that any little 
particrl(‘s of oxide or other foreign matter are worked 
out of the weld metal to the surface of the puddle. 

Certain aluminum alloys dejx^nd for their proper¬ 
ties upon heat treatment. These will require special 
precautions in welding, and more study and experi¬ 
ence will be required of the operator in order to w^eld 
these materials. 


using a strongly excess oxygen flamey however, for 
both the preheating and the welding, the tendency 
for tin and lead to boil out is eliminated. After the 
base metal has melted and there is a noticeable film 
on the surface of the molten puddle, the amount of 
excess oxygen in the flame should be varied over a 
fairly wide range, during which it will be found that 
for one particular flame adjustment the film or coat¬ 
ing tends to disap}>ear and a bright surface is main¬ 
lined on the metal. This is the correct flame ad¬ 
justment necessary for good welding of the high-tin, 
high-lead, copper alloys. Csually a ftwv preliminary 
trials will determine this adjustment-, and, once 
found, welds free from holes or gas inclusions and 
with well-distributed tin and lead conbuits can be 
made. The same fluxes as for fusion-welding of 
brass are found k) be satisfactory for welding 
alloys containing relatively large amounts of hnul. 
The commercial fluxes which are used for bronze¬ 
welding or for welding the corrosion-n^sistant steels 
are usually found satisfactory for this work. 


Welding Copper 

For many applications copper and its alloys can be 
joined by bronze-welding using the regular bronze¬ 
welding teclmique. Commercially pure copper con¬ 
tains a very small percentage of oxygen in the form 
of cuprous oxide w hich does not harm its properties 
in any way, except for the fact that it is not fusion- 
welded successfully, (kimpletely deoxidized cop¬ 
per is now^ available from leading producers in a 
variety of forms, and in this form it can be success¬ 
fully welded. Even if the copper does contain 
some cuprous oxide, it can be successfully bronze- 
welded as can also deoxidized cojiper. 

For fusion-welding copper, Ixith the base metal 
and welding rod should be completely deoxidized. 
Joint designs for welds in copper are in general the 
same as for steel of similar thickness. A neutral 
flame is used and no flux is required. The welding 
head or tip should be one or two sizes larger than 
for similar thickness of steel because of the high heat 
conductivity of copper. Covering as much as pos¬ 
sible of the work with asl)estos pafier during w'elding 
assists in reducing the heat lossc*.s. Large 8e<dions 
should always be preheated to a dull red before 
welding, and this practice is also advisable for small 
parts wdierever practicable. After a few trials the 
welding operator wall automatically make such 
minor modifications in '.ei^hnique as are made neces¬ 
sary by the relatively low melting point of copper 
and by the fact that the molten puddle is more fluid 
than IS the case with steel. 

Bronze-welding copper. For the large majority 
of copper-welding work the bronze-welding process 
offers distinct advantages. Where it is necessary 
that the color of the weld metal exactly match that 
of the base metal and in those cases in which the 
chemical composition of the two must be identical, 
however, bronze-welding should be replaced by 
fusion-welding. 

Welding Brass and Bronze 

In many cases a distinction between fusion-weld¬ 
ing and bronze-welding brasses or bronzes is not 
possible because the melting points of these metals 
and the bronze-welding rod are so nearly alike. 

When fusion-welding the bronzes which contain 
relatively high amounts of tin or lead, or both, it will 
be observed that these constituents start boiling 
out before the base metal is even at a red heat. By 



Fig. 19. For joining brass or copper pipe of Icms than 1 /S" 
wall thickness, use is often made oi what i.s known as the bcll- 
and-spigot joint. 


As is the case with other metals, there are so many 
alloys of copper and also of nicikel that considerable 
study is necessary, as widl as practice, before the 
operator can be successful in welding these alloys. 

Welding Nickel and Nickel Alloys 

In general, the welding of nickel and the high- 
nickel alloys, including those containing copper, 
can be classed as a g^oup. One of the problems 
associated with the high-nickel alloys is that they 
(contain small amounts of certain deoxidizing ele¬ 
ments which must not be allowed to boil out during 
the welding, as otherwise the hot metal will absorb 
gases and the result will be a ]X)rous weld. 'I'hey 
also have a hot-short range, a condition of low 
strength, between the temiieratures of 1.450® to 
1,650® F. Care must be taken to see that the metal 
is adequately supixirted and that no stresses are 
present while the metal is passing through this 
range, both while being heated and while cooling. 

For fusion-welding these alloys, it is advisable to 
use a ^veUiing rod of the same composition as the base 
metal. The commercial flux for bronze-welding is 
generally found satisfactory for use with these 
metals. Welding heads or tips for nickel and high- 
nickel alloys should be about one size larger than for 
the corresponding thickness of steel. The flame 
should be adjusted so as to have a slight excess of 
acetylene. The outer envelope of the flame should 
cover the weld during the whole operation so 
as to keep the molten metal from being exposed to 
the air and consequent oxidation. It is also ad¬ 
visable to keep the end of the welding rod well 
within the flame during welding. There should be 
little puddling of the weld metS and the tip of the 
inner cone should just about touch its surface. 
Nickel and high-nickel alloys can be easily bronze- 
welded, using the standard bronze-welding technique. 


Nora: 
The Linde 


eptiring white-metaigrillet (tmd cluon^um-plated automobile die castinge) is explained in pamphlet. Form 44SS. Write 
Air l^oducts Co., General Publicity Dept., 30 E. 42d St., New York City, and mention Dyke'§ Ailte Encydopodia. 
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Welding Lead 

The welding of lead, called ‘lead burning” by 
the trade,'® is considerably different from other 
welding processes. Because of its low melting 
point, only a very small flame is required, and it is 
consequently possible to use a special blow-pipe. 
Because lead nas very little mechanical strength, 
care must be taken to support all large pieces or they 
will collapse under their own weight. 

A very small flame should be used. It should be 
held so as to be almost i)er])endicular to the surface 
of the work with the inner cone almost touching the 
surface of the metal. Just as the lead begins to 
melt, the blow-pipe should be quickly lifted in order 
<o ])revcnt excess melting. Tlie welding rody or 
“burning stick,” made by cutting sheet lead into 
strips or by melting it into suitable molds, should be 
added by ])laying the blow-pijie flame simultaneously 
on the rod and the base rnidal so that they will come 
to the fusion point at the same time. 

In storage-battei’y work where the lead has been 
subjected to the action of a strong acid, the area to 
be welded should bo scnijied down to pure metal and 
then the welding may proceed as usual. 

Hard-Facing 

For parts which are subjected to excess wear, it is 
sometimes advisable to hard-face them with a ma¬ 
terial such as Haynes stellite alloys a nonferrous alloy 
of cobalt, chromium, and tungsten. This alloy is 
apjilied to the base-metal surface without actually 
melting the base nu'tal. Tsing an cjcess acetylene 
flame tiie base nudal is brought to a sweating tem¬ 
perature, a jioint at wliich the metal just begins to 
glisten. 

Heating 

Quite apart from its use in welding and cutting, 
the oxy-acetylene flame provides the most con¬ 
venient source of intense localized heat for e wide 
variety of other applications. Although oxygen 
and acetylene would seem, on first thought, to con¬ 
stitute a more cx])ensive fuel than coke, coal, city 
gas, or gasoline, the intensity of the oxy-ae(^tyleiie 
flame and the ease witli which it may be concen¬ 
trated directly upon the ])arts to lie worked make it 
possible to do the work with so much k‘ss fuel that 
the fu(*l cost with the oxy-aeetylene process is, in 
most cases, actually less. In addition, there is a 
marked saving of time and labor. The oxy-acety¬ 
lene blow-pipe saves time l)y making it unnecessary 
to dismantle a large structural machine in order to 
heat the particular part to be bent or straightened. 

Heating applications involving fortning and bending range all 
the way from the most delicate detail of ornanieutal ironwork 
to the straightening of the stern post on a giant ocean liner. 
The removal of dents is a most important heating application 
for such sheet-metal products as automobile bodies and fenders, 
streetcar and bus bodic's, buckets, ladles, kettles, tanks, pots, 
and stills. Structural shapes such as angle iron, channels, tees, 
and other sections are frequently formed and shaped through 
the aid pf local heating by the bfow-pipe flame. 

Other applications for the oxy-acetylene flame may be 
fl^ouped under the headings of prehetiiiny, welding^ metal- 
lurgicaly and wood-treating. 

Silver Soldering'* 

Silver soldering by the oxy-acetylene process is 
an operation quite similar to bronze-welding that 
has gained considerable industrial importance. 

The two principal reasons for silver soldering instead of 
bronze-welding in certain coses are that silver solder has a 
lower melting point than bronze and a range of lighter colors 
can obtained with this type of joint. Silver solders are now 
available having melting points as low as 1,200® 1,300® F. 


Silver solder will stand up under conditions of constant vibration, 
a fact which is demonstrated by its use on delieate vibrating 
parts of radio loud-speakers and in many other ways where 
excessive vibration is a factor. Joints silver-soldered by the 
oxy-acetylene process have a tensile strength ranging from 
40,000 to 00,000 lb. per sq. in. The high resistance to corrosion 
of silver solder is another important property recommending its 
use for certain chemical equipment. 

Technique. The parts to be soldered should first be cleaned 
thoroughly either mechanically or chemically. For genera) 
soldering, a saturated solution of borax makes a good flux and 
may be effectively applied with a brush. The edges to be 
joined should fit tightly, since only a film of silver solder is 
needed. 

A small oxy-acetylene flame should be ased to preheat the 
joint and surrounding metal after fluxing, taking care that the 
base metal does not reach the melting point. When 8ufii< ient 
preheat has been applied, the flame should be inovcui awny and 
the silver solder brought to the joint where it will melt ami H >v\ 
quickly if the parts have been properly fluxed aiul prelieaicil 
The knack of heating to the jiroper temperature is qui< l<Iy de 
veloped with a little practice. The silver solder should be 
melted simply by the heat of the base metal; tlie flame shoulU 
never touch the solder or a porous joint might result. 


The Air-Acetylene Flame 

The air-acetylene flame, produced by burning a 
properly proportioned mixture of acetylene and air 
to produce a temperature considerably below that of 
the oxy-acetylene flame, provides a source of heat¬ 
ing whicli has literally huiidietls of applications. 

Equipment is available to utilize this flame in torches, solder¬ 
ing irons, for iiaint burning snd a maze of other special ap¬ 
plications.’* Complete iiitornmtion regarding the forms of 
torch available and suggest ions regarding the application of 
this flame may be secured from flie manufacturers. 


Oxy-Acelyleiie (Cutting 

Oxy-acetylene cutting is based upon the fact that 
ferrous metals'^® when heated to a bright red tem¬ 
perature will actually burn rapidly in the presence of 
pure oxygen. As described etirlit'r the cutting blow¬ 
pipe consists of a device for jiroviding a mixture of 
oxygen and actdyleiK* which can be burned as a 
preheating medium and also supplies a stream of 
pui’e oxygen whi(;h does the actual cutting. 

The operation of the cutting blow-pipe is in itself 
rather simple, although m(H*lianical dexterity in 
making smooth cuts depends upon the amount of 
practice the operator has Inid. 

In cutting steel or wrought iron the preheating 
flames are held on one edge of the piece of metal to 
be cut until it rea<*hes a bright red temperature 
when the cutting lever is depressed to turn on the 
oxygen stream. If the metal has been properly pre- 
heatedy (aitting will immediately start with sjiarks 
and slag being given off. 

Cutting Cast Iron 

Cast iron can be easily cut with the oxy-acetylene 
cutting blow-pipe, although the resulting edges will 
be less smooth than they are when steel is cut. 

The method for cutting cast iron differs slightly from 
that for steel in that the cutting blow-pipe is moved 


“ See page 752 and page 581. 

Complete instructions /or applying a number of hard-facing 
materials as well as suggestions as to parts which are effectively 
hard-faced, consult Hard-Facing with Haynes Stelhte Prod¬ 
ucts,** a booklet available from Haynes Stellite Company, 
Kokomo, Indiana. 

18 gee page 690 under **Siher Soldering" where to obtain 
literature. 

18 A booklet entitled **101 Uses for the Prest-O-Lite Air- 
Acetylene Flame,** Form F-2708-A, also pamphlet "Prest-O-Lite 
6 in 1 Outfit,** Form £700-b are available from nearest 
of The Linde Air Products Company, or from General Pub¬ 
licity Department, 30 East 42d tit.. New York City. See also 
page 690 under '^Soldering, Brazing, Lead Bur?iing." See also 
pages 581, 582, 585 and 751. 

8® See footnote 8, page 746, giving a definition. 
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slightly from side to side as the cutting progi^sses. 
As in the operation of other oxy-acetylene processes, 
some practice is required on the part of the operator 
before cast-iron cutting can be done most efficiently. 
The o[)erator will soon learn the speed at which the 
cutting operation may progress and the amount of 
sidewise motion that is required in order not to 
lose the cut. 



Fi(;. 20. A successful cast-iron cuttii^ technique requii^ 
u slight side-to-side motion of the blow-pipe. 

There are a number of special cutting techniques, 

such as rivet removal^ oxygen lance cutting^ flux 
cutting, and grooving. Since there is not sufficient 
space here to describe these operations adequately, 
it is felt more desirable to refer the operator to the 
supply manufacturing companies or to the organiza¬ 
tions distributing literature on these subjects. 

Flame Hardening 

Although the method of heating and quenching 
for hardening relatively low-carbon ferrous ma¬ 
terial is a comparatively old process, developments 
and equipment for controlling the oxy-acetylenc 
flame have made this process of tremendous com¬ 
mercial im|X)rtance, The application of the oxy- 
acetylene flame hardening process to commercial 
jobs requires a rather careful consideration of the 
metallurgical factors involved. The carbon con¬ 
tent is of considerable importance as is the rather 
close control of the temperature range through which 
the surface of the pai’t is carried. 


Flame hardening may be defined as a process whereby the 
surface of a quenoh-haraening ferrous material is locally heated 
by means of an oxy-acetylene flame followed by a suitable 
quenoh. In other words, the surface of the part to be hardened 
is rapidly raised to the required temperature with the intense 
heat of the oxy-acetylene flame and then just as rapidly booled, 
usually by a stream of water. 


Welding Precautions” 

1. Always shut off the gas at the cylinder valyes when the 
work is finished. 

2. Neyer leave pressure in the regulators when not in use. 
The pressure gauges will indicate. 

3. Never clean out a blow-pipe tip with a sharp, hard tool. 

4. Before attaching rubber hose to a blow-pipe or regulator, 
make sure that the inside of the hose is free from dust or 
powder (used as a preservative), which is apt to choke the 
blow-pipe. 

5. Never let oil or grease come in contact with oxygen or any 
of the equipment through which oxygen passes. 

6. Always see that the hose is clamped securely to the blow¬ 
pipe and regulators before using. 

7. Always turn on the cylinder valves slowly. 

8. Never open the acetylene cylinder valve more than one 
and one-half turns of the spindle. 

9. In case the flame goes out at the tip or burns back of the 
tip, shut off first the oxygen, then the acetylene, at the 
blow-pipe. 

10. If the flame is not blue and the part being welded is smoked 
black, then the oxygen lino is likely to be stopped up or 
the tank is empty. 

11. In disconnecting an empty acetylene cylinder from the 
welding outfit, remember to close the cylinder valve tightly, 
Itemember that the acetone in an empty cylinder is in¬ 
flammable, and that, should the temperature in the room 
increase, an open valve would permit vapor to escape, as 
well a.s any sliglit quantity of gas which might yet reiimia 
in the cylinder. For the.so same reasons, the railroads re¬ 
quire that valves be closed before shipping. 


21A booklet, Flame Hardenino,^* describinq the flame harden¬ 
ing process is available from the nearest office of T’he Linde 
Air Products Company, or from (leneral J*ubli(Mty Department, 
30 East 42d St., New York CMty, N.Y. Ask for booklet F-3813. 

22 See footnote 6, page 745. 


MISCELLANEOUS INFORMATION 


Welding Literature 

In addition to the literature and booklets mentioned at' the 
bottom of some of the preceding pages, the reader’s attention 
is called to the paragraphs on page 6U0 under " Welding.*" 

Lead Burning 

Lead burning of connectors and other parts on storage bafc- 
^eries, etc., with acetylene alone is not altogether satisfactory 
and is generally used in conjunction with oxygen. Illuminating 
gas witn oxygen is .sometimes used. See pages 581, 682, 585. 
See also page 690 under "Lead Burning." 


Light Brazing and Soldering Outfit 

An outfit which can be used to advantage for light brazing, 
soldering, sweating together metal parts, annealing, drawing, 
tempering, melting metals, thawing pipes, sealing batteries, 
burning cable iug.s, light preheating w'ork, radiator repairing, 
etc., is the Prest-O-Litc “5-in-l” outfit mentioned in footnote 
19, page 751. This outfit is used w'ith Prest-O-Lite acetylene 
gas tanks, style B and MC, containing 40 and 10 cu. ft. of gas, 
respiectively. They are the same tanks that are used for truck 
ligliting. No oxygen is required. Another popular outfit is 
the Imperial No. 32 brazing and soldering outfit made by The 
Imperial Brass Mfg. Co., Chicago, III. The torch burns 
acetylene and the tip draws in the necessary oxygen from the 
atmosphere, making it economical to use. The tank connec¬ 
tion fits the small automobile acetylene lighting (Prest-O-Lite) 
tank, but the outfit can be used on large-size acetylene cylinders 
fitted with regulators. See also page 690 under "Brazing” and 
"Soldering.” 

For general brazing work, oxy-acetylene with the size torch 
suitable for the work to be done is considered best. 


Oxygen Decarbonizing or Carbon Burning 

Carbon can be removed from the cylinder head and pistons 
of an automobile engine by burning it out with oxygen. This 

See page 115 for oil-vac gasoline fi 


process was formerly used to a great extent on engines of the 
nondetachable cylinder head type as explained on page 764. 


Electric Arc Welding 

Electric arc welding is another form of welding. The prin¬ 
ciple, quoting from "Dike's Sdf-Startcr” is as follows: "When 
an arc is formed across a gap in an electric circuit, an intense 
heat is generated. The employment of this heat is the general 
principle of arc welding. The metal parts to be welded form 
one of the electrodes of the circuit. The other electrode is 
movable and is placed in a special liolder which is held and con¬ 
trolled by the operator. The movable electrode can be made 
of carbon, in which case the porcess is known as carbon arc 
welding. The movable electrode can consist of the welding rod 
itself, in which cose the process is known tw metallic arc weld¬ 
ing.’* See p. 690 under "Welding” where to obtain literature. 


Spot Welding 

Spot welding is the fusing of two metals together by the 
electric contact resistance method without the use of filler 
material and is widely used in sheet-metal shops on light gauge 
material. The process is electric and usually employs pressure 
between the electrodes but requires a different type of machine 
from the regular electric arc equipment. 8ec page 600 under 
"Welding-Spot Welders” where to obtain literature. 


Oxy-Hydrogen 

Hydrogen gas in connection with oxygen gas is sometimes 
used for cutting and lead burning, but is very seldom used for 
general welding. Hydrogen is not in as general or universal use 
as is the oxy-acetylene process. 

When it is desired to equip for oxy-hydrogen, a hydrogm 
regulator and a set of hydrogen tips for welding and cutting will 
be necessary. The Imperial Brass Mfg. Co., Chicago, Ill., 
supply such equipment, also oxy-acetylene equipment. See 
also page 690 under "Welding.” 

[-feed system formerly on this page. 
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TOP REPAIRING.! LACQUER FINISHING: Equipment and AppUcation 


Any repair shop, by the investment of a small 
amount of money fn equipment, and the exertion 
of reasonable care, can develop a profitable top 
repair department. It is as essential a part of the 
trade as is the machine shop or the vulcanizing shop. 

Only a small amount of equipment is necess^ 
in a top repair shop, and this, with the exception 
of the sewing machines, may be made by the repair¬ 
man himself. 



Fig. 1. When the car cannot be left in the shop, this 
adjustable frame enables the mechanic to duplicate the method 
of holding used on the car. 


The top building frame is shown in Fig. 1, and 
it is used onlv when the car for which the top is 
Ixnng repaired cannot be left during the work. It 
is simply an adjustable framework upon whit^h the 
top may be placed in exactly the position it occupies 
when up, and on the car. For each car the frame is 
set to duplicate the measurements of the top-sup- 
j>orling irons and the car body. Then the work¬ 
man can repair or rebuild the top with assurance 
that it will fit when returned to the car. When 
possible, the top should be left on the car during 
the repair. 


Fig. 2. Most 
tops nro re¬ 
paired right on 
the car, and a 
framework on 
three sides of 
the car renders 
all parts accessi¬ 
ble. 


In order to render all parts of the top accessible, 
when left on the car, a framework shown in Fig. 2 
is set up around three sides of the car. This frame¬ 
work is alr)o\it 18" high, and comprises three planks 
resting on four small wooden horses. 



All work is laid out and cut on the laying-out 
table shown in Fig. 3. This table is about 6 ft. 
wide, 12 ft. long, and 28 in. high. A notched ''ack 
at one end supports the rolls of top material u d 
enables the workman to obtain or replace the top 
material readily when desired. Rolls may be easily 
removed from the frame, or as many as three rolls 
of material may be carried at one time. 


iThis subject not revised for several years. Reference to Ford 
top next page applies to Ford modd *T’*. 


Fig. 3. The rolls 
of top material are 
carried on rods hung 
in a notched upright, 
and the material U 
marked out and cut 
to form on the lay¬ 
ing-out table. 



The tools of the workman are few. comprising a 
light cross-peen hammer, with a tack puller fitted 
to the cud of the handle; a heavy pair of shears, a 
small cold chisel, and a nail set or punch. These are 
carried in a special apron, made 
of top material, as shown in 
Fig. 4. In addition, a carpen- 
ter^s square, a 10-ft. straight 
edge, a yardstick, and a plumb 
bob are required. The j^lumb 
bob is used to plumb up the 
edges of the back curtain, when 
fitting, to make certain that they 
are hung straight. 




Fig. 5. The other end of the hammer (at top of illustra¬ 
tion) is fitted with a tack puller, thus combining the two tools. 
Special dies are required to cut openings for fasteners. The 
mc«t common type is shown in lower part of the illustiation. 

In addition, several special i.>unches and dies 
will be necessary for cutting the openings for the 
curtain ftisteners. One of these—styled the Mur¬ 
phy die—is shown in Fig. 5, and corresponding dies 
are used for each type of fiistener. 

The sewing machine used in this work is of extra 
heavy construction, and is similar to those used by 
harness makers. These machines should be mol or- 
driven, and may be purchased from almost any 
reliable sewing-machine manufacturer. See p. 755. 

A portable drill of the type shown on page 700 is a very 
St iceable tool for top work. 

So much for the eouipment. Now for the method 
of doing the work. Briefly this consists of removing 
the top material, part by part, using tlie parts as 
patterns to cut the new parts by; fitting the parts 
to the top frame; removing the parts; sewing them 
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5TEP 1. 


STEPS. 

Fig. 7. In the upper half of the illustration is shown the 
method of building up the side pads. 

The lower half of the illustration shows the various steps in 
laying out and cutting a rear quarter. It is then taken to the 
machine and sewed. 


Fig. fi. The side pads are a single strip of cambric 9" wide 
and sewed as shown. 

The following is a typical example of the method 
used in re-covering an automobile top. Though it 
specifically applies to a Ford top, it may, in general, 
be applied to any car. 

1. Remove the top covering from the frame, part 
by part, using the hammer and cold chisel as tools. 
Note how each part is fa.stened, as the rebuilding 
must be exactly the reverse of the tearing down. 

2. Using each part as a pattern, one by one, mark 
out the new parts on the top material. Care must 
be taken to allow extra material at the edges for 
fastening the material to the frame. The method 
of constructing the rear quarter is shown in Fig. 7 
Oower halO, and this method applies in general to 
each of the top parts. 

All metal fastener holes should be punched, using the holes 
in the old parts as guides, and all s^iare corners should be 
checked up by means of the square. The parts are then sent 
to the machine, and the nece8.sary sewing is done. The celluloid 
windows are also placed in the rear curtain at thi.s time. 

In the meantime, the top frame should be placed in good 
condition. If any bows are broken, new bows should be fitted. 
Ordinarily, new wTapping should be tacked around the bow's, 
but if this WTapping is only faded, it may be dyed to conform 
to the inside oi the top material. 

3. The side-pad covers should now be made, 

according to the pattern shown in Fig. 6. On the 
Ford, black cambric is used, but in every case the 
material should conform in color and quality to 
that used in the top material. 

4. Line up the top bows. The method of doing 
this is shown in Fig. 1. Heavy canvas straps are 
passed over each side of the bows, drawn tight, and 
tacked in place. The front bow should fit down 
over the wmdshield; the two middle bows should 
be vertical, and the position of the rear bow can be 
gauged by the length of the straps holding it down 
to the body back. 

5. The side-pad liners are next tacked in place, 

and the burlap strips arc tacked tightly in place. 
After this the curled liair, or cotton packinjj, is 
replaced, and the side-pad flaps are pasted into 
pbMe. If desired, the edges of the pad may be 


sewed together. These oiierations are shown in 
detail in Fig. 7 (upper part). 

f). The rear quarters and back curtain are now 
fitted and tacked in place, after the metal fasteners 
have been applied, as shown in Fig. 5. All vertical 
edges are plumbed up with a plumb bob, as any 
edge out of the vertical here is particularly notice¬ 
able. 

7. The two side quarters are now temporarily 
tacked in place, beginning at the front and working 
to the back. These quartcr.s should be drawn tight, 
without wrinkling. The edj^es of the deck are then 
turned under, and the deck is temporarily tacked in 
place. 

8. By carefully fitting and changing, the top may 
be fitted to the bows in exactly the position it is to 
occupy. When everything appears to fit correctly, 
the side curtains should be placed in position, and 
if necessary, the tacks should be removed and the 
top pieces shifted until the side curtains fit. (In 
most ca.se8 new side curtains do not have to be made; 
but if so, the new curtains should be fitted at this 
point.) 



CHALK MARKS SMOV PROPtft WCHDOM or 



CNlAK^CD VlfV JKOVUJ4 MOV n>p CrCK 
weer 15 fXXOCD AHD 5CVCP TO SiDC PJtCCS 

Fig. 8. After all parts of the top are made, they are tem¬ 
porarily tacked to the bows and fitted. When a perfect fit is 
secur^, the edges are markerl, and the parts removed and 
sewed. They may then be replaced on tne frame, and per¬ 
manently fastened in place. 

9. When everything is right, the mating edges 
of the top pieces should be marked with chalk, and 
these marks should be crossmarked, as shown in 
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Pig. 8. Then, hyr joining the corresponding marks 
together, the sewing-machine operator can sew the 

E arts together correctly. Chalk marks should also 
e placed at the points where the edge of the top 
crosses the bows. This permits the top to be 
correctly replaced after a sewing. 

10. The parts of the top are then removed, and 
the flaps on the edges that are to be sewed are 
trimmed down to a width of about 2 in. The parts 
arc then sent to the machine and sewed together. 

11. To complete the work it is only necessary 
to replace the top covering and tack it securely in 
place. All extending edges are removed and the 
joints covered by a narrow strip of cloth material 
fastened by black upholstering tacks. 

The foregoing covers the method of completely 
replacing the top covering, with the exception of the 
side curtains. As stated, this is rarely necessary, 
as the side curtains are little used. If desired, any 
t>ne part of the top may be replaced with new mate¬ 
rial, providing the other parts are in good condition. 
However, if either the deck or side-quarters must be 
replaced, it is necessary to tear the top completely 
down in order to sew it together again. 

In cases where it is necessary to replace some parts of the 
top covering, it will usually be found advisable to renovate the 
interior and exterior of the rest of the covering to make it 
conform to the appearance of the new part. Or thi.s renovating 
may be done at any time to improve tne appearance of the top. 

After applying any patches that are necessary, replacing 
broken windows, and tacking on new binding at the edges where 
required, the top should be thoroughly brushed and cleaned. 
Gasoline should never be used for this purpose if rubber is used 
in the top material construction, as its action tends to destroy 
the rubber, Hoap, warm water, and a brush arc all that are 
usually required. 

When the top is thoroughly cleaned and dried, top dressing 
may be applied to the outer surfaces, and the faded inner 
surfaces may be dyed black. There are many brands of top 
dressing on the market for this purpose, and any well-known 
brand should prove entirely satisfactory. By exercising a little 
caje. the appearance of a shabby top may be greatly improved 
by this simple cleaning, patching up of loose ends, and applica¬ 
tion of top dressing. 

Top roof patching strips adapted for mending tops can be 
cut to fit any repair needed in roof, side or back curtains and 
are permanent and waterproof; they are convenient bir all 
repair shops, and are iiia<lc of different material to meet dif¬ 
ferent requirements. They can be secured of supply houses. 



Fig. 9. Top roof patching material. 


Fig. 10. Celluloid windows, bound with suitable material to 
mat^ different curtains. 


Fig. 11. Glass curtain lights. The glass is beveled and 
comes with a frame ready to place in the curtain. Glass and 
celluloid curtain lighta can be secured of auto supply houses. 


Fig. 12. •*Lift-the-dot fastener”: a popular curtain fastener. 
To unlock and remove, lift the dotted end of the socket which is 
placed nearest the edge of the curtain. Manufactured by Carr 
Fastener Co., 31 Ames St., Cambridge, Mass. 


The Landers Bros. Co., Toledo, Ohio; The Toledo Auto Fabrics 
Co., Toledo, Ohio. J. C. Haartz Co., New Haven Conn, and 
many of the auto supply houses listed on page 686. 

Sewing machines: The Singer Sewing Machine Co., Singer 
Bldg., New York. N.Y., manufactures a sewing machine 
especially designed for top and curtain work and also seat 
covers, etc. It is known as Class "16-188.” Other classes are 
"16-141” and "42-6.” 


Miscellaneous 



Fig. 13. It is often de¬ 
sired to paint or repair a t(^ 
without leaving tne car in 
the repair shop. A simple 
support that permits this 
is a rectangular wooden 
framework notched to hold 


the top iroiis. The top is placed on this framework. 


Fig. 14, Rain vision windshields (visors) arc a simple matter 
to add. The upper section of a windshield is mounted on the 
front (*f the top, two specially made brackets being used to hold 
it in place. It catches the rain and the regular windshield 
proteets the driver from the wind. Windshield cleaners (page 
649) arc very necessary. 




Fig. 15. Removing a body. Showing how the bo<ly of a eai 
can be lifted easily from or on to the chas.sis, and conveniently 
transported about the garage or shop. 

Fig. 10. Closed bodies may be removed without strain by 
the ai<i of the hoisting cradle illustrated. Two cross-pieces are 
attached to separate ehain hoists and arc so spaced tJiat they 
hang 2 ft. from the ends of the body to be remo\cd. P’lrst one 
end of the body is pried up, and a lower cross-member slipped 
beneath it. Then the otlier end is raiF d, and the other lower 
member put in place. The steel .-tirrups are then used to 
attach the lower and upper cross-pieee.s, after which the body 
may be raised and the chassis rolle<J from under. 


Vulcanizing Small Holc» in I'ops 

Dr 8. A. Peake's method of vulcanizing small holes as large as 
J 2 " in tops is as follows: P'lrsi clean both sides ot the surface 
with gnsolinc; then use "Mastic” or "Tire-Doh” au»l ^^olk it 
to a point, and insert in the hole, so as to fill it coinpleiely 
Cut off on each side. Then place a hot sad-iron undernaath 
and on top. This will vulcanize the Mastic in the hole. (The 
Boyer Chemical Co., Chicago, Ill., supplies top*inending outfits.) 


Departiiieiit for Renewing? the Rody of a Car 

This department is usually conducted with the painting 
department, and equipment is divided into department.s as 
follows: 

Painting; truck for moving bodies; paint removing machine 
(alkali type); electric drill; room for finishing with forced 
ventilation and air filter. (See also "Nitro-Cellulose Latviucr 
Enamel Finish,” page 756.) 

Enameling; a room should be provided for this and the 
equipment as follows: enameling ovens; drain board; flowing 
machines; drop tanks; tanks for cleaning fenders in; air 
compressor. (For concerns supplying enameling c<|uipmont s»h> 
page 728.) 


Where to Obtain Top Equipment 
and Material 

Trimmers* toola: C. S, Osborne A Co., Newark, N.J. (trim¬ 
mers’ and upholsters’ tools); H. D. Shields, Grand Rapids, 
Mich.; J. M. Waterson, Detroit, Mich.; Sligo Iron Store Co., 
St. Louis, Mo. 

Top material, such as top dressing, top patches, celluloid for 
curtains, glass curtain lights, visora for wndshields, seat 
covers, tire covers, etc , can bo obtained of Sligo Iron Store 
Co., St. Louii% Mo.; The Facth Co., Kansas City, Mo ; Beck A 
Corbitt Iron Co., St. Louis, Mo.; Campbell Iron Co., St. Louis, 
Mo.; The Cincinnati Auto Specialty Co., Cincinnati, Ohio; 
The Ero Mfg. Co., Chicago, fU.; Nathan Novelty Mfg. Co., 
New York, N.Y.; Cray Auto Supply Co., Clevdand, Ohio; 


Trimming: This department is used for upholstery and top 
work. Top work is described on page 753 and should consist 
of: sewing machine (see page 755) with table; cutting table: 
raeJe for material and shelves; hammers, shears, tools, etc. 

Electroplating: This department is for replating parts such 
as nickel, etc., and equipment should consist of: motor- 
generator designed for plating; tanks for copper and nickel 
plating; acid stripping tank; tank for cleaning parts (see 
pages 474, 761); lathe with motor for buffing; book of instruc¬ 
tions on plating (see page 740). 

Cleaning Car, Tops, Upholstering, Etc. 

On this subject see pages 643-649 under "Care of a etc**' 
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LACQUER FINISHING NITRO-CELLULOSEj EQUIPMENT AND APPLICATION 


The reader is requested to turn to page 648 and first read 

bow nitro-celluloae lacquer finish differs from paint and varnish 
and its advantages. 

The major equipment^ necessary for this work 

consists of an air compressor, together with a motor 
to drive it, an air-regulating device which takes all 
oil, water, and dirt out of the compressed air, and 
about 25 ft. of hose for the spray gun. 

Spray outfits for small shop use, suitable for operating one 
spray gun would cost approximately S275.00. 

If a person going into this business already has an air com¬ 
pressor which would supply about 6 cubic feet of air per minute, 
the cost of the small equipment could be cut to about S 100.00. 

It is not absolutely necessary to have an exhaust fan to draw 
off the spray dust, but it is a mighty good thing to have, since 
it makes better work and better working conditions; this costs 
approximately, from $50 to $135, according to the size. 

Method of Finishing over Oeaned Surfaces; 

Paint Removed* 

This subject is dealt with briefly here. To those 
interested, we suggest writing the different manu¬ 
facturers per footnote page 648, and below.* 

If old paint is to be removed, clean all parts thoroughly. 
Then remove the old varnish and paint with a paint and varnish 
remover, such as "Taxite," made by Sherwin-Williams Co. 
This can be applied w'ith a brush and allow to stand for ten or 
fifteen minutes, then scrape off with a putty knife and clean 
surface either with benzine or denatured alcohol. 

The booklet* ez^lains five methods for finishing from the base 
metal to the polished surface when all paint and varnish is 
removed. The undercoatings are, first a primer, then a putty 
glaze, then a surfacer. 

Briefly, the first method consists of spraying on the yrimer 
coat which is left to dry for 12 hours, or if forced drying is used 
it can be dried in 4 to 5 hours at IfiCT F. 

The primer is then sanded lightly with No. 7-0 grade of fine 
sandpaper, then glazing putty thinned with turpentine is 
sprayed on, usually two or three coats. 

When this is dry (8 hours, or 6 forcedj, it is then water sanded 
(sandpaperVet with water and all rough spots rubbed smooth— 
use plenty of water), then another coat of primer is applied 
and left to dry (12 hours, or 4 forced), which seals in the porosity 
of the surfacing material from the action of the lacquer. 

After drying, this is sanded with fine sandpaper (No. 280). 
Then a thin coat of lacquer enamel is sprayed on and after 
drying (1 hour), a second, and a third coat is applied. 

Some operators put on as many as five coats of enamel, 
although three coats of “Opex" enamel gives satisfactory results. 
The last coat is left to dry overnight. A light coat of thinner 
will tend to flow out the finish if applied after the last coat of 
enamel. 

The finish of these applications will be a satin 
finish, not a high luster or gloss. There are several 
methods of obtaining gloss, such as to sand out just 
prior to the last coat, or by using pade 3 F pumice 
stone^ and some operators sand with high-test 
gasolme, as this evaporates fast. Opex polishing 
compound is then used to polish with. 

Finishing over Old Paint 

The booklet* explains three methods under this 
heading. The success of the application of the 
lacquer enamel over the old paint and varnish de¬ 
pends entirely on the method of application, the 
condition of tne old paint and vamisn, and the care 
of the operator. Many cars have been successfully 
^u^ed, but of course if the lacquer enamel is ajv 
plied to paint which is almost ready to fall off, it 
cannot be expected to hold on. 

First clean and sand off car thoroughly. All loose paint, 
grease, oil and dirt must be eliminated. Many refinishers use 
ammonia to clean off the varnish and then sand off the remak¬ 
ing color varnish. 

Next, applv one coat of primer and when dry, sand lightly 
to knock off the nibs. Then apply a light coat of binder surfacer 
gray, light or dark. This dnez within one bour. Successive 
ooate are then applied, depending upon the condition of the 
prifinal Usually two or three coats are su0cient to 


give a foundation, which, when sanded out, leaves a smooth 
finish for the laoc^uer enafiiel. The enamel is then applied 
and the gloss obtamed as mentioned in the foregoing method. 

Like anything else worth while, the work must be done right. 
For example, if the wrong pressure is used on the spray gun, 
or unsatisfactory ventilation, “i^ray dust," as it is termed will 
form over the finish. There is imother, termed "orange peel" 
effect, caused by not keeping the spray gun at proper distance— 
all of this can be remedied as explained in booklet.* 

M1 scellaneous 

On fenders, if finished in a hard baked-on high-ouality 
enamel, the old finish will not have to be removed but cleaned 
and sanded well, followed with a rubbing of alcohol; then apply 
a coat of metal primer and spray on the lacquer enamel. 

If it is desirable to remove the baked enamel from fenders, 
bumpers, etc., so that lacquer enamel can be applied, dip them 
into a tank of hot lye, then wash in clean hot water and blow 
out seams. Then apply lacquer with a spray as for body 
(never subject aluminum to lye baths). 

When fenders, bumpers, etc., are painted and varnished 
instead of baked enamel, the paint and varnish can be removed 
with a paint remover. On chassis frame, axles, springs, etc., 
apply oil enamel chassis black with brush spray reduced 45 
per cent with turpentine. It would bo bettor if a coat of 
primer was applied first. Wheels, bumpers, lamps, etc., can 
also be treated with lacquer enamel witii spray. 

Special polishes can be obtained which will clean and polish 
a lacquer finish. Opex polishing compound and Duco polish 
No. 7 are two popular brands. 

Refinishing a Lacquered Car 

After a long time the surface of lacquer finish will 
wear thin. This condition can be improved by 
rubbing off all spots with No. 0 steel wool or No. 
7-0 sandpaper, then clean thoroughly and spray on 
a surfacer thinned with good thinner, then when this 
is dry and has been thoroughly sanded, spray on lac¬ 
quer enamel and finish as mentioned betore. The only 
condition that would necessitate removal of old lac¬ 
quer would be if old finish were flaking off or cracking. 



Brushing Lacquer 

The foregoing applies to lacquer to be applied 
with a spray gun and which cannot be used with a 
brush due to the rapid evaporation of the solvents 
used. Lacquer which can be applied with a brush 
can be obtained of most lacquer manufacturers (see 
list, page 648) Usually two coats are given and can 
be applied with about one hour's time between coats. 


> Some of the concerxu who supply complete equipment for 
spray painting for use in finishing, refinishing and touching up 
work and also issue instructive iterature on this subject are: 
Binks Spray Equipment Co., Chicago, Ill.; Brunner Mfg. Co., 
Utica, N.Y\; De Vilbiss Mfg. Co.TToledo, Ohio: Eclipse Air 
Brush Co., Newark, N.J.; Egyptian Lacquer Mfg. Co., 90 
West St., N.Y.; Paasche Air Brush Co., Coicagd, III.; Spray 
Painting and Finishing Equipment Sales Co., Boston, 

U.8. Air Compressor Co., Cleveland, Ohio. 

* Credit is extended for most of the information under this 
subiect to a very Instructive booklet. Modem Automobih 
^nuMng Mdhodt, published by The Sherwin-Williains Co- 
Cl^eland. Ohio, manufacturers of "Opex" lacquer 
This booklet will be nufiled free to readers of thisoook* 





INSTRUCTION No. 68 

REPAIRING AND ADJUSTING A CAR: Overhauling a Car; Cleaning Engine 
and Chassis; Greasing a Car; Lubricating; Removing Carbon; Causes of 
Loss of Power; Compression Tests; Testing for Engine Knocks; Grinding 
Valves; Refacing and Reseating Valves 

WHAT CONSTITUTES A CAR OVERHAUL 


Automobile overhauling is essentially a process of 
general cleaning, inspection, tightenin^-up and re¬ 
adjusting, involving, perhaps, some minor replace¬ 
ments, all of which will be taken up in their respec¬ 
tive order. 

Tuning up car is essentially a process of adjusting 
and checking the various parts of entire car to see 
if they function properly. 

Tuning up engine is likewise a process of adjusting 
and checking the various parts of the engine, such 
as ignition, carburetion, and valves. 

A complete overhaul would consist of first inspect¬ 
ing and checking all units. All such parts as are 
shown by the inspection to be at fault should be 
adjusted, repaired or replaced, providing car is worth 
completely overhauling. 

Before doing any work at all on a car, place covers 
over seats, upholstery, doors, fenders, etc., to protect 
the parts from grease, dents and scratches. See 
page 062 for “car overalls. “ 

Engine^ 

Test compression: Test for knocks; clean carbon; 
p-ind valves; adjust valve clearance; fit new rings 
if necessary; re-bore cylinders if necessary; take 
up on bearings; check "the valve timing; examine 
valve springs; examine gaskets. 

Ignition and wiring: Check the ignition timing; 
test battery and electrical apparatus; clean spark 
lugs and adjust gaps, clean and adjust ignition 
reaker points, also clean, oil, adjust and tighten 
the generator and starter, nuts, etc., clean and adjust 
cut-out point, and see that all ground connections 
are tight. Clean generator commutator and com¬ 
mutator segments, adjust generator charging rate^ 

Clean engine: Flush out old oil as explained on 
page 167, and clean oil strainer. Kefill oil pan with 
a good grade of oil. If of long standing, remove and 
clean oil pan and refill and replace. 

Miscellaneous engine parts: Examine water 
pump; see if water hose requires replacement; 
examine intake and exhaust manifolds and see that 
gaskets and joints are tight; tighten all cylinder 
and cylinder head bolts and nuts. 

Front end chain. Adjust but not too tight. 

Radiator 

The radiator should be disconnected and a stream 
of water forced through it. If scale exists, cleaning 
can be done with a solution of soda and water, as 
explained on pages 739, 740. 

Carburetion 

The carburetor should be removed and thoroughly 
cleaned and tested for float or needle valve leak. 
Examine the gasoline line and see that all joints are 
tight. Check gaskets, also the fuel pump. 

Clutch and Transmission 

The clutch is one part that should receive atten¬ 
tion, and here the repairman should resort to the 
maker’s instruction book, if it is still at hand. 

^ See pssea 663-664 on inspection of engine and car, and 
page 766 on teating compression. See also page 641. 


The cone clutches are usually faced with leather or fabric. 
The leather can be cleaned with a dry cloth and can then be 
painted very lightly and evenly with neatsfoot oil. The fabric 
lacing can be given a squirt-gunful of kerosene. Be free with 
oil on all the clutch connections, and take especial care that the 
clutch thrust bearing is properly fed. Oil all connections from 
the clutch pedal lever to the clutch proper. Do not take up 
on the clutch spring unless you are certain that it is needed. 

With wet-plate clutches the housing should be flushed with 
kerosene ai»a the engine turned over a number of times. At 
the same time that the engine is turned over someone should 
push the clutch pedal in and out. This works the kerosene 
around the plates and tends to remove any gummy deposits. 
Then drain the housing, and repeat the operation. That 
finished, fill to the required level with oil. Usually 1 pint is used 
with } 2 pint of kerosene (follow manufacturer’s instructions on 
this). 

With a dry-plate clutch—see footnote page 849. 


Clutch pedal: see that it has free play; see Figs. 
7, 7A, page 841. See also pages 1091-1094. 

Universal joint: Back of the clutch or transmis¬ 
sion there may be a universal. Clean it thoroughly 
w’ith kerosene, whether it is exposed or housed. 
Allow this to dry, and then pack with graphite or 
grea.se. 

Next, proceed to the transmission. Drain the 
old lubricant, replace the drain plug, and remove the 
cover if there is one and clean it out. 


After draining and cleaning clutch, transmission^ 
and rear axle, fill with fresh lubricants of proper 
consistency for summer or winter. See pages 172, 
867, 1062B. 

Running-Gear Parts 

Wheels: First in order come the wheels. The 
car has been jacked up, and the next step is to see 
that the wheels run true on their bearings. 

There are many ways of doing this. A good way is to sight 
with one eve closed, while the wlieel is revolving. Any irregu¬ 
larity in wheel movement is easily detected. However, some¬ 
times the rim is bent a little and one uill imagine the wheel is 
running untrue. Grip the w'heel firmly with both hands and 
test for side play and up-and-down play by pushing and pulling 
on the wheel in nil directions. A loose baring usually causes 
this trouble, and in many cases the looseness can be overcome 
by tightening the nut slightly. 

Sometimes new bearings are needed, because they are worn 
excessively. This subject is more fully treated farther on, 
under discussion of the cause of “wobbly wheels,” etc. Remove, 
examine, clean bearings and reinstall wheels. Align the wheels, 
as explained farther on. 

Brakes: clean, equalize and adjust. 

The steering assembly, brakes, and other parts 
require the same sort of attention and will be taken 
up in their separate order farther on. Adjust steer¬ 
ing gear and front axle steering linkage. 

Springs: Tighten spring clips and shackle bolt. 
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The rear axle should be cleaned and lubricat^, 
and the drive pinion tested as to its relation with 
the drive gear on the differential. If noisy, it is 
probably loose and requires adjustment, aa will be 
explained under “Adjustment of rear-axle gears.** 

Inspection after Repairing (see also page 663) 

See that the following are in proper condition: 

1. Cylinder he{^ tight. 

2. All spark plugs firing, and tight. 

3. Fan belt tight. 

4. Fan bracket bolt and cotter pina tight. 

5. Adjust carburetor properly. 

fi. Water connections tight and no leaks. 

7. Hood fits properly. 

8. Head lamps burn, properly focused; connections tight. 


9. Front wheels adjusted, lubricated, and lined up. 

10. Fenders and running board bolts and nuts tight 

11. Doors work properly. 

12. Brakes adjusted. 

13. Transmission bands adjusted (on Ford oar). 

14. Floor boards fit properly. 

15. Grease in rear axle. 

16. Grease in all cups. 

17. Oil in engine. 

18. Water in radiator. 

19. Tires properly inflated. 

20. Examine tool kit. 

21. Curtains fit. 

22. Horn in working condition. 

23. Starting motor and generator is in working condition. 

24. Battery fully charged. 


A SUGGESTED METHOD OF OPERATING A REPAIR SHOP ON A FLAT-RATE PRICE 
BASIS FOR LABOR; ALSO A GUIDE FOR OVERHAULING A CAR 


Note the flat-rate system of charging for the work, 
a.s shown in column A, and the flat-rate to pay the 
mechanic, as listed in column B. This method of 
“selling service,” as it is termed, is meeting with 
success. The list below refers to the Ford, but can 
be worked out for other popular cars. 

The idea involves dividing the shop into divisions 
for doing a certain class of work; to charge for the 
work done, as enumerated, and to pay the mechanics 
accordingly. Note each job of work is numbered. 

These prices^ are not given as a fixed standard. 
This would depend to some extent upon the locality 
and other conditions; for instance, for a shop to 
make money at these prices would necessitate a 
shop equipment of a number of labor-saving devices 
and tools. See page 700 explaining the importance 
of proper shop equipment, and pa^es 714, 78^794, 
803, 823, 1095, 1137, showing various labor-saving 
devices. 

The following data gjve information covering the 
overhauling of the entire Ford car, so far as labor 
cost is concerned, and the average schedule of prices 
charged for doing the work as shown under column 
A. This is worked out on the piece-work basis, as 
shown in column B. Therefore, as you will note, 
the repair shops get practically 60 cents out of 
every dollar taken in, and the mechanic gets ap¬ 
proximately 40 cents. 


Engine Division 

A B 

lA. Remove motor from car. $3.00 $1.10 

IB. Overhaul motor and transmission out 

of car. 20.00 8.00 

IC. Replace motor in car. 7.00 3.00 

2. Overhaul motor only—out of car.... 16.00 6,00 

3. Overhaul transmission only, or repair, 

replace magneto out of car. 6.00 2.00 

4. Braze crank-case arms; support or 

repair leak in case by taking out the 

motor. 12.00 6.00 

6. Install or refit one piston or one con¬ 
necting rod. 3.00 1.20 

6. Install or refit two or more pistons or 

connecting rods. 6.00 2.00 

8. Tighten two or more oonnecting-rod 

bearings. 4.00 1.50 

9. Replace transmission bands without 

starter. 2.50 1.00 

9A. Replace transmission bands on cars 

equipped with starter. 3.60 1.40 

15. Grind valves and clean carbon. 3.00 1.10 

20. Replace cylinder-head gasket. 1.00 .40 

2 1 . Replace r^iator or all three hoee con¬ 

nections.76 .30 

22. Replace one hose connection only. AO .16 

23. Replace crank-shaft starting pin, or 

pulley. 1.60 .50 


Th««e prices have not been revised lately Ilefers to model 
‘ T ■ Ford. 


24. Tighten motor to frame.$1.2.5 $.45 

2.5. Clean crank case or install gasket under 

lower cover.,50 15 

26. Replace carburetor or manifold; repair 

leak in manifold.75 27 

27. Install new butterfly spring.75 26 

28. Overhaul carburetor. 1,50 .50 

32. Replace commutator pull-rod joint.60 .20 

33. Replace or rebush fan-pulley assembly. ,60 .20 

34. Adjust clutch fingers and transmission 

bands.60 .20 

35. Adjust transmission bands only.40 .15 

40. Tune and adjust motor, regular, only, 1.25 .40 

41. Tune and adjust motor, special, only . 1.75 .60 

42. Tune and adjust motor, regular, with 

operation No. 15. 1.00 .40 

Parts Brought in or Shipped in for Repairs 

57B. Overhaul transmission, only. 4.(K) 1.60 

58B. Rebore cylinder only. 3.<50 .80 

59B. Rebore cylinder only, including fitting 

of pistons. 4.50 .90 

COB. Rebore and ro-babbitt cylinder, includ¬ 
ing fitting pistons. 6.50 1.30 

61B. Re-babbitt cylinder only.'. 2.76 .40 

62B. Re-babbitt cylinder, fit crankshaft, and 

run in. 4..50 1.50 

63B. Reboro and re-babbitt cylinder, fitting 
of pistons, crankshaft, connecting 

rods, and running in. 8.00 3.00 

64B. Kebore and re-babbitt cylinder, fit 
pistons, valves, push-rods, camshaft, 
crankshaft, connecting rods, and run 

in. 11.00 4.00 

66B. Rebore and fit pistons, valves, and push- 

rods, and straighten and fit cam shaft 6.50 2.40 

68. Rebush three transmission drums. 1.50 .50 

COB. Rebush transmission drums, each.60 .20 

70B. Rebush and re-rivet three triple gear 

assemblies. 1.50 .50 

77B. Straighten cam shaft and fit bearings .. 1.25 .50 


96. 

96A. 


98. 

99. 


Rear System Division 
Model Passenger Car Chaasis 
Overhaul rear axle and re-bush springs 

and perches when necessary. 

Overhaul rear axle when car has shock 
absorbers, truss rods, or special hub 

brakes. 

Repair or replace one rear radius rod.., 
Replace rear spring; tie bolt or new leaf. 


102. Peid rear spring to line up b(^y or 

replace rear spring tie bolt only. 

107A. Install felt and steel washers—both 

sides. 

108. Install brake shoes and equalize emer¬ 
gency brakes—one shoe. 

108A. Install brake shoes and equalize emer¬ 
gency brake—both shoes. 

116. Adj ust pull rods or replace one. 

Model Truck Chassis 

96T. Overhaul rear axle and re-bush springs 

and perches where neoessary. 

97T. Repair or replace drive^shaft tube.... 

Repair or replace one rear radius rod.. 
99T, Replaoe rear spring ( 

90TA. Raplaoe rsar spring ( 


7,00 

2.75 

8.00 

3.25 

1.50 

.60 

3.00 

1.20 

2.00 

.80 

1.25 

.60 

.75 

.3t 

1.00 

.40 

.75 

.30 

15.00 

6.00 

7.00 

2.H0 

8.00 

i.2r 

, SXX) 

1.2u 

5.00 

8.00 
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lOOT. 

lOlT. 

lOlTA. 

104T. 

106T. 

107T. 

107TA. 

lOST. 

108TA. 

109T. 

HOT. 

HIT. 

IHTA, 

H2T. 

H2TA 

H3T. 

H3TA 

114T. 

115T. 

H7T. 

H8T. 


167. 

167 A. 

168. 
169. 

171. 

173. 

174. 
177. 
179. 

181. 

182. 


228. 

230. 


232. 

242. 


243. 


268 

259. 

260. 

261. 

264. 

265. 


276. 

279. 


291. 

292 

298. 


3ia 

311. 

31i 

313. 


m 


Remove front and rear springs, polish 

and graphite only. 

Replace spring perohes—one. 

Replace spring perches—both. 

Install universal joint. 

Tighten rear radius rod. 

Install felt and steel washers (one side). 
Install felt and steel washers (both 

sides). 

Install brake shoes and equalize emer> 

gency brakes—one. 

Install brake shoes and equalize emer¬ 
gency brakes—both. 

Tighten universal ball-cap bolts. 

Install or tighten rear-sprmg clips. 

Tighten rear hub lock nut—one side. .. 
Tighten rear hub lock nut—both sides . 

Fit new hub keys—one side. 

Fit new hub keys—both sides. 

Replace pull-rod supports—one. 

, Replace pull-rod supports—both. 

Replace or re-bush hub-brake cam— 

each side. 

Replace rear axle assembly. 

Straighten raditis rod in car. 

Install outer roller bearing—each. 

Front System Division 

Overhaul front axle, including re-bush¬ 
ing of springs and perches when 
necessary, straightening and lining 


Overhaul front axle when car ha.s shock 
absorbers, special front radius rod, 

etc. 

Rebush spindle botliea and arms—each 

side. 

Replace or straighten front axle (no 


Replace front spring tie bolt or new 
leaf, including polishing and graphit- 

ing of l(‘aves. 

Replace front spring or tie bolt only. . 

Replace radius rod. 

Replace spindle arm or body, and line 

up assembly. 

Tighten all sockets and joints of front 

end. 1.25 

Replace or straighten spindle or steer¬ 
ing-gear connecting ro<i.60 

Chassis Division 

Front End and Frame 

Replace front cross-member. .. 6.60 

Straighten front cross-member without 

removing from car. 2.50 

Replace side member of frame. 20.00 

Repair hand-brake lever assembly, 

including replacing of pawl. 1,00 

Replace hand-brake lever quadrant 
without removing running-board 
shield. 1.26 


$7.00 

$2.80 

360. 

1.60 

.60 

352. 

2.60 

1.00 

5.50 

2.20 


1.75 

.70 


1.25 

.50 

366. 

2.25 

.90 

366. 

367. 

1.25 

.60 

368. 

2.26 

.90 

369. 

370, 

.75 

.30 

1.50 

.60 


.50 

.20 


1.00 

.40 

412. 

1.00 

.40 


1.75 

.70 

413. 

.50 

.20 

415. 

.75 

..30 

418. 

2.50 

1.00 

419. 

5.(K) 

2.00 


1.5<» 

.60 

420. 

2 00 

.80 

421. 

6.00 

2.00 


6.00 

2.40 


1.50 

.60 

455. 

2 50 

1.00 


.75 

.30 

456. 

2.50 

1.00 

458. 

464. 

1..50 

.60 

465 

.75 

.30 

.75 

..30 

469. 


Fenders and Running Boards 


1.00 


Replace one fender or running board . . 
Replace one fender or running board 

and straighten iron or bracket. 1.25 

Remove fender or running board and 

straighten. l.(X) 

Replace running board shield—one... 1.26 

Replace rear fender iron.76 

Replace truss rod—one rod.40 

Dash 

Replace dash. 4.50 

Replace coil box, install new switch, or 
repair the box.60 

Steering Gear 

Overhaul steering gear, including re¬ 
placing of quadrant or gear case, and 


Overhaul steering gear when motor 

out. 

Re-bush sf eering-gear bracket only... 

Muffler 

Change long exhaust pipe. 

Replace muffler. 


.50 

.25 


2.60 

1.00 

8.00 

.40 

.60 

.40 

.50 

.40 

.60 

.30 

.15 

1.80 

.25 


470. 

471. 


630. 

531. 

636. 


537. 

538. 


639. 


540. 

541. 


545. 

633. 


605. 

B. 


Radiator 

Repair radiator, solder one or two 
tubes, and replace one or both sides $3.00 
Solder casting to lower or top tank 
when necessary to remove radiator 

Wheels 

Change hub, rear or front. 1.00 

Replace wheel and tire—each.75 

Adjust and dope front wheels.60 

Remove front wheels and replace bear¬ 
ing parts—one wheel. 

Line up front wheels.40 

Oil and dope car (including material). 

Body Division 

Install new lock—Touring or Runabout 

—each . 

Replace Town Car or Sedan door lock 
Install new leather on door panel—one 
Re-iipholstcr Touring body—using new 

materials. 10.00 

Re-upholster Runabout body—using 

new materials. 6.00 

Change closed body . 10.00 

Change Touring or Runabout body. .. 6.00 

For removing dents and other general repairs to 
bodies make contract price, according to amount of 
work necessary, using operation No. 2000. 

Paint Division 

Make contract price according to quality of job 
desired and condition of car when brought in. 
Consult paint foreman. Use operation No. “P.” 

Top and Windshield Division 

Overhaul Touring car on Torpedo Top, 
including re-covering, lining up, and 

fitting of curtains. 7.50 

Replace top deck or side iiuurters— 

each or both. 3.00 

Install and fit top . 

Replace back curtain . 

Install celluloid lights in side curtains, 

per light. 

Replace windshield and line up wind¬ 
shield frame. . 

Replace upper windshield glass. 1.00 

lleplai'e lower windshield 


Gat Tank and Line 

Clean aediment bulb and gasoline feed 




650. 



654. 

3.50 

1.40 

655. 

2.50 

2.00 

1.00 

.80 

656. 

660. 



661. 



662. 

.76 

.30 

663. 

.60 

.25 

664. 

1.00 

.40 

667. 

.40 

.16 



702. 

.78 

.80 

703. 


A 

B 

$3.00 

$ .90 

1.50 

.50 

1.00 

.40 

.75 

.30 

.60 

.25 

.75 

.30 

.40 

.15 

.75 

.25 

1.00 

.40 

1.60 

.60 

.60 

.25 

10.00 

4.00 

6.00 

2.40 

10.00 

4.00 

6.00 

2.40 


Special 

Trouble calls (from any point within 

city limits). 

Tow-in (from any point within city 

limits). 

Inspect and prepare new cars for 
delivery, including stampi^ig identi¬ 
fication number, pasting sticke* on 
windshield, and installing or a^ust- 
ing any minor parts when necessary, 

each. 

Deliver car to purchaser’s address.... 

Wash and poli^ Touring car or Run¬ 
about . 1.50 

Wash and polish Touring Cai or Run¬ 
about—wire wheels. 2.00 

Wash and polish Coup6 or Sedan. 2.00 

Wash and polish Coup6 or Sedan— 

wire wheels. 

Clean car for placing on show floor, each 
Teach car purchaser to drive, each 

lesson. 2.00 

Commercial Bodies 

Install slip-on body. _2-90 

Install any new commercial body.... 

Electrical Accessories 

Install Ford alarm.60 

Remove battery from car for recharg¬ 
ing and install rental battery, includ¬ 
ing recharging of battery.75 

Remove rental battery from car and 
install customer’s recharged battery. 

Install electric horn. 

Install electric tail light on dry cells 

and magneto. 2.00 

Install electric dash light. 1.00 

Install electric dome light. 2.00 

Install electric spot light. 1.00 

Install headlight lens.40 

Install standard Ford electric starter, 
complete. ... 7.50 

Wheels and Tirea 

Change tires, each... 30 

Install side-tire oarrier.7A 


7.60 

3.00 

3.00 

1.20 

2.00 

80 

1.50 

60 

.60 

.25 

1.00 

.40 

1.00 

.40 

1.00 

40 

1.50 

«'.0 

3.(H) 

1 20 

3.00 

1.20 

1.50 

.60 

1.50 

.60 

2.00 

.80 

2.00 

.80 

2.50 

1.00 

1.00 

.40 

2.00 

.80 

2.00 

.80 

CONTRACT 

.60 

.20 

.75 

.25 

.25 

.10 

.60 

,20 

2.00 

.80 

1.00 

.40 

2.00 

.80 

1.00 

.40 

.40 

.15 

’ 7.50 

3.00 

.30 

.18 

.78 

.80 
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A B 

704. Install rear-tire carrier.$1.60 S .60 

705. Install rear holder for wire wheels... . 1.60 .60 

706. Install 30^' x 3 Ford wheels or de- 

inountablcs in front only. 3.00 1.10 

707. Install complete set of demountable 

rim wheels. 4.00 1.60 

708. Install complete set of wire wheels, not 

including holder. 6.00 2.00 


Miscellaneous Accessories 

751. Install Ford fan belt.25 .10 

762. Install leather starter belt.75 .30 

753. Install tool box.50 .20 

754. Install front and rear license plates 

when brackets are in place.25 .10 

755. Install front license brackets and license 

plates.40 .15 

756. Install bumper (front). 1.00 .40 

757. Install rear bumper. 1.50 .60 

758. Install set of three pedal pads.25 .10 


A B 


761. 

Install out-out. 

$1.50 

$ .60 

762. 

763. 

Install exhaust deflector. 

Install set of C. <& M. oil retainers 

.26 

.10 

764. 

(model “T"). 

Install sot of C. & M. oil retainers 
(model "TT”). 

1.60 

.60 


1.60 

.60 

766. 

Install Buffalo oil gauge. 

1.00 

.40 

767. 

Install foot ai'celerator. 

.75 

.30 

768. 

769. 

Install steering-gear lock. 

Install Yale lock on one door, catch on 

1.00 

.40 

770. 

other door, Sedan or Coup6. 

Install Yale lock on both doors, Sedan 

2.00 

.80 


or Coupf. 

2.50 

1.00 

771. 

Install mirror. 

.25 

.10 

772. 

Install rubber step mats (two). 

.60 

.20 

773. 

Install odometer. 

.50 

.20 

778. 

Install carburetor control. 

.75 

.30 

777. 

1600. 

2000. 

Install speedometer. 

Charge for work according to actual 
time spent on job. 

Special contract-price jobs. 

2.50 

1.00 


CLEANING ENGINE AND CHASSIS 


We will now take up the usual and common work 
required on all engines. We will first start with 
cleaning and lubricating the engine and greasing a 
car. About every nine cars out of ten require 
cleaning and greasing. 

Cleaning Inside of Engine 

Clean old oil from the engine as explained in the 
illustrations, Figs. 1, 2, and 3, 

The best time to drain oil is after engine has been 
run and is heated up and oil thinned. 





Fig. t (left). Remove the drain plug at bottom of oil pan and 
drain out the oil. 

Fig. 2 (renter). Remove oil pan and clean it thoroughly with 
gasoline; also clean oil strainer screen. 

Fig. 3. Replace oil pan, and pour fresh cylinder oil into 
engine. Note: On some engines the oil pan should not be 
removed and instead, an oil-pan drain flange can be removed 
and oil strainer drawn out. 

Flushing. If oil pan is not removed and oil is drained through 
the drain plug, or drain flange is removed, the engine should be 
flushed out with a very light grade of engine oil. 

Procedure; After draining replace the drain plug. It is not 
screwed tightly home, as it is soon to be removed again. Now 
pour some light engine oil into the breather pipe (Fig. 3) and 
run engine for about 15 seconds: tlien drain this out. It is 
better to flush out the parts with light cylinder oil in this man¬ 
ner, than to use kerosene for reasons stated on page 167. Replace 
drain plug and draw it tight, or if oil pan drain flange is removed 
see that the gasket is replaced pr(;perly and does not leak. 
Refill with good cylinder oil. A gauge alongside of the engine 
is usually provided to show how much oil to place in the engine. 

If the engine is not in running condition, after replacing the 
drain plug as directed above, open tlie compression cocks on 
the cylinder and spin it rapidly by hand. The longer this is 
done the better, but it is an arduous task and if kept up for a 
minute or so it will be all that is necessary. 

If the drain cock does not permit the oil to flow freely, when 
draining, run a wire through it to open it up. 

Cleaning Outside of Engine 

The outside ot the engine can be cleaned with 
kerosene or gasoline. A stiff brush dipped in 
gasoline to reach inaccessible places, and also an oil 
gun to shoot {gasoline in inaccessible places, will 
suffice. The lighting of a match while cleaning 
should be prohibited. 

Another method of cleaning engine is with kerosene applied 
with a water tool brush (an oval shaped brush) about li' 
diameter, after which it should be washed with water in which 
linseed oil soap has been dissolved, then rinsed off with clean 


water, flushing at low prcs.sure from a hose without a nozsle; 
use a sponge to facilitate the operation. Any excess water 
should bo taken up with a sponge, and engine allowed to dry. 

The spray method is used extensively for cleaning engine and 
chassis of grease where compressed air is available. A kerosene 
spray' under air preasure is sprayed on engine, wheels, spindles, 
springs, steering knuckles, under fenders, etc. After the kero¬ 
sene has had time to loosen up the grease and dirt it is then hosed 
off at low pressure, then sponged off with soap suds (linseed oil 
soap); then the soap i.s rinsed off with clear water, then sponged 
off dry. 

If any parts are rusty, sand off anrl touch up with black. 

Suggestions for making home-made sprayer for cleaning 
engine arc given below. 

Fig. 4. Home-made 
spray gun: A copper 
pipe pas.ses through the 
center of tank, one end 
being eonneoted to air 
line and the other being 
drawn down into a noz¬ 
zle. A small copper tube 
connects this pipe, so 
that the solution is 
drawn from the tank 
.and forced into a spray 
by the j»a.>j.sing air. A 
foot pump can be use<l to irijeet air if pressure is not available. 







Fig. 5. Thi.4 spray' comprises 
copp>er tubing, about y" in di¬ 
ameter, having a pirco of 1/ Iti" 
brass tubing soldered to its side. 
Air line is connected to larger 
tube, and smaller tube is con¬ 
nected to gasoline supply. When 
air is turned on, suction is created in smaller tube, drawing gas¬ 
oline from the can, and forcing it onto the part to b< cleaned. 
(Motor World.) 


Cleaning Engine Exhaust System 

This cleaning should include the exhaust mani¬ 
fold, pipe, and muffler. 

The latter should be taken apart and the parts soaked in 
kerosene over night. The pipe and manifold may be cleaned 
by drawing through a pack of kerosene-soaked waste attached 
to a long wire. 


Keeping Oil off the Radiator Hose 

To prevent oil from rotting the inlet hose^from the radiato 
to the engine, give the hose a coat of shellac and then a couple 
of layers of tape and shellao over that. This will assist in 
preventing leaks. The shellac keeps the oil away from the 
rubber and makes a good joint. 


I Air brushes or spray guns for spraying liquids, such as 
kerosene for cleaning engine and under parts of car of grease, etc., 
can be obtained of concerns listed on page 645 and footnote 
1, page 766, and of auto supply house... 
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Cleaning Parte of a Gar* 

A few home-made devices which can easily be 
constructed for cleaning othey parts of car are shown. 

In large shops vats are provided in which engines 
td e dipped into a potash cleaning solution, by means 
of a v-haiii hoist. For cleaning brass and other metal 
parts sec pages 474, 1039. 

Fig. 6. A washing table for 
parts. This is large enough to 
permit any part of the car to be 
cleaned. But, more important, 
it may be moved to the job. 
A wooden basin, or sink, 6 ft. 
long, 2 ft. wide, and 6 in, deep 
is mounted on logs, and lined 
with tin. A drain plug is 

F >laccd in the center, permitting the dirty cleaning solution to 
>e drawn off into a pail hanging beneath the stand. Gas¬ 
oline may be used for cleaning parts, but kerosene is cheaper 
and safer. 

Fig. 7. Kerosene tub: A large tube of kerosene will be 
found convenient for washing parts. The tub should have a 
metal gratinf^ 4'' or 5" from the bottom, so that whatev'er sedi¬ 
ment settles IS not stirred up each time a part is washed. The 

{ )reBence of the grating insures clean liquid for a con.siderable 
ength of time, for just os soon as a part is washed the grit 
and dirt settles below the grating, leaving the liquid clean. 

Fig. 8. Combination cleaning tub and drainboard for 
removing the dirt from parts. It is usual to make the tub 
and drainboard separate, but by installing a screen in the tank 



Fig. 8 Fig. 9 


whose height may be readily raised or lowered, all the advan¬ 
tages of a drainboard are obtained, together with considerable 
economy of spao^ and some added conveniences. A wire basket 
is handy for dipping small parts. 

Fig. 9. Gasoline or kerosene, forced by air pressure on to 
the parts to be cleaned, quickly removes all dirt and grease. 
A svstem for doing this is illustrated.. The cleaning liquid is 
held in a metal tank placed beneath tne inclined cleaning 
troughs in the manner shown. An injector type noszle, con¬ 
nected to the air line and to the liquid, permits the liquid to 
be drawn from the tank and forced on to the part to be cleaned 
after which it drains back to the tank, to be used over and 
over again. When the cleaning outfit is not in use the dirt settler 
to the bottom and may be scraped out. 



GREASING A CARi 


The lubrication of a car can be divided into five 
parts: (1) engine lubrication; (2) chassis lubrication; 
(3) rear axle and differential; (4) transmission; (5) 
universal joint. 

Lubrication of the chassis (those parts other than 
the engine and its component parts and accessories) 
iindudes parts such as si)rings, spring bolts, steering 
connections, brake shafts, toggle joints, wheel bear¬ 
ings, steering si)in<lles, transmission, differential, rear 
axle, wheels, universal joints, etc. 

Lubrication systems can be classified as low- 
pressure grease cups which are screwed down by 
hand to force the grease intA) bearings and high- 
pressure systems, by which a hand or power com¬ 
pressor is used to force the lubricant into the bearing 
under high pressure, such as the Alernite, Alemite- 
Zerk grease compressors 


Another method is known as the centralized 
system. With this system oil can be injected into 
all of the various bearings on the chassis by means 
of a plunger pump operated by hand or foot. Some 
of the systems of this type are made by Bijur 
Lubricating Corp., Bowen 

Products Corp., 



Fig. 9A. The Boweo centralized lubrication system co^ists 
of an oil reservoir instated under tiie floor board containing a 
foot-operated pump. A pressure applied to pump forces oil 
under pressure, in moasur^ quantities through copper pipes to 
all chassis bearings. Under normal operating conditions heavy 
cylinder oil, such as Mobile B, is recommended. 

Fig. 9B. The Bijur centralized lubrication system as used 
oan the Packard utilises a hand pump (A) which forces measured 


quantities of oil from a reservoir 0) on the dash to chassis 
bearings through control outlets. The kind of oil used is new 
filtered medium oil that in cold weather stays fluid, about-the 
quality of Mobile A. 

The Alernite centralized lubrication system (not illustrated) is 
automatic. Vibration of car actuates a delicately balanced 
weight which works a pump developing pressure up to 150 lbs. 
per sq. in. 

With the centralized lubrication method it is a 
simple matter to lubricate a car. The supply lines 
can be cleaned by flushing with kerosene if clogged. 
The centralized systenis are so constructed that the 
tank cannot be emptied or the feed through any 
other supply line be disturbed by the breakage of 
one or more lines. 

To grease a car by means of high-pressure grease 
compressors, such as the Alernite 

is an improvement over the old method 
of screwing down individual grease cups.^ 

One of the fimdamentals of this system is that 
because of the high pressure developeci, all old 
lubricant as well as any grit or other foreign matter 
is entirely removed and the bearing is completely 
packed with fresh lubricant. 

In most cases it is advisable to force lubricant into 
bearing imtil the old lubricant is forced out and new 

1 printed matter on this subject can be obtained 

by WTiting Alernite 

products , Chicago, Ill. 


* manufacturers of Alernite products 
Chicago, III., supplies a booklet on 

the 

grease lubrication business. 

• For cleaning radiators, see page 740. Oakley Chemical Co., 
22 Thames St., New York, N.Y., supplies a free and instructive 
booklet, Modem ClxinitiQ Methods. 
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lubricant appears. There are exceptions to this, 
however. For example, too much lubricant on the 
fan bearing would cause fan belt to slip. Too much 
on ignition ^stributor shaft may cause trouble. 
Care should also be used as to not to over-lubricate 
the wheel hubs and universal joints which tend to 
“throw'' grease. 

There are two very important essentials in greas¬ 
ing a car. 

One is to not overlook any of the parts to be lubri¬ 
cated. There are 17 to 60 vital bearings on the 
chassis of every car. If one or more bearings are 
overlooked it may cost the owner a repair bill. 


ring bolt at the extreme front end of the frame for 
e front spring, or rear of frame for rear spring 
and raise sufficiently to relieve spring of its load, 
then spread the leaves with a spring tool as shown 
in Fig. 12 (a putty knife could be used), and lubricate 
with a penetrating graphite oil.^ 

If a car is overloaded much beyond its normal 
capacity, extra work will be thrown on the springs 
which may give rise to breakage when the car is 
being driven over bad roads. An extra leaf added 
to the springs is advisable for overloads. Consider¬ 
able advantage to the life of the springs is obtained 
by having shock absorbers. 


Second, use good lubricants. A good lubricant 
functions in hot weather or below zero w’eather. 
Inferior lubricants get too thin in summer or freeze 
in winter. For example, many greases and com¬ 
pounds that are put into the transmission, rear axle 
and steering device contain a kind of soap fibre 
“fillers" that congeal above zero (some of the fillers 
•of good grade lubricants are tallow and fish oil). 
Those of poor grade lubricants are garbage render¬ 
ings, resin, talc, etc. which at low temperature freeze 
and cause difficult steering and gear shifting. To 
function satisfactorily they must also be made of 
low cold test mineral oil. One leading concern rec¬ 
ommends a lubricant with a cold test under 25® F. 

The kind of lubricants to use varies with different 
makes of cars. It is best to follow the car manu¬ 
facturer's chart from the instruction book in deter¬ 
mining the parts to lubricate and the kind of lubri¬ 
cant to u.se. 


♦The rear axle, differential and transmission 
usually require a semi-flowing lubricant graded 
according to seasons, thick or thin, made of low cold 
test oils of high vi.scosity and containing only the 
best oil and filler. 


Other parts of a car to lubricate and grease arc 
shown on pages 172 to 174. 

A Spring Lubricant 

A spring lubricant is applied to the sides of the 
springs with a brush and chemically accomplishes 
that which by me(;hanical or other means is either an 
arduous or impossible task, in that it penetrates be¬ 
tween the leaves without the necessity of spreading; 
it disintegrates and eliminates rust; it dciM)sits a 
lubricant, and causcjs the springs to pn^rform their 
fuiuition properly, without squeaking about it. In 
the same manner its application makes the removal 
of ‘‘rust-frozen" nuts, })olts, screws, spark plugs, 
valve caps, etc., a simpler matter. 


Spring Covers 

Fig. 13. A spring cover and lubrl- 
^ ^ cator which laces over the spring, pre- 
venting any danger of moisture or dirt 
getting betweeii the leaves. The cover 
_ i.s lined with a felt wicking which is 

saturated with nil before the cover is 
™ put on, and will hold enough oil to lu¬ 

bricate the spring for 10,000 rnih s The smooth gliding effect is 
obtained which ir. so noticeable in a new car with perfectly lu¬ 
bricated springs. 


The universal joints require a good sticky com¬ 
pound slightly heavier than No. 2. 

Note: If grease cups are used, screw down on the grease cups, 
which forces out all grease therein. The cap is then unscrewed, 
the grease cup refilled, and the cap placed back, but do not 
eroes-thread toe caps or they will work loose and be lost. 

Lubrication of Springs^ 

The oiling of those parts of the springs upon which 
the leaves move gives easy riding qualities by per¬ 
mitting the leaves to slide one upon another and 
prevents rust forming, which not only prevents the 
proper movement of springs, but causes mysterious 
squeaks as well. The spring shackles should also be 
limricated. 



Fig. 10. Lubricating the aurf^e of the separated spring 
blades. Fig. 11. The same tool used as a temporary clamp 
to secure a broken spring. Fig. 12. The spring tool. 


To lubricate: The best plan is to have spring 
lubricated at a service station where compresi^ air 
is used to force a spray of penetrating oil between 
the spring leaves, or place a jack underneath the 


Tightening Springs 

When lubricating the springs, it is a timely 
opportunity for observing defects of loose nuts or 
broken leaves in the springs. 

The nuts belonging to the clips which hold the 
spring on to the axle often display a tendency to 
work loose, and if this is not remedied the axle will 
be thrown out of lino, with more or less serious con- 
TOquences to tires and driving gear generally; or, 
if the front axle is in question, the steering may be 
affected, thus causing “wobbly wheels." 



The springs, like the engine bearings, have to 
take a sort of set before they are permanently tight. 
Hence it is desirable to tighten up the spring bolt 
nuts at the end of the first one nundreu mues of 

* The method of lubricating springs is done by using graphite 
penetrating oil and a compressed air brush, or stiff hand brush. 
The penetrating oil should have a base of graphite and tur¬ 
pentine and not kerosene, and crank-drainings should not be 
used. Some TtuinujacluferB do not apmove of Bpring-leaf lubri¬ 
cation periodically tn thii manner. Fouow manufacturers* recom- 
inendation$-—»ee also footnote p. 174A. *- 


!i04-1106 for wheel beering hibricatii^ and pages 900-909 for eteeriiig gear lubrication. Sec also footnote 8 page 10623 
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running and then to inspect them occasionally until 
they remain tight. 

The breakage of a spring is usually caused, not 
by the downward movement, but by the rebound. 
Spring breakage mostly occurs with loose spring 
cups. 

Spring Shackles 

Many of the makers now are putting on adjust¬ 
able spring shackles, so that wear can easily be 
taken up. This is especially desirable in cars using 
a Hotchkiss drive, where a great deal of stress and 
wear is put on the shackles of the rear spring at its 
rear end and on the spring bolt attaching the front 
of the rear spring to the bracket on the frame. 

With the Hotchkiss drive the rear spring supports 
have to take not only much of the weight of the car, 
but also the driving and braking strains. Hence, 
the better the design of the shackles and bolts at 
this point, the longer the life of the parts. 



Fig. 10. Automatic shackle bolts in which end play is taker 
up by coil springs. Fig. 17. Adjustable shackle bolts; wear 
taken up by turning nuts. Fig. 18. Taking up side play with 
shims. 

Rubbei' cored shackles, re^piiring no lubrication, are fre¬ 
quently used. The rubber core can dc replaced. 

Threaded shackle bushings are used on several cars to with¬ 
stand side thrust. They are adjustable. 


REMOVING CARBON FROM CYLINDER, COMBUSTION CHAMBER AND PISTONS 


Before taking up this subject, refer to pages 169, 
170, and read the explanation of t he cause of carbon 
and the relation of carbon to lubricating oils. 

This is a job usually attended to before valves are 
re-ground. I'he frequency 
with which the job should 
be done defiends upon the 
service, and quality and quan¬ 
tity of lubricating oil used. 

Fig. 10. Carbon usually uccuniu- 
latea at the points shown and ill 
effects of .same are given on page 170. 
When carbon collect son valve head, 
the head i.s unable to di.ssipate heat 
and in time it burns and uarp.s. 
Carbon also gets between valve and 
seat and impact of valve causes pits in seat. Itesult is loss of 
compression, reduced power and greater gasoline eonsumption. 

Methods of Removing Carbon 
There are three general methods employed in re¬ 
moving carbon. 

1. To scrape by hand as shown in Figs. 20, 21, 22, 
or use special wire brushes in a jiortalile drill 
(Fig. 21A.) (See also, pages 776D and 700.) 

2. To use the oxygen decarbonizing process. 

3. To use chemicals. 

Scraping Methods^ 


Fig. 20. To scrape carbon from a piston in the manner shown 
it is necessary to remove the piston from the cylinder which is 
Bometimea an expensive job. 

Fig. 21. Remove the cylinder head, if it is a detachable type. 
Access can then be had to the tops of the pistons and to the 
walls of the combustion chamber in the head. 

Fig. 21 A. Carbon removing brushes in the chuck of an 
electric portable drill remove carbon quickly. Special wire 
brushes can also be obtained for cleaning valve guides, valve 
stems, etc. (see also pages 7(X) and 776D). 






Fi^. 22. Scraping tools of 
special design are necessary for 
scraping the inside of combus¬ 
tion chamber and the head of a 
piston when the cylinder head 
18 not detachable and where the 
pistons are not removed. The 
work can be done through the 
valve cap or plug holes.> 


Tool No. 1 is for scraping the piston head; No. 2, for the 
cylinder head, as shown by dotted lines, and No. 3 is for the 
cavities over and around the valves and such other surfaces as 
have considerable curvature. 


Scraper No. 1 should be used first, and worked back and 
forth with considerable pressure acri>88 the piston head until 
the scratching setusatiou disappears and the tool seems to glide 
over the surface. Care should be taken not to gouge grooves 
in the metal. 


After scraping, blow out the free carbon, using a 
hand bellows as shown in Fig. 23,* if compressed air 
is not available. Continue scrap¬ 
ing until the blast of air does not 
blow out any more carbon dust. 
Be sure to scrape the entire sur¬ 
face, for if jagged patches are 
left, they will become incandes¬ 
cent from the heat of explosion 
and cause pre-ignition. 

It is important that none of 
the carbon gets into the cylin¬ 
ders, valves, or other parts of 
the engine. Therefore be sure that the valve is well 
seated in the cylinder you are cleaning, and be care¬ 
ful to blow out all carbon deposit thoroughly with 
an air blast. 

After as much carbon as possible has been taken 
from the cylinders, a half-tumblerful of kerosene 
poured into each cylinder with the air blast applied, 
will often give good results. Another half-tumblerful 
of kerosene should be poured into the cylinders, and 
the engine should be turned over a few times. 



> Avoid scratching or nicking the surfaces of aluminum 
cylinder head or pistons in any way at all when removing 
carbon. After removing carbon and cleaning, feel for burrs, 
and if any, rub down with fine sand paper. A smooth surface 
la also advised on cast iron, as it will gather carbon if rough. 

* Nearly all engines are now equipped with detachable 
cvlinder heads. Most of the concerns listed on page 833 
supply carbon removing tools. 


The oil reservoir should then be drained and 
cleaned thoroughly with a clean cloth previously 
soaked in gasoline, and fresh oil should be put into 
the oil pan (after cleaning and using kerosene), as 


»Illustration Cram Popular M^hanie$. 
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kerosene will thin the oil and cause it to lose its 
lubrioating qualities and is liable to cause the bear¬ 
ings to score or cut. If any of the kerosene is left 
in the engine combustion chamber^ it will eventually 
work into the crank case. 

It is customary to grind the valves after having 
scraped carboni and after grinding, to adjust valve 
clearance. 

Oxygen-Decarbonizing Method^ 

The oxygen-decarbonizing method is a process of 
removing carbon from inside the cylinder and head 
af piston, without removing the cylinder head, by 
means of an oxygen flame, as shown in Fig. 24. This 
process is particularly favored on engines of the 
uon-detachable cylinder-head type, whore the re¬ 
moval of carbon by scraping (commonly recognized 
as best practice) would necessitate the removal of 
tlie cylinder block and taking out of the pistons. 



Fig. 24. Oxygen-decarbonizing outfit. 


The outfit (eee also p. 751) consists of an oxygen tank, at an 
initial pressure of about 1,800 lb. per square inch, fitted with 
an adjustable reducing valve that brings the pressure down to 
10-20 pounds. 

The oxygen is applied through a torch or copper tube about 
18'' long, with a rather fine, flexible delivery jet, connected to 
the reducing valve by a flexible tube and fitted with a trigger 
valve (FV). The delivery jet of the torch, when inserted 
through a valve-plug orifice or spark-plug hole, can be manipu¬ 
lated to reach all parts of the combustion space if it is slightly 
bent and cleverly turned and twisted by the operator. The 
carbon is completely burned away by the oxygen. 

To Operate Oxygen Decarbonizer 
Note. In using oxygen for carbon removal, the piston 
should be placed at the extreme top of the cylinder, as the 
intense heat tends to roughen the cylinder walls. Roth inlet 
and exhaust valves should be closed to prevent pitting of valve 
seats. The flames should not be directed so as to strike the 
threads of the sparlyjlug hole. See that the water system is 
kept full of water. The torch should be moved constantly, to 
cover as large an area as possible. 

1. Turn off the msoline at the tank, and let the enmne run until 
it uses up all the gasoline in the carburetor. If the pan is 
greasy, remove it, to avoid the possibility of a fire. 


2. Remove the hood and cover the air intake of the carburetor 
with sheet asbestos, so that no spark can drop into it. 

3. Remove the Urge plugs into which the spark plugs are 
screwed, and clean the cylinders, one at a time, being sure 
that the piston is at its extreme height in each cylinder and 
that both intake and exhaust valves are closed before start¬ 
ing to clean it. 

4. Start on the valve chamber, first putting a few drops of 
kerosene oil or alcohol into it; ignite with a match or wax 
taper; insert tip of torch and direct a jet of oxygen against 
the carbonized surface. The jet of oxygen almost instantly 
consumes the carbon where it strikes, so move the tip around 
until the incandescence dies out. when it will be necessary 
toi^eot more kerosene or alcohol,and to repeat the operation 
until the chamber is thoroughly cleaned. When the burn¬ 
ing starts the carbon will burn with a whitish flame and a 
shower of sparks will come out of the spark plug hole 

5. Clean the piston head. When it is impossible to see portions 
being cleaned, continue the operation until the series of 
sparks stop blowing out, as sparks will cease as soon as the 
carbon is entirely consumed. 

To clean the top and sides of the cylinder combustion 
chamber it is necessary to bend the flexible copper tip of the 
twch so as to direct the jet of oxygen upwards. To inject the 
kerosene or alcohol, use an oil gun or ordinary oil can with a 
curved nozzle. 

Alcohol leaves the surfaces much lighter than kerosene, but 
when the oxygen strikes it there is quite a sharp report. Kero¬ 
sene is rather more quiet than alcohol. 

Some operators simply drop in a lighted match and then turn 
the jet upon it. but this ructhod re<iuires much more frequent 
igniting than when kerosene or alcohol is used. 

It 18 imporUnt that kerosene should not be mixed with the 
lubricating oil as it will lose its lubricating qualities. The 
crank case should be wiped out before putting in fresh oil. 
When using tlie method describwl above, the flame must be 
handled cautiously, otherwise the parts inside of the cylinder 
combustion chamber will be overheated. 

Q. Where can oxy-decarbonizing outfits be obtained? 

A. Linde Air Products Co., 20.> E. 42nd St., New York; 
Bastlan-Blessing Co., Chicago, Ill., Imperial Brass Mfg. Co., 
Chicago. Can also be obtained of auto supply dealers. 

Chemical Metho<l for Removing Carbon 

There are several preparations on the market for this purpose. 
It comes in powder, also tablet form, >vhich, the markers claim, 
if placed in the cylinder (some are mixed with the gasoline), 
will loosen the>carbon formation. There are other preparations 
to prevent carbon formation. 

Another agent is known as a liquid decarbonizer. This 
chemical, the manufacturers claim, will dissolve the carbon 
accumulation in the combustion chamber and on the piston, 
and will also looseri the rings if they are gummed and stuck 
to one side of the piston. 

Liquid carbon removers can be obtained of auto supply 
houses; some are poured into the cylinders, others fed to the 
air opening of carburetor or to the intake manifold from time 
to time and others mixed with the gasoline. 

The printed matter of one concern reads: “It does not dis¬ 
solve carbon—it loosens it by attacking the charred oil that 
holds i t to the metal. The loose flakes of carbon are then blown 
out through the exhaust." To minimize carbon formation, see 
page 171. 


WHY AN ENGINE LOSES POWER 


There are four main causes for this. When an 
engine fails to develop its usual power the cause is 
frequently one of the following: 

(1) Loss of compression. 

(2) Improper alve action. 

(3) Faulty ignition. 

(4) Improper carburetion mixture. 

1. Loss of compression means more than simply 
failure to oompress the charge to a specific extent; 
it is a common name for a condition which not onlv 
means low initial compression and consequent weak 
explosion, but also that a smaller char^ is taken into 
the cylinaer, that a portion of the diminished charge 
escapes during the compression stroke without doing 
even a small amount of work, and that a part of 
the explosive force (the only source of j^wer that an 
engine has) escapes throuip unauthorized channels 


—altogether a threefold loss. The power of an 
engine is in direct proportion to its compression.^ 

Faulty compression comes from a variety of 
causes: Cylinders may be worn, scored or cracked; 
pistons may sometimes crack, or rings become 
gummed, worn or broken; valves need grinding 
when pitted or warped; their stems are sometimes 
bent so that the valves cannot seat perfectly, or 
the stems and guides considerably worn. Valve 
stems become gummed and the springs sometimes 
weaken, so that a portion of the charge escapes 
before the valve shuts it in. 


Caution ii adviaed, especially with aluminum pistons and 
cylinder heads, to allow the combustion to proceed slowly, 
keep the torch moving constantly and administer at regular 
intervals short, quick snots of oxygen to sustain the combustion 
without overheating the metal. Also applies to any kind of 
pistona and head. See also footnote, page 703. 

* Sea also page 44 Addenda. 
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Leaks occur around spark plugs, spark plug 
porcelains, and valve caps, but are readily found by 
applying a little oil, wnile engine is running and 
noting 2 it bubbles. 

2. Valve action is disturbed by wean Usually 
this results from the valve tappets not having been 
given sufficient opening, or having been set to ^ve 
too much opening, or from the valves not being 
properly timed. Valves that do not seat come of 
course under the subject of loss of compression. 

If the clearance or gap between valye stem and tappet is not 
enou^, the heat, especially during a long continuous run, may 
be sufficient to cause the valve stem to expand enough to hold 
the valve open and prevent i t from properW seating. This will 
bum and warp the valve, causing a loss of compression, which 
of course results in a loss of power, sluggish pick up, missing 
of explosion, and inability of engine to idle properly. See also 
pages 57, 58. When touring, give valves maximum and not 
minimum clearance. 

If the clearance between valve stem and tappet is too great, 
it not only produces noise but lessens the power of the engine, 
due to the valve lift being lessened to such an extent that the 
Inlet valve does not open wide enough to take in a full charge 
of gas, and that the exhaust valve does not fully discharge ail 
of the burned gas. See also pages 59, 61, 1105. 

3, Faulty ignition is occasioned by numerous 
causes (see page 462B), or by incorrect timing 
(page 301 ), or by a weak battery, or by demagnetiza¬ 
tion or some other trouble if a magneto. 

The ignition interrupter should be examined for 
proper gap clearance, clean points and worn parts, 
such as a worn and wobbly arm, shaft, etc. (see 
pages 462B--462G). ^correct timing means loss of 
power, and it is plain that missed explosions are 
fatal to efficiency. It is not always easy to detect 
missing or weak ei^loaions, and no doubt they pass 
unnoticed many times. If vibrator coils are used 
they probably need adjusting, or their contacts 
need dressing. 


4. See pages 117 and 462A for suggestions regard¬ 
ing the carburetion mixture. 

Other Causes of Loss of Power 

Air leaks around the inlet valve stems make it 
impossible for even the best carburetor and the 
most careful regulation to supply a right mixture, as 
the leakage fluctuates and is greatest at the very 
time when the volume of gas used is the smallest, 
because there is stronger suction when the throttle 
is nearly closed. This completely upsets the right 
proportions at all throttle openings except the one 
adjusted. This is true also of air leaks around the 
carburetor or intake connections. 

Weak valve springs will also cause loss of power, as explained 
farther on. 

The muffler may have become clogged by soot and charred 
oil, thus preventing a free exhaust and consequently a full 
charge, besides causing back pressure and undue heating. 

Gasoline passages may have become clogged. 

The oiling system may fail to supply the needed amount of 
oil, or the oil used may not be of the former good quality. 

Carbon may have accumulated in the cylinders; the air valve 
in the carburetor niay be working badly because of dirt or wear. 

Dragging brakes will consume a lot of power. 

In conclusion, it is suggested that if an engine does 
not run with its former power, the major cause is 
lack of compression and factors in engine up-keep 
which have considerable to do with maintenance of 
compression are; 1, proper fit and condition of 
piston and cylinder walls; 2, proper fit of piston 
rings; 3, use of (correct oil to establish and maintain 
proper piston ring seal; 4, proper seating of valves; 
6, absence of leaks and further, the cause is probably 
not the result of any one thing, but of a number, 
each contributing in proportion to its importance. 


MEANING OF COMPRESSION, EXPANSION, AND MEAN EFFECTIVE PRESSURE 


Compression pressure is the pressure of the gas 
after being drawn into the cylinaer and compressed 
in the combustion chamber by the up compression 
stroke of the piston. This varies with the quantity 
of gas drawn into the cylinder, the speed of the 
piston, the size of the combustion chamber, and 
the condition of the valves and rings, and the tight¬ 
ness of the parts. See also, page 116. 

The expansion pressure (often termed explosion 
pressure) would be the maximum or the greatest 

P ressure immediately following the combustion or 
urning of the gases. This pressure is many times 
greater than compression pressure. This expan¬ 
sion pressure (gas expands when ignited and heated) 
continues, but dimmishes throughout the entire 
power stroke. 

The explosion pressure runs from three to five times that of 
compression pressure. If the compression drops one-half, then 
the explosion pressure drops, but the loss is in more than direct 
proportion. It would seem that if the explosion pressure was 
one-half, the power developed would be one-haif. But one 
must realize that it takes a certain amount of power merely 
to keep the engine moving, that is, to overcome the inertia 
and friction of the moving parts. This amount is constant. 
All power devolo{>ed beyond this amount is available to run the 
car. If the compression and power drop to one-half, just as 
much power is required to run the engine, so that the available 
power drops in much greater degree. 

Mean effective pressure (M.E.P.): During the 
entire cycle of a gas engine, the cylinder is sub¬ 
jected to many variations of pressure. We have 
seen that during the power stroke, the pressure 
decreases as the piston proceeds along its stroke. 
All of this pressure causes the engine to deliver 
power. In the same way, during compression 
stroke the pressure g^dually increases as the piston 
travels upward. All of this pressure hinders the 
engine from delivering power, and should therefore 
be considered as a negative power. 


Now, if we average up all the pressures during a 
cycle and subtract those which hinder the engine 
from those which help it (the power stroke is the 
only stroke which helps), we shall arrive at the M.E. 
P., that is, the average or mean pressure which is 
effective in producing power. 

The advantages of high compression are: greater 
engine efficiency at high speeds and greater economy 
in fuel. 

The disadvantages are lack of flexibility at low 
speeds, greater strain on bearings, and greater 
tendency to bum valves and plugs, as well as a 
tendency to over-heat. 

A greater compression can be carried in an over¬ 
head-valve engine, regardless of stroke or bore; 
therefore larger valve openings are permissible. 

Naturally this increases the heat, but as the valves 
are in the head, the discharge is rapid. The explo¬ 
sion pressure is generated directly above the piston 
center, which receives no side thrusts. 

The spark plugs in an “L”-head type are usually 
over the inlet valves where the inrushing gas keeps 
them cool and where the fire is most certain—since 
they are in the most perfectly scavenged part of 
the cylinder, i.e., the direct path of the fresh charge. 

In the overhead type, on the contrary, they are 
exposed to the full heat of the explosion. In a high- 
compression engine, therefore, only well-made plugs 
should be used. One method of protection is to sur¬ 
round plug with a water jacket as much as possible. 

Abnormal compression is prone to cause ov^ 
heating. Results however can be obtained with 
high-compression ratio which cannot be approached 
average compression. 
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If a high compressioxi is desired in an*‘L” or “T”- 
bead engbe, in order to take advantage of the high 
compression, the cylinders must be desired with a 
sufficiently long strokoj to enable the desired ratio to 
be obtains without raising piston appreciably above 
the floor of valve pockets, as at (L) (Fig. 26). 

Fig. 26. This illustration shows 
the typ^ of piston referred to. It will 
be obvious that the explosion will de¬ 
velop in the valve pocket (L), and 
that part of ite expansion or pressure 
value is lost when the piston projects 
above the top of the cylinder to any 
great extent. 

See page 806 for the principle of 
the Ricardo cylinder head. 


Average Compression of Engines 

The usual compression pressure for passenger-car 
engines is about 60 to 75 lbs. per square inch. The 
maximum compression is obtained with wide-open 
throttle and engine warm. The compression on a 
Marmon six-cylinder engine, for an example, which 
has been in service should average approximately 65 
to 70 lbs. when measured with a compressometer. 

A six. eight, or twelve-cylinder engine, having a much more 
continuous torque than a single-cylinder engine, will obviously 
stand a higher ratio of compression. The tendency is to decrease 
compression as the diameter of bore increases. 

Compression in all cylinders should be equal and 
up to standard. If the compression varies greatly 
between the various cylinders, the cause should be 
determined and remedied. 

Compression at the time of the explosion, at the 
instant when the piston is at top of stroke, is very 
hard to determine. Factors which would have to be 
taken into consideration are: character of fuel, 
degree of mixture, and speed of engine. An example 
follows. 

In the average engine, with a compression pressure of 60 
lbs. per sq. in., in a cylinder with a piston 3^'' dia-. who.se area 
is 10 sq. inches, the total force on compression would be 10 x 
60 = 600 lbs., and the total force of the explosion pressure 
would be about five times as much, or 3,000 1138. This means 
that the piston is being forced down as if a weight of 3,000 
lYOunds were resting on it, and this force is turning the crank¬ 
shaft. 

Therefore with a loss of 10 lbs. compression pressure (50 
instead of 60) the total force on compression would be 500 Ids. 
and total force of the explosion pressure would be 2,500 lbs., 


or a loss of 500 lbs. in turning the crankshaft. The engine 
would therefore suffer a loss of 3(X)0 + 600, or one sixth of its pull¬ 
ing abihty, showing the importance of maintaining compression. 

As a rule the explosion pressure is three to five 
times the absolute compression pressure based on 
the assumption that the cylinder is filled with the 
charge to atmospheric pressure at the beginning of 
the compression stroke. 

The compression on a motorcycle engine, as a general rule, 
is often rather high where speed is desired, but on the U.S. A. 
motorcycle engine, used during the war, the compression was 
slightly lower than the average. This somewhat deprmses the 
power curve, but the engine will run better on a wide-open 
throttle at lower speed, enabling the machine to "hang-on” with 
great tenacity ana to pull with power through sand, mud, etc. 
The compression of airplane engines is somewhat greater than 
on automobile engines. 

An open throttle fills the cylinder with gas, which 
of course increases the compression pressure. 

Therefore some engines may knock at low speeds 
with a wide-open throttle, as wlien climbing a hill 
slowly (see also bottom of pages 115, 806). 

At higher speeds of the engine a slight compres¬ 
sion leak is not so noticeable as at low-engine speed. 
If it. i.s desirable to have the engine throttle down to 
a very slow speed, then be sure that there are no com- 
pre.ssion leaks in any part of engine, including valves 
or rings. 

Increasing Compression in an Engine 

This means that by reducing the space in the 
combustion chamber from the head of the piston to 
the inside top of the compression chamber of the 
cylindfM*—when the piston is in its uppermost posi¬ 
tion—the gas would be compressed tijjhter, there¬ 
fore there is more explosive or expansion force on 
the piston when combustion takes place. 

High compression gives more power, but it is 
harder on bearings and makes engine more liable to 
knock (termed pinging or detonation: see pages 806, 
1136 for a relief) and produce heating, and is le.ss 
flexible at low Bjiceds. Sec page 1075 for detonation. 

It is true that different compressions affect the 
power of explosions, and that an uneven compres¬ 
sion ratio in different cylinders will consequently 
cause an engine to jerk. If the compression is 
excessively high, it can keep the spark from jumping 
gap in spark plug, unless gap is closed up slightly. 

Decreasing compression; see page 780, and page 
1044 for expansion and compression pressure. 



TESTING THE ENGINE COMPRESSION 


The compression is much easier to test than the 
carburetor or ipiition apparatus. Test should be 
made while engme is warmed up as the parts are 
then expanded to normal working conditions. 

There are two kinds of test: by hand, called the 
feel-test, and by means of a compression gauge. 

To test the compression of the engine by handt 
test bv cranking slowly (with ignition switch off, and 
throttle open) and note the comparative resistance 
of each cylinder. 

If the resistance of the compression of one or more 
cylinders is less than in the others 
(when on compression stroke) then this 
particular evlmder is leaking compres¬ 
sion through one of the many causes 
previously enumerated. 

If the resistance of all of the cylin¬ 
ders is below the regular standard, 
then, perhaps, all are leaking. 

A cylinder with good compression cranks with a 
rocking, bouncing, or springy resistance. 


If it cranks very freely, it mav be considered an 
evidence of poor compression and this is usually due 
to leaky valves. 

If the pressure is slight or fairly good as the 
piston goes up on compression stroke, but begins to 
leak as the piston nears the top of stroke, the 
probabilities are the compression is leaking past the 
piston and rings, and by testing as shown in Fig. 30, 
page 769, the hissing may be heard (test with engine 
warm). 

How to distinguish between piston-ring leakage 
and valve leakage, and to determine the rate of 
leakage is explained on next page. See also page 
779. 

To test the compression of the engine with a 
compression gauge, proceed as follows; With engine 
vrarm remove spark plug from cylinder to be tested 
and leave others in place; screw compressometer 
gauge into the spark plug hole of cylinder to be tested J 
open throttle wide; place ignition switch in ^*off'' 
position. 





REPAIRING AND ADJUSTING A CAR 


767 


Fig. 27A. A 
special gauge 
designed for 
1 testing the com- 
' parative pressure 
of each cylinder, 
called a com- 
pressomete r.^ 
Tells whether 
compression is 
uniform in all 
cylinders — 
whether piston 
rings are leaking—whether valves are leaking—whether valves 
are correctly set, etc. 



The compressometer is mounted in place of the spark phig, 
and may be had with spark plug threadings, as follows: |-indi 
lap, J-inch straight, and metric. 

Note the two hands: the short red one (maximum) remains 
fixed at the highest point reached during the test of eaoli cylin¬ 
der. The black long one is an indicating hand. 


The test can then be made by using the starting 
motor to crank the engine, but only for a few turns. 
This is preferable^ because it will give a uniform 
number of revolutions which should be the same on 
each cylinder tested, in order to make the relative 
comparison. 

As each cylinder is tested separately, enter the 
reading on a slip of paper, and then compare the 
results. If one cylinder tests higher than others, a 
variance of 2 to 3 lbs. less in the others is satisfac^tory; 
a variance of 4 to 6 lbs. less is permissible; a variance 
of 10 lbs. less indicates a cylinder with low compres¬ 
sion, and the cause should be found and remedied. 

Example: On a certain eight-cylinder car, all cylinders tested 
65 to 70 lbs. except No. 1 which tested 26 lbs.; No. 4, 35 lbs. 
and No. 8, 45 lbs. It was found that No. 1 and No. 4 exhaust 
valvp.8 were badly burned, duo to the valve clearance having 
been set too close, and during a long run the heat expanded the 
valve stems and valves remained open. No. 8’s low compres¬ 
sion was found to be due to leaky piston rings. 


With the gauge just described one should be able 
to obtain the following information: 

1. Whether the compression is uniform in all 
cylinders. 

2. Whether piston rings are leaking. 

3. Whether valves are leaking. 

4. Whether valves are correctly set. 

5. The rate of leakage in each cylinder. 


Poor Compressions Effect and Cause 

The subject of compression is one of the most 
important subjects connected with a gasoline engine. 
If an engine lacks power, nine times out of ten it 
will be traced to poor compression. 

The compression space in an engine is the space 
between the end of the piston and the top of the 
inside of the cylinder as at (A), Fig. 28. In drawing 
in a charge of gas into the cylinder, the piston (P) 
travels downward, but after drawing in the gas 
through the intake valve (V), the valve closes and 
the piston on its up-stroke pushes the gas up into 
the head of the cylinder and compresses it (see page 
32). When the gas is compressed to the hif^est 
point, the spark (S) ignites the compressed gas and 
forces the piston down with great force. If the com¬ 
pression pressure is low the force will be less. If com¬ 
pression pressure is high the force will be greater. 

If there is a leak then the gas will not be com¬ 
pressed to as high a pressure as iTthere was no leak. 
'J'horefore power of an engine depends on good com¬ 
pression, which must be maintained. 




Fig. 29. The purpose of this 
illustration is to point out what 
is meant by the gas being com¬ 
pressed in the top of cylinder 
(pombustion chamoer) ami how 
a leak can occur at valve seat 
if valve is not tight in its seat 


Fig. 28, Transverse section of an engine cylinder. Figures 
show where compression leaks may exist in an engine: 1, 
cylimler head gasket; 2, valve scat; 3, piston rings; 4, spark 
plug threads; 5, spark plug bushing or porcelain; 6, spark plug 
gasket; 7, relief cocks; 8, cylinder wall scored, tapered or out 
of round; (A) compression space; (C) connecting rod; (I) insert 
show's how the gases escape past the piston and rings. When 
the rings are worn the gases have an unobstructed path back of 
the ring as indicated by the arrow; (P) piston; (S) spark plug 
gap; (V) valve head shown seated in its seat (2). (Illustration 
from Automobile Digest). 


To distinguish between piston-ring leakage and 
valve leakage, after taking the reading, remove the 
gauge and pour a spoonful of heavy oil on top of the 
pi.sten and replace the gauge. The oil will tempo¬ 
rarily seal leakage past the piston rings. 

Turn over the engine again, and note whether the 
compression is approximately the same as before, or 
whether it is higher. 

If the same, it shows that the rings are tight and 

the valves are leaking. 

If the compression has gone up, it indicates that 
there is leakage at the piston rings. 

To determine the rate of leakage in a cylinder. 

turn the engine to dead center (compression), and 
watch the black hand (long one). 

The black hand indicates the pressure at any 
instant. If there is leakage, you will see the black 
hand gradually return to zero (although the red 
hand—short one—^which indicates the maximum 
pressure attained, will remain at maximum com¬ 
pression). Note the time required for the black hand 
to return to zero. 

Repeat this for each cylinder and you have a 
comparison of the rate of leakage in each cylinder. 


A frequent cause of leakage is through the valves 

(see also page 769), which, by not closing tightly, 
leak at the seat (2) and permit the pressure to escape. 

This may be caused by the valve being held open by a piece 
of carbon between valve face and seat, or valve clearance set 
so close that valve was held open and burned, and warped, due to 
excessive heat, or valve may stick in guide, due to gummy con¬ 
dition and w-arpage of valve stem in guide, or weak or broken 
valve spring, or a “flame lick” against valve stem at top near 
valve head * 

A leak through one or more valve seats is generally 
accompanied by misfiring, loss of power and poor 
idling. A slight leak through all valves is accom¬ 
panied by loss of power, but often without misfiring. 

Grinding the valves in the seats will usually 
remedy leaky valves, but sometimes they will have 
to be refaced first, especially if burned or warped. 

Le^ piston rings are often the cause of com¬ 
pression leaks and may be due to the rings being 
gummed in the grooves and not expanding properly. 

Note that the arrow in (I), Fig. 28, shows how the gases 
escape past the piston and rings. When rin^ are worn the gases 
have an unobstructed path back of the ring as indicated by 
arrow and leak occurs between ring and piston at the groove. 


I See also pages 40-44 of ADDENDA for engine checking and 
testing devices. *One test for a sticking valve: Missing will be 
more noticeable when running at low speed and hard pull after 
engine has been raced. 
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Compression leaks in valve caps, spark plugs, and 
priming cups (relief or pet cocks) are usually due to 
a failure to draw them down tight in the threads. 


These parts may be made tight bj the use of copper washers, 

that metal being soft enough to be forced into the rough plasee. 
If the small ga^et in the spark plug, or the spark plug itself, 
is not tight, gas will leak out and cause loss of compreaaicn and 
lack of power. 


In addition to compression being lost through 

leaky valve seats, piston rings, valve caps, spark 
plugs, relief cocks, cylinder-head gaskets, etc., there 
are other causes, such as incorrect valve clearance 
adjustment (set too close) and incorrect valve timing 
(which opens or closes the valve at the wrong time). 
Leaks have also been known to occur through a small 
sand hole in the end of the piston. 


To test for a leak at the valve cap, spark plug, or 
relief cock: Pour oil over the cap on top of the 
cylinder block, and if bubbles occur when the piston 
is moving upward, it is an indication that there is 
a leak. Jt can be corrected by simply tightening, or 
it may be necessary to renew the gaskets. Pour 
water into the valve cap to detect an air leak, if the 
spark plug or relief cock is screwed into a valve cap 
^ith a depression in it. If there is a leak, it will 
bubble through the water when the engine is being 
cranked. This can be remedied by merely tightening 
up or by fitting new gaskets. 


A leak in the gasket connecting the intake pipe 

is a very common cause for mis.sing at low speeds. 
It can be detected by allowing the engine to run at 
the missing speed. Take a squirt-can full of gasoline 
and squirt around all the intake pipe ioints. If you 
detect any difference whatsoever in the running of 
the engine, there is a leak. The remedy is obvious. 

Cylinder-head gaskets, if not properly tightened 
and fitted, will permit a compression leak, and will 
also admit water to tlie cylinder on those cylinders 
fitted with detachable heads. Tighten cylinder head 
nuts. 

Asbestos gaskets, when replaced, are first coated with shellac 
or soaked in linseed oil (not used on automobile engines). 
Copper gaskets are soft and give; therefore they do not require 
thb treatment. See Index under “Gaskets." 

Where cylinder-head gaskets are replaced without thoroughly 
cleaning them, as well as the surfaces on which they are fitted, 
or if they are not drawn down tight after the engine is warmed 
op (second tightening), a compression leak is likely to occur. 
Sm page 733. 


When cylinders are not cast en-bloc, care mfist 
be taken that gaskets are of exactly the same thick¬ 
ness, otherwise the cylinder with the thickest gasket 
will be raised higher than the others and will con¬ 
sequently have larger combustion space. As a 
result it will have lower compression. This in turn 
disturbs the running balance. 

In two-cy^le engines conditions would be even worse, for 
here we not only increase the combustion space and enlarge the 
lower space (which in two-cycle engines is an important 
feature), but we also change the port timing, as a little thought 
will prove. 

If the cylinder wall, the cylinder head, or the 
piston head is cracked, compression will be affected. 

A crack in the cylinder wall will admit water to 
the cylinder from the water jacket. If a hole is su^ 
pected, a test can be made on the cylinder to see if 
there is a leak by putting a foot-pump connection 
to the water jacket of the cylinder. Fill the water 
jacket with water and apply the air pressure, and 
see if bubbles of water ooze through, inside of the 
cylinder. If this is the case, then these holes must 
be made tight. 

If water is found in the crank c&se, it results from 
one of three general causes; (1) water in the gasoline 
or lubricating oil; (2) loose cylinder-head gasket; 
(3) a cracked cylinder, or a sand hole in the cylinder 


from the water jacket. It is possible, sometimes, 
to stop a cylinder sand hole leak with salammoniac. 
See Index for this subject. 

To detect a crack in the piston head, the latter 
must first be scraped clean of the carbon deposit 
and examined carefully. 


Sometimes there will be a discharge back into 
the carburetor; this indicates a leaky intake valve, 
providing it is not first found to be the result of 
faulty carburetor adjustment, due to lack of suffi¬ 
cient gasoline, or to too much air, termed a “lean 
mixture.'^ 


Sometimes a discharge in the muffler indicates 
a leaky exhaust valve, but not always. It will 
require an experienced ear to detect the difference 
between an unfired charge being exploded in the 
muffler, due to carburetor adjustment and that of 
a leaky exhaust valve. 

A compression leak between the piston and 
cylinder walls is rather difficult to test. Probably 
the best way is first to correct compression leaks as 
described above; then, if the compression is still 
poor, the leak must be between the piston and the 
cylinder wall. See Fig. 30 for one method of testing. 

The remedy for leaks past the piston rings is to put in new 
rings, if they are not merely gummed and cannot be loosened 
with a little kerosene. Usually they are worn or out of round. 
See also the subject “Piston rings." 


Piston and Rings Cause of Leaks 

When the piston rings or cylinders have been cut 
and scratched by long use, or running without oil, 
the compression leak will be into the crank case, and 
when the crank case heats so that it is uncomfort¬ 
able to touch, it is an indication that the leak exists. 
The only remedy is roboring of cylinders^ and fit¬ 
ting of oversize pistons and rings, or, if pistons are 
not too badly scratched, new piston rings may suffice. 

When piston rings work around in their grooves 
so that their split ends arc in line (or if the gap is 
too great: see pages 169, 827, 828), this will often 
give the compression an opportunity to escape. 

A worn ring either permits ring to expand and enlarge the 
gap, or if it has lost its expansion, the oil will pa<« between ring 
and cylinder wall, in addition to a cornpre8.sion leak. See also, 
Fig. 28, page 707, and note the insert (I) where the leak is be¬ 
tween the piston ring and the piston at the groove. 

If the piston rings are in good condition, they will 
be smooth and shiny, as will also bo the cylinder 
walls. If the rings are dull and dirt-y in spots and 
streaks, it will indicate that the flame passes between 
them and the walls, leaving a sooty deposit. 

Badly fitting piston rings may be caused by the 
rings sticking in their grooves, because of gummy 
deposit from the lubneating oil; rings that are 
stuck in their grooves will not press against the 
cylinder walls and will cause loss of compression. 
If this is suspected, just a little kerosene poured into 
cylinder and distributed by cranking may free rings. 

To test for piston-ring leaks: Place the hose at 
the breather pipe; with throttle wide open, have 
^meone crank the engine with switch off; if a hiss¬ 
ing soimd is heard as the piston moves up on com¬ 
pression, the pressure is escaping past the piston 
ring, down wall of the cylinder into the crank 
case. In this case new rings are required, or m^be 
a little kerosene to loosen up the ring will suffice. 
Often this is also due to a scored cylinder, and if so, 
replacement of rings will not effect a complete 
remedy. See also pages 829 and 779. 

If no hissing sound is heard, and you are still losing 
compression, the trouble is probably & leal^ valve* 
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Fig. 30. One method of testing for piston-ring and valve leaks. 


scored cylinder, or too great a piston clearance. 

These causes will also frequently permit excessive 
quantity of lubricating oil to pass out of the exhaust 
in the form of blue smoke. 

If spark plugs are coated with black soft soot, 

like that which accumulates in a lamp chimney, this 
in^cates too much gasoline, or too rich a mixture 
being fed to cylinder from carburetor, due either to 
adjustment, or to excessive use of choker valve, or 
to an air leak in the intake manifold. 

Sooty spark plugs could also be caused by leaky 
valves, as this permits burned gases to be drawn 
into the mixture, with the result of poor combustion. 


A test can be made to determine if the leak is in 
the rings or valves by removing spark plug and 
injecting a small quantity of heavy cylinder oil on 
top of pistons. This oil should seal the piston rings 
and temporarily stop the hissing; if not, then the 
leak is probably in the valves. (It is best to test with 
engine warm m order that parts will be expanded 
to normal working conditions.) 

If you are able to hold against the compression of 
a cylinder for half a minute without perceptible loss 
of compression, the compression is probably good in 
this cylinder. Test each cylinder. See pp. 767, 779. 

To test for inlet-valve leak: Knowing that the 
minor leaks above referred to are corrected and 
that all the parts are tight, the next step is to test for 
leaks of the inlet valves, if any. Place a piece of 
garden hose over the carburetor air intake, as in Fig. 
30. With throttle wide open, have someone craiiK 
the engine with switch oft. Place the hose to the 
ear; if a hissing sotmd is heard when the piston is on 
compression stroke, the inlet valve may be leaking 
and needs reseating. See also page 779 on testing 
with an air pump. 

Prussian Blue for a Valve Leak Test 

To test a valve-head seat: Buy a small tube of 
Prussian blue at any paint st/)re. Remove the 
valve spring, and blue the face of the valve. Then 
turn it one-quarter around in the valve seat. If 
the seat shows a clear clean line of blue, you have a 
perfectly fitting valve. If there are points where 
the blue does not touch, you have a worn or warped 
valve or a faulty seat. (See also tester, p. 776D.) 


Causes of Leaky Valves (Poppet Type) 

A valve and its parts, as used on engines with 
valves on the side, is shown in Fig. 31. 

If engine does not idle well, does not pick up speed 
as formerly, and there is sluggishness and loss of 
power, then test the compression (see page 767). 

If the test indicates leaky valves, then remove 
cylinder head and look for the causes, some of which 
are mentioned below: 

Carbon or some other substance may get between 
valve-head face^ and valve-seat,^ thus holding valve 
open. Wide seats are more apt to retain carbon 
flakes. Valve-seat may be 
covered with carbon and pit¬ 
ted. Carbon may also have 
collected on valve-stem under 
head, preventing valve from 
properly seating. 

Valve-seat in cylinder block 
may be worn down too deep, 
due to constant hammering 
or tapping. 

Valve-seat, also valve-face 
may be burned and scale may 
have formed (more common 
with the exhaust valve). 

The scale flakes off and nets be¬ 
tween valve-face and valve-seat and 
holds valve open at this point, which 
of course causes a compression leak 
and continued burning of valve, 
forming grooves and holes. 



If, after these tests and repairs, compression is not 
restored, the trouble is a serious one. requiring re¬ 
moval 01 the cylinders or cylinder head. The piston 
rings may be broken, scored, or badly worn, or the (;yl- 
inders may be scored also. To remedy such troubles 
as scored cylinders requires special machinery^ and 
this sort of repair is done by those who specialize in 
this class of work. Such work as fittin|i; rings and 
grinding valves, etc., can easily be done in ary shop. 

Keep in touch, so to speak, with the compression 
in your engine if you wish to obtain best results. 

Compression leaks may be caused by small holes in piston 
head or ring groove, resulting from a sand hole or caused by tool 
cutting through when machining. See page 829 for a tost. 

Compression leaks are sometimes in gaskets, caused by 
warped cylinder block or head. This leak may be from one 
cylinder to another and can be heard through spark-plug hole 
of adjoining cylinder. If gasket leaks into w'ater jacket, water 
•will bubble in radiator. 

Spark Plugs Indicate Condition of Valves and 
Piston Rings 

When spark plugs are constantly oily, this is an 
indication that oil is passing from crank case to 
combustion chamber and is usually due to carrying 
too high an oil pressure, or an excessive amount of 
oil, worn piston rings, or too wide a ring gap, 


The cause may have been due to carbon or some other for¬ 
eign substance getting between valve-face and seat, or to 
valve-stem clearance being set so close that the heat-expanded 
stem caused valve to be neld open, which permitted red-hot 
gtiscs continuouslv to pass between face and seat; sometimes the 
gas shoots through like a flame from a blow torch and cuts holes. 

Ordinarily carbon particles will pass out through the exhaust 
valve, being carried out with the exhaust gases, but sometimes 
red-hot particles of carbon instead of passing out, will weld to 
the valve-head face or valve-scat, and thus cause pitting. 

It is said that exhaust gases raise valve temperatures to as 
high as 1600*' F. or more at times. Improper carburetion mix¬ 
tures caxise carbon troubles. On some valves the material is 
such that the high temperatures to which it is subjected '^'11 
harden the valve-head to a point where it becomes brittle, 
causing cracking, which permits leaks. 

Valve burning is also due to bouncing at high speeds, that is, 
ilje valve practically remains open and tne flame-lidc constantly 
playing on the upper part of stem and head causes burning. 
Bouncing is caus^ by insufficient spring tension and gumm^ 
or sticky valves. 

Valve-head may be warped, due to being held open 
and permitting the hot g^es to pass continually 
under head, thereby burning the head where at¬ 
tached to stem (more common with the exhaust). 
Extreme temperature on a poor grade of valve will 

1 *'Valve-head face” refers to the face of the valve-head, and 
“valve-seat” refers to the surface with which the valve-face 
comes in contact when closed, as shown in Fig. 32. 
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often distort and warp the head. Excessive heat is 
sometimes due to low water or lack of oil or running 
on a retarded spark. 

Valve may be held open due to clearance (4) 
between valve stem and tappet being set too close 
(see page 57 under “valve-stem clearance” for ill 
effects of this). 

Valve-spring (3) may have lost its temper due to 
excessive heat and thus be weak, which results in 
valve holding open at seat (more common with ex¬ 
haust), or spring may be broken. Valve-springs, 
when too stiff, will cause excessive wear and noise. 

Valve-stem may be stuck in its guide (2) despite 
the pull of the spring (3), due to lack of lubrication, 
or carbon deposit on stem: or because of warped or 
bent stems; all cause a lagging action. See also 
page 767. 

Valve-timing may be incorrect, or contour on cam 
(5) may be worn and thus not close or open valve at 
the proper time. 

Valve-guide or valve-stem may be worn, permit¬ 
ting air to be drawn through inlet-valve-guide when 
the inlet valve is open, thus admitting more air to 
mix with the carburetion mixture, which causes miss¬ 
ing and poor idling. 

Examine the various parts mentioned above until 
the cause is located. The most common valve 
troubles are burned valves, sticking valves, and 
noisy valves. 

In most instances the valves may be ground or 
lapped to their seats in the cylinder head or block. 

If the valve-head is badly pitted, burned, warped, 
or out of line with its seat, or if shoulders or grooves 
appear on the valve-head face or ridges around the 
valve-seat, due to constant hammering, it is ad¬ 
visable to reface the valve-head (or install a new 
one) and recut the valve-seat, then lap or grind to a 
smooth seat by hand or wdth one of the valve¬ 
grinding tools that has an oscillating motion. 

Valves that are warped or burned badly are often 
replaced with new ones which also must be ground 
to a tight seat. 

If the valve-seat in the cylinder block is excessive¬ 
ly wide, which in many cases is wider than valve- 
face, or if pitted and crystallized vrith scale, it should 
be reseated and valve-head refaced and then ground 
to seat. If a new valve-head is installed, the valve- 
seat in cylinder block should be reseated before the 
new valve-head is ground to a seat. 

Valve-stem should fit the guides. This subject 
is discussed on page 776A. 

Valve-stem clearance is very important. This 
subject is treated on pages 776B and 57. 



Fig. 32. A pitted valve-head and 
valve-seat. Note the black spots on 
the valve-face and valve-seat. This 
permits escape of gas. If the seat is 
pitted it may or may not leak. If the 
valves are ground or reseated, the spots 
Mdll be removed and the valve will seat 
tightly provided the pitting is not too 
deep and the valve spring is not too 
weak. 


Where a valve is deeply pitted, it is a mistake to attempt to 
grind out all of the pits, and it is not necessary, so long as good 


line contact is obtained between the pits as shown in Fig. 47. 
Of oours^if a pit outs through the line of contact, there will be 
a leak. Pits, also carbon deposit, may be removed with a valve 
refaoer, valve-seat reamer, or cutter. 


Fig. 33 (left). Bzhaust-valve-stems often become carbon- 
coated, and when the engine is driven at high spe^ for 
long periods of time the temperature increases, causing ex- 
—V pansion, with the result 

hoiv valve will be 

■rSKSt n given a taper or warped 

effect which will not 
permit it to seat proper- 
'y* Often this is the 
cause of a leaky valve, 
^ should be 

^ Fig. dc^'^cd thoroughly and 

^ 33 ^’ sufficient clearance al- 

lowed between the valve- 
stem and the valve-guide. Clean by placing the valve between 
wood blocks in a vise (Fig. 33A), and use a strip of emery cloth. 


The ei^aust valve has a tendency to leak more 
than an inlet valve because it is more exposed to 
heat, due to the outlet of hot gases. 

The exhaust valve-stem expands more than the inlet valve, 
as it is exposed to a greater temperature. It is usually given 
a slightly greater clearance between valve-stem and tappet than 
is given to inlet valve. 

The exhaust valve-seats in the cylinder block do 

not suffer as much from heat as the exhaust valve- 
head because the scats are usually water-jacketed. 
The valve-seats, both exhaust and inlet, wear down 
in time from constant hammering or tapping and 
thus make too broad or too wide a seat. 


The valve-face on exhaust or inlet valve also wears 
in time from the same cause, and shoulders and 
grooves will appear. 

The inlet valves usually require only grinding or 
lapping, as the cool gases from carburetor tend to 
keep them cooler than the exhaust Valve. 

Fig. 33B. A valve-seat should 
never be wider thai* the face of 
valve, but should be narrower. 
A narrow ratlial seat (R) is theoreti¬ 
cally preferable toastaight seat (S) 
because it .will not wear to a wide 
contact as quickly as the conventional straight seat. An* 
instruction book says “a tight valve should show a 
smooth bright bearing abo»it A'' wide in the valve and seat.” 

Too narrow a seat will not wear, and too wide a one tends to 
catch carbon. Valve-seats that are too wide may be reduced 
with reseating cutters or reamers. Heavy-duty engines reejuire 
wider seats, owing to heavier spring tension and continual 
hammering. 



Valve Reconditioning MethcKlg 

1. Grinding or lapping engine valves to a tight scait 
with valve-grinding compound and tool. 

2. Refacing a valve-head on a valve-face grinding 
or cutting machine. It is essciiitial that the valve- 
head be faced true or centered with relation to 
the valve-stem and valve-seat. 

3. Reseating the valve-seat with a reamer or cutter, 
using with it a pilot, in order that the valve-seat 
in the cylinder dIock be true or centered in rela¬ 
tion to the vaJve-stem guide and that seat has the 
correct width. 

4. Trueing up, and beveling valve-stem ends by 
grinding. 

5. Reaming valve-stem-wides for oversize valve- 
stems and reaming vaTve-tappet-^ides for over¬ 
size valve-tappets when excessively worn. 

6. Testing valve-spring tension. 


GRINDING OR LAPPING ENGINE VALVES (POPPET TYPE) 

The purpose of valve grinding is to make a tight Before grinding valves be sure the valves leak, 
seat which will prevent the escape of the compressed Make the co mpression test. If there is a loss of 
m through the valve-face and valve-seat of the 1 On modem high speed, high compression engines (beat in- 
inlet or exhaust valve. See also page 56. compression), tendency is toward wider seats. 

Wide seats dissipate heat from valve beads better but narrow 
seats give better sealiiu; if too wide, carbon particles may be 
eaught between the valve and valve seat causing blow-by that will soon burn valve and seat. Seat width deronds upon char- 
aeteraties ol engine rather than there being a standard for all engines. Follow manufacturers’ recommendations. See Suppiementary 
/ndsa under ^Wres/’ 
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compression, bear in mind that it may be elsewhere 
than in the valves. Weak compression can also 
result from leaky piston rings; therefore be sure 
that the leak is in the valve and not in the rings or 
elsewhere. The blue test for a valve leak (page 769) 
(or with tester, page 776D) can be tried if in doubt. 

On some en^es the valves are on the side and cylinder head 
is cast integral with cylinder block making it necessary to re¬ 
move the valve-cap to get to the valve as in Fig. 108, page 56. 

On others, the valves are on the side and in cylinder block and 
cylinder head is detachable as in Fig. Ill, page 56. 

On others, the valves are in the detachable cylinder head as in 
Figs. 112-115, page 57. 

On others, the valves are in cages as in Fig. 03, page 53. 

But no matter where or how the valves are arranged, they 
serve the same purpose and are ground in very much the same 
manner. 

Valve-Grinding Procedure 

As an example, we will use an engine with valves- 
on-the-side and in a cylinder block which has a 
detachable cylinder heaa. 

First drain the water from radiator, disconnect 
upper hose from cylinder block (loosen flange), dis¬ 
connect spark plugs, and remove the cylinder-head 
bolts and lift off cylinder head, then the gasket. 
Hang the gasket on a nail. 

Removing carbon is an operation that should be done at this 
time: temporarily replacing bolts in holes will prevent carbon 
falling in. Turn crank until the pistons 1 and 4 are up; then 
scrape carbon from the heads of these pistons, valves, etc.; be 
sure and put cloth into No, 2 and 3 cylinders. Then blow off all 
carbon with air and repeat the oi>cration with- No, 2 and 3 
pistons. Be sure to remove any carbon collected under head 
on stem, os this is what usually causes valve to stick in guide. 

Also loosen any dirt or carbon in bolt holes, otherwise cylinder 
head could not be drawn down tight and water would leak out 
around gasket when head and parts are replaced. Trying to 
force bolts may break them off. 

Be sure carbon <loc8 not get into cylinders. Also remove 
carbon from the inside of cylinder head and clean well, so that 
there arc no loose particles. See also, pages 776D, 763. 

Next remove valve-cover and gasket, as shown 
below.. 

Fig. 34. Valve cover 
and detachable cylinder 
head removed on an 
engine with valves on 
the side exposing the 
valve-springs and valve- 
stems. Note: It is not 
usually necessary tp re¬ 
move inanifoKis in order 
to grind valves. 

Next, remove the valve-springs. There are vari¬ 
ous methods and devices for doing this. Methods 
are shown in Figs. 36 to 39B. The idea is to com¬ 
press the valve spring (when valve is fully seated), 
so that the spring-seat-pin, or valve-seat-pin can be 
withdrawn from the stem. 

The valve can then be removed, but before doing 
so it is a good idea to remove with a fine file any burr 
which may have formed on the end of the valve- 
stem, so &at it will pass through the valve-guide 
easily. 



Figs. 36 and 37 show two makeshift methods of compressing 
valve-springs to remove the spring-seat key (applies to different 
kinds of en^nes). 


Fig. 38. A device sometimes used on V-type cylinder-block 
engines for compressing valve-springs. 

Fig. 39. After the spring-seat key is removed, the valve is 
lifted out of its seat, which is not always as easy as it would 
appear. Valves may be lifted from their seats by means of a 
tool made from a x 14^'-long spring steel rod (tempered). 



Figs. 39A, 39B. Two of several types of valve-spring lifters: 
the Vlecbek (39A) and the Mossberg (39B). 


If more than one valve is removed, be sure to 
arrange or mark them so that the same valve will 
be replaced into the same valve-guide from which it 
was removed. Light ^nch marks can be made on 
the head. 

Place clodt into the opening of the cylinder to 
prevent the grinding powder and dirt from getting 
m; and be sure and take it out when through. 

Bear in mind that a valve-stem can be easily bent; 

therefore be careful to not allow tool or spring to 
bear sideways against valve-stem. 

Examine valve. If burned, warped or deeply 
pitted or badly worn on the stem it should be dis¬ 
carded and a new' valve installed. 

If you are equipped with a valve refacing machine 
it may be possible to recondition it. 

If valve-^de and stem are worn (.008" clearance 
or over), it is best to ream valve-guide with an over¬ 
size reamer and put in a new valve with oversize 
valve-stem. (See page 776A, "to check valve-stem- 
guide wear.”) 

If valve-seats in cylinder block are pitted or 
burned (scale on it) or if valve has a very wide seat, 

it should be reseated with a reseating reamer (see 
pages 775-776). If the valve-stem guides have 
been reamed oversize, the reseating tool should be 
used with an oversize pilot. The valve is then 
ground to a seat. 

Another point to observe is the lower part of valve- 
stem. If badly worn, the clearance will be too 
great. If there is no provision for adjustment of 
valve clearance, as on the Ford, a new valve will be 
necessary. 

If the valves and seats are in good or fairly good 
condition, likewise the valve stem and guide, the 
valves can be CTound, but before doing so clean the 
stem (Fig. 33A) and ml parts thoroughly.' 

Before grinding an old valve, it should be tested 
by revolving between centers to see if it runs true 
and is not bent. 



Figs. 40-45. Valve-grinding tools. There are many different 
kinds of valve-grinding tools which can be obtained at auto 
supply houses. 


If a slot is out in the head of the valve an ordinary screwdriver 
or brace and screwdriver bit (Fig. 42) will serve the purpose. 

If there are holes in the head of the valve. 

a BDeoial tool shoh as shown in Fig. 40 and Fig. 41 it 
NOTE: Text was changed from page 769 to and including page 780 (since the General Index was prepared), consequently there 
may be some disorepan^a between the index and the text. See p. 690 under '^Valves’* for literature and booklets on valves. 
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required. (The one in Fig. 41 can be made of a broom handle 
and two nails.) 

The one in Fig. 40 has a double handle, one of lari^ diameter 
for speed and toe other for slow speed. Fig. 43 is a valve- 
grincung tool made by some of the wrench manufacturers, such 
as Walden. 

Fig. 44 is a hand-oscillating type. It has an extension which 
is handy for reaching some of the rear valves. (Made by 
Albertson & Co., Sioux City, la.). Fig. 45 is an electric 
oscillating type. Then there is another tyne not shown, 
operate Dy air 


After removing valve and cleaning 
it, apply some valve-grinding com- 
IK pound^ on the face of the valve (Fig. 
/l*h usual procedure is to dip 

the finger into the compound (coarse 
J y gude first) and apply trds to the face. 
^ ft j^t on an even coat and do not 
• plaster it all around the surrounding 
metal parts, a thin coating is sufficient. 

There ore specially prepared ending compounds^ which can 
be secured at supply houses. They usually come in two grades: 
coarse and fine. The first cuts heavily; the second does not 
cut so much, and is for finishing. 

Place the valve back into its seat: then take a 
valve-grinding tool (see Figs, 40-45), placing the 
point in the recess, and bear down.on the valve with 
slight pressure, and oscillate the valve back and forth 
in its seat for a few seconds. (Make sure end of valve 
stem is clear of tappet.) 

Then, with your free hand, reach under the valve- 
stem, push the valve up and off its seat, revolve it 
a quarter turn and let it fall back in its seat once 
more. Then begin oscillating the valve back and 
forth again for another few seconds, and again raise 
the valve, turn it in the same direction another 
quarter turn, drop it back on its seat, and proceed 
again the same way. 

A pressure of about 31 lbs. is sufficient. More pessure than 
this will cause grinding compound to cut rings in toe valve-seat. 

The reason why a valve should not be turned round and 
round, or continuously in one direction when grinding, is that 
it is liable to result in an annular cut in the seat which woula be 
bard to grind out. 

A spring should be placed under the valve head as shown in 
Fig. 42. This will allow the valve to be raised from its seat 
occasionally for inspection. 

After you have gone completely around twice with 
the valve in the above manner, remove valve, wipe 
off compound, and pass the finger over face to make 
sure it is clean. Tnen carefully wipe the compound 


1 This method of valve grinding is taken from Compresaton 
Leak^, 


* Valve-grinding compoun<ls are of two kinds, carborundum 
compound and water-mix-compound. The carborundum com¬ 
pound cuts under the action of oil, and water-mix compound 
cuts only with water. 

"CHover valve-grinding compound,'* a mixture of abrasive 
and hard petroleum-cutting oil containing no emerv or grit for 
grinding valves, lappiM cylinders, fitting piston rings, etc., is 
manufactured by tne Clover Mfg. Co., Norwalk, Conn. For 
valve grinding, this company recommends its valve-grinding 
compound which comes in a duplex can and contains a coarse 
grade CI^} for roughing and a fine grade (A) for finishing. They 
also supply a water-mix valve-grinding compound known as 
*‘Justllite." They state that it will cut very fast, but recom¬ 
mend the slower proesM of using their compound which has an 
oil base. 

Some mechanics prefer the oil-base compound, while others 
prefer the water-mix compound. 

There are a number of other good valve-grinding compounds 
on the market, such as "Zip” (The Zip Abrasive Co., Cleveland 
Ohio), "Pep” (Pep Mffc. Ck>.. 33 W. 42 St.. New York), 

and 

many others—all of which can be obtained at automobile 
euppiy houeee. 


off the valve-seat, and pass the finger Over this 
surface also. 


Examine ffie two seats carefully, and see if they 
seem to be ground evenly all over. If not, repeat op¬ 
eration, using again the ''coarse’' grade of compound 

When you believe that you have a uniform looking 
seat, clean both seats carefully and apply a small 
quantity of "fine” grade grinding compound and 
once again go through the same operations, using 
the fine instead of the coarse grade. 

Caution: The usual mistake which is made, is to carry the 
grinding operation too far. The average valve requires but 
uttle grinding to make it tight, but it ^ould have this little 
grinding often, sav every 5,000 miles; also ream carbon from 
valve-seats and reface valve-head when necessary. 

The idea is more to clean and resurface to a dean ti^ht seat 
than to remove very much metal, unless worn, with ndges or 
grooves, and then often a new valve should be installed. The 
carbon should always be removed at the same time, not only 
from valve-head, seat, and stem, but surrounding it, to prevent 
particles getting under valve. Always blow out aU loose 
partides with air. 

After you are through with your two grinding 
operations —the "roughing and finishing,” as it is 
called—clean all surfaces with the greatest care, and 
then apply a thin film of clean oil to the seat of the 
valve and drop it back into place once more. 

This time apply all pressure you can to your valve 
tool and oscillate valve a number of times in its sev¬ 
eral positions, just as if you were grinding it, only with 
oil instead of compoimd, and using more pressure. 


Now take the valve out, wipe off the oil carefully 
and get a reflected light on the surface of the seat 
of the valve, by holding it at the proper angle be¬ 
tween your eye and the light. 

A test to see if valves are tight: Turn the valve 
slowly, keeping your eye fixed at the same point of 
reflected light and you will see some fine, very bright 
or polished lines, which run around the seat. These 
lines represent the points of coqtact. 


Refer now to Fig. 47 
and you will note that 
these bright lines (A) are 
not necessarily continuous 
all around the seat. 

One line will run part 
way around and then 
stop, and another will 
then start, go farther 
along and run out, and so on; usually not so short 
as these shown, but rarely a continuous line. 



Fig. 48 


If all these lines overlap, as shown in Fig. 47, the 
valve is tight on its seat, but if they fail to overlap 
as shown at (B), Fig. 48, then there will be a leak 
at (B), and it is necessary to commence all over again 
and grind the valve some more, beginning with the 
coarse compound and finishing witn the fine, then 
testing its tightness by rubbing in with oil as before. 


An ideal valve seat is a very fine, narrow edge, as 

it will last longer than a wide one, and, furthermore, 
a wide seat tends to permit carbon to collect in the 
seat, and thus heat the valve, while a narrow valve 
seat cuts the carbon, thus assisting in keeping the 
seat clean. 



Fig. 49. Another method to tett the 
finish of a valve-face after grinding: Mark 
it with a lead Mncil as shown about 
apart or less. If. after putting the valve 
in place and after oscillating it about a 
quarter turn, all marks are erased, the iob 
is satisfactory. The marks (M) on valve 
are the penou marks to be erasM. 
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After grinding valves and they are found to be 
ti^t, thev should be cleaned with gasoline or kero¬ 
sene. Also clean valve-seat, and oe sure that no 
abrasive substance gets into cylinder or valve-guides, 
and don't overlook cleaning the valve-stem. 

When replacing valve, place a little oil on the stem 

and place it in the valve-guide^and in its seat. Be 
sure that the valve-stem is free In its guide. Before 
replacing valve-stem, be sure the end of the stem is 
ground true. 

A valve that is properly seated will bounce back 
when dropped into its seat. If it stops with a dull 
thud, either the grinding is not perfect or the valve- 
stem is bent. 

The valve-spring is then compressed and placed 
back, and other parts assembled. 

Fig. 50. One method of replacing a valve¬ 
spring: Tie the valve-spring before trying to re¬ 
place it. A simple method is to compress spring 
between the jaws of a vise. While compresseti, 
it is tied up with a loop of wire or string in two 
or ^hree places. When the spring is thus tied up 
under tension, its replacement is easy. This is 
not necessary, however, if a valve-spring lifter 
of the proper kind is at hand. 

After grinding valves, always check the valve-stem 
clearance between the end of the valve-stem and 
tappet, because the relations between the two were 
changed during the grinding operation. 

It is also advisable to check the valve timing after 
checking the valve clearance, particularly on an 
engine that has been in service for some time with 
worn parts. 

The compression of the cylinders can now be 
tested. If valve-seats are properly seating and 
there are no other leaks, such as piston rings, scoretl 
cylinders, loose pistons, or out-of-round cylinders, 
they should test approximately equal in all cylinders 
(see page 767). 



Grinding Overhead Engine Valves 

The foregoing instructions are for grinding valves 
in an or 'T"-head type of cylinder. 

Valves placed overhead, are either in cages, as 
shown on pages 53, 71, or in cylinder heads which 
are detachable, as in Figs. 112 to 115, page 57, and 
the process of grinding is similar to the method of 
grinding valves explained on pages 772 and 57. 

Where valves are in ^es, the cages are usually 
removed, as shown in Fig. 52 below, and the valves 
are ground in the cage, (obsolete). 

The valve-cage itself is sometimes ground to its 
seat in cylinder block (see Fig. 53) on some makes 
of engines, and on others a copper gasket is used. 



Fig. 52. The cage is placed in a oounter-eunk hole in the 
bench, with a spring under the valve to raise it. In fact, it is a 
good idea to place springs under all types of valves when grind¬ 
ing. The valve-head is then ground to a seat in the valve-cage. 

Fig. 53. A simple way of grinding a Buick valve-cage^ to a 
gM tight joint in seat in the cylinder block is shown here. 
Through the center of the cage insert a round iron rod which has 
been threaded for a nut at the two places shown. Then tighten 
the nuts. With the rod as a handle, the cage can be rotated 
easily. See also page 71. 

When replacing cage, be sure to line up the gas port holes in 
cage with holes in cylinder block. 

To tell when a valve is ground to a perfect seat, see blue test 
(page 769, and Figs. 47, 48, page 772). (See also page 776D.) 


TYPES OF POPPET VALVES^,* 


Valves may be classified as one-piece type or 
two-piece tj^pe. By one-piece is meant that the 
valve-head and the valve-stem are made of the same 
material and are integral. In the two-piece type 
the valve-head may be made of the same or a differ¬ 
ent metal from that of the valve-stem, and the two 
are welded, riveted, or otherwise fastened together. 

The two-piece valve consists of a cast-iron head 
or of a steel head which is fused, welded, riveted, or 
otherwise fastened to a steel or alloy steel stem. 

One of the advantages claimed is that inasmuch as 
both valve-head and motor-block seat are of the 
same material, they will wear to the same extent. 

The one-piece valve consists of an integral head 
and stem made of special alloys of steel. The alloys 
used contain such elements as chromium, silicon, 
tungsten, nickel, cobalt, etc. 

StainleM steel resists rust, which is an important factor in the 
valves of marine engines, owing to the presence of salt-water 
vapor. Stainless steel is an alloy of certain definite percentages 
of chromium and nickel. 

Tungsten steel is very hard and tough, and consequently 
valves made of this material will offer great resistance to 

^ Buiok valves are now ground in a detachable cylinder head. 

9 Some of the menufacturera of valves are: 

Rich Tool Co., 

Detroit, Mich.; ThonuMon Products Ino., Cleveland, Ohio; 
Toledo Steel Products Co., Toledo, Ohio. 

• See page 775 tor valve refacing and reaeating toola formerly 
on this page. 


abrasion (wear) and to breakage, particularly when red hot. 
For this reason, they are often used in racing cars in which 
resistance to abrasion (caused by road dust, etc., in the intake 
gases), and breakage are more important features than resist¬ 
ance to burning. 

A steel alloy of low percentages of chromium and nickel is 
often used for inlet valves. 

steel alloys used for valves on 
engines, heavy-duty trucks, tractors, busses and passenger 
cars contains both chromium and silicon. The advantages of 
valves of this alloy is that even though they may become red 
hot, they will retain their hardness and will not warp. “R^- 
hardness” is the term used to describe such a characteristic. 
For these reasons a steel alloy of chromium and silicon is par¬ 
ticularly suitable for exhaust valves, and is also used in inlet 
valves where expense is not an important factor. There are a 
number of such valves, one being the Thompson silorome valve; 
another, the Rich silcrome steel valve: another is the Toledo 
one-piece all-steel, special alloy valves for heavy duty work.* 

The “James self-cooling” valve is the name of a valve formed 
of a special alloy metal known as Ni-chro-loy. The metal 
consists of niokel, chromium, and carbon, melted in an electrio 
furnace and poured at a temperature of 3,800® F. This valve 
has a hollow chamber under the head with three vent-holes, a 
patented feature known as the Grant hollow-head construction, 
when engine is running and exhaust valves are open, the rush 
of the gases by the vwve tend to create a suction below the 
head, and this action draws the excessive heat in the hollow 
chamber away from the head, thereby cooling the valve-hoad. 

Another make of valve is the Boyle flat-seat type of valve. 
It is claimed that with the same lift as the ordinary taper valve, 
this valve will have a greater valve opening and that this gives 
an increase in effective valve area wmch produces more power, 
quicker acceleration, etc. 

If difficulty is met with in grinding some of the valves, owing 
to the fact that the abrasive cuts the surface very slowly, it is 
because that particular engine has a very hard alloy steel valvfe. 

The valves should then be refaoed on a refacing machine 
(pane 775) binding type preferred; this will eliminate a go^ 
deal of work. 


Note. For later Informatioa on the sxibjeot of eafsM, tervicing and eguipmeni —write for free literature mentiohed under **Valve^ 
p. 601B, and “Fohrs r^condiHoning,** p, 604, and 775. See p. 1070A for *'Silcrome and Addenda p. 01 for "'Aircraft engine 

este.'* _ _ 
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Where hard aUoy steel or Tuantea TalTet are uted« they caa 
be ground if a good valve-grinmng compound is used for the 
purpose; but if they are badly pitted, they should be refaoed. 
The usual practice is to grind them on a valve>grinding machine 
or to place them in a lathe and emery them down with special 
devices for the purpose, or to use fine emery cloth on a block, 
while a valve is rotated at a high speed. 

Valves for replacement» in standard sisee and oversise (see 
page 776A) of various makes can be obtained of automotive 
supply or equipment jobbers. 


Valve-Stem Ends or Tips 

There are five types of valve-stem ends 

namely, slot (S), drilled (D), grooved (G), 

(T), and taper grooved (TG). The ends or tips of 
valve^stems are usually hardened and beveled to a 
30® or 45® angle to a distance of for valves less 
than 2|" dia., and A" for larrer valves. On some 
of the steel vmves tne heads alw are hardened. 


(Fig. 54) 
threaded 



Fig. 54. Valve-stem ends or tips; Fig. 55. Valve-head slots 
or holes. 


Vahre-head slots or holes. To facilitate the regrinding of 
valves and valve-seata, either a slot is milled or holes drilled 
in the valve-head (Fig. 55). The holes range from to IJ" 
apart, depending on the size of the valve. 

Valve-head faces are beveled at either 45®, 30®, or 60®—usu¬ 
ally 45®. 

Fig. 55A. The S.A.E, recom¬ 
mended practice specifies a 45“ 
bevel on valve-face and seat. 

The illustration shows how the 
depth and diameter of valve-face 
compares with valve-seat. 

The small diameter of valve- 
face (B) is always a little less than 
the small diameter of valve-seat 
(A); also depth of valve-seat (D) 
is always less than depth of valve-face (£). 




Fig. 56. B, small di¬ 
ameter of valve-face; C, 
overall diameter of valve- 
head; L. distance from 
top of valve-face to tip of 
vaive-stem; M, distance 
between holes for valve 
g^der tool; N, distance from center of hole for spring retainer 
pin to tm of valve-stem; O, drill size of hole for spring retainer 
pin. (Note: If a slot or groove is used, give complete dimen¬ 
sions on a sketch.) S, valve-stem diameter. Also mention 
port dia. of valve-seat (see A, Fig. 65A). 

The valve dimensions of a finished standard Ford model 
T-valve for the intake and exhaust are as follows: B, to 

lA"; C, lit" to lii"; L, 5" (approximately); M, J''; N, iJ to 
ir': O. No. 31 drill (.120"); S, .3100" to .3115" (about ^"). 
Width of valve-face is A"- 

When installing a finished valve, it should be 
lapped or ground to a tight seat. 


Reconditioning or Replacing a Valve 

Some of the valve manufacturers advocate the 
replacement of a new valve instead of reconditioning 
the old one. The reason given by one manufacturer 
is that after a valve has been used for several thou¬ 
sand miles service, if subjected to an acid etch,^ quite 
often fatigue cracks are revealed around the diam¬ 
eter of the head, penetrating toward the center of 
the head and through the face of the valve. 

In a great many instances this can be removed by 
refacing, but if the refacing operation does not 
penetrate to the bottom of the crac^ks and the valve 
IS put ba(‘k into the engine, the cracks will start to 
lengthen further. 

The manufacturers of valve refacing machines 

claim that a valve can be reconditioned and will be 
as good as new. 

It is better practice to replace valves with warped or bent 
stems, as it is difficult to etraighten a bent stem so that it will 
not bind if a really good fit in the guide is desired. 


Valve Dimensions 

When ordering a valve which cannot be identified 
by stock number, model of car or engine, the most 
important dimensions, which are given below, should 
be specified. A sketch avoids mistakes. Aik) men¬ 
tion the angle of valve. Most valves have faces of 
45® an^e. 


Any valve-stem that is worn so that it has a clearance in the 
valve-guide of .008" or over should be replaced. A new valve- 
guide bushing does not correct the worn stem (see page 77()A). 
A properly fitted valve has but .0025" to .003" clearance. 

The repairman should carefully examine the valve. In most 
instances the probabilities are the valve can be refaced and 
made as good as new if it is not too far gone. 

Methods for refacing valves and reseating valve-seats will 
be taken up in the next subject. 


RECONDITIONING VALVES AND SEATS BY REFACING VALVE-HEAD FACES AND 
RESEATING VALVE-SEATS (POPPET TYPE) 


Refacing Valve-Head Faces 

If valve-faces are warped, burned, pitted, or worn 
until shoulders or grooves appear (as greatly exag- 
i^rated. in Fig. 57) seating on the surface (A), with 
lidges (B) and (C) on either side of the seat (A), it 
's manifest that we must remove these ridges beifore 
we can commence to grind the valve in place. 

It might be wen to say right here that the valve seat (D), 
(fig. 5^, is usually narrower than the seat of the valve-head, 
«(0 that if there is any grooving to be found, it is almost certain 
V) be exclusively confined to the valve-head as shown. 



Fig. 57. An ex^ 
gerated illustration 
showing how ridges 
may form on valve 
from wear. 


Fig. 68. Ridges can be removed with a file. The modem 
method is by nmans of a valve-head refacing machine. 


Ridnes can be removed with a file by holding the 
valve-nead in the fingers, as shown in Fig. 58, and 
with very short strokes work roimd and round the 
valve, but the quicker and more accurate method 
would be to reface the valve on a Tracing machine 


which will also remove any other defects and also 
true the valve-head seat with stem. 

Very likely too, if valve-head is in bad shape, the 
valve-seat is also and it should also be reseated, as 
will be explained farther on. 

The illustrations (Figs. 57, 58) are taken from the Clover 
booklet and are intended for those not equipped with machines 
suitable for valve refacing; but in either case the valve should 
be ground or lapped to a seat afterwards. 

Many shops have adopted the practice of refacing 
valves on a refacing machine and then grind or lap 
them to a fit afterwards. 

Valve-heads can be refaced on a lathe, or hand 
refacing tool, or by an electric-motor-driven grind¬ 
ing machine. 


See page 776A for valva-stem guides, oversize valves, etc., 
formerly on this page. 

* By boiling in a oom^und consisting largely of sulphuric 
and hvdroohMo add, tne add eats away segregations and 
other impuritioe in the steel which fill fordng or fatigue cracks 
that are not visible otherwise. It is usually Hot possible for the 
repairman to tUteot cracks in a valve until they open up. 
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The hand-t^rpe refacing tools are shown in Figs. 
59 and 60, which cuts the face of the valve as on a 
lathe. The hand type grinder shown in Fig. 61, and 
the electric-motoiMiriven valve refacing machines, 
Figs. 62, 63 grind the valve face. 

Always clean valve thoroughly before refacing 
and never grind off so much of the metal that a sharp 
edge is formed. After refacing valve lap or grind 
to a perfect fit. 


Fig. 59. The Sioux valve-head refacing tool No. 304, to be 
held in a vise. It is made with cutters for valve-faces with 45®, 
60®, and 30® angles. Removes carbon pits, etc. 

Fig. 60. The Sioux valve-lathe No. 600. Refaces valves of 
either 45®, 60® or 30® angles. Will cut Tungsten valves also. 


Fig. 61. A hand-driven 
type valve-face grinding ma¬ 
chine. Grinds valves to any 
bevel desired. Grinds hard 
Tungsten valves also. When 
not being used as a valve 
grinder, this machine can be 
quickly converted into a tool 
and drill grinder. 



Fig. 62. An electric-motor-driven valve-face grinding ma¬ 
chine .2 M, electric motor; 3, switch; E, emery whed; V, 
valve to be ground; 1, 2 and 4 are for positioning the valve (V) 
with wheel (E). 


Fig. 63. An electric-motor- 
driven valve-face grinding ma- 
chine.s This machine is oper¬ 
ated wth two electric motors. 
One of them drives the grinding 
wheel at 3,450 r.p.m., and the 
other operates the work spindle 
through a gear reduction, mak¬ 
ing a final speed of 430 r.p.m. 


Valve-face grinding machines will reface valves at any angle 
and true up the face of the valve with the stem which insures a 
perfect joint between valve and seat. A tungsten valve can 
also be refaced in 20 seconds. 

The ends of valve-stems and valve-tappets can also be ground 
on machines of this kind. Many of these machines will also 
grind the valve reseating cutters and are equipped with attach¬ 
ments to clean carbon from the valve-stems before refacing. 

^ See page776B for valve-stem clearance, formerly on this page. 

> Some of the manufacturers of valve grinders, 

cutters and reamers are: Albertson & Co., Sioux City, 
la. (Sioux); Black & Decker Mfg. Co., Towson, Md.; Cedar 
Rajnds Eng. Co.. Cedar Rapids, la.: 






and auto 

supply houaer SeepaM714,790B where to obtain 

reamera for ^Hgning bearings. * Made by Black A Deoker. 


Fig. 64. The McCuUough valve 
reseating tool consists of a carbo¬ 
rundum cloth cone held to the face 
of the valve as shown. The valve 
is used just the same as a reamer, 
the cloth cutting the seat in the 
valve seat of oyhnder at the same 
bevel as that of the valve-face. 
Emery cloth or sandpaper will do 
quite, as well, but will not last as 
long. 

Many mechanics clean carbon 
from valve-seats before lapping in 
or grinding the valves, by cutting a 
piece of carborundum cloth (about 
No. 60), then cutting a hole in it, 
and placing the pilot stem of a 
valve-seat reamer through it. The 
edge of the reamer will turn the cloth (rough side down) and 
clean the valve-seat. The valve-head face can be cleaned in 
the same way with the roi^h side of cloth up, holding the edge 
to keep it from turning. Turn valve in one direction. 

Tools for Reseating Valve-Seats’ 

To obtain a satisfactory job of valve fittiag, it is 

essential that the valve-head be faced true with relar 
tion to the valve-stem, and it is equally important 
that the valve-seat in the cylinder olock or head be 
true in relation to the valve-stem guide and that a 
narrow seat of even width, square and central with 
the guide be obtained. 

If valve-seats are pitted, burned or crystallized 
with scale and hardened, or if they have worn ex¬ 
cessively deep or wide, which in many cases is wider 
than the valve-head face, by constant hammering, 
then it is advisable to reseat the valve-seats 



If valve-stem guides have previously been reamed oversize, 

a reseating tool with an oversize pilot should be used. The 
valves are then ground or lapped to a tight seat. 

There are a number of different kinds of valve 
reseating devices. 

reamers or cutters (R) shown in Figs. 65-65B. 



Pilot stem (P) is placed through the hole in cutter or reamer 
as in Fig. 65. The pilot stem is then placed into the valve-stem 
guide hole (H), and reamer (R) on to the valve-seat. The pilot 
stem should fit snugly in order to insure a valve-scat that is 
true in relation to valvenstem guide. 

Pilot stems to fit valve-seat cutters or reamers come standard 
size, over-size, and under-size. Valve-stem guides vary even 
in new engines as much as .001" to .003": hence the heed for 
under-size pilots. Valve-guides wear and thus over-sizes are 
necessary. Pilots should fit just tight enough to "drag" lightly 
when inserted or turned. The reamer shown in Fig. 65B is a 
type with two cutting faces: the coarse one (R) for "roughing-in" 
and removing the hard glaze, and the other (F) for "finishing." 

Before reseating, the valve-stem g^iide hole should be 
cleaned. The best method for doing this is to first run a steel 
brush through, or a valve-stem guide reamer of standard size 
which will not enlarge the hole (do not confuse this with an 
oversize valve-stem guide reamer). See also page 776A. Steel 
brushes can be had for use with portable, electric drills. See 
Fig. 76A, page 776D. 

Cutters and pilots are operated by hand. To operate, place 
pilot in valve-stem ^uide hole and press cutter to valve-seat 
and rotate as shown in Fig. 65A. 

Valve reseating cutters or reamers are used to reseat the 
valve-seat by a milling process. 

Cutters or reamers have different kinds of cutting faces. 
Usually, a coarse-faced one is used first to remove the scale or 
hard glased surface from the volve-eeat, termed roughing in." 
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Then a 15* and 75* reamer is used to bring the seat down to 
the proper if^idth. 

Then a finer faced one. usually a 45® reamer, is used to remove 
pits and irregularities and for finishing the valve-seat to a 
polished finish, after which the valve is lapped or ground to a 
hair-line seat in the valve-seat. 

This last-mentioned reamer usually has a 45® angle of 
cutting face, because most of the valve-faces and valve-seats 
are originally cut to a 45® angle. There are, however, some cut 
for 30®, and 60®, and cutters or reamers can also be had accord¬ 
ingly. 


How Valve-Seats Are Reseated 

As an example, the Sioux method will be used. Quoting 
from their instructions, we read as follows. 

In reaming valve-seats mechanics often find difiBculty in 
centering the reamer over an uneven valve-stem guide hole. 

When this happens use oversize pilot stems, as it is necessary 
to recut the valve-seat to get it into alignment with the guide 
hole. 

After using the finishing reamer, it is usually found that the 
seat is wider on one side tnan on the other. 

To bring the seat back to its original condition, use the 15® 
or 75° reamer, or both. The 15® reamer will recess or narrow 
the top of the seat on the outside, and the 75® reamer will narrow 
the bottom of the valve-scat inside. 

To get a more accurate job on the seat, follow the method 
as shown in Figs. 66-66D. 



Fig. 66 Fig. 66A Fig. 66B 



Fig. 66C. Fig. 66D 

Fig. 66. First operation: Use the coarse or roughing reamer 
.o remove the crystallized hard glazed surface. (This comes in 
30°, 45°, 50° and 60° angles, usually 45°. 

Figs. 66A, 66B. Second operation: Use either the 15° valve- 
•eat reamer (Fig. 66A) or the 75° valve-seat reamer (Fig. 66B) 
»r both, to bring the valve-seat to center of valve-face. 

The 16° reamer narrow’s the valve-seat from the top. The 75° 
reamer narrows the valve-seat at the bottom. (The 15° and 
75° reamers are nicked-toothed. The teeth are so arranged that 
one cut overlaps the other, thus leaving no ridges.) 

Fig. 66C. Third operation: Use the valve-seat finishing 
reamer very lightly. To get a mirror finish on valve-seats use 
kerosene or gasoline mixeilwith oil, on “finishing reamer" only. 
(This finishing reamer comes in 30°, 45°, 50° or 60° angles 
usually 45°, as most valve-seats are cut at this angle.) 

Fig. 66D. Fourth operation: Lap the valve lightly with fine 
valve-mnding compound to get an impression of valve-seat on 
valve-face and to check your work. 

The valve-seat when finished should have a seat a little leas 
than yi", or not over z**" width, and on engines with small 
valves, the seat should not be over in width. 


see that the valve seats properly, and also to see that 
valve-stem guide hole is in proper alignment. 

Before reaming, it is necessary to see that the pilot stem fits 
snugly in the guide hole to assure a perfect job and to eliminate 
the possibility of the reamer wobbling or traveling. 

If the guide hole is larger than the standard pilot stems, over¬ 
size or undersize stems can be obtained to .001", .002", .003", 
and .004" on any size at same prices. 

When ordering 15° and 75° valve-seat reamers the 15° should 
be approximately 4" larger than the valve-head, and the 
75° in most cases should be approximately one-eighth inch 
smaller. 

A perfect seat is assured when a white line extends dear 
around both the valve and the seat, when giving the Frussia i 
blue test. The w-idth of the line is immaterial, but the narrower 
the line, the better the compression will be, because the e is 
less area for the pressure of tne valve-spring to act on. Hr)\\ - 
ever, it is not well to have the ring too narrow, especially on 
large valves with heavy springs. 

When reseating valve-seats, the novice must be 
careful not to cut too deep into the seat and thereby 
lower the valve-seat and stem. Always adjust the 
valve-clearance after either grinding or reseating 
valves (also check valve timing). 

It will sometimes be noted that valve-stems 
seem to wear very much on one side. This may be 
caused by one or more things, viz.: (1) the hole is 
not concentric with the valve seat; (2) the top of 
the valve lifter is not at right angles with the valve- 
stem, wedging it off to one side: or (3) the same may 
be true of the valve-head on tne stem of the valve; 
(4) sometimes the guides are not reamed square with 
seats. These troubles can be remedied by grinding 
the valve-face and reseating the valve-seats and on 
(4), by replacing valve-guide. 

Check and adjust valve-clearance after lapping, 
grinding or reseating valves as this clearance is very 
important as explained under the subject of valve- 
clearance. Also check valve timing; page 773. 


Valve-Seat Grinders 

Valve-seat grinders^ were introduced originally to 
CTind hardened valve-scat inserts which could not 
be cut with the reamer. Inasmuch as the grinder 
will also recondition cast-iron valve-scats it is now 
used extensively for reconditioning all kinds of valve- 
seats and produces a fast cutting, mirror finish. 



Btecl valve-seats or for stellite 
serts. 


Fipt. 07. The valve-seat 
grinder is an abrassive grinder 
Stone driven by a portable 
electric drill and universal 
joint (not shown). A pilot is 
provided for placing in the 
yalve-fitem guide whfle grind¬ 
ing to insure the seat neing 
true wth relation to valve- 
stem guide. Stones are ob¬ 
tainable in angles, sizes, and 
grades to suit cast-iron orsoft- 
and hard steel valve-seat in- 


Valvc-Seat Inserts 

Valve-seat inserts. Since the advent of the high 
compression engine, hardened valve-seat inserts have 
come more into use and are now standard on a num¬ 
ber of engines, especially for the exhaust valve-seat. 
In some rare instances engine manufacturers are 
using cylinder blocks of special alloy. 


As stated in the fourth operation, the valve-head 
should be lapped or ground lightly into valve-seat 
after having reamed the seat and refaced the valve- 
head. Th£ is necessary in order to check the work 
before assembling parts that were removed and to 


1 Conceras manufacturing valve-seat ^nders: Albertson A 


iveyswue jcveamer cc looi \>o., 
Millertburg, Pa.; Van Dorn fclectrio Tool Co., Towson, Md.; 
Van Norman Machine Tool Co., Springfield, h^ass. 

See page 776C for valve-aprings, tormerly on pagft. 
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Tlie advantage of inf erted valve-seats, it is claimed, is longer 
life of tbe vslvoiseat and less freouent valve tappet clearance 
a^ustment, especially in modern high-speed, high-compression 
engines where run for long periods at full throttle opening. A 
good seat retains compression, therefore saves gas. 

Valve-seat inserts are made of hardened steel of various 
sorts, such as stellite, molybdenum chromium material, etc. 
They maintain hardness at red heat, consequently resist burn¬ 
ing and pitting action. They are also made of steel not 
hardened which do not necessarily require a valve-seat grinder 
to reseat them; also cast iron of a special close grain, tot^h 
material. These are recommended for intake valve-seats which 
do not beat down and wear as rapidly as the exhaust seat and 
also for economical reasons. 

Replacement valve-seats. When cast iron valve-seats have 
become worn or damaged beyond reconditioning a recess can be 
cut in the cylinder block by means of a tool» made for the pur¬ 


pose and inserting a replacement Valve-seat into the recess; one 
popular method is to drive it in place and peen the metal around 
it.^ This restores the valve-seat to its former devation and re¬ 
tains the standard size valve-head. 

Hardened valve-seats can be refaced by means of valve-seat 
grinders which will also true-up the seat concentric with the 
valve guide. When necessaiy to replace a valve-seat insert 
an oversize insert of A" or visually installed. 

Valve-seats should be checked when a valve job is being 
done, with a valve-seat gauge. 


1 Concerns manufacturing tools for installing valve-seat in¬ 
serts are: Albertson & Co., Inc., Sioux City, la,; Cedar Eapids 
Eng. Co., Cedar llapids, la.; Hall Mfg. Co., Toledo, O.; K. O. 
Lee & Son Co., Aberdeen, S.D.; W^er Tool Mfg. Co., Los 
Angeles, Calif. 


RECONDITIONING VALVE-STEM GUIDES, OVERSIZE-VALVES, AND 
VALVE-TAPPET-GUIDESi 


When valve-stems become badly worn, it is almost 
a certainty that the valve-stem guide, or hole 
through which the valve-stem passes, is worn out of 
round. This permits air to be drawn through the 
inlet valves wnen they are open, which causes an 
imperfect mixture, resulting in bad starting, poor 
idling, and noise. 




Fig. 69 (left). Exag¬ 
gerated view of a worn 
valve-stein guide (SG) and 
valve-tappet guide (TG) 

.. wear in an L-liead valve- 
engine. The same apoHea 
to an overhead valve- 
engine. 


Dirw (right) shows how air is drawn into 

. 110^01 mixture during suction stroke. 


and in this construction, if valve-stem or valve-stem 
guide is worn, the guide is reamed larger, and a 
valve with an oversize stem is put in. 

For esunple: In the case of a valve-stem whose diameter is 
I" (reading decimally .375; u.se a R'' reamer. Oversize stems 
are generally made approximately .003" under the standard 
reamer size to allow for clearance. 

Extreme care should be exercised, in fitting over¬ 
size stems, to be sure that they work freely in the 
guides. If they are fitted too close, they are liable 
to ^‘seize^^ or stick. 

Valve-guides on some engines are a part of the cylinder cast¬ 
ing. Reaming and lilting oversize valve-stems is the first re¬ 
course. Afterwards, if already oversized, valve-guide bushings 
can be obtained which can be installed by enlarging the guide 
hole. 

The valve-stem guides should come in absolute 
alignment with the valve-seat, and valve-stems 
should move freely. 


A properly fitted valve-stem in the valve-stem 
guide should have .0025" to .003" clearance. 
Warped or bent valve-stems will cause valve-guides 
to wear rapidly. 

It is also better practice to replace valves having 
bent or warped stems with new valves, as it is 
difficult t-o straighten a bent stem so that it will 
not bind in the valve-guide. 

If valves are warped or badly pitted or if the valve- 
stems are worn to more than .008" clearance be¬ 
tween valve-stem and valve-stem guide, install new 
valves. 

To check valve-stem guides for wear, insert a 
new valve-stem in valve-stem guide and check the 
clearance. If there is more than .008" clearance 
between stem and guide, the valve-guide should be 
reamed with an oversize reamer, and valves with 
oversize stems fitted. See next column for explana¬ 
tion. 

On many engines there are valve-stem guide- 
bushings which can be renewed when worn or "out 
of round," and reamed out for a new valve, which is 
fitted at the same time, and then the valve is ground 
to a seat. 

If new valve-stem-guides are installed, use stand¬ 
ard size valve-stems. However, it is usually more 
economical to ream out old guides than to replace 
them. If new valve-guides are installed, it is neces¬ 
sary to use a valve reseating tool, as the new guides 
may not come in absolute alignment with the valve- 
seat, causing the valve to bind. By the use of a 
reseating tool with a pilot, the valve seat will be 
brought concentric with the new valve-guides and 
proper valve functioning will result. 

Some valve-stem-guides are not bushed, but are 
simply drilled passages in the metal of the engine, 




Fig. 69C. Oversize valve-stem ^ide reamer (Sioux) for 
reaming A" oversize on all sizes of valve-stem guides, especially 
designed for reaming outworn valve-guide holes. Its pilot 
guides the reamer and prevents it from following the worn part 
of hole. Made in the following sizes; 

H—For reaming ^ over A in 
H—For reaming ^ over in 
Is—For reaming ^ over g in 
II—For reaming ^ over H in 
If—For reaming ^ over in 
II—For reaming ^ over 18 in 
II—For reaming ^ over | in 

Standard size valve-stem ^ide reamer (Sioux) is especially 
designed for cleaning out vmve-stem guide holes without in¬ 
creasing the size of the holes. Do not confuse this standard 
size reamer with the oversize valve-stem guide reamer. With 
this standard size reamer there is no chance of increasing the 
size of the valve-stem guide hole. This reamer of course, is 
for use where the holes are not so badly worn as to require re¬ 
fitting with oversize valve-stems. 

Concentricity of Valve-Stem Guide and 
Valve-Seat Important 

When reaming valve-stem ^des, it reauires very careful 
operation with a valve-stem guide reamer to imtain concentricity 
between the bore of valve-guide and the valve-eeat in the block. 

A simple test to tell if valve-^de bore is concentric with 
valve-seat in block or head is to arop valve into guide hole and 
let it seat; then tap sharply with fin^r; if there is a dull, solid 
sound when valve head is tapped, it indicates that valve-guide 
bore is concentric with valve-seat in block. If a rattling or 
clicking kind of sound is heard, it indicates that valve-guide 
bore is not concentric with valve-seat. 

Oversize Valve-Stems and Heads 

Oversize valve-stems are necessary when worn 
valve-stem-guides are reamed oversize. The stand¬ 
ard oversize valve-stem is (or, in other word>^, 
the valvc-stem-guide is reamed oversize). 


1 S.A.E. nomenclature terms this "valve-lifter guide." 
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ValTev can be obtained with and A'' OTersixe sterna: 
they can also be obtained with standard size stems and A'' 
oversize heads: also oversize stems of and with heads 
oversize. When valve-seats are worn so that valve-head 
is too small, an oversize valve»head should be used. 

Where valves are of the overhead type with rocker arms, the 
bushings in the rocker arms must sometimes be renewed to 
relieve noise or to avoid too much side thrust on valve-stem 
causing excessive wear on stem and guide. 



Fig. 70. A valve-guide reamer. When reamin|r the valve 
guides it is necessary to ream true; therefore a guide is neces¬ 
sary. The guide is shown clamped to the cylinder block. The 
reamer is then passed through the guide and turned by a hand 
tap-wrench. 

Fig. 70A. An oversize valve-stem which must be fitted when 
a valve-guide is reamed. 

Fig. 70B. One method of truing valve-tappets, when worn 
is shown in this illustration. If valve-tappet admsting screws 
have hollows pounded into their ends, they can be ground flat 
by placing in a chuck of a drill press and running them agaiust 
an oil stone, or grinding them in a grinding machine. 

Fig. 70C. Valve-tappet guide puller can be made of a short 
section of 2" iron pipe, or any size larger in diameter than the 
guide. A washer is then placed over the top of the pipe. A 
bolt which wrill go through the guide hole, and two nuts, will 
complete the puller. 

Worn Valve-Tappets and Guides^ 

Valve-tappet guides usually wear out of round as 

a result of the cam striking lower end of valve-tappet 


in one direction (see Fig. 69). Thus in time wear 
will be such that at each time the cam strikes the 
tappet to raise it, the tappet is thrust to one side 
of its guide, and a clicking noise will result. 

remedy is eithei tc pui: in new valve-tappet 
guides and tappets, or to ream out the old tappet- 
guides (whicii are usuaLy removable) and fit over¬ 
size tappets. 

(On the th£ valvo-tappct guide is noc removable but 
guide bushings can be obtained and in.stalled by enlarging guide 
hole.) 

To check valvt-push-rod or tappet clearance in tappet-guide 
on the insert a new tappet. It there is more than .006" 
clearance between tappet and Kuide, the guide should be reamed 
with a reamer and oversize tappets in£talled. 

Pig. 70D. Ilhustration showing a detach¬ 
able valve-lifter (or tappet) guide (16), valve- 
lifter (or tappet) (15), valve-lifter (or tappet) 
roller (.14), valve-lifter (or tappet) guide 
clatrjp (IS), valve-stem guide busnings (17), 
valve stem (V). 

Noisy Valve-Action 

There are three points in connection 
witli valve operation where a clicking 
noise may occur, a.s follows: 

1. To(^ great a clearance between valve-stem 
anil valve-tappet. 1 
2 Worn valve-tappet-guides.^ 

3. Viilve-spnngs too strong. 

4 Flat X oilers and worn pins. 

The best way, jicrhaps, is to go about it in a 
systematic marner, starting with the most likely 
sources, as, for instance, in the valv^e-stem-olearance. 



VALVE-STEM CLEARANCE 


The adjustment of valves for the proper clearance 
between the end of the valve-stem and the top of 
the valve-tappet^ is very important. Tho 
clearance to give is on page 58, (see also 

page 1054). To get the best results, the 

engine should be warm when making the adjust¬ 
ments. After adjusting valve clearance it is fflso 
advisable to check the valve timing if engine has 
been in service for some time and parts are worn. 

This subject is fully dealt with on pages 57-59 
therefore only some of the effects produced 
by improper valve-clearance will be dealt with here. 
All example of what is meant by proper valve clear¬ 
ance is shown in Fig. 71. 

Proper adjustment of ^e valve-tappets will help 
in reducing file noise which invariably occurs when 
there is any wear, as a result of the increased space 
between the valve-stem and the valve-tappet. 

The proper space between the ends of the push- 

rod (aL^ called valve-tappet and valve-lifterO and 
end of valve-stem is as explained on pages 57-59 
The smaller the space, the less the noise; 
but sufficient space must be allowed to provide for 
expansion when the engine is warm and for irregu¬ 
larities in the shape of the cam or roller. See page 
57 which explains the ill effect of setting the valve- 
stem clearance too close, which results in burned and 
warped valves. 

When the ends of the valve-stem and tappet wear. 

the clearance between them becomes greater ana 


1 The S. A.E. automobile nomenclature approves the use of the 
term "valve-lifter," which is correct. Inasmuch, however, as 
some manufacturers use the term "tappet," others "push-rod," 
we have used all these terms in this book. 

* S.A.E. automobile nomenclature terms this a "valvo-lifter 
•niide." 


valve-lift gradually becomes less. If the wear on 
valve head and its seat in cylinder block is more 
rapid than woai ou stem eiul,‘gradual clo.sing up 
of valve clearan( e is - htained which sometimes re¬ 
sults in the valve riding open and leakage and 
frequently burning of valve. 
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Fig. 71. At (A) the correct clearance is shown which permits 
the valve to seat properly. 


At (B) is shown how excessive valve-clearance reduces the 
valve lift as the push rod must travel the distance indicated by 
the arrows before the valve starts to open. 


(C) shows the full opening of the valve with proper clearance. 

(D) shows the reduced lift due to excessive clearance. 


(E) shows the proper closing of the valve with proper clear¬ 
ance. 


(F) shows the effect of excessive clearance on the closing of 
the valve. The excessive clearance shown at (B) causes the 
valve to open late and also causes it to close early as shown at 


^metirnes only one or two valves may need 
adjustment, while others may be in good shape; in 
such cases there will be a clicking sojmd at regular 
intervals. 
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The repairman can generally find a tappet that is 
badly out of adjustment in a very short time by 
simply working the tappets of each cylinder up 
against the valve-stems and down agmn, with his 
fingers, while the pistons of the respective cylinders 
are on their compression strokes. 

Another plan is to place the blade of a thickness 

f auge under a suspected valve-stem, as shown in 
ig. 72, and when the noisy one is found, the inser¬ 
tion of the tool will cause the clicking to cease 
abruptly and the valve will remain quiet until the 
tool is removed. 


Adjusting Valve-Clearance 

Minimum clearance can be given engines which 
run cool and where short runs are made and where 
quietness is desired. 

Maximum clearance should be given to engines 
which have a tendency to run hot and where long- 
continuous runs are made. See also page 57. 

Adjustable valve-clearance means that a valve 
tappet adjusting screw (S) (Fig. 72) is provided 
which can be raised or lowered, and thus will adjust 
the clearance or gap space between the end of valve- 
stem and tappet. The nut (N) locks the screw 
after adjusting. 


The valve should be fully seated and the valve 
tappet should be on the heel of cam when adjusting 
valve-clearance. (See also Figs. 1 and 2, page .58.) 

To test or adjust valve-clearance, the best plan 
is to use a thickness gauge' and follow instructions 
above and also as given on pages 57-59. 

* In the absence of a thickness gauge, a piece of paper of proper 
thickness, as at (C) (Fig. 72A) can be used. It is slipped be¬ 
tween the ends of the stem and tappet; the lock nut is looseneil, 
and the screw is screwed up or outward until it just begins to 
pinch the and prevents it from sliding about as readily 
as at first. Paper is then removed and the nut tightened. 

Such a method is little more than gueaswork, however, be¬ 
cause paper varies in thickness. The average thickness of 
newspaper is approximately .00275" and the approximate thick¬ 
ness of this sheet of paper is .002'' to .0025" (the thickness of a 
postal card is approximately .(X)9"}. The best method is to 
use a thickness gauge. 


Fig. 72 (left). Ad¬ 
justing valve-stem 
clearance between 
end of valve-stem 
and tappet with a 
thickness gauge. 

Fig. 72A (right). 
A piece of paper (C) can be used if nothing else is available, but 
is not recommended. 



Wben both the inlet and exhaust valves have been 
adjusted, each one should be individually tested or 
checked 


This is done by sliding a thickness gau^e 

back and forth as the engine is being turned slowly from 
the closing to the owning points of each valve. (The marks on 
the flywheel may oe to advantage in this operation if 
accessible.) 


When adjusting valve-clearance, remember that 
if no space at all is left between the valve-stem and 
the tappet, the valve will not seat properly; and a 
burned and warped valve will result as explained on 
pages 57, 58, w hich causes missing, sluggish pick-up, 
loss of power, inability to idle ana waste of gasoline, 
therefore, it is important to get the distance exact. 

Non-adjustable valve-clearance means that no 
adjustment nuts are provided 

Therefore when the clearance is too great, new 
valve-stems and often tappets also must be installed, 
or valve-adjusters can be used as explained below. 


9 Mtemm m 


Fig. 73 (left). Valve- 
clearance adjusters for 
non-adjustable tappets: 
When the space between 
the end of the push rod 
and the end of tne valve- 
stem is too great then a 
clicking noise occurs. 

adjust¬ 
ment is remedied either by installing new valves or by using 
adjusters, as shown in this illustration, which are made of sted 
lined with fiber. These can be secured of supply houses. 



Fig. 74. If the end of a valve-tappet (non-adjustable type) 
becomes worn with a depression in the end of the tappet, this 
would throw the valve out of time if clearance was measured 
with thickness on the top or sides of the depression. Install a 
new tappet, and also a new valve-stem. 

If the end of a valve tappet (adjustable type) becomes worn, 

which is in the form of an adjusting screw (see S, Fig, 72) it can 
be ground flat as explained in Fig. 70B. 


VALVE SPRINGS 


Valve-springs are usually made of chrome- 
vanadium steel, also of good carbon steel of the 
proper analysis and physical properties. 

Weak or broken valve-springs will cause trouble, 
such as missing, overheating, and burned valves. 



Fig. 75. To test for a weak exhaust spring, 
insert a screwdriver between the coils, thereby 
increasing the tension. If missing stops, then 

put in a new one. 


Valve-springs may become ^^permanent set,’’ that 
is, the shortening of the spring after long service 
which results in a reduction in a pressure on valves. 
Test length with a new valve-spring. 

Note. On some engines the intake spring may be lighter and 
less tension than exhaust valve-springs. 

If the springs of the exhaust valves become weak 

from use or heat, the pistons will draw burned gases 
into the cylinders, past the valves with the incoming 
gasoline charge, giving an improper mixture. 

The reason why an explosion from a weak exhaust spring 
/nisses is, that when the throttle is closed, the piston cannot get 
mtn)h of a oharge, and consequently it sucks tne exhaust valve 
open and draws baok some of the burned gases, which spoils 
toe small charge in the cylinder, causing misfire. 

*Valve-stem clearance on present day high-speed, hjgh-coi 
non to use anything but an accurate tkielmeaa or ' feeler" ffouge. 


A stronger spring will sometimes close valves that 
have a tendency to leak. 

Valve springs that are too stiff, however, are to be 
avoided, because they may close the valves with 
so much force as to break the stems at the key, or 
the heads from the stems, and it is a certainty that 
the seats will be poundea out of shape, even if the 
valves do manage to stand the constant hammering 
action. An excessively stiff spring consumes power 
which might be used to a better advantage, and 
th^re is also considerable noise. 


1 If val^^e tappet or rocker arm has a depression worn in it, 
as in Fig. 74. first grind Or face off, otherwise clearance will not 
be correct; that is, it will be more than the gauge thioknesa. 
reasion automotive gaaoline engines is t oo important on operas 
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A weak Inlet yalYe-spring usually makes itself 
evident by the mixture back-firing into the carbu¬ 
retor. Springs too weak to hold the valves on the 
cams wUl also produce clattering noises, owing to 
belated seating of the valves. 

The tension of a weak valve-spring can be increased by 
.means of a washer placed on the end of valve-spring (opposite 
to valve-spring retainer). 

The best plan is to install new valve-springs. 

One of the most important features necessary to 
obtain increased power is good valve action. VaJve- 
springs are cheap, and it pays to install a new set of 
valve-springs occasionally, even if the old ones do 
not seem to be worn. Lively springs close the 
valves promptly, and this is especially necessary if 
the engine is to be run at high speeds. If it is to be 
used for racing and the last ounce of power is desired, 
it may be advisable to use special valve-springs 
that are stronger than the regular type, but such 
springs are more prone to break valves and more 
noisy. 

Double or auxiliary valve springs consist of a light sprina 
within a heavy one, which increases spring pressure at the liign 
peak valve opening, causing the valve closely to follow the valve 


actuating mechanism when dosing, reducing the lag. It is used 
on several makes of oars. 

On some en^nes the spring on intake valve may be lighter and 
have less tension than exhaust valve, spring. 

Replacement springs should be obtained only from the manu¬ 
facturer of the car or engine, to assure their conforming to the 
quality and tension strength originally intended. Springs of 
improper design often cause serious troubles. 

Fig. 76. When the enmne is over¬ 
hauled, the old valve-springs can be 
tested to see that they have not weakened, 
and whenever a new spring is put in, it 
can also be tested. The illustration shows 
a simple means of determining whether a 
spring is in good condition or not. 

The apparatus consists of a bracket in 
which is mounted a valve-guide, valve, 
spring seat, and retaining key. Two 
marks are placed on the valve-stem, 
one indicating when the compression of 
the spring is zero, and the other when it 
has been compressed a certain amount, 
say The number of pounds re¬ 
quired to compress the spring I" may 
be ascertained by testing a new spring 
known to be of the proper tension: then 
compare the test of the good spring with 
the old one. The pedal is depress^ and 
the valve is raised until the lower mark on the valve-stem is on 
a level with the top of the valve-guide, at which time the pull 
as registered by the spring scalas should be that of a good spring 
tested previously in the same manner. 
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VALVE RECONDITIONING AND CARBON REMOVING EQUIPMENT AND OPERATION 


Carbon removing and valve-grinding are service jobs that 
are probably done more than any other service operation. In 
order to do the work efficiently, proper equipment and a system 
to follow is necessary. 


Seven Steps of Reconditioning Valves 

The seven ma^ steps in reconditioning valves, assuming 
that the compression test indicates leaky valves, are as follows: 

1. Test compression. 

2. Remove carbon. 

3. Clean valve-guides. 

4. Reface valve-seats. 

5. Reface valve-faces. 

6. Test valve in scat. 

7. Test compression again. ^ 


Equipment For Reconditioning Valves 

1. Compression gauge (Fig. 27A, p. 7Q7)_ is necessary to first 
for leaks. 


2. Carbon-removing outfit which will do the work in minimum 
time is a good investment, such as an electric drill with wire 
brushes as showm in Fig. 76A. See also page 763. 

3. Portable work bench, with vise, 

which can be moved to the job and on which tools are assort¬ 
ed and parts to be worked on separated. 

4. Hand tools and miscellaneous material: Pliers; tappet 
wrenches (two long thin ones generally iised); valve-lifter 
tool; valve grinder tool (see Fig. 44, page 771); thickness 
gauge; valve grinding compound (see page 772). 

5. Other tools and apifiiances would include valve refacing 
machine, either a hand or electric motor type (see page 776); 
valve reseating set (see pages 775,776); valve stem guide and 
valve tappet guide reamers (page 776A). 

Fig. 76A. A typical carbon-remov-, 
ing set. The parts, from top down, 
are as follows: portable electric drill, 
wire brush for general carbon removal, 
wire brush for removing carbon ana 
burnisbin^^ cylinder head, wire brush 
for remo^ng from sides and bottom 
of port hole, wire brujBh for cleaning 
valve stem guides. _ 

See page 700 for list of other drill manufacturers^ 


* Black & Decker Mfg. Co., Towson. Md., are manufacturers; 
they also manufacture attachments for their make of electric 
drill for cleaning carbon from valve-etem ami for cleaning 
valve-guide, etc. 




Fig. 76B. A valve-tester.t To 
teat, drop valve in seat without 
valve spring; place cup (C) over 
valve: pump air pressure with bulb 
(B). If valve leaks, hand on gauge 
(G) will fall back; if valve is tight 
hand will liold steady. 


Procedure For Reconditioning Valves 

It is assumed that tests have determined that valves leak 
compression and that they need reconditioning. 

1. Place portable bench with tools at the car. 

2. Put car overalls on car (page 662); protect upholstering. 

3. Drain cooling system and take off hood. 

4. Remove parts that interfere with the work. 

6. Remove cylinder head and valves. 

6. Remove carbon (see Fig. 76A, also page 763). 

7. Inspect valve-head to see if it should be ground or refaced. 

8. Inspect valve-stem in guide to see if it should be reamed 
oversize and a new oversize valve fitted, otherwise dean. 

0. Inspect valve stem to determine if it is bent. 

10. Inspect valve-seat. 

11. Reface valve-head (assuming this is decided upon). 

12. Reseat valve-seat in cylinder block. 

13. Place valve in seat and grind or lap. 

14. After grinding, clean valve and seats thoroughly and replace 
valves and test per Fig 76B. 

15. Replace spring on valves. 

16. Carefully'adjust valve-clearance (after engine is assembled 
run engine and readjust valve clearance when warm, then 
check valve timing. See p. 1054B for clearances). 

17. Examine cylinder-head gasket: beet to put on a new one. 

18. Replace cylinder head, drawing down the nuts in the order 
explained on page 733 (after engine has been assembled and 
run until warmed up tighten a second and a third time). 

19. Put water in cooling system (new water hose if necessary). 

20. Remove spuk plugs; clean and adjust points from .025^' 
to .03F^ Replace spark plugs. 

21. Inspect ignition interrupter points; clean and adjust. 

22. Put fresh high-grade oil in engine. 

23. Start engine, and adjust carburetor if necessary. 

24. Test compression as outlined on page 766 to see if all oylln> 
ders are equal in pressure or nearly so. 

25. Remove car overalls and remove all greaee or etain* 
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LOCATING ENGINE KNOCKS^ 


Parts of an engine that are not functioning proper¬ 
ly generally give warning by a peculiar sound or 
Imock which usually comes at regular periods accord¬ 
ing to the speed of engine. 

There are two causes of knocks: the mechanical 
condition of the engine and the operating conditions. 

Knocks due to mechanical condition inay originate 
from any of the following engine parts: 

1. Pistons (piston rings, piston-pins) 

2. Valve mechanism (valves, stems, valve-stem 
guides, valve springs, valve-lifters [push rods or 
tappets], valve-lifter guides, cams, camshaft bear¬ 
ings, timing gears or chains) 

3. Connecting-rod 

4. Crankshaft (main bearings, lower connecting-rod 
bearings, flywheel) 

Knocks due to operating conditions are: 

1. Overload knock 

2. Carbon knock 

3. Spark knock 

4. Fuel knock 

5. Detonation or pinging 

Devices for Testing for Knocks 

To test for knocks due to mechanical condition, 
testing devices can be used, such as: 

1. Sounding rods, sonoscope or stethoscope 

2. Spark plug short-circuiting device 

3. Pressure-vacuum air pump 

4. Manual feel test 



Fig. 77. A sounding rod (of iron or steel) can be made 
useful to locate the source of knocks. Place the thumb over 
the end of the bar and then place the ear close to the thumb. 
The closer you get to the noise, the louder it will be. 

Fig. 78, Detecting noises in the engine bv sound, with a 
sonoscope, on the same principle as that of the sounding rod. 

Fig. 78A (right). A spark plug short-circuiting device. On 
the modern six and eight-cylinder engine it is necessary to short¬ 
cut more than one cylinder sometimes when testing. This 
home-made shorting device may be attached while engine is 
running. Testing equipment should also include a coinpres- 
someter (page 767). 


Remarks on Locating Engine Knocks 

First determine that knock is in engine and not 
elsewhere by disengaging clutch when testing. 

It is particularly important to learn at just what 
point in the engine the trouble exists, and what the 
cause is likely to be. With this information to 
start with, no unnecessary parts need be removed, 
and much time will be saved. An engine is always 
more or less marred by tearing down and this un¬ 
necessary expense should be avoided. 

We have often seen good automobile mechanics 
stand around a knocking engine, and have heard 
each one name a different cause for the trouble. 
Taking an engine apart is a costly piece of work, and 
often much labor and expense could be saved if the 
cause could be accurately located before the parts 


are disturbed; in fact, the knock is not always in 
the engine itself, although it mav sound as if this is 
the case. It mav be found in the rear axle or else¬ 
where, and could perhaps be easily remedied if the 
repairman would do a litUe reasoning and some test¬ 
ing beforehand. 

For example, a new car bad a front-end knock that fooled 
many. Some recommended tightening bearings, others said it 
was a piston-pin knock, eto. A repairman who used his brain 
tried different tests, one being that of tightening the timing 
chain. This removed the knock, but the chain was too tight 
and made noise. If it was loosened the slightest amount, the 
knock would return. He used his brain a little more and figured 
out that if tightening the chain removed the noise and yet the 
chain did not need tightening, something in connection with it 
was causing the trouble. He found a loose camshaft sprocket, 
and on practically a new car. There are many such examples 
occurring daily, and the owner is pa 3 dng the bill. 

Another case that fooled several mechanics was found to be 
loose cylinder-head nuts. This will cause a knock and vibra¬ 
tion, and in some coses a knock has been caused by the engine 
being loose on the frame or chassis. 

Test for Minor Causes First 

One should always try to reason out the cause of a 
trouble first and avoid the sad experience of doing 
the wrong repair job. 

The &st step in determining the cause of abnormal 
noises is to time the engine so that it fires properly 
on all cylinders. The engine should be warm when 
testing. 

Minor causes: Before making tests, first deter¬ 
mine if the cause of the knock is not one of several 
minor causes, which are easy to locate: 

1. Sec if the cylinder is free from carbon. 

2. Find out if the knock is due to running with the 
spark lever too far advanced; check ignition 
timing, also valve-stem clearance and valve 
timing. 

3. See if fuel knock, due to a lean mixture is caused 
by carburetor not being properly adjusted, or 
fitted with correct size jets. 

4. Ascertain whether the valve tappets are badly 
worn. 

After determining that the minor causes enumer¬ 
ated above are not producing the knocks, then it will 
be necessary to test from the outside of the engine 
with a sounding bar, also by short-circuiting the 
spark plugs so that the location of the knock will be 
determined or its approximate position learned. 

How Short-Circuiting Spark Plugs Determine 
Location of Knocks 

Testing for knocks by short-circuiting the spark 
plugs: With the exception of a carbon knock, the 
particular cylinder in which engine knocks occur, 
such as loose pistons, connecting-rod bearings, main 
bearings and piston pins, can be located by short- 
circuiting each spark plug with a screwdriver as 
described on page 238 (see also Fig. 78A above). 

For example, on three-bearing engine: If, when Nc. 

1 simrk plug is shorted, the knock is no longer heard, the knock 
is either in the front main bearing or in the piston and connect¬ 
ing-rod assembly of No. 1 cylinder, the sound of the knock de¬ 
termining whether it is in the bearing or in the assembly. This 
also applies to No. 4 cyhnder, the knock being either in the 
piston and connecting-rod assembly of No. 4 cylinder or in No. 3 
main bearing. 

If shorting No. 2 spark plug eliminates the knock, the trouble 
lies in the piston and connecting-rod assembly of No. 2 cylinder. 
If, however, the knock can still be heard but not as plainly, the 
trouble is probably due to a worn center main bearing. The 
same applies to No. 3 cylinder. 


1 See also Index for locating discussion of knocks elsewhere 
in this book. 
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Miscellaneous Pointers on Testing for 
Engine Knocks 

First examine the valves: Noises from worn valve 
steins, push rods, or guides are usually caused by 
too much space between the end of the 
valves and the push rods or tappets 
(as at. ill. at left), or worn guides 
(ill. at nght). These conditions, too, 
are usually the cause of piost clicking 
noises. They can easily be detected 
as explained on pages 776B and 776C;. 

In some instances, slight knocks, or clicking noises have been 
due to strong spring tension in the oil pump ^eck valve and in 
some carburetor auxiliary air-valve sfurings, there is a clicking 
noise. 

Piston-pin knocks can be tested as follows: While 
the engine is running slow or idling and with ad¬ 
vanced sparky short-circuit the spark plugs, one 
cylinder at a time, to cause it to miss. While this is 
being done, if the piston pin is loose there will be a 
sharp, metallic double knock each time piston re¬ 
verses its movement. May be very sharp when 
engine is laboring. If all are loose the noise would 
be a kind of rattling metallic sound. The surest 
method is to remove the piston and connecting rod,, 
and to test on the bench by *‘feeling” for the looseness. 

To test for loose pistons: Remove the spark plugs 
and put }4 pint of heavy oil in each cylinder; crank 
by hand slowly until the oil works to the piston rings. 
Replace the spark plugs and start the engine; see if 
the same noise occurs. If it does not, the heavy 
oil has cushioned the piston from the cylinder and 
has stopped the knock temporarily. The oil will 
soon get not and run from the rings and piston, and 
the knock will occur again. See also page 779. 

To test for loose fly wheel: Allow the engine to 
run idle at about 500 r.p.m.; then throw off the 
switch and wait till it slows down to about 75 or 100 
r.p.m., after which throw the switch on with spark 
shghtly advanced. Repeat this a few times, and if 
the fly wheel is loose there will be one distinct knock 
each time the switch is thrown on. 

Another method of testing for a fly-wheel knock is to reek it 
(remcfinber that the flywheel may be entirely all right, but some 
other part attached to it may be loose). The nuts on cap¬ 
screws holding flywheel to flange may be loose. When replac¬ 
ing a flywheel always replace it in same position it was before 
removing; see that flywheel flange is not burred or nicked and 
bolt securely. 

Noises from the camshaft and timing gears or 
timing chains can easily be detected with the sound¬ 
ing r<w. 

A c<^ecting-rod lower bearing knock can be 

determined by removing the bottom of the crank 
case, placing the finger on one edge of the bearing 
while someone rocks the flywheel or starting crank 
gradually back and forth (switch off). Looseness 
can be felt. 

Main beatings can be tested in the same manner. 
A main-bearing knock can also be determined when 
running the car, by suddenly opening the throttle 
or when pulling a stiff grade. Ii the main bearings 
are loose, a distinct knock can be heard, asually a 
duU hea^^ knock or thud, having the sound of a 
block of wood striking the ground, which will occur 
once to every explosion, but may be heavier at the 
explosion of any one cylinder. The knocks may 
occur very close together, so close that when first 
heard it will sound like one pound. Excessive end- 
play of bearings will cause a sharp noise or rap 
occurring at irregular intervals. In very bad ca^ 
this pound can be felt by the driver when touching 
clutch pedal. (See page 777 for an example oi 
testing engine-bearing &ocks by short-circuiting.) 



How to Locate a Knock by the Sound 

To locate the cause, first see that engine is firing 
properly on all cylinders, then drive the car until the 
en^e becomes warm or reaches its average temper¬ 
ature; second, select a run of about half a mile, run¬ 
ning into a grade of about 8 to 12 per cent, of what¬ 
ever length may be had. 

Drive the car at from 10 to 15 miles per hour on 
the level road, and maintain this speed up the grade 
if possible. At this speed engine should run quietly. 



Fig. 79: Sound indications of some of the common engine 

knocks are as follows: 

1. Carbon (also 2): Metallic sound when laboring, accelerating 
or overheated; will not diminish noticeably when spark is 
retarded. 

3. Piston rings: May be due to interference with cylinder head 
gasket, variations in cylinder bore dianieter, ridge or shoul¬ 
der in cylinder bore, pounding in worn grooves; broken 
rings producing a light tapping sound, a click or a sharp 
rattle at idling and acceleration; cannot be entirely elimi¬ 
nated by short-circuiting. Kings fitted too tight in grooves 
make a snapping noise, sometimes noticeable when new 
pistons and rings are fitted. 

4. Loose piston pin: Sharp metallic double knock at idling and 
with advanced spark; when shorted out may change tone 
and become more intense; less audible with retarde<i spark: 
loudest, usually, when idling. Connecting-rod upper end 
striking piston-pin boss may be mistaken for loud tappet 
noise; determine by removing oil pan and checking clearance 
on each side: distances between ^od and bosses should be 
equal on each side. 

5. Loose piston: Usually causes a piston elan, as explained on 
page 779, and is a hollow tinkling bell-like sound. If 
driven 10 to 15 m.p.h., then accelerated, may give a clicking 
sound; more pronounced on acceleration and increasing in 
intensity os load is applied and the throttle opened. Piston 
slap may also occur at idling speed when engine is not 
under load, but will always show up under load. When 
closing throttle for slowing down or coasting noise will 
cease (see also page 779). 

If an aluminum-alloy piston with split skirt is installed 
with split facing the explosion thrust side (Fig. IIC, page 
814), it would probably slap (see page 811 on how to instoir). 

6. Connecting-rod bent or twisted: Light knock at idling 
increasing when accelerating; cannot be entirely eliininate<i, 
but will be diminished by snort-circuiting spark plugs. 

7. Loose cylinder nut: Intermittent knock and vibration. 

8. Loose connecting-rod lower bearing: Light pound, some¬ 
times a clatter or series of short raps becoming louder with 
increasing speed; best located by shorting out, which will 
reduce the intensity of noise; may also occur when coasting. 

9. Loose crankshaft main bearing: Dull pound or thud; usual¬ 
ly noticeable when quickly accelerated at intervals; may be 
slightly diminished by retarding spark; loudest under a load 
or pull (see short-circuiting spark plug example for bearing 
test, page 777). 

10. Loose timing gears: Sharp clatter or knock; varies with 
different engines; loudest at idling particularly when engine 
does not idle smoothly; may disappear at low speeds, then 
appear at about 25 to 30 m.p.h. as a growl similar to noise 
of gears that are too tight; test by causing engine to lope 
by partly closing carburetor choker. Loose tinirng chain is 
usually a rumble at idling and accelerating (when striking 
case may be a dull scraping noise); noises from either gears or 
chain can be located by sounding rod; cannot be shorted out. 

11. cam, valve-lifter roller or pin: Light tapping at 
idling; flat spot on cam of camshaft or tappet rollers causes 
an intermittent noise at low speeds. 

12. Worn valve-lifter guide: Light tapping at idling. 

13. Worn valve-item end and valve-lifter (also called tappet or 
push-rod): Causes too great a clearance; clicking noise; test 
with feelor gauge and readjust. 

14. Valve-spf ing cocked: Light knock at idling if face of tappet 

is cupped * 
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Knocks Due to Operating Conditions 

An overload knock: When placing enipne under extreme loads 
a pounding will be heard. Shift transmission to lower gears and 
noise should cease. 

A carbon knock: When an excessive carbon deposit accumu¬ 
lates in the combustion chamber and on the piston heads, valve, 
etc. this usually causes a knock. Carbon is a non-conductor of 
heat; therefore the piston bead (hottest part of engine) is un¬ 
able effectively to conduct the heat to the cylinder walls and 
into the water, with the result that the increased temperature 
oamses the carbon to become very hot and the gas is ignited, at 
times causing pre-ignition. Considerable carbon also increases 
the compression. 

A carbon knock develops after engine becomes very warm and 
usually occurs when laooring or acceleratit^. It becomes 
louder as the throttle is opened or more gas is admitted into 
cylinder. The noise is a metallic ringing sound, and if due 
entirely to carbon will not diminish noticeably when spark is 
retard^. 

A visual inspection of the combustion chambers is the surest 
method of determining the presence of carbon. 

Carbon deposit is a residue left by inciomplete burning of the 
fuel and lubricating oil. Tlie deposit tends to a(!cumulate when¬ 
ever more oil passes the piston rings than can be burned up by 
the fuel charge. If piston rings are worn, or loose in grooves 

J soo bottom of page 832), oil will pass to combustion chamber, 
f an excess of oil is supplied to the cylinder walls the rings 
cannot prevent oil passing even though they fit properly. 

A spark knock is caused by the time of spark being too 
far advanced owing to incorrect position of spark lever, incor¬ 
rect ignition timing or trouble in ignition governor. It is a 
sharp metallic sound usually evident when engine is laboring. 

A gas or fuel knock may be due to too lean a mixture or to 
unsuitable fuel. It may be confused with a spark knock. 
Before deciding bo sure that spark is not advanced too far. 
The knock is increased by rapid acceleration and usually can bo 
diminished by using a richer mixture. 

Detonation, also termed pinging, is usually encountered on 
high compression engines and is a metallic sound which be¬ 
comes loudest when the engine is under load, overheated, or 
accelerated rapidly. See d^nition on page 1075. See also 
pages 1P7V)A. 770, Addenda 44-45. 

A brand of ga.soline known as ethyl gas, it is claimed, will 
eliminate pinging and sometimes, resetting spark-plug gap will 
assist in eliminating ii. 

A compression knock may result from any cause wuich de¬ 
creases the yiace between the head of the piston and combustion 
chamber. This knock, also a spark, detonation, carbon and 
fuel knock are similar in sound, and it is be.Mt to check ignition, 
spark-plug gap and carbon deposit before deciding. 


Detecting Location of Engine Knocks with a 
Pressure-Vacuum Air Pump 

A device known as “The Hammett Motor Tester,’’ illustrated 
below will locate meclianical knocks and leaks when intelligently 
used. 



Principle and operation: A vacu¬ 
um and compression pump with 
compression gauge attached is used 
by hand to alternately lower and 
raise the air pressure iu engine cylin¬ 
der. 

Testa arc made when engine is 
idle but warm. The tester is at¬ 
tached at spark plug opening and 
one cylinder tested at a time. The 
crank is turned so the piston of 
cylinder tested is at top dead center 
of compression stroke with all 
valves chxsed. A normal engine iu 
this position will show strong com¬ 
pression and vacuum and no noise 
when tester is operated. If defects 
exist they are evident as follows. 


Procedure of Tests 

Compression: To determine compression of cylinders push 
liandle down and turn to right thus locking plunger. Turn 
crank two complete revolutions. The gauge will indicate the 
pounds compre^on. 

Piston rings: With piston at top of compression stroke, re¬ 
move breather cap; push handle down slowly. If piston rings 
leak, compression can be heard blowing by when listening 
through tne breather (tube or hose insorted in breather will 
magnify sound). 

If rings do not fit cylinder walls, compression will be poor, 
regardless of position of the piston. 


If rings leak in grooves (assuming rings do not leak at cylinder 
walls), compression will be good Docause rings are seated on 
bottom of nng groove. Crank slowly until piston starts down, 
which moves rings to top of groove. If, on pushing teeter 
handle down, compression forces ring away from top of groove 
and air eecap^ behind ring and past piston into crankcase, then 
compression is poor and very little resistance will be offered 
plunger. 

Valves: With piston at top of compression stroke, push 
plunger handle down. If inlet valve leaks, compression will be 
heard escaping through intake manifold into carburetor (or 
through intake manifold to cylinder that is on suction stroke, 
then out through spark plug opening). If exhaust valve leaks, 
compression will escape through exhaust manifold and muffler 
(or through spark plug hole in cylinder that is on exhaust 
stroke). 

Pistons: Crank engine .30® past top dead center of compres¬ 
sion stroke so that connecting rod will be at an angle; work 
tester handle up and down with a short stroke. If pi.ston is 
loose, a clattermg noise will be heard as piston slaps from one 
side of cylinder wall to the other. 

Piston pins: With piston at top of compression stroke, work 
tester handle up and down with a short quick stroke. If you 
hear a knock and cannot feel a pound on crankshaft, by placing 
hand on starting crank when engaged; piston pin is loose (as 
piston slaiJ never occurs when piston is at top a. c.) 

Connecting-rods: Use same test as for piston pin; if connect¬ 
ing-rod is loose, pounding can be felt on shaft as if tapped with 
a hammer. 

Main bearings: With piston in same position as in testing 
piston pin and connecting-rods, push tester handle to bottom 
of stroke, then lift with a quick jerk; crankshaft loose in bear¬ 
ings will bo felt to rise and drop (assistant under car with oil 
pan removed can feel the rise and fall and see oil film working in 
and out of bearing). 

Piston Slap 

This laiock is caused by loose-fitting yiistons or by 
connecting-rods being bent or out of alignment, re¬ 
sulting in a tendency for the piston to strike the 
cylinder walls at an angle, as explained in the illus¬ 
trations (Fig. 81, page 780). 

The looser the piston, the greater will be the slap. 
If the piston fits properly, the slap is negligible. The 
slap may be due to worn cylinders, to the connec1>- 
ing-rod being out of alignment, or to worn pistons. 
Aluminum ^loy pistons (or slightly loose cast iron 
pistons) may knock only when the engine is cold, 
as the pistons are contracted and are looser than 
when hot. 

Piston slap is a ve^ common trouble with aluminum pistons 
with solid skirts, which, when cold, contract and leave a space 
between the cylinder wall and the piston. After the engine is 
warmed up, the pistons expand and the noiso ceasee. Aluminum 
expands approximately twice as much as cast iron. The 
constant-clearance type of aluminum piston with split skirts 
(.see pages 807-809) are not so susceptible to piston slap. 

Pistons with correct clearance and proper align¬ 
ment of the piston and connecting-rod is the remedy 
for piston slap. Alignment of the piston and the 
connecting-rod is an impotitant factor (see page 803). 
It will thus be apparent that this kind of knock can 
occur even though the piston rings fit tightly. 

Bear in mind that a piston may slap when the 
engine is first started, but after it has warmed up 
and exijanded, the knock may cease, if due to a clear¬ 
ance only sligntly excessive. 

Knocks that sound like piston slaps are frequently caused by 
connecting-rods being sligntly bent or out of aligxment, which 
sometimes happens when fitting the pistons to cylinders. 

To determine which piston is causing the slap, 
there are several methods. One is to open the 
compression cock to release the compression and then 
short out the spark plug of the cylinder being tested. 
If the knock is due to a loose piston it will diminish 
and in some instances will be entirely eliminated. 
Another method is to test with heavy oil (see page 
778; see also *‘6 loose piston*' under sound indica* 
tions on page 778). 

Alwtra test lor piston sUp when engine is thoroughly wtrm, 

as a cold eostfne may show noues that disappear when warm. 
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Compression and Explosion Thrust of Piston 

There may be two or more distinctive piston slaps during 
the cycle, due to what is termed compression thrust and explo¬ 
sion thrust of piston (see below; also page 814). 



Fig. 81. When the piston is on the compression stroke (A), 
assuming we arc in front of engine, the piston thrust and the con- 
♦Act of it is with the right side of the cylinder (see arrow points), 
due to the angle of connecting-rod and the compression pressure 
on the piston. 

As the crank pin swings by dead center, the inclination of the 
connecting-rod is changed to the opposite side, thus forcing the 
piston th^st to the other side. Under the full explosion pres¬ 
sure (B) the piston will strike a very heavy blow when it mokes 
the change. 

The piston remains in contact with this cylinder wall through¬ 
out the stroke, and when lower dead center (C) is reached, the 
pressure on it is entirely relieved, so that it is quite likely that 
the piston is then more or less able to float between both walls. 

On the exhaust stroke (D) the piston is thrown gently to the 
right side of the cylinder, owing to the downward pressure of 
the inertia, as well as to the slight exhaust pressure. It is very 
doubtful that this ever causes an audible slap. 

The piston remains in contact with this wall throughout the 
suction stroke (E); then the downward pulling force of the con¬ 
necting-rod is resisted by the suction on the piston as well as 
the inertia. 

At very high speeds inertia may change some of the details 
of this explanation, but these can hardly be of interest or impor¬ 
tance. (See also page 814 on this subject.) 

One manufacturer states that piston slap is not always due 
to loose fitting pistons, providing the cylinder walls arc straight 
and true and piston pins are parallel with the crankshaft. They 
further state that by careful examination the trouble can 
usually be located in any one, or a combination of the following: 
bent connecting-rod, wrist-pin hole not true, cylinders out of 
line or not true with crankshaft. The theory is that piston 8lai» 
are sometimes caused by the connecting-rod upper ends striking 
the piston boss. 

To observe if such a condition exists, as mentioned above, 
remove lower part of engine crankcase and while someone 
cranks enmne slowly with a light at the other end of cylinder, 
observe it the connecting-rod shifts sidewise or twists as it 
travels from top to bottom of its stroke. If so, remove pTston 
and rod and inspect for bushing clearance, straight piston pin 
bore, bent or twisted connecting-rod. 

Pre-Ignition: Cause of Knocks 

Sometimes it happens that the mixture is ignited before the 
ignition spark occurs. This is termed pre-ignition and may 
result from some of the causes following: 


A deposit of carbon on the piston head and combustion cham¬ 
ber will, owing to intense heat after long runs, become red hot 
and will ignite the mixture-before the proper time. This causes 
a **carbon knock," as discussed on page 779. 

If the points of the spark plug are too thin and of poor - 
material, they will get hot enough to s^ow in the same manner, 
and in such a case spark plugs with heavier points should be used. 

Small points of metal^ ohe result of rough castings or other 
causes, should be filed down, as they assist in collecting carbon. 

If the water circulation stops, or if the air cooling is not effec¬ 
tive, carbon, or even the overheated piston head will get Rot 
enough to ignite the char^, in which case the engine will con¬ 
tinue to run after the ignition has been cut off. The remedy for 
this, of course, is to make sure that the engine is properly 
cooled, otherwise a "seized piston" will result. See Index. 


Eliminating Compression Knock by Adding a 
Gasket 


Compression may be reduced by placing a gasket (Fig. 82) 
between the cylinders and the crank case. 

This is sometimes desirable when the car is equipped with a 
heavy closed body. In such cases a better job may be done 
by making the thick gasket of cost iron. It is made in a 
similar manner, but must be planed or milled to a uniform 
thickness and with a smooth finish. Otherwise the cylinders 
will be thrown out of alignment or the joints will not be tight. 
Another method would be to use special pistons to decrease 
compression. 


TinTempItte 



Fig. 82: Procedure of fitting a gas- 
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ket: (1) Remove cylinders, (2) Place 
cylinders on a bench, and clean both 
cylinder flange and engine base thor- 
oughly. (3) From a sheet of tin, 
m^e a template which is an exact 
reproduction of the base of cylinders, 
except that all openings, such as pis¬ 
ton and bolt holes, are about W' 
larger than those in cylinders. The 
template is used as a pattern for mark¬ 
ing out and forming the cylinder-raising gasket. (4) Procure a 
sheet of red composition board desired thickness. (5) Using 
template as a pattern, scribe out cylinder and the bolt holes and 
the outside form to the red composition board. (6) Using a 
gasket-cutting tool and a drill press, carefully cut out piston 
holes. Make these larger than cylinder bore. (7) Drill bolt 
holes slightly larger than the diameter of bolts. (8) With a 
band saw, or key-hole saw, cut compiosition board to outside 
shape of pattern. ^9) Remove all burred edges with a file. 
(10) Place composition board on engine base, and bolt cylin¬ 
ders in place. Shellac should be used sparingly to prevent 
leaks. ’ 


As a result of this the cylinders have been raised, giving a 
larger compression space and less compression. This may re¬ 
sult in that the compression knock will disappear and the engine 
pull better on low speeds and it may not; in other words it is 
an experiment. To increase compression pressure: See page 766. 

Note: It will be necessary to readjust valve clearance and 
retime after the cylinders have been bolted down securely. 

Unless the compression is the same in all cylinders, the 
engine will not be in good balance and loss of power will result. 
The power lost when one cylinder does not fire is greater than 
the mere elimination of one power stroke, and this is largely the 
result of a loss of balance. 


LANCHESTER VIBRATION BALANCER AND DAMPER. HARMONIC BALANCER 


The Lanchester vibration balancer (Fig. 85), is designed to 
overcome vertical vibration in a four-cylinder engine. (See also 

page 805.) It 
consi.sts of two 
small balancing 

flywheels (W) 
turning in op¬ 
posite direc¬ 
tions, with their 
axes (A) cross¬ 
wise of engine 
and below the 
center crank¬ 
shaft bearing 

(B) . They are 
driven by a 
helical gear (G) 
from crankshaft 

(C) . The two 
flywheels (W) 
are out of bal¬ 
ance, and by 
properly unbal¬ 
ancing and tim¬ 
ing them, they produce a vertical vibration opposed to and 
neutrabzing the vertical vibration in a four-cylinder engine. 

The Lanchester vibration damper (Fig. 86) is a device de- 
▼tioped to overcome torsional vibration (see page 806). This 


consists of a small flywheel (W) at the front of the engine, 
which runs loosely on the crankshaft (C). A friction clutch 

(D), having a slipping torque in the neighborhood of 150 inch- 
pounds, tends to make this flywheel rotate with the crank¬ 
shaft. 

When high pressure is exerted on the piston, a rapid accelera¬ 
tion is applied to the crankshaft which would cause torsional 
vibration; to prevent this the flywheel (W) slips, thus prevent¬ 
ing a winding-up or torsional vibration of the crankshmt. 

When the speed of rotation of the crankshaft and main fly¬ 
wheel is steady, the clutch (D) grips the flywheel (W), and both 
flywheel and crankshaft revolve together. 

When the speed of rotation of the crankshaft is reduced, such 
as by the suction stroke, there will be a tendency for the crank¬ 
shaft to lag behind the main flywheel and thus cause torsional 
vibration. In this instance the flywheel (W) again slips, and 
the friction disks in clutch (D) will exert a force on the crank¬ 
shaft and assist in bringing it up to speed. (See also pages 
805, 806, for torsional vibration.) ( Automobile Digeet.) 

The harmonic balancer neutralizes torsional vibration of 
crankshaft. Located between number one and two crank pins; 
a light steel bar. pivoted to shaft at center and tensions by 
stiff springs at both ends. Has a frequency of vibration same 
as shaft When there is movement of shaft, the balancer 

picks it up and vibrates in an opposite direction, applying the 
lores through its springs, thus holding the shaft steady. 



INSTRUCTION No. 69 

ENGINE BEARINGS: Main Bearing Adjustments; Fitting Bearings; Scraping, 
Buming-In, Boring, Reaming, Lapping, Etc.; Crankshaft Alignment; 
Cam shaft Adjustments; Connecting Rod and Piston-Pin Bearings and 
Alignment; Relation of Vibration to Balance; Oil Test for Engine Bear¬ 
ings: Ricardo Cylinder Head. 

ENGINE BEARINGS! 


There are three different kinds of bearings: ball 
bearings, roller bearings and plain bearings. The 
last-mentioned is the type in general use. The ball 
bearings have been used to a limited extent on the 
racing type of engines, and some truck engines. 
The roller bearing is seldom used except on V-type 
motorcycle engines. 

Ball bearings are sometimes used for main crankshaft bear¬ 
ings, but very seldom. To insure success, they should be large. 
It must be remembered that the surface contact of a ball with 
its race is practically a mathematical point. For this reason' 
they are not found to be successful for connecting-rod lower- 
end bearings, as the impact is too great for such a small surface. 

Where there is a whip, even of small degree, ordinary ball 
bearings should never be used unless they are of very great size. 
In a short, stiff shaft with a center bearing, ordinary sizes and 
types are satisfactory, but otherwise double-row bearings of the 
self-aligning order are used. 

Wliere a crankshaft is fitted with ball bearings, the crank¬ 
shaft must either be a two-bearing crankshaft, aa, for instance, 
the White ^i-ton truck engine, which is fitted with a crankshaft 
of very large diameter, so that the bearing.s can be fitted at each 
end of the shaft, or, if more than two bearings are u.sed, then 
the crankshaft must be of the built-up-type, or the center 
bearing-pin or journal must be large enough to carry a bearing 
that can be passed over the cranks when assombhng bearings 
to shaft. 

Roller bearings are seldom used. These have, of course, a 
very much greater contact area than ball bearings, and have 
been used in the connecting-rod low'er end, but not as a general 
practice. Ball and roller are termed anti-friction bearings. 

Plain Bearings and Bushings Defined 

A plain bearing refers to the split type of hearing 
in two parts, such as is used on the crankshaft main 
hearings and the connecting-rod bearing lower end. 
See Figs. 2 and 2A. 

A bushing is usually a tube made of high-grade 
bronze that is not split, such as is u.sed in the upper 
end of connecting rods around the piston pins, cam¬ 
shafts, water pumps, etc. 8ee Fig. 3. They may 
lie plain bronze or oabbitt lined. Bushings are also 
of die cast babbitt. 

Classification and Location of Engine 
Bearings 

The most important bearings in an engine may 
be classed in four divisions: 

1. Crankshaft main bearings. 

2. Lower connecting-rod bearings. 

3. Upper connecting-rod bearings (piston-pin bear¬ 
ings). 

4. Camshaft bearings (generally bushings). 

The bearings that require the most .attention on 
an engine are the crankshaft main bearings. (Figs. 
1 and lA), the lower connecting-rod bearings, and 
the piston-pin bushings (Fig. IB). 

The bearing which usually first shows sign of 
wear is the crankpin bearing in connecting-rod (G, 
Fig. IB), the rocf-half showing considerably more 
wear than the cap-half. 

The bushing in the upper end of connecting-rod 

Fig. IB) is next in showing sign of wear. 


’ See ‘Type* of Engine Main dk Connecting-Rod Bearinge*^ 
P. 786. Sw footnotes pagee 786, 786 for inetruciiw bearing 
literature^ See footnote page 783 for bearing manu/acturert. 


The crankshaft main bearing (Fig. 1) is next, with 
the cap-half (see lower illustrations 1 to 7 in Fig lA) 
showing more wear than the upper-half (see upper 
illustrations 1 to 7 in Fig. lA) in the engine block or 
crankcase. 

The main thrust bearing (F, Fig. lA), usually re¬ 
quires replacement before the other main bearings 
owing to additional wear on the end faces. 



Fig. 1. Crankshaft main bearing. The cap screws, usually 
termed crankshaft bearing cap screw, stud or bolt, are always 
locked with cotter pins, locking wires or star washers. The 
illustration shows cap screws, but studs with nuts are often used. 

The upper part of the bearing seat or saddle, is a semi-circular 
depression cast in the crank case, into which is fitted an upper 
bearing half. 

The lower part of the bearing, which bears the weight of the 
crankshaft and the th’*ust of the impact of explosions, is in the 
form of a cap, termed a lower main bearing cap, w’hich is fitted 
with a lower half main bearing. This cap is held securely 
around the crankshaft bearing by being bolted to the upper half 
of the bearing by cap screws, studs or bolts. It is rna<ie of 
steel, brass, or bronze and where aluminum case is used, the 
cap is usually aluminum, and is often supported with a steel 
plate. 



RB is rear main bearing; FB is front main bearing. Some 
liearings are flanged and some are not. If a bearing is to with¬ 
stand thrust, it must be flanged and the faces of flanges are 
sometimes babbitted; for example, the end thrust of crankshaft 
in this particular engine is carried against fl.anges (F) on center 
main bearing. This thrust is from flywheel end of engine and 
is due ^incipally to pressure from clutch spring. The bearing 
at flywheel end is usually longer and in some instances greater 
in diameter. 

Fig. IB. The connecting-rod upper bearing (piston pin 
bushing) is shown at (B). The connecting-rod Tower bearing 
which is made in halves is shown at (G). 

Names of other parts are: B, bushings; C, piston pin; D, 
piston pin lock '^orow; E, piston rings; F, oil regulating ring; 
S, shims. 

Kinds of Plain Bearings 

The upper bearing seat and lower bearing cap are 
lined witn soft metal, such as babbitt or white metal. 
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There are two kinds of bearings: the solid or 
integral bearing which is not removable, and the 
removable bearing. Both are generally in two halves, 
termed split bearings. 

The solid integral or cast-in babbitt bearings are 
those where babbitt metal in a molten state, is 
poured, or run, into the upper bearing and the lower 
bearing cap, and thus they are lined with a stationary 
babbitt lining which cannot be readily removed. 

When bearings which are lined with babbitt metal 
become worn, the bearing cap can be drawn up by 
dressing down, or if shims are used, they can be re¬ 
moved and the cap can be drawn up as the wear 
continues. If bearings are too badly worn, new 
babbitt linings are installed or poured into the upper 
bearing and lower cap. 


Popular metal specifications are 83 per cent copper, 3 per cent 
tin, 7 per cent lead, and 7 per cent sine for the broi^ze; and 80 
per cent tin, 7 H por cent copper, 7 ^ per cent antimony, with 
a maximum of 1 per cent lead for the babbitt. 

The soft metal (babbitt) is generally used in the 
replaceable bearing, so that the soft-metal lining will 
wear rather than the crankshaft. The soft-metal 
bearing does not have sufficient strength, alone, to 
sustain the weight and impact of the rotating parts; 
consequently it is used as a liner in a bronze-Jback 
bearing. This forms a support to the babbitt, or it 
is cast in the bearing seats that have been tinned. 



The babbitt metal bearings for 

example, of the integral or cast>in solid type. In this ca-se, 
the old babbitt is removed and the surface on which the babbitt 
is to be poured is tinned. The molten babbitt metal is run in 
around a mandrel smaller than the shaft. A true bore slightly 
less than the shaft is then made with a boring tool and the 
bearing is then reamed with a clearance for an oil film, after 
which the necessary oil channels are cut in the surface of the 
bearing. 

Removable bearings are either die-cast bearings 
made of babbitt, or bronze-backed babbitt-lined 
bearings. 

The babbitt may be inserted by one of the follow¬ 
ing methods: (1) poured in by gravity. (2) poured in 
under pressure, (3) the bearing may be rapidly re¬ 
volved while the babbitt is poured in, and the 
centrifugal force causes adhesion to the bearings 
termed a ^‘spun bearing.’" The last method is a 
manufacturer’s process. 

All bearings and bushings are made from either 
bronze or babbitt, or a combination of the two metals. 

Formerly, phosi)hor-hronze was regarded as the 
best, but in modern praertice^ where large bearing 
surfaces can be used, babbitt is usually jireferred. 

In the case of small bearings which must sustain a heavy 
shock, such as a small bearing at the big, or lower ends of the 
connecting rods, babbitt is scarcely hard enough to re.Mist*^>ie 
spreading action of the impact. Phosphor-bronze, or a com¬ 
position metal, is therefore necessary if small bearings are usetl 
here; but where sufficient surface can be obtained to in.sure 
against this tendency, babbitt—owing to its antifrictional 
properties—is generally coasidered preferable. Since it is com¬ 
post largely of tin, the result of a failure in lubrication from 
any cause is merely to melt it out without harming the shaft, 
which would probably occur if a tough metal like phosphor- 
bronze were used. 

The secret of a successful babbitt bearing, or 
indeed of a bearing of any kind, is a tnie and highly 
polished surface on the journal. The babbitt bear¬ 
ing can then be fitted comparatively tightly, and will 
rapidly accommodate its surface to that of the steel, 
and long life will be insured if the lubrication is 
correct. 

The essential requirements to be considered in a 
bearing are that it should have anti-friction proper¬ 
ties, and should withstand the heavy impact or 
pressure against it during the hard pulls and high- 
compression impulses and at high speeds, without 
heating; it should be hard enough not t-o give, 
cr^ek, or break under severe shocks and blows, and 
must be of such a construction as to be easily re¬ 
newed when worn. 

There are two kinds of bearing metals, (1) those, 
which contain a greater percentage of copper and 
a small amount of softer metals, which are known 
as hard metals, sqch as brass or bronze: (2) those 
which contain a large proportion of tin and a small 
percentage of copper, known as soft metals, as 
babbitt metal, anti-frietion metal, and white metal. 


Fig. 2 (loft). A die-cast bearing consisting entirely of babbitt 
metal cast in a die under pressure. Not machined. 

Thi.s illustration shows a lf)wer main bearing half. Note that 
the oil groove does not extend to sides of bearing; therefore it 
would likely be installed on an engine having pressure lubrication. 

Fig. 2A (right). A bronze-back babbitt-lined bearing con¬ 
sisting of a bronze backing lined with babbitt. It is machined. 
The bearing shown here is a full-half bearing iiseil without shims 
for pressure feed lubrication and the chamfered slots shown 
serve as oil pockets, di.stributing the oil over the entire length of 
bearing, ami in many cases oil grooves or leads extend to these 
pockets at the split edge. 

The fa<*t that these slots or oil reservoirs retain the oil within 
the bearing wouhl indi(!ate that it was designcrl for pressure 
lubrication. If these .serrations were connected with oil grooves 
which extended to side of bearing, then it would likely be for 
splash-feed lubrication. 

Oil grooves for pressure-feed lubricated bearings are usually 
confined to the bearing and should not run out to the side of 
bearing. Purpose being to retain oil in bearing. The oil is 
fed by pressure through one oil tube or duct from oil pump and 
thu.s a film of oil is rnaititained in bearing around shaft when 
operating so that the shaft actually ri(les on a film of oil. 
There are a number of different designs of oil grooves, and in 
pressure-feed bearings the oil grooving has been cut down to a 
minimum—the less the better—simply a slight lead from the oil 
hole being all that is necessary to stait the distribution of oil. 
Home pressure-feed connecting-rods have no oil grooves. 

The oil groove shown in Fig 2 is not of as good form as that 
shown in Fig. 2A, as too much bearing surface is cut away at 
parting line where it is needed most. 

Oil grooves for splash-feed lubricated bearings usually run 
out to and are open at sides of bearing, and the leads should be 
such that oil will be spread over the entire surface of bearing, 
the purpose being to allow oil to circulate and cover the entire 
bearing surface. The oil is fed by splash to holes in bearings. 

Die-cast bearings are split removable bearings and 
are often referred to as slip-in bearings. They were 
use<l before the bronze-back babbitChned bearings 
were introduced. They consist entirely of babbitt 
inctal which is cast in a die under pressure. Some 
are slipped into place and others anchored with 
screws or dowel pins. Bearings may have flanges, 
usually to take thrust, but they may also have 
flanges for assisting in anchoring. 

Bronze-back babbit-lined bearings* consist of a 
cast and machined bronze backing lined with babbitt 
metal. This is a machine product and naturally 
is more expensive than a die-cast bearing. The 
bronze backipg is made in the usual way in tne form 
of a bronze cylinder. This is machined on the out¬ 
side and also in the bore. Then the babbitt metal 
is inserted as a lining into the bronze after the inside 
surface is thoroughly cleaned and tinned, by some 
process. 

A patented process of spinning or centrifugal action, is ex¬ 
plained as follows: The bronze shell is clamped to a revolving 
plate and babbitt is poured into the center of the bronze sheU 
and is thrown out against the inner walls by centrifugal force. 
This gives a dense grain and the babbitt is stuck at all points. 
The babbitt is then machined on the inside surface, the oil 
OTOove, chamfers, etc., put in and the bearing split into the two 
halves. 

The bronze-back babbitt-lined bearing it is said, 
gives longer life than a die-cast beM&g, on account 


* Steel-tMok babbit-lined beerings ate quite popular, particularly those of the interchangeable type. See also p. 786. 
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of the rigidity obtained by the bronze backing and 
also the fact that the bronze back is a heat conductor, 
carrying heat away from the babbitt metal bearing 
surface which is an important factor, because ex¬ 
cessive heat causes the crankshaft to expand and 
when excessive expansion occurs this produces wear. 

Methods of fastening or anchoring bearings are 

either with dowel pins, lips or tongues, or screws. 
In some cases whore shims are used, the shims them¬ 
selves hold the bearing halves in place. 



Fiff. (left). A bronze bushing inachined and ready for 
installation. Bushings are used in such places as the upper-end 


of the conneoting-rod. piston-pins, camshafts, the water pump, 
etc. 

Fig. 3A (right). A bronze cored bar^ which is carried in all 
sizes from which the repairman can machine any size bushing 
for which he may have a demand, not only for engine work, but 
also for chassis work, for such places as steering assembly, 
springs, etc. 




Fig. 3B. Bearmg accessories are illustrated as follows: 
Main bearing capscrew with holes for locking wires. Studs and 
bolts are also used for supporting the main bearing cap. Fig. 
3C. Connecting-rod bolt. Pig. 3D. Nut for connecting-rt^ 
bolt or main bearing stud. Fig. 3B. Bearing-anchor screws. 


REMARKS ON BEARING CLEARANCES 


The clearance space between the bearing and 
crankshaft journal when the bearing cap is drawn 
tight is known as diametrical clearance (see p. 827 
explaining). This space is divided on both sides of 
the journal, making a radial clearance all around the 
eircuinfcroncc of the journal, which space is occupied 
by a film of oil. While this condition exists, and if 
the metal of the bearing remains hard without giving 
under the eonsi-ant pounding of the power impulse 
and vibration, this oil film remains unbroken and the 
bearing remains in pc^rfect condition. But the 
softer metal will, in time, give way to the pounding 
and vibration, with the result that the bearing will 
wear oval-shaped, because the Weight of the crank¬ 
shaft and the thrust of the power impulses will all 
concentrate on the supporting half of the bearing, 
the lower half in main bearing and the upper half 
in connecting-rod bearing. Most of the wear and 
weight is on the lower part of the main bearing, 
called the lower bearing cap. 


1 Special assortment of bearing bronze consisting of sizes 
chosen to replace and service most all straight bushings in any 
make of automobile or truck can bo obtained of Federal-Mogul 
Corp., Detroit, Mich.; Bunting Brass and Bronze Co., Toledo, 
Ohio.; Phosphor Bronze Smelting Co., Philadelphia, Pa., and 
others, and also from auto supply houses listed on page 680. 
Die-cast and bronze-back bearings for various makes of engines, 
also babbitt metal and bearing accessories, such as bearing 
bolts, anchor screws, etc., can oe obtained of Federal-Mogul 
Corp., and some of the other bearing concerns listed below, 
as well as automotive supply jabbers. 

It is false economy for a repairman to use inferior brands of 
bearings, bushings or bearing metal just because they might be 
a few cents less in cost. If ne guarantees his work, which he 
should, he must use quality guaranteed parts which conform 
to the manufacturer’s specifications. 

- Some of the engine bearing manufacturers are: Bohn 
Aluminum <fc Brass Corp., Detroit, Mich, (engine bearings); 
Bunting Brass dc Bronze Co., Toledo, Ohio (bushings); Federal- 
Mogul Corp., Detroit, Mich, (engine bearings and bushings, 
bronze-cored and solid bars, babbitt metal, bearing bolts, nuts, 
shims, screws, connecting-rod bolts and nuts); Johnson Bronze 
Co., New Castle, Pa. (bushings); Milwaukee Die-Cast Co., 
Milwaukee, Wis. (engine bearings); McQuay Norris Mfg. Co., 
St. Louis. Mo. (engine bearings, piston pins, pistons, piston 
rings). Bearings, accessories, etc., can also be obtained of 
automotive supply jobbers. 

• Mention of the journal or pin relative to crankshaft work 
is intended to apply to that part of the crankshaft where the 
bearing halves fit, generally known as a crankpin, where the 
connecting-rods fit (acting as a crank), and main bearing journal 
where main bearings fit. 

^Obtain manufacturer’s instructions for exact clearance. 
This discussion of the subject is only approximate and to give 
the general idea. 

• See page 782 under Figs. 2 and 2A for explanation of differ¬ 
ence between “pressure” and “splash” lubrication. 

• See next page for recommendations. See footnote 6» 
page 786. 

’’ Applies to main bearings. Connecting rod bearings knock 
mostly when running dowmiill and enginels neither pulling car 
nor holding it back (olutoh and transmission engaged). 


Whenever the crankshaft main bearing or con¬ 
necting-rod bearing has become worn until the inner 
surface is no longer absolutely round, or when the 
clearance between bearing and shaft exceeds the 
natural thickness of the oil film, it makes itself 
known by a knock noticeable when engine is sudden¬ 
ly accelerated, or when engine is pulling hard."^ 

If the worn bearing continues to pound against 
the shaft, the shaft itself will wear flat on the pressure 
side, and in the case of the main bearings, the loose¬ 
ness will permit the shaft ‘‘to whip” or spring out of 
alignment. 

Bearings should not be allowed to run loose for 
length of time; when the knocking or pounding 
is first noticed, time should be taken to make a proper 
job of bearing fitting and replacement or adjust¬ 
ment, as the case may be. If the bearing is allowed 
to pound, it will wear the crankshaft oval, making it 
impossible to fit a new bearing perfectly without 
having crankshaft ground undersize. 


Crankshaft Main Bearing and Lower Connect¬ 
ing-Rod Bearing Clearances^! ^ 

Bearing clearances cannot be stated accurately* 
since they vary with the type of bearing construction, 
material used, design of engine, and its lubrication 
system, also climatic conditions. About .001” for 
each inch of crankpin or journal diameter is con¬ 
sidered approximately correct.® Applies to pressure- 
feed lubricated bearings.® This space is occupied 
by an oil film. 

Main bearings on engines with pressure-feed 
lubrication, on the average engine, are usually given 
a clearance just sufficient to permit enough oil to 
ass around it to form an oil film. There should not, 
owever, be enough clearance to allow oil to pass 
quickly out of the bearing and thereby lower the 
oil pressure to such an extent that the other bearings 
are deprived of the proper oil film and circulation. 
Therefore it is important that all bearings be adjust 
ed alike. Bearings too tight will block off the oil 
holes and prevent free circulation, resulting in a 
burned bearing. 

A practical way to gauge the clearance on a pres¬ 
sure-lubricated engine is to adjust the bearing until 
the shaft is turned with considerable resistance. 
This determines that the bearing is fitted to the shaft 
and ready to be set for clearance. Now remove the 
bearing cap and install enough .0015” or .(X)2” shims 
on each opposite side of bearing cap to secure the 
desired clearance. The shaft should then revolve 


with a degree of freeness so that there will be no 
Shims formerly on this page now on pp. 784A, 784B, 786, 36, 37. See fn. 2, p. 786 for in$iruet%ve heasring literature. 
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binding. Be sure to bolt caps in place by drawing 
up all nuts or capscrew evenly, avoiding pinching or 
binding bearing on one side. 

In case bearings are of the shimless tirpe^ it will 
be necessary to allow for clearance in scraping and 
fitting. This is simplified by align-reaming or align- 
boring, by setting up the cutters for the required 
amount of clearance. Some mechanics install shims 
for clearance. 

Main-bearing diametrical elegances for the aver¬ 
age-size crankshaft (2 3/4'' diam. or less) using 
splash or gravity lubrication systems should be ap¬ 
proximately: .0005" minimum, .0025" maximum 
and .001 "-.0015" desirable. For pressure lubrica¬ 
tion systems they should be: .001" minimum, .0035" 
maximum, .002" desirable. 

Connecting-rod diametrical clearances for the 
average-size crankpin (2 3/4" diam. or less) using 
splash or gravity lubrication systems should be ap¬ 
proximately: .0005" minimum, .002" maximum, 
.001" desirable. For pressure lubrication systems 
they should be: .00075" minimum, .0025" maxi¬ 
mum, .0015" desirable. 

For larger crankshafts (2 3/4" or more in diam.) 
the maximum clearances mentioned should be 
favored, and in many cases should be exceeded by as 
much as 50 per cent. See footnote 6, page 786. 

Whenever engine manufacturers* instructions can 
be obtained they should be followed rather than 
using any average clearances. 

Bearings that are scraped or spotted in should be fitted to 
permit the shaft to be turned with a slight drag by means of a 
bar (about 24^' long; see Fig. 12, page 787) when bearings are 
set up tight. * If bearings are aligned reamed or bored, there 
should be lees drag. 

Connecting-rod upper-end and piston-pin clear¬ 
ances are discussed on pages 795-797. 

Crankshaft and Connecting Rod Bearing 
Side-Clearances 

When installing new bearings, see that proper 
end-clearance or play is allowed on thrust bearing, 
also side-clearance on other bearings. 

End-play of crankshaft is necessary to allow for 
expansion of thrust bearing. The one bearing de¬ 
signed to take the crankshaft end-thrust is termed 


an end-thrust bearing. It is flanged, and sometimes 
the flange face is babbitted. The size of the flange 
surface is determined by the clutch-spring pressure 
and other factors. The thrust bearing on some 
engines is the rear main bearing; on some it is the 
front main bearing; on some it is the center main 
bearing; and on some, bronze thrust plates are used. 

The clearance between the end of thrust bearing 
and crankshaft, also the end-play or side clearance 
for connecting rod bearings for the average crank¬ 
shaft using splash or gravity lubricatioA systems, 
should be approximately: .004" minimum, .011" 
maximum, and .006"-.008" desirable. For pressvre 
lubrication systems it should be approximately: 
.003" minimum, .011" maximum, and .005"-.00G" 
desirable. 



Fig. 3F. A flanged type bearing, 
designed to take thrust. 


Too much end-clearance causes a slight knock at idling 
speeds; too little will cause bearing to heat and burn out. 

To determine end-clearance, move crankshaft backward and 
forward with a screwdriver or bar and use a thickness gauge. 

A preliminary test can be made bv applying light pre.S8ure on 
clutch pedal when knock occurs; if knock ceases, test as above. 

The only practical means for the removal of excessive end- 
play in a crankshaft (where thrust washers or shims, or 8(‘rew 
tvpe adjustments are not provided—see page 794) is to replace 
the bearings. 

Most bearings are provided with a slight extra amount of 
stock on the bearing flanges to allow for fitting. When remov¬ 
ing stock from the flange face for fitting, care should be taken 
to keep the faces square with the bearing surfaces. 

A temporary repair can be made on old bearings bv building 
up babbitt at ends with soldering iron and special solder made 
in proportions of pure block tin, I lb., to half-and-half solder, 
lib. These are melted together and poured into sticks. 
Muriatic acid with zinc is used to clean tlie surface, and solder¬ 
ing is done with a well-tinned iron. After end of bearing has 
been built up, it is then scraped to fit. 

Other main bearings (not thrust) should have at 
least 1/32" and preferably 1/16" or more clearance 
at each end. The clearance is governed by elonga¬ 
tion of bearing when heated. 

Undersize main and connecting-rod bearings 
should be used with reground crankshafts. 


REMARKS ON BEARING WORK PROCEDURE, INSPECTION, ETC. 


To test the condition of bearings; Usually where 
bearings are loose they make a knock. One method 
of testing for knocks is an air test, by testing with 
a vacuum pump (page 779) to ascertain where the 
knock is. Another test for the condition of pressure- 
lubricated bearings is the oil test, ^ explained on 
page 806. A simple test is with a jack which can 
Be placed as shown in Fig. 24B, page 790B, to ascer¬ 
tain the condition, or if engine is on the bench loose¬ 
ness can be detected by the feel and examination. 
A visual inspection can be made by removing and 
examining the bearing caps. 

Where main bearing work is done, it is best to 
remove engine to the bench; however, bearings can 
be taken up or adjusted by removing the oil pan 
and without removing engine from chassis. For 
instance one bearing cap at a time can be removed 
and examined and adjusted, but there is no means 
of knowing if the crankshaft is in proper alignment. 
' The connecting-rod bearings can be adjusted and 
fitted while engine is on chassis; however, it is necei^ 
sary to remove piston and rods in order to check their 
alignment on an aligning jig, as explained on page 803. 


If the bearing caps are examined to find out the 
condition of bearing, the bearing should be examined 
for looseness in ^ats, cracks, burns, scores, if worn 
thin, and also if it is making correct circular contact 
with shaft. Also the crankpin should be examined 
to see if scored^ if so, the score will damage bearing 
again after adjusting or fitting, and should be re¬ 
moved as explained on page 791. 

When upper bearing half is not worn enough to 
spring shaft out of alignment when adjusting the 
lower bearing cap, it can be used; when the upper 
bearing half is worn enough to reouire consideraole 
scraping, it is best to re^ace with a new bearing. 
Also, when the babbitt surface becomes glassy haiS 
or crystallized, it is well to replace them, as they 
develop flaws and do not cushion the shock. 

If the bearing is only slightly worn and there is 
sufiicient babbitt metal, then the next procedure 
would be to see if the bearing is making goc^ contact 
with shaft—at least an 80 or 90 per cent contact— 
and if so, to adjust by removing shims, or dressing 
cap. If not making good contact, whic;)! can usually 
be determined by observing that the contact is most- 
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ly at the bottom and not so much on the sides, then 
test by blueing and spotting, and then scrape to 
proper fit There should be sufficient babbitt present 
when scraping old bearing, otherwise the thin layer 
left will cause heating and probably cracking. 

A scored'bearing is one whose surface has been slightly 
roughened but where the babbitt metal has not been burned 
and run. A bearing of this kind can be refitted. It is best to 
instal a new bearing, however. 

If a bearing is badly worn, cracked, burned and 
run. scored, or worn thin, then the old bearing should 
be discarded and a new one fitted, if of the removable 
or interchangeable type, or by rebabbitting, if of the 
solid or castrintegral babbitted type. 

On the cast-integral type the bearings are replaced 
by removing the old babbitt and castmg in new. 

On the die-cast and bronze-back-babbitt-lined 
bearings they are removed and new ones fitted. 

Alignment, Circularity and Contact; Impor¬ 
tant When Fitting Bearings 

Alignment: The bores of main bearings must be in 
perfect alignment; the connecting-rod crankpins 
must be parallel to the main bearing journals, and 
the piston pin and crankpin bearing must be parallel. 

Circularity: Crankshaft crankpins and journals 
must be circular, smooth, and straight. 

Contact: Bearing halves must be properly fitted 
to their caps and seats or saddles, and have correct 
contact area with them as well as with the crankshaft 
journals and crankpins. 

Installing Bearing Halves in Their 
Seats (Contact) 

The first operation, in renewing bearings, is to fit 
the backs snugly in the saddles or seats which retain 
them. Clean caps and crankcase bores; remove all 
burrs. 

Bearings fitting ti|;htly should be inserted in seats 
carefully with the aid of a hard-wood block tapped 
lightly with a hammer. Caution however must be 
taken that sides of seats or sharp corners do not dig 
into the backs or flanges of a bearing, causing it to 
be distorted (see also Fig. 69, page 802). 

DO . CD Fife. 3G. End view of bearing-scat with 

[ I f I jSl bearing-half (A) not making full contact 

FTTI if/n Note tlie apace at (C), and that 

I \ V v f > y / I (B) projects slightly above (D). When 
^ inserting bearing-half (A), it will usually 
Fs.- project slightly and should be faced off, 

allowing approximately .001" to .002" projection above the 
edge of (D). When the other bearing-half is bolted rigidly in 


place, sufficient pressure will be exerted at (B) to foree bearing 
to make full contact with seat at (C) and flush at When 
shims are used, they will intervene between points (BB) of both 
bearing-halves. 

When old bearings of the removable tm are worn and are 
loose in seat and do not fit properly, the oaok of bearing-half 
can sometimes be tinned with solder and filed to the desired 
seat. 

Fitting Seated Bearing to the Crankshaft 

After installing bearing halves in their seats they 
are fitted to crankshaft journals. This can be done 
by spotting-in and scraping, by buming-in, by align- 
reaming or align-boring, etc., as discussed farther on. 

Remarks on Alignment of Crankshaft Main 
Bearings 

Main bearings are often align-reamed, or aut¬ 
hored to bring their bore into perfect alignment with 
each other, as explained on page 786.* 

When doing this work, the important point to bear 
in mind is that the crankshaft main bearings must 
be in perfect alignment with the crankshaft journals. 
If one bearing surface is lower or higher than the 
others, this will cause great vibration as well as 
wear. The purpose of this process is to align the 
bearing surfaces to the crankshaft main bearing 
journals. Bearings usually come undersize, are 
then line-bored or reamed to size and finish. The 
amount of clearance to give is predetermined, then 
the bearings are align-reamed accordingly, and then 
tried for fit, then run-in to limber up. 

Usually, only new bearings, or bearings with 
sufficient metal stock, are line-reamed or bored. If 
bearings are old and worn, it is best to replace them 
with new ones and line-ream or bore, or they can bo 
scraped and spotted. 

The align-reameri or align-boring machine for 
align-reaming or boring crankshaft main bearings is 
much quicker than scraping, and with the proper 
equipment allows the shop to turn out a job in the 
least possible time. 

Always inspect the crankshaft bearing crankpins 
and Journals before fitting the main bearings or con¬ 
necting-rod bearings to a crankshaft. Test the 
crankshaft to find out if it is out of alignment itself, 
by being bent or sprung, or if the bearing pins or 
journals are worn flat or oval, or if they are scored, 
cut, or rough, as explained on pages 791-793. 

Always inspect and test the connecting-rod, pis¬ 
ton-pin, and piston assembly for alignment before 
installing. See page 803. 


MAIN BEARING ADJUSTMENT METHODS 


Where crankshaft main bearings are only slightly 
out of roimd, or worn, the bearing can be drawn 
tighter by adjusting the lower bearing cap. 

There are two methods for adjusting or taking up 
on a lower bearing cap so that it will be tighter on 
the shaft: ( 1 ) by removing shims; ( 2 ) by dressing 
down the sides of the bearing cap.* 

Usually, the rear main bearing, owing to the increased 
weight of the flywheel and thrust is the one which wears first, 
1 ^ usually the bearing in the lower bearing cap wears most. 

The bearing cap is either fitted without shims or 
with shims. 

If bearings are without shims, adjustment for wear 
is made by dressing down the bearing cap by placing 

* Align-bored method more often employed, i.e., if bearings 
are or *'direct babbitted” type. If “weewton tnssrt 

(interchangeable)” type, they are manufactured to such fine 
tolerances that no fitting is required, as explained on p. 785. For 
bearini boring machkias, etc. write Lempoo Products Ino., 
Bedf^, Ohio; Tobin-Aro Mfg. Co., Minneapolis, Minn.; 
oUiers mentioned on pp. 700B, 714. Eguipment can also be o 
epeeialiMe on engine teorh and many small shops tend work to i 


it on a sheet of emery paper on a surface plate, or by 
filing it down. 

If bearings are provided with shims, adjustment 
for wear is made by removing an equal amount of 
shim stock from each side of the cap. 

Adjusting a Bearing by Removing Shims 

Taking up main bearings: First, take down the 
oil pan. To do this remove all the bolts under¬ 
neath, and all bolts at each end of pan. Then 
remove the lower oil pan. 

The bearings on many engines are fitted with 
brass or other forms of separators of a standard 
thickness, made up of a number of thin shims in 
various gauges, .001" to .005" thick and one or more 
shims of ^ 4 '' to in thickness. 

Shims. There are three t 3 ^es of brass or steel 
shims used in automotive engine bearings. 

Oedfu* Rapids Engine«‘ing Co., Cedar Rapids, Iowa, and 
tained of automotive supply jobbers and there are concerns uho 
ham. Soe p. 686. >Not good practice—fiee fa. 1, p. 785. 
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(1) The solid shim consists of one piece of brass 

or steel (Figs. 4 and 4A). 

' 

ng. 4. A solid main bearing shim (single). 

Fig. 4A (right). A solid oonnecting>rod shim (single). 

(2) The loose-leaf shim consists of several brass 
sheets. A typical combination of a loose-leaf shim 
having a total thickness of i inch would consist of 
one shim A" thick, one thick, one thick, 
three .004'' thick and two .002" thick. 

(3) The laminated shim (Fig. 4B) consists of a 
number of thin brass sheets sweated together by 
means of a special binder metal. Standard thick¬ 
nesses for automotive engines are as follows: 

A" consisting of five .003'' laminations 
A" consisting of ten .003" laminations 

1 ^" consisting of one A" solid piece sweated to ten .003" 

laminations 

I" consisting of one A" solid piece sweated to twenty-one 

.003" laminations 

The standard thickness is as stated, .003" but .002" can be 
obtained. Where shims are made up of more than one thickness, 
the thicker ones are usually placed in the center and the thin ones 
outside. 

The laminated type of shim is often used. It is 
made of thin layers of laminum, which can be peeled 
off as desired (Fig. 4B). This type of shim can be 
used in the main crankshaft bearings and also in 
the connecting-rod lower bearings. 

To make proper adjustment, simply remove one 
or more thin shims from each side of the bearings. 

The bearing cap must be drawn up tight, not 
against the shaft, but against the shim or spacing 
sleeve. If drawn tight against the shaft, it will 
bum out, and if left loose, it will pound and perhaps 
strip nuts off the cap screws. 

If more than one bearing is loose, each bearing 
should be tightened separately, and when the proper 
adjustment has been secured, loosen the nuts suffi¬ 
cient to take the pressure of the bearing from the 
crankshaft. Then proceed to the next bearing in 
the same manner. After each bearing has been 
adjusted separately, tighten all nuts. 

After adjusting, the engine should be run idle 
under its own power for some time to work-in the 
bearings, using plenty of oil. Bearings which are 
set up too snug will heat readily at first, therefore 
observe carefully until they are worked in. 



Fig. 4B. The Uminum shim: Note the laminated layers of 
thin brass .003" or .002" thick. In the illustration, the tem 
layer is being started with a knife blade, enough to get a hold, 
then it can be peeled off. (Laminated Shim Co., Inc., Long 
iSand, N.Y.) 

Fig. 4C. Plain or regular laminated shim. 

Fig. 4D. B«<bbitt-faced laminated shim used on engines 
haring pressure oil feed to bearings when the shim thickness is 
A" or greater, the i" being standard thickness for connecting- 
r^, and A" j" for main bearings. The babbitt face 
or tip is shown at Co)< 

Shims used in engine bearings lubricated by pressure feed 
•bould be babbitt faced when the shim thickness is or great¬ 
er* The babbitt face is necessary to effectually seal in the ml. 


Otherwise, the oil would be forced out through the recess be¬ 
tween the shim and the shaft, and oil pressure could not be 
maintained in the bearing. The clearance between the babbitt 
face of the shim, and the shaft should be exactly equal to the 
bearing clearance. It is, therefore, important that babbitt- 
faced ^ms should be machined with the bearing. 

Adjustment with the laminated babbitted shim is accom- 
riished in the same way as with the regular laminated shim. 
The necessary number of laminations are peeled from the shim 
as usual, and then the babbitt is easily filed or scraped down to 
the approximate thickness of the shim. Under pressure the 
babbitt is flattened slightly to fit closely and accurately. The 
babbitt faced shim is covered by patents. 

Laminum is also made in standard sheets 6" wide and 36" 
long in various thicknesses from .010" up to J", with lamina¬ 
tions either .002" or .003" thick. 

^en installing shims in bearings, place an equal amount of 
shims on each side of bearing; adjust cap, and if bearing is too 
tight, add shims: if too loose, remove shims, adding or removing 
equal amounts on each side. 

DonHs for Shims in Service 

1. Don’t use shims unless they are flat and free from burrs. 

2. Don’t use shims which are not free from dirt and grit. 

3. Don’t use shims over connecting-rod or main bearing studs 
and bolts, unless holes fit like dowel holes. 

4. Don’t use tubes or other tools to hammer shims over studs. 
Shims must bo placed by hand so as not to injure them. 

5. Don’t have stud holes in shims so large as to permit the 
shims to shift over edge and tomrh shafts. 

6. Don’t neglect to replace shims on same side of bearing as 
taken off. 

7. Don’t lose sight of the fact in adjusting bearings that when 
bearings are scraped in, there are high spots that will wear 
down in running-in; this means, adjust scraped-in bearing.^ 
a little tighter. When bearings are ulign-reained or bored, 
little or ih) high siiots are to be reckoned with; therefore 
adjust bearing to a working clearance. 

8. Don’t leave sharp corners on oil holes in shafts which might 
score bearings. 

9. Don’t remove a .003" thick shim from one side and a .002" 
one from the other. Nor should you renuive a shim of any 
thickness from one side and none from the other. 

10. Be sure babbitt in bearing is properly grooved to distribute 
oil in bearing before placing snims, because a badly grooved 
bearing can do as much damage as a badly placeci shim. 

11. All main bearing shims should be pressed at all so 

as to maintain jMenty of oil in bearing. 

12. If no reamers of proper size can be obtained, babbitt faces 
of shims should be scraped or filed to fit. 

Adjusting Main Bearings by Removing 
Shims; Rco as an Example 

The main bearings are adjusted as follows: 

Remove plug and drain oil from crankcase; take out 
cap screws; disconnect oil line at rear of case, and 
drop oil pan (applies to model "T6" where oil is 
forced to the four main bearings and connecting- 
rods lower end, splash lubricated). 





Fig. 5 Oeft). Main bearings lubricated by force feed. Fig. 
5A (right). Connecting-rod lower bearing lubricated by splash. 
Both fitted with shims. See page 799 for adjustment of Reo 
*‘T6" connecting-rod. 

Now remove the locking wires which anchor the 
nuts and back off locking nuts one full turn on all 
main bearings. Remove nuts and cap from No. 1 
bearing. 

Remove one lamination from each of the metal 
spacing shims provided; replace the cap and nuts; 
tighten the nuts, and if the orankshift still turns 
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easily, repeat the operation until a slight drag can 
be detected. 

Again remove cap and nuts; replace one .002*" 
shim on each side to give proper nmning clearance. 

Replace cap and nuts, but do not tighten nuts 
because the other bearings must be adjusted. 

For example, lot ua suppose that with the spark plugs re¬ 
moved (thereby olinfmating compression) the erankshait ran 
be turned over very easily. Commence with the first main 
bearing and adjust it properly, following the directions us given 
above. Were we to allow this bearing to reniain properly 
adjusted, some difficulty would undoubtedly be experienced in 
detecting the exact tightness of the second bearing. Therefore, 
in order to ascertain this point, slack off on the first bearing 
just a trifle. 

Instructions given for No. 1 bearing, apply to the balance of 
the main bearings. 

Wljcn the second bearing has been eorrcctlv adjusted, Hlack 
off on the nuts a trifle, and adjust the third bearing, and so on. 

After all of the bearings have been adjusted, tighten the lock 
nuts and replace the locking w-ircs. 

Testing after adjusting: If the main bearings 
have b(icn properly adjusted, no difficulty should be 
experienced in turning the engine over with the 
hand starting crank. 

\Vlien testing the bearing, keep in mind that while 
it should have no appreciable amount of looseiujss 
this docs not mean that tlie drag on the shaft shoulcl 
prevent its free rotation. 

When all main bearings are properly adjusted and 
the caps are bolted in i)lace, the crankshaft should 
be just loose enough in the bearing to permit revolv¬ 
ing it by hand or turning it readily with the fly 
wheel, and without the assistance of a bar or pry. 

Remember, tliere is a possibility of getting the bearings too 
tight, and umler such conditions the babbitt alloy in the bear¬ 
ing i.s likely to out out (juiekly \udoss prc'caution is taken to 
run the eiiijinc slowly for the first few da..\.s, with phady of oil. 


TYPES OF ENGINE MAIN AND 

There are three types of engine main and con¬ 
necting-rod bearings in common use, classified ac¬ 
cording to their mechanical features as quoted. 

1. Precision insert (interchangeable) bearings. 

—No boring, reaming or otherwise fitting required 
to prepare liearings for shaft. 

Adv(i7U(igrs~FAi^c of replacement and lower 
asH(*mbly cost. Not iK'ces.sary to rtanove piston and 
rod assembly to replace connecting-rod bearings. 
Not necessary to completely remove crankshaft to 
replace the main bearings. Installation can be made 
by a mechanic with limited training. No special 
machine or tool equii>ment is rccpiired to make an 
emergency repair in the field. 

Disadvantages ,—Inaccuracies in dimensions and 
out of rouncfiiess of bearing saddle bores in con¬ 
necting rod and crankcase will be closely duplicated 
by bearings after assembly. Misalinement, warpage 
and bow in crankcase cannot be corrected by in¬ 
stallation of new bearings. 

Material ,—Tin base babbitt applied to a steel or 
bronze ba(*k. Lead base babbitt applied to a steel 
or bronze back. Cadmium alloy bearing metal ap¬ 
plied to a steel back. Copper-lead bearing metal 
applied to a steel back. 

2. Removable bearings.—Bored or reamed to 
exact size after proassembly in crankcase or con¬ 
necting rod. 

Advantages .—More accurate replacement job. Di¬ 
mensional inaccuracies and crank-bearing saddle 


Note the Reo method of replacing the oil pan: Caro must be 
taken in replacing the oil pan, as tnere is danger of damaging 
the gasket for the cam-gear housing cover and causmg oil to 
leak from the front end of the engine. A thin strip of tin placed 
over the gasket will serve as a guide for the oil pan, and prevent 
damage to the gasket. Before fastening the pan in place, with¬ 
draw the tin strip. Best results can be obtained by fastening 
up the pan on the left side of the engine first. In this manner 
it is possible for one person to guide the pump plunger into its 
barrel while raising the right side of the pan in place. Before 
replacing the underpan, be sure that all cap screws are tight¬ 
ened and that cotter pins are inserted. (If gasket is damaged 
replace.) 


Adjusting a Bearing by Dressing Bearing Cap 

Where there are no shims by wMch adjustment 
can be made, bearing cap (containing bearing-half) 
can 1)0 dres.s(‘(l down so that it can be drawn tight(ir 
around tluj shaft-bearing-journalh 

Main and connecting-rod caps can be reduced either by 
dressing off 9 n the sides by filing (termed “draw filing") or by 
lapping the sides down on it sheet of emery cloth stretched over 
a sniooth board or prefi'rubly over the face of a surface plate 
This work r<Hiuir<'H enreful and painstaking effort, and frecpient 
inspeetion or cheeking. 



Lapping* is more accurate, especially for pressure-lubricated 
rod or main bearing caps, as few' (tan file to the trueness re- 
<iuired to prevent oil IcaKago. 

When removing a bearing cap, always inspect to see if the 
babbitt is daniag<‘d or woin so thin that the bearings should 
be replaced. Usually the lower main bearing wears mo.st. 

Inspect the crankshaft pins and see if they are smooth and 
are not scored or cut, or worn oval or flat, or out of round, for 
if thty are, th(*n the tirno will be lost if not remedied. 


* Dressing bearing caps by filing or lapping to adjust bear¬ 
ings is poor practice as it throws the bearing out of round. 
.See also p. 7.S(). 


CONNECTING-ROD BEARINGS2 

bore misiilinement, warpage and Im)w are auto¬ 
matically corrected during the final boring or ream¬ 
ing oix'ration. 

Disadvantages .—Replacement is more difficult. 
Piston and rod assemblies must be removed to re¬ 
place connecting rod bearings. Engine must be 
removed from chassis to replace main bearings. A 
more or less extensive set of boring or reaming 
equipment is necessary. A skilled operator is le- 
quired to set-up and operate the boring or ream¬ 
ing equipment. 

MateHal ,—Same as for tyjx) 1. 

3. Direct babbitted bearings.—A.s applied to oon- 
iK'cting rods or bearing caps. Bored or reamed to 
exact size at assembly. 

Advantages .—Same aa for type 2. 

Disadvantages .—Same as for type 2. 

Material .—Tin base or load base babbitt directly applied 
connecting rod or, in a few cases, to the bearing cap forging. 

NOTE.—Direct-babbitted eaps must be used with align- 
bored (or reamed) upper bearing shells, (continued top p. 7^). 


5 This subject (inserted here between text prepared some¬ 
time ago) deals with modem engine bearmgs and is abstracted 
from a Bulletin entitled: "Report oh Engine Bearings: Replace¬ 
ment Tcchniqite for Installation or Fitting" by tlie Maintenance 
Methods Coordinating Committee of the SAE (1943). This 
Bulletin containing 16 pages and 24 illustrations can be ob¬ 
tained (until stock is aeloted) by sending 15c in stamps to 
A. L. Dyke, 406 Market St., St. Louis 2, Mo. See also page 691 
under “ENGINE BEARINGS," and footnote 6, p. 786 for 
hearing manual. 
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Precision insert (interchanseable) besrinns are used in most 
of the present day engines, ft is claimed^ that they withstand 
the severe duty impoeod by advanced designs of engines better 
than the thick babbitt bearing formerly used, and give in¬ 
creased bearing life. Factors governing this, being the extreme 
thinnega of the metal lining and improvements in machining 
practie^. Thceo bearings must be used in combination w4th 
crankcase and oonnecting r<Hl bores which we trul>' round 
within certain limits. Installation of neto bearinga with an 
out-of’Tound crankshaft must be considered a3 an emergmey 
repair and full mileage cannot be expected from bearings. 

Shims are not used with precision insert bewings with pres¬ 


sure lubricating systems^ and no adjitstment is provided. Worn 
bearings are msoarded and replaced with new ones. Many 
mechanics have attempted to make adjustments with precision 
insert bearings by filing cap. This is poor practice. Bewings 
are short-lived, roundness is destroyed and installation of 
new bearings, when this is finally done, is greatly complicated. 
Shims are used in combination with certain conditions of 
engine and bearing design. Undersite replacement hearxngs 
are available for precision insert bearings to match crank¬ 
shaft wear and 8ucocs.sive regrindings. See your nearest jobber 
and engine rebuilder as suggested on page 686. 

For instnictiye bearing literature see footnote 6 below. 


VARIOUS METHODS OF FITTING AND ALIGNING BEARINGS TO THE CRANKSHAFT 7 


lliere are several methods of fitting and aligning 
Gearings to the crankshaft main bearing pins as 
follows: 

1. By **spotting-in'^ and scraping and running-in in 
. oil.' 

2. By boring, then reaming, then “spotting-in’^ 
and scraping, then “running-in“ in oil. * 

3. By boring, reaming, and bun^ing-in,^ which might 
be termed “melting-in”; then “running-in” in oil. 

4. By boring, then reaming.^ 

5. By align-reaming or boring with adjustable cut¬ 
ters; then running-in to burnish.® 

Either of these processes can be used, and all are 
intended to accomplish the same purpose, that is, 
to give a good bearing surface and to align the bear¬ 
ings with each other and to the crankshaft main 
bearing pins. Each process will be discussed in 
pages following: 

Spotting-in and Scraping a Main Bearing (1) 

Usually, for all ordinary wear, the adjustment of 
bearings is all that is necessary (for removing shims 
or dressing the sides of the bearing caps as the wear 
increases; more often by removing shims), and the 
removal of the oil pan is usually all that will be 
required. 

Where bearings are spotted-in and scraped, it is 

best to remove engine from frame of car (see also 
page 784 dealing with this subject). 

To scrape and spot-in bearings: Remove jthe 
engine from the frame by means of a hoist or other¬ 
wise; remove the pistons; remove the oil pan and cyl¬ 
inders, or the cylinder head, if of a detachable type. 

Mark each part when removed: Before disas¬ 
sembling the bearing caps to remove the crankshaft, 
the timing gears should first be carefully marked, as 
also the pistons, etc., that were removed, so that 
they can be assembled later on in their proper place. 


I Spotting-in and scraping are done when fitting new bearings 
where align-reaming or align-boring tools are not available, or 
for reconditioning a used bearing where there is not stifficient 
metal to allow for align-reaming or boring. This process does 
not of course align bearings as accurately as align-reaming or 
boring, and alignment of be-arings depends largely on the opera¬ 
tor’s skill in finishing the bearings to the same level or position 
of main bearing journals of the crankshaft fnow seldom used). 
iThis is a duplication of work not now deemed neceasary. 

* Some of the bearing manufacturers claim that burning de¬ 
preciates the babbitt texture. It is used most on cast-in or 
BoUd types of babbitt bearings. 

* This is the Ford Model service method, as explained 
on pages 790 and 790A. 

*With modem type align-reamers or align-boring fixtitfes 

with adjustable cutters, bearings can be finished by either aUgn- 
reaming or align-boring and then run-in to limber up 
c Feuerai-Mcgjt "Engine Bearing Service Manual" is a very 
instructive booklet Explains different types of crankshaft 


Usually, the connecting rods and caps are marked 
as shown on page 799. 

Turn the crank case on its side, preparatory to 
removing the crankshaft. The cmnk case will then 
look something like that shown in the illustration 
(Fig. 8). 



Fig. 8, Crankcase with crankshaft in place (a six-cylinder 
engine as an example). (1) front support; (2) oil ducts to carry 
oil back in crank case; (3) crankshaft front bearing cap; 
(4) connecting-rod lock nut; (5) connecting-rod bolt; (6) con¬ 
necting-rod cap; (7) cam: (8) ignition di.stributor (Delco); 
(9) and (10) set screws for distributor; (11) oil pipe from pump 
to distributing tube; (12) oil-pump screen; (13) center bearing 
cap; (14) center-bearing lock screw; (15) crankshaft; (16) 
connecting-rod shims; (17) rear-bearing cap; (18) rear-bearing 
look screw; (19) crankshaft fly-wheel flange. 

The oil-pump screen (12) is removed, bb well as 
the fly wheel, by disconnecting it at the crankshaft 
fly-wheel flange (19). Mark the fly-wheel bolt holes. 

The connccting-rod caps are then marked and 
removed, as are also the connecting-rods themselves. 

The crank case is then turned up-side-down, and 
the main bearing caps (3, 13, and 17) are removed. 
Be sure to mark each one carefully. 

The crankshaft is then removed and the work of 
spotting-in and scraping will be done on all of the 
upper halves of the crankshaft bearings first, in order 
to have the crankshaft align with them. 

Before proceeding further, the crankshaft should 
be inspected for alignment, etc., as outlined on page 
792, and as will be explained farther on. 

After determining that the crankshaft is in perfect 
condition, the next procedure is to “spot-in” and 
scrape the upper bearings. 

Do not remove the bearing-halves from their seats or caps 

(if of the removable type), unless it is necessary to replace them. 
Be sure the bearing are firmly seated and rest snu^y against 
bottom in seats and caps. 

Clean the crankshaft main bearing pins and upper 
bearings with a soft cloth and wipe perfectly dry. 

Then give the crankshaft main faring pins a 
very light coating of blue, or marking compound. 

The marking compound is Prussian blue which can be secured 
at any supply uouse, and cornea ready mixed (lamp blar^k is also 
sometimes used). A little dab on the fingers is sufficient to 
wipe on the shaft, as a very light coat is required. If too much 
is riven, it will run all over the bearing, and q;x>ts wlU show 
whieh should not be scraped. 


main bearings, connecting rod, and camshaft bearings in 
common use today; how to diagnose and service enrine troubles 
caused by worn or cracked bearings; how to check clearances: 
how to check bearings with an oil pressure tank, etc. Federal Mogul Bearing Oil Leak Detector is also explained. Write: Fe<lenvl- 
Mogul Service, Div. Federal-Mogul Qorp., 4809 John R, St., Detroit, Mich. See also p. 691 "Engine Bearings" and fn. 2, p. 786 
for Bulletin on engine bearings. For additional inf. see p. 36. See p. 806 for oil leak test (early method). This subject and pages 
following have not beenjevised for sometime and deal with early methods—^but the reader should know about Jhem. Old Upes 
of "splash" lubricated main and rod bearings, and the "scraping" and "burning^" methods formerly used, are now larged a 
thing of the past. Modern engines use precision insert bearings and pressure lubrication. 
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Fig. 8A. S^tting-in the upjMr halves of the eraxikshaft main 
hearmgs by giving the cranwaft bearing surface a thin coat 
of blue ana rocking it back and forth. 

J^lt the crankshaft in place, and rock it back and 
forth with the hands (Fig. 8A). Do not use pres¬ 
sure. 


Remove the crankshaft and note in what manner 
the blue has spotted the upper main bearings. The 
'^high spots^^ inside the bearing will be found marked 
in blue, showing that at these points the crank 
touched; but the part which is white was not 
touched by the crank. Therefore the problem is 
to get the high spots down until the bearing will 
mark, or have a blue surface, all over. 

This is accomplished by scraping the high spots 
down, as in Fig. 9, with the scraping tools shown in 
Fig. 10. which can be secured at any supply house 
or can be made of old files. This is a slow job, for 
if too much metal is removed it cannot be replaced. 





Fig. 9. Scraping upper halves of 
the crankshaft main bearings in 
their seat. Bearings should be firmly 
seated when scraping. Lower illustration* shows how bushings 
(B) made of sawed-off pieces of steel tubing can be used to 
hold bearing down. 

Fig. 10 (right) Bearing scrapers. 


This marking, or ‘*spotting-in” and scraping pro¬ 
cess is repeated from time to time till the whole sur¬ 
face is marked, as shown in (D) (Fig. 11). In 
practice, it is not possible to get every white mark 
off the bearing; therefore continue the scraping and 
spotting-in until at least three-fourths of the total 
surface is blue, and the rest will wear in. 



MFOet KP*Pir«(< 



Fig. 11. Showing appearance of markings as the scraping 
proceeds. 


After the scraping is done, the burnisher shown in 
Fig. 10 may be run over the entire surface of the 
bearing to shine it up and smooth the surface. 

If, when first placing the crankshaft in the upper 
bearing, it is noticed that the end bearings are 
colorea and t^e center one is not, it is an indication 
that the center bearing has received more wear than 
the end ones, and that the end bearings must be 
reduced in height to bring them down to a perfect 
line with the center one. 

If the center bearing and only one of the end 
bearings is colored, it indicates that one of the end 
bearings has worn more than the other two, or that 
the center bearing has not received as much wear as 
both end bearings. 

Whichever may be the case, the remedy is to 
scrape the babbitt bearing metal at the required 
points until the three (or whatever number of bear- 


> lUuitratioii and suggestion from Bepa%rman*t Ouidt as in 
footnote Si- page 780. 


ings there may be) are in perfect alignment with 
the crankshaft* 

While marking or '^spotting-in’^ these bearings, 
the weight of the crankshaft is sufficient. Do not 
put on the caps at all, as they would force or spring 
the shaft down and mark the low part of bearings. 


Spotting-In and Scraping the Crankshaft 
Lower Main Bearing Halves 
After the upper main bearings are completed, the 
lower main bearing caps are treated in a similar 
manner, being scraped down to a perfect marking. 


A very important point is to “spot-in” and fit the 
rear cap first and to test it for stiffness; then loosen 
it, then “spot-in” and test the 
next, and loosen it, and ^he 
other likewise. After doing 
this, tighten down on all. 
Otherwise, if each bearing is 
Fig. llA tightened as you proceed, the 

bearing being fitted could not be properly t^ted 
fer clearance. 




Fig. 12. Spotting-in the lower halves of the crankshaft 
main bearings (Clievrolet as an example) by giving crankshaft 
bearing surface a thin coat of blue and placing it in the upper 
bearing halves; then place thin metal snima in place between 
upper and lower licanug caps and tighten all bearing caps. 
Then place a bar (It) between the flywheel bolts as shown and 
turn crankshaft several times, then remove bearing caps and 
examine for blue spots. If the bearings do not touch or fit snugly 
on the shaft it may be necessary to remove equal number of 
shims from each side. Scrape out the blue spots. 

Clearance: After spotting-in and scraping the 
main bearing caps, the caps are tightened down and 
engine is “run-in” on a running-in machine, using 
plenty of oil. The caps are then removed and bear¬ 
ing surfaces examined. If bearing heats-up con¬ 
siderably, add a shim, if too loose, remove a shim. 
If shims are not used dress off bearing cap if too 
loose, or scrape bearing if bearing is too tight. See 
also page 783 on bearing clearances. 

Adjusting and testing: When the lower caps are 
fitted and the nuts are drawn up tight, the shaft 
should turn with some resistance. Some repairmen 
judge the amount of resistance by being able to move 
the crankshaft with the hands as shown in Fig. 8A. 
The bearings must not be so tight that they will 
overheat and seize. See also page 783. 

When testing with all bearing caps drawn down, do not mis¬ 
judge tight bearing for bearings out of alignment, as bearings 
out of alignment also cause drag or locked shaft. 

After fitting the bearings, run the engine idle un¬ 
der its own power with plenty of oil to limber up 
bearings. Use plenty of lubrication during this 
process, as bearings which are set up too snug will 
neat rapidly at first. Therefore the danger of scor¬ 
ing or burning is very great until the bearings have 
time to work m. 

Care must be exercised in driving car for approximately one 
hundred miles after bearing have been tightened. See page 
833A about adding oil to the gasoline when running-in after 
fitting pistons and rings. 

Bearing Fitting Pointers 

When removing bearing caps, be sure to mark 
them so that they can be replaced in the same posi¬ 
tion on bearing from which they were removed, and 

always put oil on the bearings when replacing a cap. 
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Before marking and after scraping, dust all the 
metal chips out with a small paint brush. Wash all 
parts oflf with gasoline or kerosene. 

Have the scrapers sharp, and never try to scrape 
with nicked scrapers. 

Do not forget, vdien takii^-up on bearings, to 
examine the oil grooves. They may be worn 
shallow or filled with metal, and should be opened up. 
Examine oil line and pump. 

Oil holes in main bearings on pressure-lubricated 
type should line up with oil holes in crankshaft main 
bearing journals. This is important, as the oil hole 
in the main bearing of the drilled crankshaft supplies 
oil to the connecting-rod bearings. See that pas¬ 
sages in a drilled crankshaft and also holes in bear¬ 
ings are clear. Reversing a bearing cap will limit 
the oil supply; if removed for adjustment, replace 
in original position. 

Care should be taken in setting up a used bearing 
not to have it as tight as a new bearing, as the metm 
in the old bearing has been compressed and will not 
seat itself and wear down, as in the case of a new 
one. The bearings should not be set up so tight that 
the crankshaft cannot be readily turned by the 
hand. On pressure-feed bearings it should turn 
more freely than on splash feed. 

If the shaft turns too hard, do not think that loose- 
ening up the nuts is the remedy. In such a case an 
extra thickness of shim brass will have to be put in, 
80 that the nut can set down tight and still allow 
the shaft to turn. 

If the bearing or metal babbitt lining in one-half 
of a bearing is worn badly or is very &in, then re¬ 
place the full bearing, as it is better than replacing 
only one-half. The fitting process will be necessary 
just the same, however. 

Lockmg nuts or bolts on bearings securely after assembling 
is very important. When studs are used, castellated nuts whicli 
are locked with cotter pins are usually provided; when bolts 
are used, there is usually a hole in bolt head for locking wires. 

In renewing bearings, care must be taken to^ see 
that they are of about the same thickness of metal 
as the original ones. If too thick, the pistons will 
be pushed higher into the cylinder and will alter the 
compression and cause vibration. On two-cycle 
engines it would change the port timing. 

When scraping in the upper halves of new main 
bearings where timing gears are used, the camshaft 
with the gear attached should be plac^ in the cylin¬ 
der block and the crankshaft gear fitted to the crank¬ 
shaft to determine whether the gears are meshing 
properly. If the crankshaft and timing gears mesh 
too deep or do not mesh deep enough, &er scraping 
the bearings, they will be noisy. 

If the timing gears are too tight, owing to the top of the teeth 
coming in contact with the bottom of the spaces in which they 
mesh, it may be poumble to effect a remedy by turning off metal 
from the outside diameter of the gear. If the teeth bind on 
the pitch line (near center of tooth; see Fig. 11, page 86d), the 
gears may be lapped in, but caution must be used to keep abra¬ 
sive from bearings. One method is to cut cardboard or thin 
metal to fit behind gears. 

If too loose, instal two new standard-size gears, and if this 
does not take up play then install over-size replacement gears. 
(Where align reaming jigs are used eztreme care in setting up 
will remedy the troume.) There should be only a i^ght amount 
of backlash in timing gears after the bearing caps are drawn 
down tight. 

Timing gears should fit fairly snug when new, with little 
backlash, so that after they are run-in they will modi properly. 

Sometimes when main bearings as well as crank- 
diaft journals are so badly worn that refitting bear¬ 
ings would throw shaft out of its original center, 


then it becomes necessary to regrind shaft and apply 
new undersize beai^s, and then to align-bore bear¬ 
ings back to the original centers. 

,* 

After fitting bearings, never turn the car over to 
the owner with the bearings so tight that it is diffi¬ 
cult to start the engine with the starting motor, 
otherwise he will run the battery down in cranking 
the engine. It is best to have them moderately tight, 
and then, after the car is driven for about 1,000 
miles with plenty of oil, to examine the bearings 
and see if the cap should be adjusted. 

Boring, Reaming, Spotting-in, and Scraping 
Main Bearings (2) 

This is another process for aligning the bearings 
with each other and with the crankshaft main 
bearing pins, which is similar to the scraping process, 
except that two other operations are added. (This 
is a duplication of work not now deemed necessary.) 

The main bearing caps are fitted in place (the 
crankshaft removed), and then the bearings are 
rough bored, then align-reamed to about .001" 
larger than the crankshaft. 

The crankshaft is then put into place, and Prus¬ 
sian blue is \ised for spotting-in the high spots, 
which are scraped down Jis previously explained. 

After these processes are completed, the crank¬ 
shaft is run-in by belt power, using plenty of oil, 
until the crankshaft can easily be turned by hand. 

Boring or Reaming, Burning-in, and Running- 
in Main Bearings (3) 

The buming-in process is supposed to take the 
place of scraping. By this process, the bearings are 
aligned with each other and to* the crankshaft pins. 

The theory underlying the process of buming-in 
bearings is that if a very thin skin of the bearing 
metal next to the shaft is heated almost to the melt¬ 
ing point while the shaft is revolving,, it will form 
itself to a 90 or 100 per cent running fit. Such per¬ 
fection is, of course, impossible of attainment. 
However, the process approaches it closely enough 
for all practical purposes. 

There is some difference in the procedure, depend¬ 
ing upon whether the bearing is a removable bronze- 
backed or die cast bearing which can be replaced, or 
plain babbitt cast into the cylinder block main bear¬ 
ing seat and cap, which of course is solid. 

Care must be taken in the preparation of bearings for bum¬ 
ing-in, when boring or reaming, to see that orankshaft is prop¬ 
erly located to inaure correct gear mesh. 

Considerable care is necessary when buming-in die-cast 
babbitt bearings which are removable, as they are not anchored 
as tight as cast-in babbitt bearings and may crack; likewise, 
considerable care is necessary in ourning-in the babbitt lining 
on bronse-backed bearings, as the lining is only about to 
iY' thick on an average bearing. 

If the bearings are badly worn or thin or loose, 
then new bearing must first be fitted^ either by 
installing removable bearings or casting m the plain 
babbitt bearings. 

Main bearings are usually bumed-in when new 
ones are installed, or cast-in: however in some cases 
slightly used bearings can be burned-in where the 
texture and thickness of metal i^rmits. The process 
is used most with castrin babbitt bearings. 

If only the lower beering it worn end it it a babbitt bearing, 
a new cap with a babbitt Uifing oaa*be teourea. 
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As an example, the process of fitting bearings to 
a model Ford engine will be explained. 

Babbitting: The first process is to rebabbitt the 
bearings if necessary. 

Boring or reaming; The main bearings in cylinder 
block are then align-bored or align-reamed (or rough 
bored and then align-reamed) with special fixtures 
to approximately .(K)!" less than crankshaft journal 
diameter. 

Testing and installing crankshaft: After the main 
bearings have been properly reamed or bored, or 
roughly hand scraped, as the case may be, the crank¬ 
shaft is installed and a slight amount of oil is applied 
to the journals to prevent scorching; if too much oil 
is applied, it will prevent burning-in. Before instal¬ 
ling the crankshaft, test it, as explained on pages 791, 
792, 793. 

Fitting bearing caps: There are two methods, with 
or without shims. The shim process will be ex¬ 
plained. 

Fit No. 1 bearing very tightly by shimming, leaving a “rock” 
of from .004'' to .000", that is, in such a manner that, with the 
shims in place, it will be impossible to push the bearing cap 
down to them by hand. 

The proper distance can be measured with a feeler gauge. 

For instance, a distance of .005" on one side with the cap pullwl 
down to the shims on the opposite side is equal to .0025" on 
each side when the bearing is exactly centered on the shaft. 

Should it be impossible to fit closely enough by shimming, 
the bearings may be dressed off on the sides. 

After fitting No. 1 bearing, loosen it, and proceed with the 
remaining ones, loosening each ixa it ia finished. Particular 
attention must bo given to chamfering or removing a small 
extra amount of babbitt at the split edge of bearing caps and 
clear aiiross from side to side. M'his will take care of slight 
offsets at cap and main bearing along split edge of bearings. 

Errors had best be made on the side of looseness until experi¬ 
ence is gained, as with all bearings pulled down too tight, the 
shaft is subjected to a tremendous strain, which may spring it. 

The beamg caps are then drawn down tight on the 
crankshaft, one fit it time, and are then tested out 
with the turning-l)ar or lever which has two pins in 
it and fits into the flange of the crankshaft; each 
bearing should show considerable resistance to turn¬ 
ing. 

Buming-in the main bearings: Each bearing 
should be shimmed up to the same amount of tight- 
nes.s, and should then be put in the burning-in 
machine (Fig. 13), connected with coupling (D), 
then clamped tight with clamp rods (CC). 


D-Drive Coupling 
188 r. p. m 
Clutch Handle 
Clutch Wheel 


Burningdn Crank ShaftOH 
(Bearings 



Fig. 13. A buming-in machine. Burning-in the main 
orankshaft bearings A belt drives the fly 

wheel. The power ia then transmitted through a clutch to the 
gearing, thence to coupling (D), which drives the crankshaft 
OP) at 188 r.p.m. The same operation is used for burning- 
in the lower connecting rod bearings. The base (I) permits 
the pistons to pass the cylinder block slightly when burning-in 
the connecting-rod bearings. (See footnote, page 803, as to 
where shop equipment of this kind can be obtained.) 


The machine is then started by means of the 
hand lever (C)* which operates the clutch, and the 
orankshaft is revolved at 188 r.p.m., by belt power, 


for about 30 to 40 seconds, until the bearings be^ 
to burn and showing a dark straw color and smoke, 
then oil is poured on the bearings, and after about 30 
seconds more, oil is again pourM on the bearings. 
After about 2 to 5 minutes the clutch lever (C) is 
thrown out, and the bearings are then tested by 
means of the hand wheel (B). If the crankshaft can¬ 
not be turned by one hand, then the operation of 
burning-in is repeated for a few seconds. 

If one bearing should not get as hot as the others, the opera- 

tion should be stopped and either shims should be removed or 
the cap should bo draw-filed to tighten on the bearing, thus 
insuring its being burned-in the same as the others. This 
attention must be given at the start of the burning-in proedNs. 

When the buming-in operation is completed, the final clear¬ 
ance between the bearings and crankshaft pins will be about 
.002" to .003", or approximately the amount which was melted 
down in the burning-in process. Thus a clearance is gained for 
the film of oil which is necessary to lubricate the bearings. 

After the buming-in of the main bearings, the 

engine is removed from the machine, all surplus 
metal is scraped out of the oil grooves of the bearings, 
and the caj^s arc replaced and lubricated. 

Burning-in^ Connccting-Rod Lower Bearings 

The main and connecting-rod bearings had best 
be bumed-in separately, the former first. 

After the main-bearings have been bumed-in and 
lubricated, the pistons and connecting-rods are 
assembled to the engine, after the pistons and 
connecting rods have been tested on the alignment 
device, as will be explained farther on. The engine 
is then returned to the machine; mounted on the 
same base (I) (Fig. 13), which permits the pistons 
to pass cylinder head block slightly. The operation 
is then the same as the burning-in operation on the 
^lain bearings just explained. 

It is well to relieve the tension on the main bearing caps 
slightly while buming-in the connecting-rod bearings. WiiCii 
burniiiK-in the connecting rods, it is important that, thougli 
the pistons and cylinders and main bearings are flooded with 
oil, the connecting-rod bearings should be kept dry until the 
running-in oil process is reaclieil. Should they get even a few 
drops of oil, they will remain tight and will not burn. 

The connecting-rods should be assembled to the shaft tight 
enough to require a hammer blow sidewise to move it along the 
shaft. 

After buming-in, test with the hand wheel (B) to 
see if the work is completed, and when the hand 
wheel (B) can be turned over freely by hand, the 
connecting-rod cap is removed, the oil groove is 
scraped out, and the job is reassembled. 

The engine is now ready for running-in in oil, or 

burnishing. The main bearing caps are tightened 
and cotter-keyed. 

Running-in in Oil or Burnishing,^ Main and 
Connecting-Rod Bearings 

The engine is returned to the machine in an up¬ 
right position, and instead of base (I) being used, 
the upper half of the crankcase is bolted to the oil 
sump on the machine at (M). The oil sump is filled 
with oil to the oil level (Fig. 14). The engine is run 
at 550 r.p.m. until it is limbered up to the extent 
that it is possible to turn over the crankshaft by 
the hand wheel. 


I Buming-in involves tightening the bearings around their 
journals and then rotating the crankshaft by means of a device 
called a burnini^in machine, until sufficient beat is created to flow 
the babbitt sli^tly into conformity with the surface of the crank¬ 
shaft main and connecting rod journals. The burning-in process 
is carried on without lubrication between bearing and journal. 

> The bumishing-in process is accomplished with a burning-in 
machine or other outside source of power to rotate the crank¬ 
shaft. The caps ore drawn down until there is a drag at each 
bearing and ou is introduced and the crankshaft rotated to 
produce the final smooth finish and to limber up the bearing. 
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DYKE’S mSTRtJCTION No. 60 


After ell, the fla«l fit of a bearing ia controlled by the **break« 
in|Hn’* And as soon as the bearing stops overheating, it is then 
a bearing. In other words, it may oe put up as tight as piossible, 
and after running 300 to 400 miles it will sufficiently loosen up 
the bearing as it should be, so that it can be hand-cranked. 

After this operation is completed, the engine is 
ready to complete assembly and for adjusting, test¬ 
ing, and inspection, before installing it m the car. 



Fig. 14. A burning-in machine bein^ used for running-in the 
engine bearings in ou, or bumishing-ui. The main and con¬ 
necting rod bearings, and the piston and piston rings are also 
run-in. Note that the lower coupling (J), which turns the 
crankshaft at 550 r.p.m. is used in this instance.^ 


Testing, Adjusting, and Inspecting Engine 

The next operation is to test the engine tmder its 
own power on the machine, as illustrated in Fig. 15. 



Fig. 15. A machine being used for testing, adiusting and 
inspecting engine under its own power, before iastaiUng in car. 
Note that the stand (SS) has been attached to the ma<mine for 
this purpose. (See footnote, page 803, as to where material of 
this kina can be obtained.) 

After the engine has been completely assembled, 
it is then connected to the machine with the fixture 
(SS), as shown in Fig. 15; it is then connected with 
the gasoline tank, which is furnished with the stand. 
The ignition system is then connected ^ith the bat¬ 
tery, and hose connections may be made for running 
water through the cylinder blocks for cooling. Pipe 
exhaust out^f-doors to eliminate fumes. 

After the engine is ready for this operation on the 
machine, the clutch (C) is thrown in and the engine 
is run imtil it starts under its own power. The 
machine is then shut off and the transmission of the 
engine is set at neutral p^int and the engine is run 
until freed up to the point of being able to crank 
easily by hand. 

After all adjustments for oil leaks, ignition, valves, 
etc«| are made, the engine is ready to be placed in the 
car. It is far better to exercise the several tests 
described, rother than to have to tear it out again 
for some trivial reason which could not be detected 
until the engine had been replaced. 


1 S«6 page 7008 for bome-tiuide nmnii^-iii nuiclimea, former¬ 
ly on Um page. > From Ford Service BulUiiii; see footnote, 
iMHpr^OOA. Appfles to Model “T’* Ford. 


Boring and Align Reaming Main Bearings; 

Ford Service Method* (4) 

This process consists of rebabbitting main, bear¬ 
ings in cylinder block, then rough-boring the rebab¬ 
bitted bearings, to which are fitted rough-babbitted 
main bearing caps, then align-reaming them .002'' v 
larger than diameter of the crankshaft journals. 

To insure a satisfactory job when overhauling an 
engine, it is always advisable to rebabbitt the main 
bearings in the cylinder blocks. Attempting to re¬ 
condition old bearings by hand scraping is an ex¬ 
tremely slow process and is not as satisfactory as 
when new bearings are installed and properly fitted. 
The procedure (condensed) is as follows: 

Rebabbitting Main Bearings* 

Remove old babbitt (B) from seats (Fig. 16). The bearings 
are of the cast-in, or solid integral type. 

Transfer cylinder block to wash tank and wash block with 
hot water and metal cleaner; clean seats and fill oil holes in 
bottom of seats with asbestos wicking (flush with seat surface). 

One of the most important items in rebabbitting a cylinder 
block is having a clean, dry surface for the babbitt. If water 
or oil are present, even in the smallest quantity, there will be 
blow holes in the babbitt. 

Place several pounds of genuine Ford babbitt into melting- 
pot and heat until it just commences to show a dull red. The 
temperature is then about 800® F. (See also page 801 on melt¬ 
ing babbitt.) 

Place rebabbitting fixture (F, Fig. 17) in the bearing guides 
in cylinder block; sUde adju.stable collars up against ends of 
guides; tighten screws in collars; place pouring blocks against 
each side of No. 3 (rear) bearing. 


Fig. 16 (left). Removing old babbitt. Fig. 17 (right). 
Pouring the Dabbitt into upper main bearing seats. 

When babbitt reaches a dull red, turn flame down slightly so 
that the babbitt does not get too hot and stir tboroui|;hly before 
pouring, also skim off the dross; this should not be skimmed off, 
however, until Just before the babbitt is poured, as the dross 
is composed of tin oxide and will form nearly as fast as skimmed. 
Remember each time you skim, the percentage of tin is reduced 
and babbitt becomes harder. 

With pouring blocks placed against each side of No. 3 bear¬ 
ing, take one ladle (L) in each hand and All with sufficient bab¬ 
bitt and pour rapidly. 

After pouring No. 3 bearing, transfer pouring blocks to center 
bearing and pour it, then repeat the operation on No. 1 bearing. 

After pouring, examine bearings. If one is loose, or is not 
properly poured, remove and pour again without disturbing the 
others. 

Cut off lugs or sprues (S) from each side of bearing (Fig. 18). 
Level off top of b^rinjra with file. Drill oil holes and remove 
the asbestos wicking which was put in them before pouring to 
prevent clogging the oil holes. 

Peen the babbitt with tool (P, Fig. 19) to make a tight fit of 
babbitt shell to seat, and thus avoid a loose bearing. After 
peening, drive out camshaft rear bushing. 


Fig. 18 Qeft). Cutting lugs or sprues (S) from sides of bea^ 
ings. Fig. 19 (right). Peening the babmtt^ b^iifls« 
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Installing Boring Fixture 

Transfer cylinder block to combination machine and secure 
in position. A false camshaft is inserted into camshaft bearing 
guides for the purpose of correctly locating the babbitt boring 
Exture on cylinder block so as to insure eorreet gear centers o! 
crank and camshaft gears. 

Checking Crankshaft 

Examine crankshaft journals for scores, cracks, wear, and 
alignment. If badly scored or cracked, instal a new shaft. 
Lii^t scores can be removed as described on page 791. If out* 
of-round more than .0015", install a new shaft; if sprung .015" 
or less, straighten; if flange checks out more than .0015", 
instal new shaft. 


Installing Shims 

After inspecting shaft, measure the three main bearing 
journals with a micrometer to determine the exact amount of 
wear on each journal. If journals all measure up to standard 
size, that is, 1.248", place three standard Ford shims on each 
side of the three main bearing journals preparatory to instalhng 
the bearing caps. 

If, however, crankshaft main bearing journals are worn 
undersize, the wear must be taken up by building up the bearing 
caps with additional shims to an amount equivfdent to that 
which shaft bearing journals have worn undersize in addition 
to the usual three shims which are carried between each side 
of the bearing halves during the rough boring and line reaming 
operations. 

For example: Suppose the front main bearing journal on 
shaft is worn .001" undersize, the center journal .002", and 
rear journal .0016". 

Then with the bearing hxture bolted to the block, and the 
usual three shims plac^ on each side of the bearings, wo 
should, in the case of No. 1 bearing, place an additional Ford 
shim on one side of the beanng. (A standard Ford shim is 
.0025" tliick.) By placing the shim on only one side, it would 
raise the bearing cap half of the thickness of the shim, which 
would be .00125" at the center of the bearing, which amount 
practically corresponds to the amount of undersize of that 
Searing. 

The center bearing would require two extra shims, one on 
each side; this would raise the cap .0025" or .0005" too high. 
This difference, while not important, can, however, be taken 
care of by only tightening the bearing bolts siifficiently during 
the boring and reaming operations to prevent the cap from 
shifting. 

The same process is then used on the No. 3 bearing. In using 
this method, it is an easy matter to arrange any combination of 
shims to obtain the correct adjustment on a bearing which has 
worn slightly undersize. 

These additional shims which are installed for adjustment 
purposes are used onlv during the line>boring and lino-reaming 
operations; they are then removed when fitting the crankshaft, 
thus insuring each bearing cap being drawn down to exactly the 
same amount that the individual crankshaft bearings are worn 
undersize, which insures a uniform clearance in all three bear^ 
ings, with only a slight amount of hand scraping. 


Rough Boring the Main Bearings 

With the boring fixture positioned on the cylinder block and 
the correct amount of shims placed on each side of the bearings, 
install the bearii^ caps, using rough babbitted main bearing 
caps, instead of Wished caps to insure bearings being bored 
round. Be sure, when removing caps to replace them in the 
same position. 

Next, install and tighten bearing bolts. After proper align* 
ment of table and block and tipping to a horizontal position. 



the boring bar is connected to the head of the combination 
machine by means of a universal joint (B). The boring opera* 
tion requires about 3 ^ minutes (Fig. 20). (Bearings are rough 
bored to 1.245.") 

When the boring operation is completed, the cylinder block 
and table are tipped to a vertical position. Bearing caps and 
shims are removed, and with a dry cloth remove any metal 
chips, oil, eto. from each bearing. 

Align-Reaming the Main Bearings 

Place line reamer in bearing with the pilots of reamer resting 
in the bearings. Place the shims on each hide of the bearings, 
replacing the exact number of shims which were removed when 
the boring operation was completed. 

Ihstall bearing caps on each bearing, placing in original posi¬ 
tion and bolt caps in place. Tip cylinder olock and table 
forward in a horizontal position (Pig 21); connect reamer (R) 
to head of machine by means of the universal joint. Start 
machine and flow a little oil on to reamer. About 3 minutes 
is required to ream the bearings. (Behrings are align-reamed 
to 1.260.") 

After bearings have been reamed, stop machine; then remove 
pins and turn cyhnder block and table in a vertical position. 

Bearing caps and reamer are then removed and a shim is 
withdrawn from each side of the three main bearin|^.^ Also 
remove any shims used for adjustment purposes. ^ This will 
lenve two shims in place on each side of the three main bearings 
for making future adjustments between the bearing halves. 
(Ford standard sliims are .0025" thick.) 

Facing and Filleting the Main Bearings 

With two shims on each side of the three bearings, replace 
bearing caps bo'ting them down. The rear bearing cap is then 
faced off, and a I'j" radius or fillet is formed on both ends of 
rear and center bearing^i and on the rear end of the front bearing. 

The rear main bearing which is the thrust bearing is faced off 
to 003 ' to .004" clearance or end-play between end of bearing 
cap and flange of crankshaft. 

To determine amount to face measure crankshaft rear 
main bearing journal as shown in Fig. 22, then deduct ,003" 
for clearance. An equal amount of metal is then faced off each 
end of the bearing cap (see Fig. 23) until its length is .003" less 
than the reading on the micrometer. For example, suppose the 
inside micrometer showed the length of the crankshaft rear 
bearing to be 3 125", by deducting .003" from this measurement 
we get 3 122", which represents the length to which the bearing 
should be faced off. (The center and front main bearings are 
fitted with a clearance of 5^2" to A".) 



Fig. 22. Measuring rear crankshaft main bearing journal (J) 
with an inside micrometer (M) to determine amount to face off 
each side of rear main bearing. Fig. 22A (c mter). Crankshaft. 
The fillet is the rounded corner on crankshaft journals next to 
shoulders. The ends of bearings must be rounded off or filleted 
otherwise the ends of bearings would bind. Fig. 23. Facing of 
main bearings with facing tool (F). Time is saved in removing 
and installing the bearing caps throughout the different op^a- 
tions, if quick detachable bolts (U) are used (provided with 
equipment). 

Fitting Crankshaft 

After the filleting operation remove bearing caps and shims 
and wipe out any oil, chips, etc., from each beanng and clean 
crankshaft, and then spot up crankshaft as follows.* 

Place a light coat of Prussian blue on each of the crankshaft 
main bearings and position crankshaft in cylinder block; the 
shaft is turn^ back and forth several times (as in Fig. 8A, page 
787), after which it is removed and the bearings are carefuUy 
examined. The pioints which show blue on the babbitt surface 
are the high spots; these mil usually be found at the fillets, and 
can be removed by lightly scraping them with a bearing scraper. 

After fitting the bearings in the cylinder block, the shaft is 
anin positioned in the blor,k and the bearing caps are fitted. 
The caps are fitted one at a time. This is done by placing two 
shims on each side of the bearing and bolting the cap down with 
the quick detachable bolts; the shaft is then turned back and 


1 These instructions (pondensed) are from Ford Service 
Bulletin describing how the Ford main bearings are babbitted, 
bored, and ab.gn-reamed with a combination machine Applies 
to Model “T’^Ford. 
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forth several times, after which, the cap is removed and the 
high spots are scraped down with a bearing scraper. The re¬ 
maining two bearing caps are then fitted in the same manner. 
Next place a little oil on the caps and bolt then) all down in 
place on the cylinder block. If the caps are projperly fitted, it 
should be possible to turn the shaft bade and forth with the 
hands. 

If the shaft is tight, loosen the bearings one at a time until 
the tight one is found, then remove the cap and lightly scrape 
down the high points as previously described. 

Align-Reaming or Align-Boring Main Bearings 
and Running-in to Burnish (5) 

Align-reaming or ali^-boring are bearing recon¬ 
ditioning methods using either adjustable pilots 
fitted to the bearings, oi special fixtures fitted to the 
crankcase to guide the work. Adjustable cutting 
tools are used. These methods insure perfect par¬ 
allel alignment from the original crankcase bore, 
assuring proper timing gear mesh and clutch shaft 
ali^ment. They are quick and accurate methods of 
fittmg the main bearings. 

During either process, the main bearing caps are bolted 
down tis^tly as they would be in service, and the work is com¬ 
peted, usually in one operation, unless considerable metal is to 
be removed. The crankshaft is then installed and then run-in 
to burnish and limber up the bearings. Spotting, scraping, 
and buming-in is eliminated. 


In addition to being able to machine the bearings to align 
their centers, the adjustable aligning reamers or boring ma¬ 
chines also have the advantage of finishing the bearings to 
various diameters for each individual bearii^. For example; 
suppose the front crankshaft main bearing journal is ground 
.006" undersize, the center .010", and the rear .006". The 
cutters can be adjusted independently of one another to accom¬ 
modate the undersizes above mentioned with proper oil clear¬ 
ances. 

Either process is sufficient in fiidshing bearings to size and is 
suitable for universal use on a majority of automotive engines. 
Some mechanics prefer the align-reaming method, and others, 
the align-boring method, and each has its adherents. The two 
methods are similar in finishing bearing surfaces and differ 
principally in design of outters used, method of applying them 
to the work, and the method of adjusting. 

Fig. 24. Example of a main bearing reamer (Martell system) 
prepared to ream the main bearings. Names of parts: (B) 

reamer bar; (R) reamers; 
(C) Adjustable threaded 
cones to be screwed into 
bearings—contain (D); (D) 
conical adjusting bushings 
for piloting and centering 
reamer bar in desired posi¬ 
tion. 

Example of a main bearing boring fixture and tooU is not 

illustrated. They ompoy adjustable fixtures which are bolte<i 
to bearing side of crankcase. Fly-cutters are used to bore the 
bearings. 



MISCELLANEOUS 


Fig. 24A. Home¬ 
made running-in 
machine. An 
old transmission 
serves as a clutch 
and speed ratios. 
Line shaft hangers 
serve as bearings 
for driven pulley, 
which is driven 
from shop line 
shaft at about 
400 r.p.m. Engine 
•age 1036. 

Fig. 24B. The subject of testing for the condition of bearings 
is diiKUSsed on page 784. This method is not exactly according 


to engineering practice, but with a seiLsitive jack and a son.se of 
"feel,” looseness can be determined to a certain extent. 

Raise the car by ineaiis of a 
jack to suit the conditions for 
testing. If the rod bearings are 
to bo triM, run a jack hea<l 
against the lower half of the 
connecting-rod bearing and 
work the jack handle up and 
down. The smallest amount of 
play can bo detected in this 
way,especially on the main bear¬ 
ings,'where the pressure of the 
jack is applictl on the crankshaft 
against the weight of the car and "play.^' 




LAPPING COMPOUND FOR BEARINGS 


Lapping the main and connecting-rod bearings instead of 
scraping or buming-in has not been the general practice, owing 
to the tendency o7 the hard abrasive to stick to the bearing 
material and thus to continue to cut the bearing or abaft after 
the lapping process has been completed. 


A compound, known as "Timesaver," can, it is claimed by its 
manufacturer, be used with perfect safety as it breaks down 
after it has been in use for a short time. It is composed of 
large and small crystals, the cutting surface being the large 
^stal and the small crystal being a neutralizing substance. 
When the large crystal has been worn down so that the short 
crystals are in contact with the rubbing surfaces, these are 
broken up and, owing to their neutralizing action, destroy the 
cutting qualities of the entire compound. This action generally 
requires about 10 minutes. It eliminates scraping and works wth 
bronze, babbitt, or brass. It is claimed to be soluble in oil, or 
it can be removed with gasoline or distillate after the lapping 
operation is completed. It cannot be used for grinding valves, 
or lapping in pistons and rings, as it does not work on iron or 
steel. 


The method of using this compound is to bore or oast the 
solid bearings or bushinipi to a light driving fit on the s^ft and 
grind in. A number of other methods can be utilized. Fig. 24C 
shows the oar with the enmne in place and the bottom half of the 
orank case removed. The connecting rods being fitted to the 
crankshaft are in the reverse position, that is, hanging down. 


One shim is removed and the connecting rod is bolted up. 
just snug, with bearing compound and oil in the bearing, and 
is rocked back and forth a few minutes, tightening the nuts as 
the babbitt grinds out. 



Fig.24C. Showing bow the 
connecting-rod bearings of 
an engine can be lapoed 
with compound. Main 
bearings, it is claimed, can 
be treated in a similar man¬ 
ner; crankcase can be placed 
on a stand or block. 


It is claimed that bearings treated in this manner do not 
have to be assembled as tightly as a scraped bearing, as there 
are no high spots to wear off and the bearing, if properly done, 
is a finished job 


Some of the compounds for lapping bearings are: Zip friction 
paste; it is claimed that it works only with water and dissolves 
in oil therefore cannot imbed in soft babbitt and thereafter cut 
the shaft. Manufactured by the Zip Abrasive Co., Cleveland, 
Ohio. Pep "Safety First" babbitt bearing grinding compound, 
manufactured by Pep Mfg. Co., 33 W. 42nd Bt., New York, 
N.Y. The Clover Mfg. Co., Norwalk, Conn., supplies lapping 
compound for this purpose. 

Caution: It is advisable to thoroughly wipe out any com¬ 
pound used for lapping, since, if for any reason it should fail 
to dissolve, it woula probably ruin the bearing surface. 


1 Some of the concerns who manufacture or supply main imd 
connecting-rod bearing reamers, boring machines, bearing 
babbitting fixtures, connecting-rod bearing aligning and boring 
fixtures, etc., arc; Automotive Maintenance Mchy. Co., 
Chicago, Ill. (Ammeo products, reamers equip, in general); 

Eagle Machine Co., 

Inc., Indianapolis, Ind. (Norborn main bearing boring machine, 
ronnecting-roa boring fixture); 


Shoemaker Automotive Equip. Co., 
Freeport, Ill. (bearing line boring machines, connecting-rod re¬ 
babbitting fixtures, etc.) ; SheDherd-Thomason Co.', Los Angeles, 
Cal. 

Taft-Pierce Mfg. Co., Woonsocket, 
R.I. (Martell main bearing reamers and connecting-rod fixtures). • 


and others 

also automotive sijpply houses listed *09 


page 686 



ENGINE BEARINGS 


791 


CRANKSHAFT INSPECTION AND REPAIR 


Before the main bearings, or the connecting-rod 
bearings are fitted, or a crankshaft is installed, the 
crankshaft should be inspected. Some of the dis¬ 
alignments of crankshafts can be enumerated as 
follows: 

1. Crankpin or journal scored, cut or cracked. 

2. Crankpin or journal worn flat, or out-of-round. 

3. Crankshaft bent. 

4. Crankshaft throws out-of-line with each other; 

that is, those throws which are supposed to be 

in line but twisted out of line. 

5. Flywheel flange out of true. 

Scored Crankshaft Bearing-Pin 

If the crankshaft bearing surfaces are scored or cut 
having ridges or rings (Fig. 25), it will cut the bear¬ 
ing, causing it to run hot and be damaged. Fitting 
of bearings under such conditions will be a waste of 
time, as bearings will soon wear loose. 

fej° 

Fig. 25 (left). Score<l rranknliaft bearing pin. Note the 
ridges. This is only a slight score. 

Fig, 26 (right). Cleaning roughened surfaces of crankshaft 
bearing pins with emery strips. 

Where the crankshaft is only slightly scored, the 
ridges or high spots can be removed with a fine 
Swiss file, and the rough surfaces can be polished 
off by encircling the shaft with fine emery cloth 
saturated in oil and making a steady, even motion 
up and down, as shown in Fig. 26, before lapping. 

The strips of emery cloth should be about 
wide and well oiled. Emery tape is better, if ob¬ 
tainable. Unless the method shown in Fig. 26 is used, 
there would be a tendency to make the shaft oval. 

Lapping a Crankshaft Pin 

Another method is to lap the crankshaft bearing 
pin, using a lapping compound and specially made 
clamps. 

Figs. 27, 28. Form of 
hand-lapping device for 
crankshaft pins. 

Lapping: Figs. 27, 28 show a form of hand lapper. 
This consists of a pair of hinged members with a 
central hole large enough to admit various-sized 
bushings to conform to the various sizes of shafts. 
A bolt is provided to hold the two halves together, 
and the flanges on the bushing prevent the bushing 
from slipping out the side of the frame. 

The lapping is done by applying a fine emery 
grinding compound' and oil to the pin, and clamping 
the lapping tool to the work. The long handles 
serve as a lever for the work. 

The pins are polished in practically the same way 
by a pair of long wooden clamps (Fig. 28) con¬ 
structed on somewhat the same principle as the 
lapping tool, using a piece of emery cloth well oiled. 

The connecting-rod throws on a crankshaft can be lapped and 
polished, the same as the main bearing journals. 

One method employs offset or throw-out blocks attached to 
lathe face plate and tail stock. This method is suitable if done 
by an expwenoed machinist. Another method is to mount the 
orankshalt in a lathe the same as for the main bearing journals, 
and to use slow spe^ and follow the orankpins with a lapping 
tool, as iUustratea in Figs. 27, 28, but with extra long handles. 




If a crankshaft is badly scored, it will be^necessary 
to put it in a lathe and true it up, or send it to a con¬ 
cern that has special crankshaft grinding machines. 

When crankshafts are ground, they are first straightened, 
then the flywheel flange is turned true, and then the crankshaft 
pins are ground into perfect alignment (see also pages 819, 820). 

Some of the manufacturers of crankshafts hone the crank¬ 
shaft pins, and claim tliis is equivalent to 3,000 miles of actual 
wearing in. Both connecting-rods and main bearings get a tight 
fit, and thus they remain tight. 

Crankpin Worn Oval or Flat 

If a crankpin is found out-of-round, that is, 
is not circular, by testing with micrometer calipers, 
and is more than .(X)2" or .003" qut-of-round, it 
should either be ground true on a grinding machine 
by a concern that specializes on this work, or a 
crankpin returning tool should be used, before at¬ 
tempting to readjust, or fit new bearings. 

If a crankshaft (of light and medium tyx>e construction) is 
worn more than .012" to .020" (depending upon its size and 
construction), it is usually discarded. On large truck and tractor 
crankshafts, as high as .020" to .025" can be removed, but bear 
in mind that the more metal removed the weaker the shaft. 
Undersize bearings can be obtained for crankshaft journals that 
are reduced in size by grindiug. 

Where a crankpin is roughened slightly and not worn out- 
of-round more than .001" and a returning tool is not available, 
file up the untrue part with a fine Swiss file to as accurately a 
circular shape as possible, testing frtKiuently with the micro¬ 
meter C4ilipers. The crankpin is then lapped, as previously ex¬ 
plained. 

A crankpin retuming-tool is especially adapted for 
truing up worn, scored^ tapered or out-of-round 
orankpins without rcmovmg crankshaft. Such tools 
are made by several manufacturers, one being shown 
in Fig. 28A. 



Fig. 28A (left). Crankpin retuming-tooI>: It is claimed tha*^ 
it will true up worn, scored, or egg-^aped crankpins without 
removing crankshaft. An undersize reamer is then used and 
scraping is not necessary. 

The process is explained as follows: Determine the undersize 
at which crankpin will clean up. Then select a connecting-rod 
bearing reamer of the closest undersize; turn crankpin down 
to diameter of body of reamer which serv’es as a gauge. Bearing 
is then reamed to the size of the returned crankpin with the 
same bearing reamer (see Fig. 65C, page 800). The blade of 
the reamer projects just enough to provide the necessary oil 
clearance between bearing and crankpin. The operation is 
completed without any hand scraping whatever, ((jare must 
be taken to avoid removing too much metal, thus weakening 
shaft.) 

Fig. 28B (right). Ames crankshaft gauge.* Will show if 
crankshaft or crankpin is out of round, and will measure exact 
diameters. This precision tool shows at a glance the wear of 
crankshaft, crankpins and wrist pins. So aligned that its two 
contact points are exactly opposite and in line with the diameter 
of the shaft being ineasurra, giving its exact diameter. An 
accurately ground, 1-inch standard is furnished and used to 
adjust gauge properly before measurements are taken. 

Fig. 28C (center). Checking crankpin with a micrometer: 
The micrometer and an outside dial gauge (Fig. 28B) are the 

* Tool shown in Fig. 28A is marketed by Automotive Mainte¬ 
nance Machinery Co., Chicago, III. Some of the other concerns 
makii^ cranl^in returning tools are Sii^lici^ Mfg. Co., Port 
Washi^on, Wis.; Krieger Tool & Mf’g Cfo., Wisconsin Rapids, 
Wis,; General Equipment Corp., Kalamasoo, Mich.; Sawyer- 
Webw Tool & Mfg. Co., Los Anises, Ced. 

*Made by B. C. Ames Co., Waltham, Maas. Dial gauges 
can also be obtained of L. S. Starrett Co., Athol, Mass. 
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oikly instrumento that will aoouratdly teat oonneoting-rod 
orankpin for circtUarity or concentricfty. To teat for roundaeasi 
place at points (A) and compare the readings; to test for taper, 
place at points QB^) and compare the readings. 

The cause of a craukpin being: out-of-round (where 
the lower part of the connequng-rod fits) is often 
attributable to a flat spot, due to explosion pressure 
occurring constantly at one point. The result of 
this is that the connecting-rod bearing will not fit 
true and w^ill bind. (Main bearing journals do not 
wear in proportion to crankpin journals). The o^y 
remedy IB to have the crankshaft ground on a grinding 
machine or use a returning tool. 


If a crankshaft (or a camshaft) is out of roUnd, it 
will cause the bearing to loosen and wear out of 
round in a very short time and create a knock; there¬ 
fore, before assembling the crankshaft (or camshaft) 
in an engine, they should be tested for concentricity. 
A crankshaft gauge especially adapted for this pur¬ 
pose is shown in Fig. 28B, also the micrometer, Fig. 


28C. 


A dial gauged or indicator (Fig. 29) can also be 
used for testing a crankshaft (or any other shaft) for 
concentricity, its operation being explained as fol¬ 
lows: The ^aft is placed in the adjustable center 
posts (CP). The needle of the dial indicator is per¬ 
mitted to touch the crankshaft lightly (as at B) at 
various points, while the crankshaft is slowly turned 
by hand. 

The concentricity of the crankshaft main bearing pins 
could be tested as shown m (B) on the machine shown in Fig. 
29, but the test of the connectmg-rod bearing pins on the crank- 
shfidt, which are offset to the main beari^ pins, would necessi¬ 
tate special dogs or jigs for holding it. (The crankshaft gauge, 
iHg. 2w, is best suited for this.) 

One method of determinin|; whether main or connecting-rod 
bearings are out-of-roond: Tighten each beaniig cap separately 
and give the crankshaft a complete turn. If the bearing is out- 
of-round, the shaft will invariably turn free at one point and 
bind at another, or measurements can be token of the shaft 
bearings with a pair of outside micrometers. 


Crankshaft Bent; Alignment 

^ Where a crankshaft is bent or sprung less t]ian 
.015", it can be straightened on a straightening 
press; if sprung more, cither take it to a modern 
equipped shop where proper equipment is provided 
and where it can be ground afterwards, or install a 
new ^ft. Don’t attempt to fit bearings on a bent 
crankshaft 


Fig. 29. tTniversal shafi-testiag and straightening detioa* 

and arbor press in one unit. (A) shows the dial indicator on 
shaft (S); (B) gives an idea how the needle point of the diiu 
indicator is usecTto test the oonoentrioity of a shaft when placed 
between the center posts (CP). 

The dial indicator will measure from sero to one quarter ot 
an inch, and will indicate vanations in half-thousandths. 

The centers (CP), may also be used for testing the oonoen* 
tricity of armature shafts on starting motors, generators, etc. 

The arbor press is also used for pressing bushings and shafts 
out of gears, for straightening axles and propeller shafts, etc. 
The arbor press is shown removing a gear from an axle shaft. 



Fig. 30. A shaft-straightening press^: In straightening a 
bent shaft it is advisable to warm it slightly first. Then bend 
it far enough in opposite direction to which it is bent, so that 
it will be distorted the other way. The shaft is then brought 
to normal from this side. This prevente any tendency for 
shaft to spring out of line. Care must be exercised not to 
apply too much pressure in tlu first attempt and gradually to 
bend, and te.st after oach attempt of straightening. Shafts are 
sometimes broken wlien straightening. Badly bent shafts, 
especially large ones (^that are not hardened) are sometimes 
heated in order to bena them and then ground afterwards. 

After straightening shafts, they are usually ground on a 
crankshaft grinding machine and should be tested for straight- 
ne.8S, concentricity, and alignment of tlirows, all of which should 
be perfect before instaUing crankshaft. 

To test for a bent crankshaft* with a dial gauge or 
indicator, place shaft in center blocks (Figs. 30A, or 
29). Gauge or indicator is used to locate the direc¬ 
tion of the bend, if there is any, that is in relation 
to the main bearing journals (MP) (Fig. 30A). This 
test would be made on the center main bearing jour¬ 
nal of a 3, 5, 7, or 9-bearing shaft, or on the two 
center journals in the case of a 4-bearing shaft. The 
pointer of gauge is placed on shaft journal as shown 
in (B) (Figs. 29, or 30A). The bearings should be 
tested to determine out-of-roundness before the 
shaft is teHte<l for bends. To avoid confusion, an 
out^of-rouiid journal should be marked at its greatest 
and least diameters and the difference in measure¬ 
ments noted. 


To straighten, it may be placed in the blocks (V) 
(Fig. 29) and the pres.s used on it. Another shaft^ 
straightening press is shown in Fig. 30. 



If the shaft is bent, as it is revolved, the gauge 
w'ould show a variation in its reading. The amount 
of deflection of the dial gauge, divided by two, 
indicates the amount the shaft is bent, providing the 
bearings are circular. 

For example, if gauge shows .010" variation, thie would mean 
that the shaft was bent oil its center .005". If bent .005" or 
more, straighten on a straightening press. 

To test crankshaft journals for worn or out-of- 
round condition, use micrometer as in Pig. 28C. If 
in "miking” the journals they are found to be, say, 
.005" out-of-round, and the indicator also shows 
.0025" when test was made for bent shaft, this would 
indicate a worn journal instead of a bent shaft. Bent 
or spning shafts will cause bearing journals to wear 
more on one side and will loosen bearings quickly. 


»Dial gauges can be obtained of L. 8. Starrett Co., Athol, 
Mass, (see also page 704). 

* See also footnote, page 803 as to where equipment of this 
kind can be obtained. See also page 686 for list of automobile 
supply jobbers. 

»A bent s^ft is a shaft not straight with its eenters; a 
twisty shaft is a shaft with orankpin throws twistwl out ^ line, 
usually cawed by extreme shock due to grabbing ohitch undar 
sev^ pulling strain and by auddenly engaiite dutoh 
rapidly coasting with engine running at idnfig gpeed. 
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Fiff. 80A. Method of testing a orankshaft for a bent place. 
(MP) are orankshaft main bearing pins; (CP) are cranluhaft 
oonneoting-rod pins. 

In testing for a bent crankshaft, one should not be misled b/ 
a bearing surface of the shaft, that is probably worn out-of¬ 
round; the test should be made first for out-of-round or worn 
condiUon with micrometers, as shown in Fig. 28C. 


ment of the main bearinn of the crankshaft. The case is placed 
on the bench in the position shown; a strip of pasteboard about 
1 in. wide and ^ in. thick is placed beneath the front and rear 
bearing journals of crankshaft. By these the shaft is raised 
from the center beariiig and side play is prevented. 



A pointer is then 
clamped on to the 
side of the case at 
the center bearing, 
and by turning the 
shaft the amount it 
is out of true is 
determined. This 
method is not only 
better but quicker 
than testing in a 
lathe. 


Crankshaft Throws Out of Line or Twisted 

The crankshaft ^^throws’^ are the parts (CP) to 
(MP) (Fig. dOA). On a four-cylinder engine, the 
four throws (CP) should be in exactly the same plane 
or line. When out of line the crankshaft is twisted. 


Figs. 33, 34. Strai^tening slightly bent crankshafts where 
an arbor or straightening press is not available: There are few 
repair meq who vrill undertake to straighten a bent crankshaft, 
and by tiianv it is claimed to be impossible to make a lasting 
repair to a shaft which is out of true. However, as the repair 
man is occasionally called upon to “fix it up,*’ and a straighten¬ 
ing press is not at hand, one means employed is shown. 


A twisted crankshaft will cause the bearings to 
loosen quickly and will cause vibration, and may 
also throw the timing and the firing impulses out of 
line. In such a case, the valve events and spark 
would not occur in the correct relation to the piston 
positions. 

One method of checking a twisted shaft would be 
to learn tlie position in inches in which the piston is 
supposed to DC from the top of the cylinder at the 
time of the o)>ening and closing points of the valves 
and to see if it checks properly. On the Ford, these 
positions are shown on an illustration referring to 
valve timing. 

To test for a flywheel flange being out-of-true, 

check by placing shaft in V-blocks. and positioning 
any heavy object against the end of shaft to prevent 
its sliding forward while the flange is being cnecketl. 
An indicator is then placed against the flange and 
shaft slowly revolved. If out-of-true, this will cause 
flywheel to run out>-of-true and result in vibration 
and wear on bearings and shaft. 


Miscellaneous Crankshaft Pointers 



Fig. 31. When storing crankshafts it 
is advisable either to suspend them as 
shown, or to set the flange on the floor 
90 that the crank will be straight. It 
is not generally known that a crank¬ 
shaft will sag out of line when allowed to 
lean gainst the wall, but such is the 
case. Crankshafts have sagged as much 
as .002'' or more in this way. 


Fig. 32 (next column). When testing devices are not avail¬ 
able the crank case may be used as a fixture for testing the align¬ 


It 18 best to send work like this to concerns equipped for such 
work, as sometimes it is necessary to heat crankshaft and grind 
afterwards. Only one experienced knows just how much heat¬ 
ing should be done. 

The shaft is bent as indicated by the dotted line (A) (Fig. 34), 
only to a very much less extent, the bend not being visible to the 
naked eye except when the shaft is rev^olving in a lathe with a 
tool or other object held stationary, close to the center bearing 
surface or crank pin. 



The shaft (K) (Fig. 33) is fixed between the centers (C) of the 
lathe; blocks (B) are placed upon the lathe-bed for a fulcrum, 
and a bar of iron (R) or preferably of wood, is as a lever. 
If an iron bar is employea, a piece of brass, wood, or lead should 
be placed between it and the beanng surface of the shaft for 
protection. 



Fig. 34. Bent crankshaft. 


Assuming that the shaft is bent as indicated by the dotted 
line (A) (Fiij;. 34), it is pried up with the bar till it assumes the 
position indicated by the dott^ line (B), and while held in this 
position, an assistant holding a piece of brass (M) on the baring 
surface with one band, and witn a hammer in the other, strikes 
the shaft a sharp light blow. 

The bar and blocks are then removed, the lathe started, and 
the shaft tested again for results. This treatment is repeated 
again and again until the shaft is straight as indicated by the 
line (C). It is generally a lon^c and tedious job, depending 
greatly uTOn chance and the ability of the operator of the bar 
to guess the proper amount of pressure to apply and the proper 
place at which to apply it. 


CAMSHAFT ADJUSTMENTS 


The camshaft on some engines is a case-hardened 
drop for^ng of low caxbon steel. It is usually 
mounted in bronze or die-cast bearing bushings and 
in some engines on the plain cast iron bearing surface. 

The usual troubles are worn bushing which pro¬ 
duce knocks and end play, and it sometimes becomes 
necessary to replace the bushings; or if plain iron 
bearings, an oversize camshaft is fitted, or holes en¬ 
large and fitted with bronze bushings and reamed 
to size. 

If thefront camshaft bearJ^ has worked loose in its 
Dttshingi or is worn, the timing gears would be noisy. 

If file wear is not too great, the bearing can be 
tin^teiied by means of an adjustment screw which 


is provided on some engines, or by replacing the 
bearing bushings. 

On some of the Continental engines the end thrust, or end 
play is taken up by regulating an i^usting screw in the timing- 
gear case cover (see question 2, page 795). 

Miscellaneous Camshaft Pointers 

Before installing a camshaft (or crankshaft), in¬ 
spect it carefully for cracks and scores. If free of 
cracks and scores^ then check its bearing journals 
for roundness with a micrometer. All journals 
should be round within .002", and if out-of-round 
more than this, then regrind or replace shaft. 

After this inspection, test for a bent or sprung 
condition by placing on the V-blooks (Fig. 29, page 






704 


DYKE’S INSTRUCTION No. 60 


792) j if more than .002'^ out on center journal it 
shoxild be straightened texplained on page 792). 

A ti»nms camshaft (or orankshaft) will cause bearings to 
loosen qui<wly. 

If a camshaft (or crankshaft) has diiUed'passages for pressure 
lubrication, see that the passages are clear before replacing. 


Clearance: No set clearance can be given. Ap¬ 
proximately .001" is usually allowed. When cam¬ 
shaft bearings have more than .002" clearance and 
camshaft has more than .002" to .003" end play, 
then new bearings should be fitted and align-reamea 
or bored to proper clearance. It is difficult to give 
an exact clearance that applies to all camshafts. 
Usually, a knock, experience and judgment dictates 
as to renewal. Some camshafts have adjustment for 
end play. Examples will be given farther on. 


To rep^ce camshaft bushings it is usually neces¬ 
sary to remove the radiator, fan, gear case cover, etc. 
If timing gears are used be sure to note the mar^ on 
the gears, and if they are not marked, be sure to 
mark them. Remove the sprint and valves; re¬ 
move the cam gears and camshaft. Put in new 
bushings and ream them to a fit. 


When reaming camshaft bushings, to prevent 
knocking, the rear camshaft bearings should be 
reamed in perfect alignment with the front and 
center beanngs. An ordinary reamer is useless 
because the bushing is driven in and usually bat¬ 
tered. Two forms of camshaft reamers are shown 
below. After the camshaft is In place and the gears 
in position, check the valve timing. 



Fig. 37A. Camshaft aligning reamer.t 


If a camshaft is sprung, it is necessary to remove 
and straighten it or to replace it with a new shaft, 
otherwise it will cause rapid wear of bearings and 
produce a knock. 

A loose camshaft gear or sprocket will cause a 
knock (see page 777) explaining further. 

When replacing a camshaft, inspect it first for 
cracks, then roundness, then u sprung or bent as 
explained for crankshafts on page 793. 


j 

Removing a Camshaft; Dodge as an Example 

To removo the camshaft, the radiator must be taken off and 
then the front gear-case cover. The camshaft may then be 
pulled out after the valve push-rods are tied up, so os not to 
catch the cams as they slide by, and after the camshaft retaining 
pin (which will be found on the right side of the engine directly 
back of ignition unit on cars with 12-volt electric system, and 
back of generator on cars with 6-volt system) has been removed. 
This pin fits in a deep groove in the center journal. In the'first 
40,000 or 50,000 cars the pin was held in place by a setscrew, 
but the later cars have a spring. 


Ford Camshaft Bearings and Camshaft 
as an Example 

To remove camshaft, it is necessary to remove radiator, fan, 
commutator, cylinder front cover, large time gear, carburetor 
rods, hot-air pipe, valve cover, gasket, generator, and bracket. 
The front and oenter camshaft bearingi are held in place by 
■ctsorews located in the ri^t-hand side of the cvlinaer-block 
to tine with the camshaft. These set screws should be removed, 
lift valves so that posh rod can be raised with fingers until hole 
to puih rod is cipos e c L Aj^nie then inserted into the hole in 
e^ pmh rod, to order to insure dearanoe for the camshaft. 
The cwmdwrft k then withdrawn by means of a camshaft 


.’Aftdiaa to early modd oars. Ths Ford mentioned, is mods! 
page 796, adU live hM information on bearings. 


The front and center bearings are removed with <»mshaft 
and are of the split-bearing type. They are h^ld to the snait 
by means of circular springs. These spring are removed by 
inserting a screwdriver under them, and forcing them off. 
camshaft may then be tried on the centers as shown in Fig. 29 


Check alignment by placing in centers (CP), (Fig. 29). 
The camshaitshould not be out more than .0016' at front 
bearing; .003" at oenter and .002" at end bearing. If camshaft 
is b^t, straighten it on a straightening press. 


Test camshaft for wear with micrometer. Diameter of bear¬ 
ing on camshaft is .748". If worn more than .0026" install a 
new shaft. The sise of aligning reamer generally used for the 
camshah bushings is .750" diameter. 


Replacing: Position bearings on camshaft. The center bear¬ 
ing is assembled with notch on bearing pointing towards roar 
erS of camshaft; front bearing with the radius on end of bearing 
sets toward front of shaft. The old-style front bearing which 
had a 30“ chamfer and notch is assembled with notch towards 
the rear in order to allow clearance for push-rod head. 


If old bearings are installed, check the fit on shaft by position¬ 
ing bearing on camshaft and place in a vise (but not too tight 
in vise). FYont bearing sliould fit on shaft with not more than 
.004" end play and ,003'^ side play. Center bearing is checked for 
side play only and should fit with not more than .003" side play. 

When replacing, oil bearings and place on shaft, l^ing sure 
the two halves are fitted according to break in cast-iron shell. 
Place ring over center of bearing and tap into place. Position 
the two bearings on shaft so the setscrew holes in bearings 
line up with the setscrew holes in cyhndcr block. Insert shaft 
into engine and replace parts. 


Oldsmobile 6 (Series E) Camshaft Bearings 
and Camshaft as an Example 

Camshaft bearings: The center and rear camshaft bearing on 
the “E” fsenes en^nes are inachmod in tho block. The front 
camshaft bearing is furnished through service sufficiently ma¬ 
chined and ready for installation. 

Camshaft bearing adjustment: It will l>e in very rare in¬ 
stances that the front camshaft bearing will require attention, 
because the bearings are exceptionally large and well lubricated 
by i^itive force feed to ehnunate bearing wear. The front 
bearing takes care of camshaft thrust and should be replaced 
when the thrust becomes exressive. 

To replace the front camshaft bearing, it is necessary to 
remove the camshaft assembly which can be done by proceeding 
as follows: 

Remove the radiat(>r, the fan belt, and the fan and pulley 
assembly. Disengage oil pan to pump pipe from the oil pump 
housing. 

Remove the two front engine support bolts and the timing- 
gear cover. 

Remove the generator and gear assembly after which tdio 
timing chain can be removed. 

Remove the two valve-lifter bracket assemblies, carr 3 dng tho 
push rods tiiut rest on the camshaft. The assembly is held in 
place by means of screws into the cylinder block. 

Remove the front camshaft bearing locking screws, then re¬ 
move the camshaft from the engine. 

Remove the lock nut and washer which holds tho cam gesar 
on to the camshaft. Press the gear off and remove the beonng. 

Care should be taken in assembling to see that the marks 
on the crankshaft and camshaft gears arc in line with the crank 
and camshaft. This can best be deterrnineil by means of an 
off-set gauge. 

In timing series “F/' engines, the No. 1 piston should be 
brought up on the compression stroke and tho spark set to occur 
at exactly upper dead center (spark lever m retard position). 


Questions and Answers on Crankshafts and 
Camshafts 

The following questions pertain to some of tlie 
Continental engines, but are applicable to many 
other engine^: 

Question 1: How can the end thrust or end play 
be taken up on the crankshaft? 

Answer: The end thrust of the crankshaft is 
taken against the front bjearing. To adjust this 
end thrust, shims ar^ provided between the crank¬ 
shaft gear and the thrust surface of the crankshaft 
front bearing. End play is taken up by addinff one 
or more of these shims. 


^^jSej^f^tnote, pages 714,790®, aa to whereraiaiiii eaa bt 
*‘T." The engine bearing eervice manual mentioned to footnote 4 
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Question 2: How can the end thrust or end play 
be taken up on the camshaft and timing gears? 

Answer: End thrust is taken up by regulating 
the adjusting screws in the timing-gear case cover. 
These adjustments should not be disturbed unless 
it i? plainly evident that they demand attention. 
To check the end thrust, release the lock nut and 
turn the screw in until it touches against the end 
of the shaft. When this contact is felt, the screw 
should be backed off one turn and the lock nut 
re-tightened (see also page 784). 


Question 8: Can the piston and connecting-rod be 
taken out from below without removing the crank 
shaft, and is that the best plan? 

Answer: Piston and connecting-rod assemblies 
can be removed from below without disturbing the 
crankshaft. This is decidedly the best arrange¬ 
ment. Not only can the pistons be pulled, but 
every bearing of a Continental engine can be got 
at readily by removing the oil pan. Engines are 
assembled and inspected in this manner duripg the 
process of manufacture in the Continental factories. 


CONNECTING-ROD, PISTON-PIN, BUSHINGS AND BEARINGS 


Connecting-rods are usually made of I-section 
drop forgings of nickel steel or of forged aluminum- 
alloy used with aluminum-alloy pistons.‘ 

Parts of a connecting-rod and piston assembly are 

shown in Fig. 38. 



Fig. 38. Piston and connect¬ 
ing-rod assembly. Names of 
parts are as follows: 

1 . Piston ring 

2. Piston ring 

3. Piston ring 

4. Oil-regiilating ring (oil 
grooves below) 

5. Piston pin* 

6 . Piston-pin lock-ecrew 

7. Piston-pin bushing 

8 . Con.-rod bearing oil holes* 

9. Con.-rod a<ljusting shims 

10. Con.-rod bolt, nut and cotter 
pin. 

11. Con.-rod bearing; upper half, 
in saddle of rod 

12. Con.-rod bearing; lower half 
in connectiug-rcKl cap. 


Connecting-Rod Lower End 

The lower ends of connecting-rod bearing halves 

are provided; one in the connecting-rod siiddle or 
scat and one in the connecting-rod cap. 

The hearing lialves can be babbitt cast integral, or 
removable dio-cast babbitt or bronze-backcd-bab- 
bitt-lined liearings. 

In the forged aluminum-alloy connecting-rods, the 
lower end bearings are either babbitt cast directly 
into the rod, or bronze-backed babbitt-lined bear¬ 
ings. Usually, they are babbitted cast integral, as 
this givei3 closer metallic bond and thus greater heat 
conductivity. 

It is more difficult to cast the babbitt into an aluminum-alloy 
rod than a steel rod, as it is harder to ^t the bond between the 
metal. The method is to tin the inside of the crankpin end of 
rod. and then babbitt is cast direct in place in a casting machine. 

Other kinds of rods are also tinned when babbitt is cast in.) 

Adjustment for wear: The bearing cap is fitted 
either without shims or with shims. 

If without shims then the bearing cap can bo 
dressed down by filing or surfacing down on emery 
paper on a surface block or reamed as explained on 
page 78.5. 

* Aluminum-alloy connecting-rods now seldom used. Alumi¬ 
num-alloy pistons are used considerably. See page 808 giving 

a disoussion of the three forces, namely, 
centrifugal, inertia, and compression and explosion which cause 
wear on crankpin bearing. 

> Piston pin shown here is of the stationary type. 

* Attention is called to this feature. The holes inside 
bearing register with metering or supply hole in drilled crank¬ 
shaft oranfcpin, at which time oil shoots up to lubricate piston 
and cylinder wall. This identifies the force-feed lubrication 
system. Some rods have oil ducts drilled in rods, or tubes fas¬ 
tened on side of rod to lubricate pin; the lubrication system 
would then be a full-foroe-feed system. 

< Babbitted rods are usually eachafuted at oar dealer’s or at a 
febabbitil&g service station. See footnote, pace 801. 


If provided with shims then an equal amount of 
shims can 5e removed from each side. 

Renewal of bearings: If cast integral type the 
old babbitt is removed and recast again.^ If die- 
cast or bronze-backed babbitt lined bearings then 
they are removed and new ones fitted. 

The first bearing on an engine to show the effect 
of wear, in normal service, is the crankpin bearing in 
the connecting-rod, the rod half showing consider¬ 
ably more wear than the cap half (see also page 781). 

Connecting-RcMl Upper End 

The piston pin or wrist pin (5) (Fig. 38) is the pin 
on which upper part of the connecting-rod swings. 
It is sometimes made of solid steel, but usually of 
hollow case-hardened steel. It is also called a 
“gudgeon” pin. It is non-adjustable, and therefore, 
when worn, the piston pin must be rerewed. 



Fig. 30 (left). Pi.ston pin showing hole (H) where the lock 
screw (Fig. 38) holds the pin stationary. 


Fig. 40 (right). Piston pin showing groove (G) where clamp¬ 
ing bolt (C) (Fig. 41) is clamped tight to the piston pin. 

There are three general types of piston pins as 
follows: 

(1) The stationary, or “setscrew” or “anchored” 
type piston pin. 

(2) The oscillating, or “semi-floating” piston pin. 

(3) The full-floating piston pin, or “plain pin.” 

The stationary piston pin* (Figs. 38 and 39) is 
useii where there is one bronze bushing in the end 
of the connecting-rod, which oscillates on the piston 
pin. The pin is held tight by a lock screw at hole 
(H) (Fig. 39). They are usually fitted directly in 
the piston bosses. 

The oscillating piston pin (Fig. 40) is used where 
the piston pin is clamp^ to the upper end of the 
connecting-rod, as shown in (C) (Fig. 41). I'he 
bronze bushings in this instance are pressed into 
bosses in the piston, and the piston pin oscillates 
in the bronze bushings. (See nage 796, Fig. 46, 
showing where piston bosses are located in pistons.) 

Piston pins are not fitted to bronze bushings in alnminnm- 
alloy pistons as a general rule, due to the degree of difierence in 
expansion of the two metals; therefore piston pins are usually 
fitted with a direct aluminum contact, ^me cast-iron pistons, 
also, do not have bushings. 



Fig. 41. Comiecting-rod with an oscil¬ 
lating piston pin, showing clamping screw 
which clamps the conneoting-rod to the pis¬ 
ton [pin. Sometimes oil holes are provided 
in tha pins to lubrioate the pin and oushing. 


NOTB: Two types of eonneoting rod bearings are in general use on late engines. In one, 6eortnp metof is applied directly to 
the steel forging. The other is the prseiMon inttrC tm. steel-back, in which it is not necessary to dismantle the engine and remove 
the complete piston and roa aseemblies (from Fsds^Afapul ffaptns Bearing Samee Manual—^ footnote p. 7Sfi) 
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The full-floating piston pin (not illustrated) works 
freely in the connecting-rod" upper end and in the 
piston bosses^ and is not anchored to either. End 
motion is prevented by means of a retaining expan¬ 
sion lock ring in the piston boss. This type of pin 
is a popular design in aluminum-alloy pistons. It is 
usu^y fitted without bronze bushings. 

Connecting-Rod Bearing Knocks 

One method for determining a loose connecting- 
rod is explained in the Automobile Digest as follows: 

“After continued use they become worn, produ¬ 
cing a dull thud or pound, especially noticeable when 
the engine is suddenly accelerated or sp^ed up. 
This is due to the fact that the bearing becomes 
elongated, as shown in Fig. 43, since the pressure is 
in one direction only. For this reason the knock 
is dull, and is usually worse when the engine is idling. 


Fig. 43. This illustrates how the 
crank-pin hearing wears. At (X) 
is shown natural wear, while at (Z) 
is shown the wear caui^ by a bent 
or twisted rod. 


“One method of locating a worn connecting- 
rod-bearing which has started to knock is by sho^ 
circuiting the spark plug, when two knocks wdll be 
noticeable^ since the explosion pressure is eliminated. 
In addition to being caused by a worn bearing, the 
knock can also be caused by a twisted connecting 
rod, scored bearing, burned out bearing, or too much 
end play. In the case of a seized bearing or one 
that has been burned out, due to a lack of oil, the 
engine will also groan when starting cold. 

worn piston-pin bearing can easily be distin¬ 
guished by a sharp metallic knock occuring twdce 
when the spark plug is short circuited. The knock 
will appear re^larly, and is very sharp when the 
engine is pulling hard or accelerated.’* (See also 
pages 777-779 for testing for knocks.) 

Removing Pistons and Connecting Rods 

It is necessary to remove the pistons when working 
on the piston, or wrist pin. 

Pistons and connecting rods can be removed on 
some en^es from the top if it has a detachable 
cylinder head. It is necessary to remove cylinder 
head and oil pan (or lower half of crank case). 

An example of removing pistons and connecting- 
rods from me top is shown m Fig. 44. 

Fig. 44. Method of removing pistong 
sod connecting-rods from the ton on the 
Chevrolet en^pne (series V and X) is as 
follows: Remove the cylinder head. 
Drain the oil from the lower crank case 
by removing the drain plug from the 
bottom of the case. 

Disconnect the oil pipes from the 
lower crank case. Remove the lower 
crank case. 

Turn the crankshaft with the starting 
erank until the oonneeting-rod cap has 
reached the lowest point of travel. 

Remove the cotter pinsfrom the castel¬ 
lated nuts on the oonneotiiicHrod eap bolts. Mark each cap so 
that H maar be installed in its ofigiiial place and position. 




Take off oonneotin^rod cap and remove the connecting-rod 
from the crankshaft (mo Fig. 44). 

Place the metal shims and oonneoting-rod caps in their 
reactive positions and screw the nut on the oonnecUng-rod 
bolts far enough to hold them in place. 

With a hammer handle long screwdriver, or rod, placed 
inside the piston from below (see Fig. 44) push up, forcing the 
piston and connecting-rod out until the bottom piston ring is 
above the top of the cylinder block, and has sprung out suffi¬ 
ciently to hold the piston and rod suspended in the cylinder wall. 
Grasp the piston as shown, and lift out the assembly. 

Pistons and connecting-rods can also be removed 
from the bottom on some engines by removing the 
oil pan or bottom half of the crankcase and then re¬ 
move the connecting-rod bearing cap from.the rod 
attached to the piston which it is desired to remove. 

The bearing cap is usually held by two bolts fastened by 
castellated nuts. When these are removed the connecting-rod 
can be swung to one side out of the way of the crankshaft and 
the entire assembly can be withdrawn from the cylinder. 

Be sure to mark all parts when removing them, 

so that they can be assembled in their respective 
locations, as before disassembling. 

Removing Piston-Pins and Bushings 

Removing piston-pins and bushings is best done 
with a piston vise and press as shown in Fig. 51, or 
an arbor press. Care should be exercised to prevent 
distorting piston. A distorted piston can be tapped 
at its largest diameter with rawhide hammer until 
nearly round. 

If a piston vise or press is not available, methods 
shown in Figs. 4(>--50 below can be used. 

Where a piston pin is a shrunk fit, as in some 
alummum-alloy piston bosses, the pin should never 
be driven out, but should be removed by immersing 



Fig. 46. One method of 
removing the two bush¬ 
ings from the piston 
bosses where the piston 
pin oeciliates. 





Pig. 48 (upper) 
Fig. 49 Oower) 

tshii 


A VAAV WAAAUgVU WAV VU I VftUVI 

upper connecting-rod (R), bushing (B), in jaws 
of vise (J), with a drift or steel bar (D). Fig. 
48. A better way is to press bushing out of 
connecting-rod (R), into pipe (P), with (N). 
Rg. 49. pother plan: (B) bolt, (W) washers, 
On pipe, (N) nut. 


Fig. 50 



Fig. 50. A piston-pin ro*> 
mover. (A) is flat iron 
tapped to take screw (C). 
Flatdron bands are attached 
so that they can be placed 
around the piston; then the 
screw is forced sgslust the 
piston pin. 
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the pis^n and pin in bailing water or heated oil for 
approximately one n^ute. *rhis will usually pro¬ 
vide sufficient eimansion so that pin can be removed 
by pushing it out instead of driving out. In replac¬ 
ing pistoft pin the same heating process is necessarv 
to expand piston-pin hole so that pin can be fitted. 
Pins must be removed or replaced quickly after parts 
have been heated. 

Remarks on Fitting Piston Pins 

To check piston-pins for wear, see page 798. 

When bushing or piston pin in upper end of con¬ 
necting-rod become worn, the usual practice is to 
ream the bushings oversize and fit oversize pins. 

New piston nins of standard size (same size as pin 
removed) can be used if pin fits piston and rod prop¬ 
erly. Oversize piston pms are usually fitted in used 
pistons. 

When new pistons are installed, it is best to use 
new standard-size pins and bushings. Bushings 
sometimes contract mter pressing in, and are reamed 
to fit pin. 


PreMingj 
in Piston Pm 
Bushing 



Fig 51. Universal piston vise and press, with babbitt lined 
jaws designed especially for removing piston pins and bushings. 


If reaming is necessary for bushings, the same device can be 
used to hold the piston for the operation. This device will also 
hold the piston while fitting rings to the piston, or for scraping 
carbon from the piston, or while the top, or upper part of the 
connect]ng>rod is being clamped to the piston pm. 


This vertical vise can be used for many other jobs, as the 
“V” jaw.s have a babbitted lined surface which will not injure 
the finish of the piston. (See footnote, page 803, as to where 
material of this kind can be obtained.) 


Fitting piston pins is a very important operation, 

and care should bo taken to see that the holes 
through each boss are exactly in line with each other 
and smooth, and if reamed, tney should be reamed at 
a 90® angle to piston skirt, otherwise the piston will 
cock in the cylinder, as shown in Fig. 76, page 803. 

Retming should be done very slowly, with a sharp reamer and 
very light cuts, and care should be taken not to remove too much 
metal and to avoid chattering. 



Fig. 52. An adjustable piston-pin hole reamer. This ad¬ 
justable, piloted reamer is shown Just finishing one side and 
entering (be other. Two tapper plug pUota hold the reamer 
bar fim^ and in proper line. 

Fig. 53. Buehlnga to go in the piston bosses on oscillatix^ 
tsTPo piston pins in oast-iron piston, or in the upper end of the 
^ oonneoting-iod on stationary tyx>e piston pins. 



When reaming a aplit-eml rod oversize for an 
oscillating piston pin, shim the split, draw the clamp 
bolt up tight and ream until the pin just slips in. 

When reaming bushed rods, allow some clearance 
for oil film. A piston pin should be so fitted that 
it will just hold the wei^t of the connecting-rod and 
no more. 

A loose-fitting piston pin with too much clearance 
will cause a piston-pin knock which will eventually 
mean that the pistons will have to be reamed and 
new oversize pins installed. 

On the other hand, if it is too ti^t a fit, it will 
cause trouble, because there must be room for a 
film of oil on the pin. Piston pins fitted too tightlv 
are likely to “seize’* and score the piston. A well- 
fitted pin will last for some time. 

Piston-pin locking: Exercise care in fastening the 
pin securely in the connecting-rod or piston, accord- 
mg to the type used. Securely lock the set and 
clamp screws. When cotter pins are used, be sure 
they are of ample size, and that they are spread 
apart after being insert^. 

Piston and connecting-rod alignment: Assemble 
piston, piston pin, and connecting-rod and square 
them so that the piston is not cock^ in the cylinder. 
Alignment instructions of the connecting-rod and 
piston assembly and connecting-rod and piston pin 
IS shown in Figs. 72, 73, page 803. 

Fitting Piston Pins 

Piston-pin clearances given are approximate. No 
definite clearance can be given, as it varies with 
construction, design and lubrication systems and 
manufacturers differ. Therefore follow manufac¬ 
turer’s instructions. See page 795 for explanation of 
types of piston pins. 

Fitting a stationary type piston pin to cast-iron 
piston: Fit in the plain cast-iron bosses with a light 
drive fit. 

Fitting an oscillating type piston pin to cast-iron 
piston where bosses are bushed with bronze bush¬ 
ings: Fit in bronze bushings with a slight drag. 

In the for example, the fit i« such that rod will drop 

gradually when piston is held in both hands and given a, quick 
shake, as shown in Fig. 57. 

Fitting a stationary or full-floating type piston pin 
to aluminum-alloy piston: Aluminum expands more 
than cast iron and piston pins are accordingly fitted 
somewhat tighter where steel to aluminum contact 
is made, and care must be taken to secure a smooth 
reamed hole. Manufacturers differ as to fitting meth¬ 
ods, as will be observed below, and it is advisable to 
obtain manufacturer’s instructions. The following 
method is recommended by one manufacturer: 

'While piston is cold, ream bosses as near piston- 
pin-sizo as possible, but not quite large enough for 
the pin to enter hole. Tlien heat the piston in boil¬ 
ing water (to expand piston-pin hole) and tap pin 
li^tly into place with a small wooden mallet. If 
pm does not tap easily into place while piston is hot. 
increase the size of the boss hole (when cold) until 
it does.” 

Another manufacturer auggesta this for set screw type piston 
pins: *‘Fit set screw type pins with .0005'^ less clearance on side 
where pin is anchored. This can be done by entering reamer 
on side opposite where pin is anchored; on semi-floating and 
full-floating pins use a hand push fit** 

Fitting an oscillatii]^ niston pin to aluminum-alloy 
piston. This method is follow^ by some repairmen: 
A hole should be reamed so that the pins can be hand- 
pressed in by holding piston in one hand and pressing 
m the pin with heel of palm of other hand when 
piston is cool. The bosses are not bushed bvtplain. 
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Bronie buahkifs are not usually fitted to aluminum-alloy 
pistons. Due pnndpally to the great difierenoe of expansion 
between the two metals, the aluminum when hot, would work 
free from the bronse bushings, so that they would become loose. 

Fittindi Conn^ting-Rod Upper End 
Fitting connecting-rod upper end to piston pins in 
cast-iron or aluminum-alloy pistons where connect¬ 
ing-rod is free to work on piston pin and a bronze 
bushing is provided in upper end of rod (bronze to 
steel contact): Fit with a slight drag. This fit can 
be the hand-pressed fit with palm of hand, as ex¬ 
plained. If piston pin is found to be slightly too 
tight^ it can be loosened by driving pin in and out of 
bushmg with a mallet or tapping tne rod around the 
bushing with a hammer. 

Sideulay of upper end of connecting-rod between the rod and 
piston bosses varies; usually about ia allowed. This end- 
play at upper end of rod is necessary on account of the endplay 
in the crankshaft and also on account of elongation of the crank¬ 
shaft when heated. 


Fitting Piston-Pins; . 

piston pin oscillating type. The 
connecting-rod clamps to the pin and the pin oscil¬ 
lates in the bushings in the piston bosses. 

Before installing the old piston pins and rods in 
a new piston, check for wear and alignment. 

Piston pins are checked for wear by measuring the diameter 
of the pin with a micrometer. 

if the old pin is worn down .001" or more 
below the low limit, a new pin should be installed. 

To check the play between the piston pin and the piston 
bushings: Hold the piston with the piston-pin perpendicular 
to the bench with the left hand (Fig. 55), while with the right 
hand, the connecting-rod (lower end only) is moved up and 
down, causing the pin to be rocked gainst one side of the 
bushing and then the other. If there is .002" or more play, a 
new pin should be fitted and, if necessary, the piston bushings 
should be replaced. 

Note: Wash oil out of pin and bushing surfaces, as oil will 
cushion and the full amount of wear will not be discernible. 

The pin is removed by running out the connecting-rod clamp 
screw, after which the pin may be pushed out. Every repair 
shop should be equipped with a piston clamp, or vise. 


Fig. 56 Fig. 50 




If no clamp is available, the piston may be held by means of 
a rod (Fig. 56) through the piston pin while loosening or tighten¬ 
ing the rod. The practice of holding the rod in a vise invariably 
results in a twisted rod. 

The piston when properly fitted, will wear very slowly, 
but when carmemy fitted, it will wear the bushing in a very 
short time, causing a noisy engine and excessive wear on crank¬ 
shaft bearing. 

The piston pins are usually fitted in the hushings by selective 
fit. A pin is tried in the bushing. If it turns freely, another 
pin is selected until one is found which requires a fair amount 
of effort to force it in and turn it. Since the piston pin is harder 
than the bushirgs. it is usually necessary to renew the bushings 
to insure a proneriy fitted pin. 

The hushing can be removed on an arbor press by pressing 
bushing out from inside of piston. The piston is then turned 
over, and the other bushing is forced out in the same manner. 
Vi^en pressing in the new bushings^ it is important to have 
them line up properly with the hole in the piston, as a cooked 


1 Piston pins, bushings, etc., oversise and standard, can be 
•ecured of automotive supply bouses as listed on page 686. 

< Some of the manufacturers of piston-pin hole and connect- 

g r-r^ bwuing reamers and baring tools, who issue instructive 
inted matter on this subjoct are Automotive Maintenance 
chy.Co.,C^oi^,Ill.; Foster-Johnson Reamer Co^ pkhart, 
Ind.; Shephard-Thomason Co^ Loe Angeles, CalifTaft-Pieroe 
Mfg. Co., Woonsocket, R.I. See also fist of manufacturers on 
pages TwB, 808, 7H, and automotive supply houses page 686. 


bushing requires considerably more pressure to force it in, 
throwing the piston out of round. 

The bushing should be pressed in until about A" of the 
bushing shows on the inside of the piston, or until it is 
inside Uie outside diameter of the piston. When the bushings 
are in place, they should be line-reamed to size with a 
pilot-type reamer. 

Reaming the piston-pin bushings: If a reamer^ is used which 
has no pilot, only one of the bushings should be removed at a 
time, and the reamer should be inserted throimh the old bushing 
to act as a guide in reaming the new one. The old bushing is 
then replac^ and the reamer is inserted through the reamed 
bushing as a guide in reaming this one. 

If no piston clamp (Fig. 51) is available the reamer should be 
held in a vise and the piston turned by hand. 

When the new pin has been fitted, as described, it is removed 
and oiled. It is well to rub a little oil in the bushings as well. 
Hold the rod in the piston and force the pin into place. Turn 
the pin until the groove (G) (Fig. 40, page 795) lines up with the 
connecting-rod clamp-screw hole, and insert the clamp screw. 

Hun the clamp screw down with a socket wrench; remove the 
piston from the clamp, and press the rod from one side of the 
piston to the other to see that the pin does not extend outside 
8 he diameter of tiie piston. If it does, remove the rod and pin 
and press the bushing on that side in a little further. U it 
does not, set the piston in the clamp and tighten down the cap 
screw with a special wrench, and insert the cotter pin. 
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Fig. 57. The assembly may now be tried 
os shown. The rod should drop gradually 
when the piston is held in both hands and is 
given a quick shake. 


Piston Pins 


While the standard pins can usually be secured 
from stock in .003", .005", .010" or .015" oversize, it 
sometimes is necessary to order special ones. That 
there may be no confusion in ordering special sizes, be 
sure to give the oversize’above standard, the make of 
car, model, engine, diameter and length, slot or set¬ 
screw hole, width and depth of slot, diameter of 
set-screw hole, distance from center of set-screw 
hole to end of pin; and also state if the pin has oil 
holes or oil grooves.^ 



Fig. 58. A handy 
diagram to copy and 
fill in what is needed 
when ordering special 
piston pins. (By co\ir- 
tesy of Heald Machine 
' Co., manufacturer of 
cylinder grinding ma- 
oninies, Worcester. 
Mass.) 


Oversize identifications: The practice of painting the ends 
different colors has been generally adopted by oversize piston- 
pin manufacturers, in order to identify them, so that they can 
be readily distinguished from one another. 


Remarks on Connecting-Rod Lower End 

As in the case of the main bearings, there are 
caps fitted to the lower part of the connecting-rod 
(see Fig. 38, page 795), which in this instance nave 
remove^le split bearing halves (11, 12) in both the 
connecting-rod bearing above the crankshaft and 
in the cap below the crankshaft. 

Cn some connecting rods, the lower part of the 
connecting-rod and the bearing cap are babbitted, 
or cast integral (or cast-in) and when the lower part 
of the rod is worn or burned, a complete new con¬ 
necting-rod with lower cap is necessary. Rods of 
this kmd can be exchanged for new ones which is 
cheaper than refitting. 

When a bearing is scored or burned, refitting of 
the bearing is the only remedy. 

A s^red bearing is one having the surface slightly roughened, 
but where the babbitt metal has not been burned or run. 

A burned bearing is one having the ourfooe bi^y roughened 
or where the babbitt has melted or etorted to nifi. 
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Adjusting Connecting-Rod Lower Bearings 
Loose connecting-rod bearings are detected by a 
kind of metallic sound* or knock when the engine is 
running at idling speed or accelerated. 

To test, in order to determine which rod is loose, 
a good method is to run the engine at idling speed 
and to disconnect one spark plug after another. 
The knock will either cease or will sound as if there 
are two knocks, when the cylinder is found in which 
the rod is loose (see also page 778 testing for knocks). 

After determining that a coimecting-rod is loose 
remove the oil pan. Turn the crankshaft (first re¬ 
move the spark pluM to relieve the compression) 
so as to place the rod bearing in a convenient posi¬ 
tion for inspection. Take hold of the rod and, by 
a vigorous push up and down, ascertain whether 
there is play. If so, the looseness can be felt. 

Do not, however, mistake the side play for loose¬ 
ness, as there should be an appreciable amount of 
side play. At the same time, too much, or an excess 
of side play indicates wear on the sides. 

If the bearings are found to be loose, pull the 
cotter pins out and remove the nuts. The cap can 
then be removed. 

Next, examine the bearing and see if it is cracked, 
worn thin, scored, or burned. If so, it will require 
new bearings and refitting explained farther on. 

At the same time that the bearing is being 
examined, examine also the crankshaft bearing pin 
to see if it is scored or cut. If so it will cut the 
bearings, and the crankshaft should have the pin 
dressed down as explained on pages 791-793. 

If the bearings are only worn, and have a clean 
polished surface otherwise, then they can be adjusted. 

Adjusting: What has been said concerning the 
main engine bearings also holds good for the con¬ 
necting-rod bearings. The two bearing halves may 
be brought closer together by the removal of some 
of the shims between them, or dressed down if 
shims are not provided. (See pages 784A, 785.) 

In the majority of engines removal of lower half of 
crank case gives access to the connecting-rods. 

Note. When removing caps and connecting-rods, mark 
them. Also be sure that the connecting-rod bearing cajps are 
placed with the oil holes facing the direction in which the rod 
dips in oil troughs with an engine using splash lubrication, 
because oil is forced into these holes when tnc engine is running. 



Fig. 59. Connecting-rod lower bearing end with cap re¬ 
moved to show shims placed between the upper bearing and 
cap. By removing a shim the cap is drawn closer to the upper 
baring, and hence it would be tighter on the crank pin. The 
shims shown above are the loose-leaf type. The laminated type 
of shims is often used. 

Fig. 60. Connecting-rod lower bearing end of the shimless 
type with cap drawn up. By dressing bearing cap and connect¬ 
ing rod, they can be drawn tighter to compensate for wear. 

Fig. 61 (right). When removing rod (R) or cap (C) examine 
for mo marks; if none, mark them. See also Fig. 68, page 802. 

Adjusting Connecting-Rod Bearings Where 
Shims AreUsed^ 

1. Drdn oil and remove under hood. 

2. Remove spark plugs (to relieve the compression 
when testmg by cranking). 

> See fn. 1, p. 785 about dressing down bearing oaps. See also 


3. Disconnect oil line at rear of case, remove cap 
screws, and drop oil pan. 

4. (If cotter pins are used) remove, back off all 
locking nuts one complete turn (using special 
wrench T269). 

5. Turn engine to position for adjusting connecting 
rod, or lower dead center. 

6 . Remove locking nuts and cap from con.-rod. 

7. Remove equal amounts of shims from each side 
of rod if loose shims are provided, but if not 
sufficient, remove strips from laminated shims. 
Replace cap and tighten nut. 

8 . Turn engine to see if there is a sli^t drag on 
the crai^shaft. If there is no drag remove 
additional shims until a slight drag is detected. 

9. Replace one .(X)2'' shim on each side to give 
bearing proper running clearance. 

10. Replace cap and locking nuts; tighten the nuts. 

11. Turn engine over to check running clearance 
(.002"). Bearing should run free of drag, but 
with no appreciable looseness. See page 785, 
"testing alter adjusting." 

12. Before proceeding to adjust the next rod again 
loosen locking nuts one complete turn on rod 
previously adjusted. 

13. Adjust the remaining five rods using the same 
method explained above. 

14. Tighten all locking nuts; test for running clear¬ 
ance (.(X)2") and if cotter pins are used, replace 
them and spread the ends. 

15. Wash oil pan thoroughly and be stu^e sumps are 
filled. Replace oil pan and oil line at rear of case. 

16. Refill with oil. 

Caution: Loosen cap screws in cam RCAr-case cover and in¬ 
sert screwdriver between case and cover on each side to prevent 
injuring the gasket before letting pan down. If any gaskets 
are injured during above operations, replace with new to pre¬ 
vent oil leaks. Use a sheet of thin metal over face of gasket 
to prevent tearing it when putting on oil pan. 

Adjusting Connecting-Rod Bearings Where 
Shims Are Not Used 

If the connecting-rod bearings are not fitted with 

shims, then the tearing cap can be dressed down,* 
as explained on pages 784A, 785, 

Fitting Connecting-Rod Lower Bearings 

When the bearings in the lower end of the con¬ 
necting-rod and cap are badly worn, cracked, 
burned or scored, it will be necessary to install new 
bearings if they are of the removable t 3 rpe. 

If of the plain solid cast-integral, or cast-in 
babbitted type, a new connecting-rod and cap will 
be necessary, or they will have to be re-babbitted. 
Usually they are exchanged at the service station for 
a new rod. 

In either case, it is necessary to fit the bearings 
to the crankshaft connecting-rod bearing pins. 

In many instances, this work can be done under 
the car, by removing the oil pan, disconnecting the 
connecting-rod caps, and removing the rod and 
pistons from the engine. See also Fig. 44, page 796. 



1 Reo T6 eugine used os an example. See illustration of 
this connecting-rod ou page 784B (splash lubricated), 
fn. 2, p. 785 and fn. 6, p» 786 for instructive bearing literature 
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It is best however, to do this work with the cranks 
shaft removed, because ai that time crankshaft 
can be tested for alignment and crs^pins can be 
examined more freely and the work will be better. 

Two home-made methods are shown (Figs. 64, 
65), for supporting crankshaft while fitting the con¬ 
necting ro^ The crankcase can also be turned 
upside down and the work can be done while working 
on the main bearings and while the engine is on the 
bench and after the main bearings have been fitted.^ 

Various Methods of Refitting Connecting* 
Rod-Lower Bearings 

There are various methods for fitting the con¬ 
necting-rod to the crankpin, which is similar to the 
main bearings: 

1 . By spotting-in and scraping. 

2. By reaming. 

3. By boring. 

4. By broaching. 

6 . By buming-in and bumishing-in. 

6 . By lapping with a grinding compound. 

Spotting-in and scraping: This work can be done 
with the cran^in to be fitted used as a gauge, and 
additional shims added for clearance after bearing 
has been fitted. 

When fitting shimless rods, a good practice to 
follow is to fit to a mandrel or arbor the size of the 
crankpin diameter (Fig. 65A) and enough oversize 
to give the proper clearance to the bearing, approxi¬ 
mately .001" per inch diameter. Measure crankpin 
with a micrometer and add the amount of clearance 
to crankpin diameter; this will give the proper 
dimneter for mandrel. Care should be given to the 
finishing of mandrel to secure a smooth surface. 

Spotting-in and scraping is usually done when rod 
bearing boring, or reaming fixtures are not available, 
and when very little metal is to be removed for 
fitting. 



To 8pot-tn and scrape woceed as follows: After sufficient 
shims nave been removea from between the cap and rod, so 
that the bearing 6ts tight on the shaft (providing shims are 
used; if no shims, cap must be dressed down) the rod nuts are 
taken off and the shaft bearing, or arbor surface is mven a very 
Uiin coating of ‘‘marking” compound (Prussian blue or lamp 
black). 

Put the connecting-rod on crankshaft or arbor with the piston 
end hanging downward, and with all shims in place, and put 
on the cap and draw it up tight. Be sure that caps are fitted 
on according to the punch marks on the cap. Then swing it 
around the shaft twice in one direction. 

Next remove the cap and examine bearing for blue spots. 
*rbe “high spots” insicle the bearing will be found raark^ in 
blue, showing that at these points the crank or arbor touched; 


1 Another advantage in fitting connecting-rods in this manner. 
Bee in the fact that the bearings are “srotted” to the shaft. 
The eounecting-rod can be tumra a complete circle, thus insur- 
a more perfect marking, or. in other words, the entire 
ckcumferenoe ean be ^‘spotted.'* Crankshaft supports and 
other bearing fixtures ean be obtsioed of firms mentionsd Ui 
' footnots* pags 308. 


the part which is white the crank or arbor did not touch. The 
prolwm is, therefore, to get the high spots down by scraping, 
until the bearing will mark for about three-fourths over its 
surface. Remove high spots withvcrsper as shovm in Fig. 0, 
page 787. 

This marking or **spotting-hi** process is repeated from time 
to time till the whole surface is marked as shown at (D) (Fig. 
11, page 787), and until all “high-spots” are removed and the 
bearing surface is smooth and touches the crankshaft at all 
points evenly. The upper part of the rod is scraped first, then 
the lower bearing cap. 

After scraping is done, the burnisher shown in Fig. 10, pw 
787, may be run over the entire surface of the bearing to shine 
it up and smooth the surface. 

When fitting is completed, test. With all nuts down, the 
connecting-rod should be just sniu; enough so that when the 
piston and rod are placed in a horizontal position they should, 
of their own weight, move to a vertical position with •» slight 
drag. If fitted too tight, seizure will result. 

When testing the bearing, keep in mind that while it should 
have no appreciable amount of looseness, this does not mean that 
the drag on the shaft should prevent its free rotation. 

Reaming:* This is a process generally used when 
fitting new bearings to crankpins that are true or 
have been ground true. 

Connecting-rod bearing reamers, shown in Fig. 
65B (adjustable flute type) and Fig. 65C (a fixed size 
non-adjustable reamer), eliminate the slow method 
of hand scraping. This gives a very smooth glass¬ 
like bearing surface. There are a number of other 
designs. 

Some manufacturers claim proper alignment can be obtained 
by reaming without a fixture, whereas others claim that an 
aligning fixture is necessary when reaming. A connecting-rod 
bearing (Fig. 05B) is shown being reamed without a fixture by 
use of one centering bushing and a short reamer bar. 

In Fig. 65C the Ammco reamer is shown; the body of reamer 
is ground to the diameter of size of crankpin, and cutting blade 
(A) is set to project .001” to allow for a diametrical oil clear¬ 
ance of .002”. Ileamers can be had for all makes of cars in 
standard sizes, undersizes r.nd oversizes. Undersize reamers 
are used when crankpin has been machined undersize. 

Boring:^ This is a process similar to reaming, but 
differs in that only one cutting edge is ui^a and 
the work is done with a special sharp boring tool 
mounted in an aligning jig or fixture. 

Broaching: A broach for broaching connecting- 
rod bearings and piston-pin bushings is used con¬ 
siderably by some manufacturers. A typo of broach 
(Fig. 65D) has been developed to meet the demand 
of garages and service stations that do not have 
sufiocient work to warrant the purchase of a broach¬ 
ing machine. 

Operation: Select the broach of the required size, insert 
starting end in the hole to be broached; place under arbor proas, 
and press through as you would an arbor. Broaches are mtme in 
standard, oversizes and undersizes. Stroke of arbor press re¬ 
quired is 11 inches. One type of press suitable for thi^urpose 
is shown on page 693, Fig. OA. (The J. N. Lapointe Co., New 
London, Conn, is one of the manufacturers of broaches.) 

Burning-in and bumishing-in: This subject is 
dealt with on page 789. In buming-in bearings, the 
operations are the same up to the point where actual 
scraping begins under the spotting-in and scraping 
metnod, the scraping being avoid^ by placing the 
crankshaft assembly in a buming-in macnine. 

Where a running-in machine is not avaOable, conneoting-rod 
bearings can be spotted and scraped (using thin layer Prussian 
blue on crankpin) until approximately 80 per cent of bearing 
shows contact with pin. Then adjust bearing with slight drag 
(testing each bearing separately); flood crankcase with oil ana 
run in under own power. 

Note: In some cases (after reconditioning bearings) it ia ad¬ 
visable to remove oil pan and inspect and adjuat beannga after 
approximately 1,000 mUea of running, 

’See footnote, pagea 79QB, 708, and 714, as to iriiere to 
obtain reamers. 

’ Many of 4he ooncems listed on page 700B supply boring 
toola and fixtures for boring oonneotinf<od lower heiuiaii ana 
also rebabbitting equipmentr 
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Miscellaneous Pointers 

When the bearing i& being fitted to the sha^ 
clean and lubricate it thoroug^y, so that there will 
be a film of oil on the bearing when engine is started. 
After fitting bearings, ^‘run-in** engine bearings as 
explained on page 

Oil grooves: Do not overlook the oil grooves 
when fitting the connecting-rod bearings. Remem¬ 
ber that oil grooves wear thin in a worn bearing. 
Also see that all burrs and other obstructions are 
removed from oil holes. 

When new connecting-rods are installed, the con¬ 
necting-rod should be tested for alignment before 
and after it is fitted to the piston; see page 803. 

When fitting a new connecting-rod to an old shaft, 

the crank pin is sometimes undersize and it is not 
only necessarv to remove the shims, but also to dress 
ofi the sides (face) of the cap. If a crankpin bearing 
is badly undersize, it is necessary to dress the face 
of both the cap and the rod. 

If, as already suggested, the shaft is badly imder- 
size, and all connecting-rods require replacmg, it is 
usually less expensive to install a new crankshaft. 

Lapping with grinding compound: See page 790B. 

Connecting-rod lower bearing clearance: This de¬ 
pends upon size of crankshaft crankpin, design of 
engine and lubrication system. About .001" for 
each inch of crankpin or journal diameter is con¬ 
sidered approximately correct, which space is occu- 

g ied by an oil film on pressure lubricated bearings, 
ee also page 783, testing resistance, etc. 

Splash'lubricAted bearings usually require a slightly closer 
fit than those with pressure feed; the fit might be terme<l a 
snug fit with some drag, whereas on pressurequbricated bear¬ 
ings the fit must be free of drag. Sm page 783, and refer to 
testing resistance, etc. 

Side play or clearance of lower connecting-rod bearings is 
usually about .002" to .003". 

The fitti^ of aluminum-alloy connecting-rods to 
the crankpin bearings should be given careful atten¬ 
tion. The clearance on this bearing fit, as stated 
by one manufacturer, should be about .0015" on 
the diameter. See also page 808. 

How Connecting-Rods are Babbitted 

Connecting-rod bearings are, in many cases bab¬ 
bitted or cast directly into the rod and cap, termed 
“cast-in type.” The cast-in t 3 q)e may be described 
as a non-removable of cast bearing. As the 
name implies it is built by filling the bearing seats 
with molten babbitt metal by any one of several 
processes as mentioned on pages 781, 782. 

It is always best to have the rods re-babbitted at 
the factory or service station. Some makers even 
exchange^ the rods in order to facilitate service. 

For example, the following wording is taken from 
the Oaklana six instruction book: 

"The connecting-rod bearings are a high grade of ba^itt cast 
directly into the rod, and are used witnout shims. The high 

S uality of babbitt and large bearing surface insure a very long 
fe for this bearing and when it has become worn to a point 
where there is looseness producing a pound, we recommend that 
it be exchanged for a new rod at our service station. The upper 
end of the oonneoting-rod oarriee a bronse piston pin bushing." 

At the present time the most widely used method 
of inserting or bonding the babbitt metal to lower 
end of rod and oap is by the centrifugal process 
wherein the rod is held stationary with the big end 
surrounding a rapidly revolving hollow mandrel pro¬ 
vided wiUi suitable outlet holes throu|[h which the 
molten babbitt is ejected on to the previoiu^ tinned 


surface of the big rod ^d. By regulating the tem¬ 
perature the babbitt metal cools just enough to 
adhere to the rod and allow building up to the de¬ 
sired thickness. Due to the high centrifugal pres¬ 
sure on the babbitt, there is httle chance for air 
pockets and a dense, close-grained layer of babbitt 
of desired thickness is secured. This is termed a 
“spun-bearing.” 

Another method consists in pouring the molten 
babbitt under air pressure between a stationary 
mandrel and big end of rod. With the exception of 
the metal being forced into place by pressure the 
process is similar to gravity pouring with a ladle and 
stationary mandrel. The above two methods are 
usually factory methods. 

Babbitting a Connecting Rod; Gravity Pouring 


As an example of gravity pouring with a ladle and 
stationary mandrel the foUowing is given:* 



iMooTM 5URPACE 1-iACHiNS TA^LE ing ro-babbitted bearings. 


To pour and bore these bearings requires some skill, and it 
is a difficult job to set up. A simple method is depicted in 
Fig. 66, in which a machine table, such as that of a shaper or 
nulling machine, is used, as these have T-slots to fasten the 
work to. 

To get the new lower bearing in line with the piston-pin bear¬ 
ing is not easy, but if the ends of the piston-pin nub are in good 
shape, one of these can be blocked up and bolted down on the 
machine table. Then with the babbitting mandrel held 
vertically and located from the center of the piston pin, the 
bearing will line up within scraping distance, the setting being 
obtains by measurements. 

The babbitting mandrel can be made of wood, which will 
leave a fairly smooth babbitt surface. It must be bolted down 
to prevent shifting when pouring the babbitt. If a metal 
mandrel is used, it should be heat^ before using. 

To form the two halves, a liner is inserted on each side that 
touches the mandrel, both halves being run at the same pouring. 

The babbitt can be heated in a ladle, using a slow heat and 
stirring freauently. For best results the babbitt should be 
poured at the proper temperature, which is that at which it 
will char a pine chip, but wall not ignite it (or a dull red, see 
also page 7w ). 

When the metal has reached the pouring temperature (be-. 
tween 80(T and 84(r F.), the rod should be tinn^ and heated* 
somewhat. This prevents sponginess and bbsters in the bab¬ 
bitt. Stir and skim off dross just before pouring, and pour 
rapidly. 

Note: A popular babbitt formula contains 85 per cent tin. 
7H per cent copper, 7H per cent antimony with a maximum of 
1 per cent lead. The metal is usually heated to 8(XI® F. while 
the tin melts at 450**. It moU start tc oxidise and form a dross 


1 See p. 690 under "Connecting Rods." 

’ From AutamobUB Digest. See also p. 790 on babbitting. 

> Machines for rebabbitting main and connecting rod 
bearings can be obtained of: Automotive Mmntenance 
Machinery Co ^ 2100 N. Commonwealth Ave., Chicago, Ill.; 
Freeport Machine Works, Ino., Freeport, Ill. 

< Tinning compound should be put on hot rods before 
babbitting. The Metal Bond Mfg. Co., St. Louis, Mo., make 
such a compound, also brasing and welding flux. 
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on top which looks like dirt but is tin. Bftch thae 3rott iddttt 
it you are reducing the percentage of tin» and the babbitt 
becomes harder and harder. 

After the bearing has cooled, the oil holes can be drilled, and 
then the final operation of fitting (see page 7Q0A) can proceed. 
It will be neceesary to out new oil grooves, which can be accom¬ 
plished with a hammer and cape dusel, as shown in Fig. 67. 

Pointers on Ck>nnecting-Rod Bearings as 
Usually Found on Tractor Engines 

Rods and caps should be marked: Before remov¬ 
ing any of the connecting-rods they should be 
examined for identification marks (Fig. 68). The 
marks referred to are placed on the connecting-rod 
and cap, so that they may be reassembled in their 
original positions. 



fig. 68. The marks are put on the rod and cap when the 
engine is assembled. Note that tliere are three marks on the 
cap and three on the rod; thus they are for cylinder No. 3. 
If there are no marks, they should be put on rod and cap. The 
rod and cap should be marked with the same mark, but a 
different mark should be used for each rod, so that they will be 
put back on the same cranks. A common way of doing this is 
to mark them, 1, 11, 111, 1111—starting at the front end of the 
engine. The beat practice is to put marks on aide facing cam- 
sh^t as a guide to prevent mistakes in assembling. 

Fig. 68A. Dressing-down a crankshaft connecting-rod bear- 
' ing pin which is slightly scored, without removing crankshaft. 

Bearings must be fitted to a perfectly rotmd bear¬ 
ing pin: When the connecting-rods nave been re¬ 
moved, the shaft should be tried for roundness. 
This is easily done with a pair of calipers carefully 
handled. If the sliaffc Ls found to be out of round or 
scored, there is no use fitting new bearings without 
first dressing down the shaft. 

This work may be done at the time, without 
removing the shaft if the shaft is not in very bad 
shape. Wrapping around the journal a piece of 
emery cloth which will cover it for the full length: 
around the emery cloth a strap is wrapped once, ana 
the operator pulls back and forth on the ends of the 
strap (Fig. 68A), changing position of emery cloth 
frequently. 



holes in bearing seats. When fianges are too close 
to permit bearing to seat properly, dress off sides of 
seats, however bearing must fit very snu^. Tap 
bearing in place with hammer and a block of wood. 
Avoid distorting bearing (Fig. 69). 

Bearing anchored to prevent turning: With bear¬ 
ing properly seated, insert anchor screws or rivets 
and tighten in place; screws should be peened with 
a hammer or punch, on the end of threads to avoid 
coming loose. 

Bearings that do not have ancho** •'^rews or rivets should be 
oarefully fitted so that the edges of bearing have a full and rigid 
contact against the shims when cap is bolted in place. 

Bearings that are full halves and that do not use anchor 
screws, rivets, or shims should also be fitted with a full and rimd 
contact at the edges when cap is bolted tight. To secure this 
rigid contact, allow bearing halves to project slightly, about 
.002^' above the edge of seats (see also Fig. 3G, page 784A). 

Fitting bearing to shaft: Face off sides of bearing 
flanges, allowing enough clearance for side play 
(about .003"). Scrape bearing fillet (rounded edge 
of babbitt lining) to fit fillet on shaft (rounded 
comer of crankpin). In order to do this enough 
babbitt metal is removed by scraping fully to install 
bearing to secure full contact with crankpin. 
Operator is now ready to “spot" bearing for a nnal 


To spot and scrape: Coat the crankpin with a thin layer of 
Prussian blue (a very thin coat ^plied with tip of finger and 
rubbed all around journals is sufficient; too much gives poor 
and uncertain spotting). 

Insert the same thickness of shims in each side of bearing, 
allowing the bearing to have a tight fit when cap is bolted tight 
in place; turn rod two or three times around shaft in one 
direction only; remove cap and “spot” with bearing scraper; 
remove with a sliglit cut only the “nigh spots” marked by the 
Prussian blue: deep cuts exaggerate the rough surface and will 
result in indefinite “spotting-iii.” 

Assemble and bolt cap in place and repeat “spotting-in’ 
operation until approximately 80 per cent of bearing shows ful 
contact with journal. 

Assembling bearing; Clean off journal and bear¬ 
ing faces and inspect oil holes and grooves. Remove 
cuttings to prevent clogging of oil holes and grooves; 
cut grooves deeper if too shallow; apply oil to bear¬ 
ings; install or remove the same thickness of shims 
on opposite sides of bearings to adjust them; bolt 
cap in place, allowing oil clearance (see page 784A). 

Always adjust bearings with shims when shims 
are used. When shims are not used, file or dress off 
faces of caps when too loose, or scrape bearing for 
clearance if too tight, but never tighten or loosen a 
nut or capscrew to adjust a bearing, as caps should 
always be drawn or bolted tight. Now install new 
cotter pins. 

Bearings should never be adjusted so tight that 
shaft cannot be turned with starter or with starting 
crank. The only exception to this is when the 
bearing are to be burned-in or run-in on a running- 
in machine; refer to page 789. 



Fig. 69. When bear¬ 
ing fianges are too thick 
dress with a file and use 
a half-round block. 


bearing 


kring 

half. 


ing- 

wiwi 


71. A type of connecting-rod of heavy construction 
‘ found on tractor engines. 


Main bearings: The main crank-shaft bearings 
are fitted in much the same way, except that all the 
upper bearing halves must be fitted at the same 
time. Fitting one bearing at a time would be 
pretty sure to result in getting one lower than the 
other, which would cause the shaft to bind when 
the caps were put on. The caps may be fitted one 
at a time. 


Pit backs of bearings to seats: Inspect bearings 
for oil and set screw holes to locate bearings to mat^ 

Baa pages 785, 786 for Types of Bngxne Main and Connectina 
Hod Bearinge'* showing later developments. 


The job of fitting bearings calls for care^ precision, 
and a certain amount of mechanical ability. The 
work outlined above may easily be adapted to almost 
any kind of engine bearing. * 
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ALIGNMENT OF PISTON AND CONNECnNG-ROD 


When new connecting-rods are installed, the con¬ 
necting-rod should be tested for alignment before 
and after it is fitted to the piston. The rod may be 
slightly twisted or bent and good results will be 
obtained only by having the piston pin parallel with 
the crankshaft bearing (Fig. 73) with the proper 
clearance between the piston pin bosses on the piston 
and the end of the connecting-rod. 

After fitting the piston to the connecting-rod, a 
further check can be made by the use of connecting- 
rod fixture shown in Fig. 72, or if the fixture is not 
at hand by clamping the connecting-rod to an arbor 
as illustrated in Fig. 75 and testing for alignment 
with a combination or carpenter’s square. 

After having fitted the bearings, as previously 
explained, the rod bearings should now be tested for 
parallelism* The piston pin and the crank-throw 
must be parallel, and the bearings that they move in 
must also be parallel, or binding and rapid wear will 
take place. This should be done before and after 
scraping the bearings (Fig. 72). 

If the connecting-rod is distorted or bent, to even 
the slightest extent, it will cause a knock or “piston 
slap'^ and w'ear on one side of the cylinder wall, and 
will also cause the rings to stick and leak; therefore, 
before assembling, some means must be found oi 
determining if the piston is in perfect alignment with 
the connecting-rod, crankshaft, and cylinder. 

Very often, knocks that develop in engines (after 
they have apparently been thoroughly overhauled), 
will be found to be due to the fact that the connect¬ 
ing-rods are slightly bent sidewise, or got out of 
true when fitting tlie cylinders down over the piston, 
or when removing and replacing them. One 
cylinder will get a slight lead, or one ring does not 
properly enter, the cylinders are twisted, and in an 
effort to align them, the rods are bent. When the 
engine is finally assembled, it is very noif.y, due 
entirely to the fact that one or more of the rods 
have been bent sidewise, and when the force of the 
explosion is exerted on the piston head, the w'rist- 
pin end of the connecting-rod is driven sidewise 
against the piston boss. 

There are three disalignments possible in the 
piston and connecting-rod: piston pin not parallel 
with crankpin; rod bent, or improper offset in 
“offset’* rods; twist in rods. Before replacing these 
parts they should be tested on a device as shown in 

FiR. 72. A connecting-rod 
and piston aligning jig or fixture. 
Note that the teat is for the 
purpose of a.scertaining if the 
connecting-rod is bent sidewise 
or if cross bore of piston is 
accurate (meaning that the pis¬ 
ton-pin when inserted will be 
parallel to the orankshaft). 

If all of the skirt (C to D) of 
piston comes fiush with the face 
plate and if they touch at points 
(C and D), then the piston and 
connecting-rod are in aUgn- 
ment. If, however, the piston 
touches at the bottom at (D) 
but not at the top (C), then the 
connecting-rod is bent to the 
left. If it touches at the top 
(C) and not at the bottom (D), 
it is bent to the right. Note 
that the test is made on an 
arbor and bushing the sice of 
crankpin. After testing one 
aide, remove connecting-rod and 
reverae and te'*t the other side. If bent, straighten with bar 
(Fig. 74). 


'igs. 72 and 73. 



Note: Tapered pistons are smaller at top than at skirt. For 
example, a piston .010'^ smaller at top; therefore there 
should be a clearance of .005*' at (B) between top of piston and 
face plate. The bottom, or skirt of piston (C to D) should fit 
snugly against face plate without any clearance. 


Test¬ 
ing Connect* 
KodTo 
See if 
wisted 



Piston 

Pin (PP) 73 (left). Same 

Should Touch device as shown in 

Each Side *’'*■ *’*''** 

At Pninta X to test the connectmg- 

KOlnlS A if it 18 

twisted. It is clear that if the piston-pin (PP) should not touch 
the surface blocks at both points (X), the connecting-rod is 
twisted and should be bent back with tool (Fig. 74). 

Fig. 74 (right). Straightening bar' for a bent or twisted rod. 



Fig. 75 (left). A ground arbor and a square can be used to 
check up the alignment of the connecting-rod and piston as-- 
senibly if a specifd fixture i.s not available. 

A spirit level 

should bu used to level top of piston. Blade of square shouhl 
touch piston skirt at exact center. 

Fig. 76 (renter). The illustration is exaggerated in order to 
show how a piston that is cocked as a result either of the con¬ 
necting-rod being out of alignment with the piston, will scrape 
oil up on one side and down on the other side of the cyUnder 
walla. Bearing at low er end of rod will also be cocked or cramped 
to one side. 

Fig. 77 (right). The spade type or flared-end connecting- 
rod. In order to get a better distribution of the load on the 
connecting-rod bearings, some of the engine makers flare the 
ends of the connecting-rods as shown. This naturally results 
in such a bearing w^earing less, because the load imptised upon it 
by the explosion stroke is taken over a greater spread, than 
where the I-Beam part of the rod is brought to the cap end in 
approximately a right angle, or a small fillet. 

The connecting-rod has come in for a good deal of 
attention during the last year or so. In nearly every 
case makers are now finishing their rods much better. 
Some go so far as to machine the rods all over, and 
take great care in balancing them. Heretofore some 
makers have weighed their rods, and if they were 
within oz. of each other, they passed inspection. 
These same makers now carefully balance the rotat¬ 
ing ends of the rods and the reciprocating ends, be¬ 
cause it is of prime importance to get the rotating 
weights alike as w^ell as the reciprocating weights. 


i Service station tools and eauii^ent can be secured of 
such concerns as: Automotive ^laintenance Machinery Co., 
Chicago. Ill.: 


Shepard-Thomason Co., Los Angeles, 
Calif.: Storm Mf’g Co., Minneapolis, Minn.; 

Bench 

or surface i^tes for testing bearing caps and other such parts 
can be obtained of such firms as those mentioned above. Sea 
also auto supply houses, and ads in trade 

magasines. Bee pa^ 714 and 7906 for a list of concerns who 
supply reamers. 



804 


DYKFS INSTRUCTION No. 66 


IMPORTANCE OF OIL PRESSURE IN RELATION TO CRANKSHAFT BEARINGS 


As an example, we will use the Oldsmobfle eight- 
cylinder V-type engine, model ^^46-B.” 

Oil-ijresstire regulation: fhe oil regulator is 
shown in Fig. 80. Note the position of the oil-p^- 
sure adjusting screw and the ball-check valve. Dirt 
beneath this valve will cause a drop in pressure, and 
may be removed by snapping the ball up and down 
a few times with a piece of wire inserted through the 
oil passage. 



Pig, 80. OldAmobile (eight-cylinder, V-type engine) oil- 
prenure regulator. 

Fig. 81. The main bearings are bolted to the left cylinder 
block. Note the return oil groove. This should be free to 
permit the oil rettim. 


The oil-pressure regulator is on the front left-hand 
side of the engine, as sho^vm in Fig. 80. If the oil- 
pressure gau^e on the dash registers below 5 lbs. at 
10 m.p.h., it 18 necessary to regulate the oil pressure. 
The following is the method: 

1. Screwing the oil-pressure adjustment screw 
inwards should raise the pressure, and remedy the 
conditions. When the enmne is steadily raced, a 
maximum pressure of 25 lbs. should be shown 6n 
the gauge. 

2. If this is not the case, remove the oil Une from 
the pump to the regulator, and also the elbow at¬ 
tached to the regulator. Then with a 3/16" wire 
or rod, bent at right angles for reach into the oil 
passage and depress the ball valve a few times. This 
will release any dirt beneath the seat which has 
caused low pressure. 

After replying the parts, it will be necessary to 
adjiut the oil-pressure screw as directed. It is also 
advisable to orain the crank case and flush it out 
with kerosene, when conditions are as described. 

A medium-weight oil should be used, and. as is 
common with the present-day low-grade gasoline, it 
will be best to dram the oil, flush out the base, and 
replace new oil every 600 miles. Five quarts of oil 
are needed to completely replenish the oil supply. 

Should a crankshaft bearing ever bum out, it 
will be necessary to see that all oil passages are 
tested for eleamess before replacement is made. 

If any of the oil passages in the crankshaft are 
stoppedi a twiirt drili may be used to remove 
the D^bitt. 

Testing should not be done with an air hose. The 
best method is to clean the end of the oil passage 
and blow by means of the mouth; the mechanic can 
thereby feel exactly the condition of the oil passage. 


Qeaji!^ oil liaes: Usually a short-length twist drill Is used 
for dealing babbitt out of the crankshaft after a bearing is 
burned out. Most tool stores carry long-shank twist drills, 
with which this work can be carried out better. 

This precaution applies equally well if a connect- 
ing-rod bearing bums out. Before the new bearing 
is installed, all oil passages should be cleaned with 
compressed air. Very probably one will find a 
thick, black, pasty substance in the oil pipes con¬ 
necting the crank cheeks, and also in the drilled 
passages in the crankshaft. This is carbon, road- 
dirt, and oil emulsion formed by the mixture of oil 
and water—the water being one of the products of 
combustion or having entered the crank case through 
a leaky head gasket. 



Fig. 82 Fig. 83 


Fig. 82. A piston damp, as shown, facilitates piston and 
ring replacement through the crank case. 

Fig. 83. These are the running clearances that should be 
observed when refitting the connecting-rod bearings. 


If air is not available, use a tire pump by removing 
the connection and applying the end of the hose to 
the mouth of oil holes. 

Connectii^[-rod bearing clearances: In fitting 
the connecting-rod bearmgs, it is essential that the 
correct clearance be observed in order to give proi)er 
action. If the mechanic uses those niethods com¬ 
mon in fitting the connecting-rod bearings on four- 
cylinder engines, the bearings will be drawn too tight 
and will cause future trouble. 

The plain, or blade rod shown in Fig. 83 bears on 
a bronze bushing, which in turn runs on the crank¬ 
shaft. If this bearing does not have from .002- 
.003" clearance, the Dushing will expand faster 
than the plain rod and cause binding. This cona¬ 
tion will be indicated by a burning out of the babbitt 
around the center of the bearing proper. 

The following is the proper method of fitting the 
plain or blade-rod bearing to obtain the proper 
clearance. 

1. Fit the babbitted bushing to the crankshaft 
bearing, and bolt the fork rod tightly in place. 

2. Procure a rftrip of shim brass Ji" wide and .001" 
to .0016" thick, just long enough to lap around 
the plain rod baring on the bronze bushing (see 
Fig. 84). 

3. Bolt the plain rod in position and adjust until, 
when the bolts are tight, the plain rod may be 
turned, but not loosely. Then ii the brass shim be 
remove, the plain rod will have the proper clear¬ 
ance. 
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The side clearances ma^r be checked up by means 
of a thiclmess gauge. It is essential that the clears 
anoe shown be foUowed. An absolute check on the 
bearing fits may be determined by using an inside 
and outside micrometer, and the careful mechanic 
will use this method instead of guessing. 


applied in the manner shown 
enables the mechanic to obtain 
the proper clearance between 
the blade rod and the bearing 
proper. 



_ JPOP 
>1IM 0P&S5 


Adjustment of main bearings on the Oldsmobile 
model is described below and serves as an 

example of how bearings are adjusted on the average 
eight-cylinder V-type engine: 

1. Remove the oil pan, place a jack under the 
flywheel “take the strain”—noting carefully if the 
crankshaft has any motion in the bearing. If such 
motion exists, remove the main bearing cap and take 
an eoual number of shims from each side of the bolts, 
usually about two. 


2. Examine the cap carefully to see that the crank¬ 
shaft has a good bearing. In some cases the lining 
of the bronze bearing has been partially ruined, from 
lack of oil, which later causes leakage from the rear 
end of the engine. 

3. Use air hose or a tire pump to blow through 
the drain hole which brings back the oil from the 
rear of the rear main bearmg into the oil pan: this 
is a “cored” passage beneath the bearing, ana con¬ 
nects with a groove in which a collar formed on the 
crankshaft revolves, throwing off the oil. There 
may be dirt or a stoppage at this point, preventing a 
proper return of the oil to oil pan. 

4. When all of these points have been taken care 
of, replace the bearing cap and tighten m> firmly. 
Crank the engine by hand. If it is not stin, but has 
more “feel” to it than existed before you made the 
adjustment, this will indicate that the bearing is a 
close and proper fit. If it is still quite free, it would 
be advisable to check the bearing again, and see 
that it is not loose. 

Note In removing shims, be sure to take the same thickness 
from each side. 

fig. 85. Method of 
oiling the main bearings 
on the Mitchell The 
space back of the bear¬ 
ing forms a reservoirrthe 
oil beii^ forced through 
holes (D) and (E) under 
preesure. 



RELATION OF VIBRATION TO BALANCE 


Centrifugal force and the force of inertia are the 
two main forces causing engine vibration. Both 
affect those parts having rotary motion, and inertia 
affects those parts having a reciprocating motion. 

Vertical vibration is a “vertical or up-and-down 
vibration” of the reciprocating parts at certain angu¬ 
lar positions of pistons and connecting-rods, and 
is more common in a 4-cylinder engine. 4 vibra¬ 
tion balancer reduces this vibration. (See page 
780.) 

Torsional vibration is a twisting vibration. It is 
sometimes noticeable in 6- and 8-cylinder auto¬ 
mobile engines with long crankshafts. Assume that 
the crankshaft is made of rubber. When the front 
cylinder fired, it would tend to turn the front of the 
crankshaft very rapidly, but the inertia of the fly¬ 
wheel would tend to prevent this rapid increase in 
speed at the rear of crankshaft. 

Therefore the result would be a “winding-up” of 
the rubber crankshaft. As the force exerted by the 
front cylinder decreased, the rubber crankshaft 
would “unwind” again. This repeated “winding” 
and “unwinding” sets up a twisting or torsional 
vibration. 

While, of course, the steel crankshaft is not ss 
elastic os rubber, it is sufficiently elastic to permit 
torsional vibration. 

It is obvious that the shorter the distance between 
the flywheel and the farthest removed cylinder, the 
less will be the winding effect. Hence a flywheel 
mounted at both ends of the crankshaft, as on the 
Rickenbacker (termed tandem flywheels), accom¬ 
plishes the same result as making the crankshaft 
only half as long, as far as torsional vibration is con¬ 
cerned and would decrease the torsional vibration. 
A stiff crankshaft decreases twisting or vorsional 
vibration, but has the dist^vantage of adding weight 
to the engine. A slipping flywheel or vibration 
damper is another methoa of reducing torsional 
vibration. (See page 780.) 


Crankshaft whip, or a tendency to “whip” around 
at high speeds, is a term used to express what some¬ 
times occurs to long crankshafts, esj>ecially tho‘<e 
with bearings out of line. Some methods to de¬ 
crease whip are: (1) using a stiffer crankshaft; (2) 
placing the main bearings closer together; (3) plac¬ 
ing counterweights on the crank throws. 

Periodic vibration. A vibration is said to be 
periodic when it recurs at equal intervals. Thus, 
during two revolutions of the crankshaft, certain 
vibrations occur; if, during the next two revolutions, 
these same vibrations are repeated, they are said to 
be periodic. 

Balancing is the effort to reduce the effects of 
/ibration. There are two main classifications: (1) 
bjilance of rotating parts; (2) balance of reciprocating 
(up-and-down motion) parts. 

A part or combination of parts may be perfectly 
balancea when at rest, but not when the engine is 
running at a high rate of speed. This leads to a 
further classification: (1) static balance, which means 
balance when at rest; (2) d 3 rnamic b^ance, which 
means balance when in motion. An engine may 
have perfect static balance and yet not have dynamic 
balance. 

To obtain static balance of rotating parts (crank¬ 
shaft and flywheel) it is necessary to machine them 
80 that the weights are equal in all directions from 
the center when at rest. 

To obtain static balance of the reciprocating parts, 
it is necessary to have the parts equal in wei^t, 
that is, all pistons with rings and wrist pins equal in 
weight, and all connecting rods equal in weight. 

Dynamic balance of the rotating parts (crankshaft 
and flywheel) is perfect when the centrifugal forces 
are equal in all directions at any point. 

One method of aiding dynamic balance is by plac¬ 
ing counterweights on the crank throws. Another 
method is the (uvided flywheel (one in front and one 
in the rear) 





806 


DYKE’S INSTRUCTION No. 69 


OIL TEST FOR ENGINE BEARINGS' 


A bearing teat aoccessfully used in the air service and also 
in the maintenance stations of some of the prominent auto¬ 
mobile manufacturers for several years is an oil test for deter¬ 
mining the condition of the bearings on a pressure-lubricated 
engine with a drilled crankshaft* 

The test is made by disconnecting the regular oil pump and 
passing oil through the system by means of pressure. 

If the bearing clearance or seal between crankshaft bearing 
pin and bearing is as it should be, very little oil will leak through. 

If the clearance is too great, a greater quantity of oil will pass 
from between the bearing and journal. 

If an oil passage was clogged the indication will be that there 
will be a great difference in^e number of strokes on test pump, 
and no oil would leak from bearing. 

If one bearing did not get any oil it would be necessary to 
trace the oil passage from tne oil pump through the oil manifold, 
making sure that all these passages are clear. This could be 
most easily done with an air hose and a small tube that could 
be htted tightly into the oil holes in the crankshaft. 

As an eianiple, the Packard oil test method will be used. 

Packard Oil Test for Engine Pressure-Lubri¬ 
cating System 

Purpose: The test tank should be used in making an engine 
inspection, as it is possible to determine very accurately the 

condition of the bearings. 



It is very valuable in correcting over-oilinflN because it telk 
the mechanic whether the difficulty lies in the nt of the bearings 
or in the pistons and rings. 

It should also be used for checking bearing work after an 

engine overhaul and if properly applied will indicate if the bear¬ 
ing has too much diametrical clearance or if the oil passages 
are clogged or partially clogged. 

In making a test with this tank (Fig. 86), the following 
procedure should be observed: 

1 . Drop bottom half of crankcase. 

2 . Disconnect oil manifold from oil pump. 

3. Fill test tank two-thirds full of oil out of engine, unless it is 
so thin as to be of little value in making the test. Engine 
should be warm just prior to being pulled down to make the 
test. 

4. Connect test-tank hose to engine oil manifold. 

5. Keep tank pumped up to 30 pounds minimum pressure (use 
a hand pump). 

6 . Gauge on instrument board should register approximately 
same as gauge on test tank, except when cylinders 1 and 6 
are on upper dead center, as in this position there is a direct 
flow of oil through camshaft to lubricate the front end chain 
and sprockets. 

7. Crank engine over by hand crank. 

8 . Flow of oil from connecting-rods and main bearings should be 
in drops before reaching floor. With the full metered bear¬ 
ings as now used the oil should leak from the bearings in a 
fine stream, but will form drops before it hits the pan on the 
floor. In other words, the oil stream would not be continuous 
to the pan.* 

A stream of oil from the bearing to the oil pan would 
indicate too much clearance 


In refitting the main and connecting-rod bearings, they should 
be set up with a minimum clearance of .001", and if this is 
done, the crankshaft may be turned over freely with the hand 
crank after all main and connecting-rod caps are drawn up and 
the cotter pins in place. 

It will thus be seen that by the use of the hand crank and the 
oil test tank, a positive check can be obtained on the condition 
of all bearings, the hand crank checking for tight bearings, and 
the test tank indicating when the bearings are too loose. 


TIIE RICARDO CYLINDER HEAD* 


Purpose: To prrxiuco complete 
combustion of all tlie gases enter¬ 
ing combustion chaml^r. Iivan 
en^e with an ordinary head the 
fud charge separates after it enters 
the combustion chamber, which per¬ 
mits the outer layer of this charge 
to cling to the walls to coo! and 
become stamant, or slow to ignite, 
while the other part is burned. These 
dead, stagnant ga.scs fail to burn 
during the explosion period—they 
burn afterwards or during the ex¬ 
haust stroke (known as after-burn¬ 
ing) ; therefore this heat and energy 
is wasted. After-burning causes high 
power losses, excessive engine temperatures, which in turn cause 
detonation,^ more commonly called '‘pinging’’ or "knocking." 

The illustration above shows a sectional view of Ricardo 
cylinder head, indicating by arrows the swirl of the gas mixture 
just prior ,to the passage of the ignition spark. 

Turbulence is produced by the piston forcing the gas up into 
the combustion chamber and causing a rapid swirling of the 
main body of the charge, thus distributing the flame rapidly 
throughout the mixture. 

Prindide of Ricardo* head: 'The fuel charge (owing to the 
shape and design; see illustration) enters the combustion cham¬ 
ber. during the compression stroke, as a swirling, intensively 
turbulent, wholly combustible uniform mass. This turbulence* 
or the swirling motion of the fuel charge is of the utmost im- 
portanoe. Because of it, the outer layers of the fuel charge are 
dug off the combustion chamber walls and hurled into the 
energy-producing explosive mass, and thus the great bulk of 


* See puftM 1062-1054 for piston clearance, compreaaion- 
fatio, and other subjects formerly on this page. 

* Invented by Har/y Hicardo, Shoreham, England. 

* See also p^e 115, relative to producing turbulence in the 
intake manifold. fThe definition of detonaffon is given, p. 1075* 
* See footnote 6, p. 786 for a hearino oil Udk deUetor* 


the gas is reached more ciuicklv by the spark and 8 to 12 per 
cent of otherwise wasted fuel is made to burn in time to 
contribute power tu the piston rather than to heat tlie exhaust 

O 

Fig. 88. (A) Indicates a dark stagnant layer in a lazy mov¬ 

ing mixture approximately A inch thick, constituting in a 
combustion chamber between 8 and 12 per cent of the total 
volume of useful fuel. This layer burns too slowly to contribute 
its power to the piston before the exiiaust valve is open. 

Fig. 89. (B) Indicates the practical elimination of this dark, 

stagnant layer, due to turbulence in a Ricardo head by driving 
this gas layer out into the body of the flame. Thus the 8 to 12 
per cent of otherwise wasted fuel is made to burn in time to 
contribute power to the piston rather than heat to the exhaust. 

When operating an engine equipped with a Ricardo head, the 
spark should not be advanced too far. The fuel mixtiure in a 
Hicardo head burns much faster than in the conventional 
head, and because of this increased combustion speed, the ex¬ 
plosion does not need to occur so soon. 

The advantages claimed by the manufacturers (Waukesha 
Motor Co., Waukesha, Wis.) is that more power with much less 
fuel, more speed, quicker acceleration, easier and quicker 
starting^ fast getaway, and elimination of engine pinging and 
detonation* (even with less expensive grades of gasmin^ arc 
the result of the use of this head. 


* When the oil line is coupled up and the oil is turned on tc 
the barings, it is possible to obtain an extreme leak from indi¬ 
vidual bearings when stopped in certain positions in addition 
to the main position of one and six up; in other words, the 
check should be made by slowly turxui^ the crank and not 
when the crank is standing still in any one pirticular position. 











INSTRUCTION No, 70 

PISTONS: Types, Construction and Fitting; Piston Clearances; Standard 
and Oversize Pistons; Installing and Fitting Pistons. RECONDITION¬ 
ING CYLINDERS: Different Methods of Finishing Bores of Cylinders; 
Cylinder Reconditioning Devices, Etc. 

PISTONS* 


The piston and piston rings act as a seal when 
compressing the gases. The piston transmits the 
^ergy of the expanding gases through the connect¬ 
ing-rod to the crankshaft; it functions also as a 
guide for the piston pin. The piston and rings 
should, therefore, fit the cylinder walls as closely as 
certain limits permit. 

Owing to heat generated in the engine the pistons 
expand: therefore it is necessary to fit the pistons 
in the cylinder with a clearance that allows expan¬ 
sion anti provides space for the oil film. 

The head or top part of a piston (being next to 
the combustion chamber) is subjected to greater 
heat than the skirt, therefore greater clearance is 
given by the manufacturer at the top. 

Piston heads are made flat, crown or dome-shaped, 
bevel or chamfered, and concave or hollow head. 
The majority are flat head. 

Piston rings are fitted to grooves in the piston. 
The usual practice now is to fit 3 or 4 rings above the 
piston pin. The purpose of the ring is to fill up or 
seal the gap clearance between the cylinder wall and 
the piston, preventing the gases escaping into the 
crankcase and an excess of oil working into the 
combustion chamber. As these gases are under 
pressure, it is necessary that the rings fit snugly not 
only around the cylinder wall, but in the grooves of 
the pistons as well; otherwise the gas and oil work 
through, behind the rings. 

Piston material: Pistons are made of cjist iron or 
aluminum alloy, semi-steel, and duo-metal. 

Pistons are usually made of cast iron, ahd this type 
is the one in general use. When heated, cast-iron 
pistons expand, but not as much as aluminum-alloy 
pistons. 

Aluminum-Alloy Pistons 

Aluminum-alloy pistons are used in a great number 
of engines. They expand more than castr-iron pis¬ 
tons, but since they cool more rapidly than cast 
iron> they permit a higher compression pressure. 
(Hi^er compression increases heat.) 

By reducing the wei^t of reciprocating parts, 
quicker acceleration is alk> made possible. 

They give longer life to the bearings by reducing 
the bearing pressure, especially at hi^ speeds. 

The inertia of the reciprocating piston is reduced 
considerably. This cuts down side pressure, or 
thrust, on the walla of the cylinders and reduces fric¬ 
tion and the consumption of lubricating oil. 

The great heat conductivity of aluminum alloy 
lessens the carbon deposit on the piston head, and 
the deposit is more easily removed. 

It is claimed that in cases of extreme heat the 
lynite piston will not '‘score’' or cut the cylinder walls. 

It is a )>roven fact that the lighter the piston, the 
quicker it will operate. Therdore greater speed 
md fieidbility are the result 


The main disadvantage, with the aluminum-alloy 
piston of the solid skirt or trunk type, where no 
provision is made for maintaining constant clearance, 
IS the “slap” which often occurs, as explained on 
page 779. 

As the aluminum-alloy piston expands two or 
three times as much as a cast-iron piston when 
heated, it would be necessary to give two or three 
times the clearance, therefore the clearance of an 
aluminum piston when cold is considerably more 
than that of a cast-iron piston; consequently, until 
the engine is warmed up, there is more or less slap¬ 
ping noise. As the heat increases, the piston ex¬ 
pands and the noise disappears. 

During this expansion period, raw gasoline is 
drawn from the cylinder, past the pistons, into the 
crank case, thinning or diluting the oil. Methods 
have been devised to overcome this objection as will 
he explained. 

A long step in advance is the constant-clearance 
type of aluminum piston. Briefly, this is a piston 
which does not expand in the same way as an iron 
piston. Usually the skirt of piston is cut or split, so 
that when the piston does expand it simply closes 
this cut and does not, therefore, change its diameter. 
Hence the clearance substantially remains the same 
at all temperatures. 

Where the constant-clearance type of piston is 
used, it is generally made with an opening on each 
of the two thrust sides of the piston extending 
circumferentially around the piston excepting for a 
small portion where the jiiston pin bosses are lo¬ 
cated. 

The object of this head slot is to separate the upper 
portion of piston, or heat portion, from the skirt and 
the load resulting from the gas pressure is transferred 
directly from the piston head to the piston bosses. 

When split-skirt type of pistons are installed in 
cylinder blocks, the split side of the piston must be 
placed on the side of engine having lesser thrust (see 
pages 809, 811, 814, 780, explaining). 

An example of the constant-clearance type of pis¬ 
ton is that shown in Fig. 1. In order to use small clear¬ 
ances and still avoid any trouble due to expansion 
of tlie metal, the piston skirt is split along one side 
and slotted near die top and joined to the head only 
above the piston pin bosses. The pistons are given 
a closer fit in the cylinder, even when cold. There 
is, therefore, no undue noise in the engine when first 
starting up. When heated, the sides expand cir¬ 
cumferentially and along the diagonal split without 
increasing the outside diameter. 

Interior ribbing provides exceptional strength and 
eliminates binding of the piston pin. Besides 
eliminating the effects of expansion of the piston, 
the slots act as oil drains. 


I Note: Pages 807-824; There may be a slight discr#‘pancf 
between themdex and the text. See footnote, page 
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The layout for making this piston (Fig. 1) has 
been arranged in the bdief that piston wear, oil 
pumping, and failure of tbe piston rings to make 
proper contact with the cylinder walls are due largely 
to misalignment. This misalignment causes the 
piston to cock in the cylinder, so that one side of it 
becomes a scraper, givi^ unequal lubrication around 
the walls, as ^own in Iig. 76, page 803. 



Fig. 1. Alaminum-alloy pistons of the constant clearance 
type with a^lit skirt. Rstons of this t 3 rpe can be given leM 
clearance, with the use of aluminum pistons which cool readi¬ 
ly, the use of larger valves and higher compression is per¬ 
missible. . 


The piston, Fig. 1, is the McOuay-Norris also Fig. 6A, 
page 811, for description and clearances). The piston. Fig. 
lA^ (right), is the Permite. These pistons can be supplied 
finished or semi-finished and are exact factory duplicates for 
replacement in standard sices and oversizcs from .003'' to .060". 

The skirt of the piston is split at an angle, so that 
it does not work vertically in tlie cylinder, but with 
a sliding motion. 

The piston and rod assembly should always be 
given a final check on the alignment of the piston 
to make certain that the latter will operate on a 
true axis, as explained on page 863. 


The lighter weight of the aluminum-alloy rod also 
decreases the wmpping effect of the crankshifft at 
higher speeds, and together with the lighter piston 
lessens the vibration. 

Another great advantage giving longer life to the 
engine and more comfort in driving is that the 
idbration occurring at common speeds of about 20 
to 25 miles per hour in light cars with steel rods and 
iron pistons does not occur until a speed of about 
35 to 40 miles per hour when aluminum-alloy rods 
and pistons are used. 

The fitting of aluminum-alloy connectin^-roda to the crank 
pin bearings should be given careful attention. The clearance 
on this bearing fit should be about .0016" on the diameter. 
This should be accomplished by adjusting the shims so that 
when the nuts on the connecting rod bolts are tightened the rod 
fits firmly and can just be turned; then loosen the nuts about 
1/6 turn before locking with cotter pins. 

Examples of Aluminum-Alloy Pistons 

A few examples of the aluminum and alloy type 
of piston will follow. 



ri^. A. 

Note the spiral slot which, the raanufactur*^ 
ers claim, controls expansion and contrac¬ 
tion due to changes in engine temperature 
thereby maintaining a constant clearance. 
The spiral slot also assures constant lubri¬ 
cation between piston and cylinder wall 
therefore decreasing wear. 

The base metal of this piston is aluminum 
which dissipates heat faster than cast iron, 
preventing carbon collection and detona¬ 
tion. 


A lighter and cooler nmning piston makes higher compression 
permissible. This piston, its makers state, due to the spiral 
slot, can be fitted to a close clearance. With a close clearance, 
compression leaks and piston slap on starting are greatly 
eliminated, and the other advantages of the aluminum alloy 
piston are likewise obtained. 


Aluminum-Alloy Pistons and Connec¬ 
ting Rods^ 

The numerous advantages obtained by using 
forged aluminum alloy connecting-rods in plac^ of 
steel rods are due mainly to the saving in the weight 
of the reciprocating parts, and to the hi^er heat 
conductivity of the aluminum alloy as compared 
with steel (see also page 795). 

The wear on the crankpin bearing is caused by 
ffiree forces, centrifugal, inertia, and explosion 
pressure. 

Centrifugal force results from the weight of the 
large end of the connectinj?-rod and is acting 
throughout the entire revolution of the crankshaft. 

Inertia forces act mostly at the top and bottom of 
each stroke due to the weight of the complete rod 
and piston which have their direction of motion 
changed from going up to going down and vice versa. 

At the end of the compression stroke, once every 
four strokes, the compression and explosion exert 
great forces in opposite directions. 

Therefore, any saving in the weight of the large 
end of the connecting rod decreases the wear due 
to Ae centrifugal force, and any saving in the total 
wei^t of the rod and piston decreases the wear due 
to the inertia forces at the top and bottom of each 
stroke. Reduction in wear means that you can 
drive thousands of miles more before it will be 
necessarjr to adjust the connecting rod lower bearing 
when usmg aluminum-alloy rods. 


iFrom Htmtore of the Piston and Mfg. Co., 

Most connecting rods, at preecni, are light-weight forged steel. 


Above pistons are furnished "semi-finished" which can be 
finished to any size from standard to .066" oversize. 

When ordering finished pistons, size of evlinder bore shoultl 
be given, correct clearance will be allowed when pistons are 
ground. If you order a 3 piston .010" oversize, the finished 
oversize piston allows the specified clearance. Also mention 
name ana model of ear, or engine and number of cylinders. 


Aluminum-alloy pistons are of the constant clearance type, 
having a split skirt. Being made of an alloy of aluminum, 
copper, and several other elements in very small quantities; it 
is one-third the weight of cast iron and three times a better 
heat conductor. 

Printed matter states: 


“When the cylinders of an automobile engine become worn 
out of round enough so that reflnishing is necessary, it should 
be done by a shop with the proper eauipment. Grinding the 
hole to a smooth finish will give a satisfactory surface for tliis 
metal. If the bole is bored or reamed it should be honed to a 
mirror-like surface to insure proper results. If the piston is 
being installed in the original bore, which probably is well 
glazed up, it will give wonderful results if the cylinder is not 
too badly out of shape. 

**We do not recommend that these pistons b* lapped la by 
using an abrasive mixture. When this is done the oyunder and 
the pistpn are charged with the abrasive and the lapping action 
continues after you nave apparently washed all toe abrasive 
from the surfacse. This also bolds good f<9 oast-iron pistons. 
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<*Cl6«nuic« allowance on round aplit-ekfrt Lynite pistona 
shoiild be .001" per inch of diameter of piston.* 

<*When installed, the following clearance for the split-skirt 
Lynite pistons should he allowed:* 


Cyl Dia. 

Skirt Clearance 

First 

2nd and 3rd 

Fourth* 

3.0" 

.0030" 

.015" 

.010" 

.0626" 

3.5" 

.0035" 

.017" 

.012" 

.0625" 

4.0" 

.0040" 

.020" 

.014" 

.0626" 

4.6" 

.0046" 

.023" 

.016" 

.0626" 

6 .0" 

.0050" 

.025" 

.018" 

.0626" 


'^Installing: It is important that the split side of piston be 
installed on the drivers side of the car, as this is the side of 
minimum thrust. 

"Lynite pistons are carried in stock in standard, .00.3", .005" 
.010", .016", .020", .031" and semi-finished, ^mi-finished 
pistons may be finished os large as .060" oversize. Piston pins, 
where desired can be fitted at 26c. each plus cost of pin, and on 
request step cut piston rings can be furnished for pistons using 
same. 

"Width and depth of ring grooves are very closely machined, 
wrist pin holes guaranteed sciuare with side walls of the pistons 
and are bored to required diameter allowing 0.003" to 0.005" 
for reaming." 

"Clearance allowance on alluminum-alloy pistons of the solid 
skirt or trunk type (No. L54) should be .006" from the bottom 
of the lowest ring groove to the skirt and should be ground 
.012" taper from the bottom of the lowest ring groove to head. 

Fig. 2A. Nelson-Bohnalite piston of 
an improved light alloy design of the 
narrow-steel strut type (do not confuse 
with the "wide-steel strut type"). This 
piston differs from the split-skirt type, as 
it is made with special alloy steel struts 
so placed in the piston that they control 
expansion and maintain satisfactory clear¬ 
ance under various engine operating con¬ 
ditions. With well-finished cylinder bores, 
these light alloy pistons are fitted with 
less clearance than is used in fitting cast- 
iron pistons.* 

On the bearing side of the piston two horizontal saw slots are 
used and the skirts are partially cut to enable the control mem¬ 
bers (the struts) to give the proper expansion to the skirt. 

The struts are placed in the direction of the resultant thrust 
on the piston skirt and compri.se an important portion of the 
piston in this direction. They are located to allow for finishing 
the piston skirt, piston-pin holes and drilling necessary oil holes. 

The section in the head portion of the piston is comparatively 
heavy which promotes cooling because Bohnalito conducts heat 
three times as fast ai> cast iron. The piston-pin Ix/sses are 
joined to the head and skirt portions by heavy ribs, which 
envelop the central sections of the struts. 

Fig. 3. The Marmon two- 
piece piston (1920-1926) is a 
combination piston: the head 
and b<xly are aluminum, and 
the skirt is cast iron. A .0025" 
to .003" clearance was given. 
The one-piece piston was later 
used by Marmon. 

Light Iron or Semi-Steel Pistons 

Where iron or semi-steel pistons are used, there 
has been a tendency to ^t them very light. In 
fact, some of the semi-steel pistons weigh little more 
than aluminum-alloy pistons, l^lexible pistons of 
this type have the advantage that they will shape 
themselves into the cylinder bores in which they 
are working. In other words, the pistons will con¬ 
form much better to the shape of the cylinder, should 
the latter wear oval. 

One of the things in favor of the semi-stol piston 
is that owing to the nature of the metal it can be 




* Note. This instruction has not been revised for some 
time. FoUow numufacturer’a latest instructions for fitting and 
clearances. See paragraph at bottom of left column next page. 
For literature on pietone see page 690. See also page 58, Ad¬ 
denda, for the *‘Lo-i?x,*’ **J~elot,** cam-ground'* pistons and 
pistons with the *'alumilit«" finish; also, "tin-plated cast-iron 
pistons." See also page 828. 

* By "first," "2nd" and "3rd," and "fourth" is meant ring 
lands, that is, the material between each ring groove. 

* Tha tkirt and land cletrancee of this piston are the same as 
in table, p. 811 ^ken from the instruction sheet of MoQuay- 
Norris Mfg. Oo., Bt. Louis, Mo., sole replacement distributors). 


machined to much closer limits than can cast iron. 
There is, therefore, a reduction in weight which is a 
desirable feature in any of the reciprocating parts. 

Light-Weight Gray-Iron Pistons 

One example of design or construction of a light¬ 
weight gray-iron piston is shown in Fig. 4. The 
system of ribs or webbing extends across the head 
and down the skirt of the piston. These ribs or 
braces give the piston strength and permit of the 
walls between the ribs being made very light. 


Fig. 4. The De Luxe light-weight gray- 
iron piston. A clearance of .001" to each 
inch of bore is recommended. 


Cast-Iron Pistons 

We shall now confine our attention to the cast- 
iron (or gray iron) piston. Some manufacturers add 
just enough steel to the cast iron to give it certain 
physical properties. Pistons should be heat-treated 
and seasoned before machining in order to prevent 
warping when heated in the engine. 

The cast-iron piston expands under heat, as do 
all other types—some more or less than others—and 
the extent of this is, of course, governed by the 
amount of heat generated in the engine. 

The diameter of the top of the piston is usually 
smaller than the bottom, or skirt, because the piston 
is subjected to greater heat at the top; consequently 
there is greater expansion at this point. 

Fig. 5. Example of a gray cast-iron 
piston. The safe average diametrical 
clearances with the cylinder are as fol¬ 
lows for the bores shown: S 1 /$ to S", 
top land .011", 2nd land .(X)8", 3rd land 
.006", skirt .003"; to S 1/^', top 
land .012", 2nd land .009", 3rd land 
.006", skirt .00325"; S 1 le to 4". top 
land .014", 2nd land .010", 3rd land 
.007", skirt .0035"; to 41/e", top 
land .016", 2nd land .012", 3rd land 
.008", skirt .004". 4 1to 6", top land 
.019", 2nd land .014", 3rd land .009", 
skirt .00475"; 5" to 5 l/2*\ top land .022". 2nd land .016", 3rd 
land .011”, skirt .(X)575"; 5 1/2 to top land .026”, 2nd land 
.019", 3rd land .013", skirt .001". Slightly closer clearances 
can be used if the pistons are carefully run-in. 

Most makers of pistons are now polishing the 
heads of the pistons. It is well known that carbon 
or soot will not so readily adhere to a polished sur¬ 
face, and while it is somewhat more ej^nsive to 
finish pistons in this manner, it is worth it. 

Questions and Answers on Pistons 
Q. 1: What troubles result from too loose a piston? 

Ans.: In addition to a “slap’^ and the wear of the 
cylinder wall, there is a third trouble resulting 
from the gasoline passing into the crank case 
and diluting or thinning the oil, thus injuring 
the bearings. Piston w3l also pump oil, caus¬ 
ing carbon, smoke and fouling of spark plugs. 

Q. 2: What is meant by ^^squaring’’ the piston? 

Ans.: When fitting the piston and connecting-rod 
assembly into the cylinder, if not done care¬ 
fully, the connecting rods may become slightly 
bent. If one side of the connecting-rod 
bearing is higher than the other, the piston 
will be at an angle. It is very important that 
pistons be in perfect alignment and nearly equal 
weight. See Index ‘‘Alignment of piston.'^ 

Q. 3: What are pistons usually made of, and what 
is meant by “seasoning” and “heat-treating”? 
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Ans.: Pistons made of ca^ iron usually are not 
machined for a long time, to allow them to set 
so that they will not change their shape after 
being machined. The result of this is that 
they do not warp out of shape when heated, 
thus permitting minimum clearance, and re¬ 
ducing '^slapping'' when cold. Heat-treating 
is supposed to have the same effect as long 
seasoning. 

Q. 4: How are pistons machined? 

Ans.: They are turned down to within .005" of size, 
then ^ound to exact size on a special grinding 
machme. On high-grade engines the pistons 
are seasoned or heat-treated, then turned and 
ground to fit each cylinder individually in 
order to prevent warping out of round when 
heated. Piston rings are sometimes also heat- 
treated as well as cylinders. On some engines 
they are not always heat-treated or seasoned; 
are macie in quantities, and the assembler fits 
the pistons to the cylinders, termed a selective 
fit. 


Remarks on Piston Clearance^ 

The clearance of pistons or the running allowance 
is the difference between the inside diameter of a 
cylinder bore and the outside diameter of piston, 
termed diametrical clearance (explained on page 
827). 

A piston does not fit the cylinder wall tightly. If 

it did, it would seize and stick when it was heated, as 
it expands with heat. For this reason clearance 
must be allowed between cylinder wall and piston. 

The piston rings fit tight, however, but, being 
split and flexible, they fit the cylinder at all points— 
or at least they should. 

More clearance is r^uired at the top of a piston, 
because here the heat is greatest, and there is there¬ 
fore greater expansion at the top. 

If pistons are fitted very close to the cylinder they 
will run quietly but may heat and stick and cause 
engine to slow dow n or stop if driven at a high spesd, 
and this may result in a scored cylinder wall. Pis- 
tons'fitted too tight will wear cylinder wall rapidly. 

' N«w or recondhiooed engines should be driven mt moderate 
speed for |he first 1,000 miles in order to work or run-in the 
Itistons,'hearings, etc. See pages 833A and 824B for reason. 

If pi^bns are fitted moderately loose, they may 
‘‘slap" until heated up. 

If pistons fit too loose, a "piston slap," oil leakage 
and Elution of oil with gasoline will result. 

The amount of clearance depends upon the speed 
of the engine, the efficiency of the cooling system, 
the typ^ of water circulation, and the length of the 
water jacket. If the en^ne is "hot-running" or 
heats quickly, clearance is increased proportionately. 
If it is "cool-nmning," give less clearance. The 
clearance needed will vary, depending on the con¬ 
ditions mentioned. 

Air-cooled cylinders usueHy expend outwerds, which equalizes 
with the expansion of the piston. Therefore the same clrarance 
can generally be used as in water cooled engines. 

Cast-iron pistons require about one-half the clear¬ 
ance that those made of aluminum-alloy with solid 
skirt require, because thev do not expand so much 
imder the same degree of neat. 

Ho hard-and-fast rule can be given as to the 
amount of clearance which should be allowed 
between the mstons and cylinder walls.< There 
are many concutions to be taken into consideration, 
including the construction and speed of the engine, 
the style and material of the pistons, the service 
given the engine, after grinding, and even the char¬ 


acteristics of the driver himself. For example, a 
smaller clearance might be given^ providing the 
driver gave the engine time to run in properly. 

Even the manufacturers themselves are divided 
on this point, each having his own pet theory as to 
what the clearance should be. A manufacturer 
states that they give more clearance on truck engines 
than on passenger car engines, and still more on 
tractor and fire-apparatus engines. 

Where engines run for long periods under full power they 
require more clearance than others, and, of course, the heating 
of the engine, the cooling surface, etc., as previously stated, are 
factors governing the clearance to a certain extent. 

For example, in fire-apparatus engines, where they are run at 
times for long periods, pumping water at full power, it is clear 
that greater heat will be generated; there v^ill consequently be 
greater expansion. Thus in such cases it is necessary to allow 
more clearance. 

It is clear that a close-fitting piston is desirable 
and the idea is to not give any more clearance than 
necessary. But bear in mind that the piston clear¬ 
ance is measured when piston is cold, and as the 
piston gets hotter than any working part of engine 
(except exhaust valves) and expands considerably 
faster than the cylinder bores, it is very necessary 
to provide sufficient clearance to allow for expansion 
at maximum nmning temperatures without excessive 
friction, and to retain an oil film between piston and 
cylinder wall. The best method of determining 
what piston clearance to allow is to obtain the manu¬ 
facturer’s instructions. 

As a general rule, it is safe to allow .001" to each 
inch dimeter of the bore on cast-iron pistons. (The 
regrinding concerns—and the manufacturers them¬ 
selves, shade this a little sometimes).^ 

For example: If a piston is to be fitted to a cylinder of 3" 
bore, the skurt of the piston should be measured as .003" less 
in dianteter than the bore. Thus, in the case supposed, when 
the cylinder bore is 3" in diameter the piston should be .003" 
less, or 3" —.003" =* 2.907" (two inches and nine hundred and 
ninety-seven one-thousandths), measured at the skirt. 


How a Piston Tapers 

The clearance of a piston, or nmning allowance, as 
previously stated, is the difference between the 
inside diameter of a cylinder bore and the outside 
diameter of the piston. 

The clearance of a piston is measured at the skirt 

for all general purposes, but there are clearances 
called land clearances which the maker gives a 
piston, explained in text on next page. 



Fig. 6. This illustra¬ 
tion shows how a piston 
tapers and also gives the 
measurements to be 
given when ordering. 


When ordering finished pistons, first give the make and model 
of car and then the exact micrometer reading; of the cylinder 
bore, and in turn the manufacturer will furnish piston to fit, 
allowing the proper clearance. Factory duplicate pistons are 
usually carried in standard sizes and oversizes of .006" to .040". 


> The S. A. B. has never adopted any standards for piston 
clearance because the difference in materials, in cooling, and 
in design both of pistons and cylinders, affects the amount of 
clearance necessary. Obtain manufacturer’s instructions. 

*A clearance of . 0007 s" (three-quarters of one-thousandth) 
of an inch for each inch diameter of piston can be used, movided 
that fitting of the piston rinipi and pins is an A-1 job, and provid¬ 
ed that, when assembling the engine, every pre^ution is taken 
in regara to squaring up or aligning the i^tons and rods. In 
addition, the driver should operate the car at^aoderate speed 
the first few hundred taflee with plenty of oil. 
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If necessary to order by measurement, then give the exact 
skirt diameter (E), length (F), distance between piston bosses 
(H) and the distance from center of piston- pin hole to outer edge 
of head, which is called the compression distance. This is 
important as it may affect the compression if it varies. See 
also page 813 on how to order pistons. 

The smallest diameter of a piston is at the top 
and the largest diameter at the bottom. 

Theoretically, the piston should be ground tapered 
from the bottom to the top, but commercially the 
piston is ground straight on the part from point (D) 
to point (A) (Fig. 6). 

This portion of the piston from the lower ring 
groove to the bottom of the skirt has the tightest 
clearance and the biggest diameter and it is usually 
ground to one diameter. 

From point (A) to point (B) each land* between 
the rings is cut under the skirt dimension which, in 
general, might be considered a gradual taper to the 
top or i)oint (B), or simply made smaller in diameter 
successively to the top. (See also Addenda, page 58.) 


Piston Clearances; Iron 
Skirt-clearance for iron pistons: The piston skirt 
is usually made smaller than the cylinder by an 
amount equal to approximately .001" f)er each inch 
of diameter of the piston.** 

Land clearance (approximate) for iron pistons: 
The third land from the top is usually made .002" 
smaller per diameter ineh,^ the second land from 
the fop, .003" ])er diameter inch; and the top land 
003" or .004" per diametcT inch.* (See also Fig. .5, 
page 800.) 


Piston Clearuiiees; Aluiniiuiin 


Skirt and land clearances for split-skirt aluminum 
pistons (safe average chairanec's) are sliown in the 
tabled below.* 


Diam. Cyl. 


21 ," 

3" 





to .3" 
to 3 ' 
to 1" 
to -1 ! 
to 5 " 


Top 

2nd, 3rd, 

Oil 

Skirt 

Land 

4th Lands 

Land 

Cl’nc.' 

.019" 

.014" 

8CC^ 

.002" 

.023" 

.010" 


.002 

.028" 

.019" 

“ 

.(K)2 > i' 

.034" 

.023" 



.041" 

.028" 


.003 ^4' 



KTO? LAND 
eas ” 

3H5 ” 


Fig. t')A. Showing 
tiie hands between 
tlie pis ton-ring 
grooves. This illus- 
tiatipii is a Mc- 
(^uay-Norri.s all-aln- 
minum split skirt 
type j)i.ston. A vertical slot in 
a linishe<i piston is opened from 
top to bottom with a hacksaw 
blade after finishing, S«»e 
<KlffT bage bd8, for fm- 

i.shed piston. When fin¬ 
ishing these pi.stons to size, grind 
the skirt straight as usual, always 
using the diameter at 00® to the 
pin liole to determine the meas¬ 
urement of the skirt. 


All clearances shown refer to the difference between the 
cylinder bore and the piston diameter. 

The aluminum piston should be installed in the cylinder block 
with the vertical slot bearing on the left-hand side of the cylin¬ 
ders when viewed from the driver’s seat, as this is side of lesser 
^hnist (explained on page 8M). 


1 ^'Lands’* refers to the material between each ring groove 
(as in Fig. 6A). On pistons having four rings, the fourth ring 
land is usually given the same clearance as the second and 
third land. 

> From instruction book for finishing and installing McQuay- 
Norris aluminum pistons (split-skirt type). 

*Oil land clearance (Fig. 6A) is 1/32" less than standard 
cylinder-bore diameter. This extra clearance is used to allow 
tne oil to be freely scraped from the cylinder by the lower ring. 

4 Always obtain manufacturer’s latest instructions on fitting 
clearances and for machining semifinished pistons. When 
fitting to cli> 0 o clearances, it is very essential to caution the 
driver against driving the ctir at high 8i>eeds for the first 500 
miles, and to use plenty of oil during that breaking-in period. 
^9 paragraph lower l^t column page 810. See also **Note’* 
bottom of page 800. 


Skirt-clearances given aluminum-alloy pistons 
with solid skirt (now seldom used) are about twice 
(or more) the clearances given cast-iron pistons 
(varies with different manufacturers and class of 
service). It is advisable to fit pistons with clear¬ 
ances recommended by the manufaetturer. 


Piston Clearance; How Measured 

Method of measuring piston clearance: Place 
the inside micrometer caliper (IM) in the cylinder, 
as indicated in Fig. 7, and determine the inside 
diameter of the cylinder (see also page 703). 




Fig. 9 


I'hen place an outside micrometer (OM) over 
the piston, as shown in Fig. 8, to determine the 
outside diameter of the piston. 

Then with the outeide micrometer (OM), measure the inside 
micrometer (IM) a.s shown in Fig. 9. The reading in I'ig. S 
subtracted from the reading in Fig. 9 is the clearance. A 
(juicker, but les.s accurate, method would be to subtract the 
measurement found in Fig. 8 from the measurement noted in 
Fig. 7. SeealsoFig.il. 

In the absence of suitable micrometers, and if the pi.stou.s 
are to be ordered, cut a iV" bar of steel, filing both ends smooth 
so as to fit the cylinder at its smallest point, and number each 
bar for each cylinder. Send these bars to the piston manu¬ 
facturer, and give make of engine, etc. (See also under Fig. tj ) 



Another method of testing piston clearance be¬ 
tween a piston and cylinder wall with a thickness 
gauge is shown in Fig. 10. The piston on the 
Chevrolet series (1936), as an example, should have 
.002" clearance. 

For a properly fitted piston, some resistance 
should be felt, that is, you should feel the gauge 
“binding" on the piston and cylinder. \\ hen 
measuring the clearance between piston and cylinder 
walls, altvays do so rft right angles to the piston pin 
and on a line with it as shown in Fig. 10. 

Free-fit and tight-fit piston clearance: Frequently 
instructions advise fitting a piston, say .003" free 
or loose-fit, and .004" tight-fit. 

This means that the piston is placed in the cylinder 
and a thickness gauge (also called a “feeler") is 
placed alongside tlie piston, between it and the 
cylinder wall (Fig. 10). 

The piston should fit free, or loose, or fairly snug 
with a .003" gauge, and tight with a .004" gauge. 
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How to Determine if Grinders Arc Tapered 
or Out-of-Round 


pistons; (3) worn pistons. (See also discussion of 
this subject on pag^ 814-815.) 


To detennine the condition of the cylinder, as to 
size and taper, use a piston and feeler stock of 
sufficient thickness to fill up the space between the 
cylinder wall and the piston (Fig. lOA). 

Insert the piston and gauge at the top of the 
cylinder, as shown. If the piston binds at the bot¬ 
tom of the cylinder, and is free at tlie top, you will 
know that the cylinder is tapered. 

To detennine if the cylinder walls are out of round, 
insert piston with gauge into cylinder bore, noting 
the clearance (Fig. lOA). 

Remove piston and turn one-qu^ter turn with 
the gauge in same position of the piston and again 
insert in the cylinder. If the clearance is not the 
same, the cylinder is out-of-round. 

Fig. lOB. Thickness gauge or 
“feeler” with 9” long and wide 
leaves, suited for determining 
proper clearances when fitting pis¬ 
tons. Starrett No. 172D with eight 
leaves .002”,'.003”, .004”, .005”, 
.006”. .008”, .010”, and .015”. 

jy t thickness gauge is not at hand, a 1” atrip of heavy tough 
wrapping paper can be “miked,” that is, its thickness can be 
measured with a micrometer and then the paper can be used 
to test the clearance when fitting pifttons, by laying it in the 
cylinder between the piston and cylinder wall. 

As an example of the thickness of papers: Newspaper thick¬ 
ness is approximately .00275”; a sheet of this paper, .002” to 
.0025”; a postal card, .009”. 

Another test to detennine cylinder taper is to 
insert a piston ring and slide it up and down the 
full length of cylinder. Measure ring gap at various 
points with thickness gau^e. Sui)tract smallest gap 
from l^est gap. This difference^ divided by 
3.1416, is the taper in thousandths of an inch. 

More accurate methods to determine if cylindei 
bores are out-of-round or tapered are by the use 
of an inside micrometer. Fig. 7, or a cylinder dial 
gauge,‘Fig. 11. 

Fig. 11 (left). Cylinder 
gauge. 

Fig. 11A (right). Trans¬ 
ferring cylinder measure¬ 
ment from cylinder gauge 
to an outside micrometer. 





To measure taper, turn knurled rim of dial (Fig. 11), so that 
hand registers at 0 and move the gauge up and down the 
cylinder Dore its full length; rotate the gauge in the cylinder 
bore about 90° and again move it up and down. The maximum 
reading on the minus (-) side should be added to the maximum 
reading on the plus (-f) side to determine the number of 
thousandths of an inch of taper. 

To measore out-of-round, proceed as above; but instead of 
moving gauge up and down, hold it at some particular height 
and rotate i t around the cylinder bore. The total movement of 
hand represents the number of thousandths of an inch out-ob 
round. This measurement should be made at several places in 
the cylinder, particularly near the top of ring travel. 

After all the foregoing readings have been noted, the largest 
diameter of cylinder is found by transferring the gauge to an 
outside micromeUar (Fig. 11 A) and opening or clueipg outside 
micrometer until cylindw gauge shows the Highest plus reading 
found during both foregoing tests. See also pages 703, 704. 

The remedy for tapered or out-of-round cylinders 
is to reoind, bore and finish hone, or hone, as 
explained on pages 814-814B. 


Piston Replacement 

The three following conditions make it necessary 
to replace a piston: (1) scored pistons; (2) leaky 


The gauge (Fig. 11) is the Starrett Ko. 452 cylinder gauge 
(L. 8. Starrett Co., Athol, Mass.). Another is manufaoturM 
by B. C. Ames Co., Waltham, Mass. 


The scored piston, if it is not too badly scored, 
may be dressed off with a mill file. However, this 
practice is not recommended unless the mechanic is 
skilled in the use of a file. Again, a scored piston 
usually means a scored cylinder, which requires 
enlargmg the cylinder, and fitting an oversize piston. 

Leaky pistons are found by setting the piston 
bottom side up in a pan of gasoline, or by pouring 
about 1" of gasoline into the interior of the piston. 
The gasoline will seep through any leak. 

Worn pistons cause excessive wear on the walls 
of the cylinder and cause a knock or slap. A cylin¬ 
der may be made to hold compression by fitting 
tight rings on a badly worn piston^ but because of 
the wear on the block, such practice is false economy. 

On the Ford Model "T” the cast-iron piston is fitted to 
cylinder bore with .00il”-.004” clearance. Instructions are to 
renew the piston if clearance is over .006”. (See also p. 823.) 


Pointers on Fitting Pistons 

Fitting new pistons is often resorted to when there 
are compression leaks, or so-called piston slaps, 
whereas, in reality, the difficulty is due to improperly 
fitted or worn piston rings, carbonized piston.s, or 
improperly seated valves. Generally speaking, the 
pistons should not be replaced until the engine has 
been in service a long time, and the cylinder walls 
have worn so that the pistons slap badly when ascend¬ 
ing grades, or on hard pulls, and then oyersize pis¬ 
tons should be fitted, after having reconditioned the 
cylinder bore, if necessary. 

Do not confuse carbon knocks or valve clicks with piston 
slaps, and remember that a cold engine will usually have a 
slight metallic clicking which will disappear as soon as the engine 
beats up. 

With a clean engine, that is, carbon removed from 

{ )iston heads, and valves properly seated, and proper- 
y fitted piston rings in cylinders and grooves of 
piston, and cylinder bore round, smooth, straight, 
and in proper alignment there is little need to con¬ 
sider replacement of pistons, unless, as stated 
previously, there is a bad piston slap or the ring 
grooves are badly worn. 


If it is necessary to replace the pistons on account 
of piston slaps duo to excess clearance, and it is 
found that by fitting a new piston to a proper clear¬ 
ance at the upper part of the cylinder where the 
piston rings bear on the wall and the wear is the 
greatest, that the piston binds or does not have 
sufficient clearance at the lower part of the cylinder, 
then the cylinder should l>e reground or honed, and 
oversize pistons should be installed. 


If a piston is fitted to a worn cylinder, it will be 
found that the wear is where the rings travel (Fig. 
32, p. 833). (See p. 814 why cylinder wears taper.) 

Thus, if the piston is fitted with proper clearance 
at these points, it may have considerably more clear¬ 
ance when up into the cylinder, and this is one 
reason why worn cylinders should bo properly en¬ 
larged and oversize pistons fitted, if worn excessively. 

When worn, cylinders are usually out of round, 
and in the majority of cases tapered, thus leaving a 
space between the rings and the cylinder walls at 
certain points in the strpke. 

There is usually a slight shoulder or ridge above 
the piston-ring travel in a worn tyl^er bore and 
a lesser one b^ow. See also page i&S* 
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These shoulders should be removed before a new 
piston can be properly fitted. In many instances 
this can be remov^ with a hone. 

Installing new piston rings or pistons will not al¬ 
ways overcome leaking by of gases if the cylinder 
walls are worn out of round or are tapered. An 

examination should be made to determine whether 
this condition exists, as the new piston rings will 
only touch the high spots in the cylinder, leaving a 
space between the rings and cylinder. 

When removing a piston, always replace it in the 
same cylinder from which it was removed, as each 
cylinder usually varies in bore to a slight extent. 

Installing Piston 

When installing new pistons, select pistons which 
will all be equal in weight in ounces. 

Inasmuch as there is sometimes a slight variation 
in the diameter of the pistons, they should be care¬ 
fully measured. 

Pistons of the same length as the old ones should 
be selected. If the distance from piston pin to top 
of piston is any greater, the compression pressure 
will be raised and likely cause a knock; if distance 
is less, the compression pressure will be lowered. 

The pistons should next be checked for roundness 
as they occasionally become out of rotmd due to 
rough handling in shipping. The pistons are checked 
with 3" to 4" micrometers (shown in Fig. IIA), 
the measurements being taken at different points 
around the skirt of the piston (see Fig. 6). 

If the piston is out of rotmd, it can be trued up by 
lightly tapping it with a rawhide mallet on the side 
of the skirt which shows the greatest diameter. 

After piston is assembled to connecting-rod by 
fitting it to the piston pin, then fit rings to cylinder 
bore, then fit the rings to piston grooves. 

For piston-pin discussion, see pages 796-798, 

Piston-pin locking: Exercise care in fastening the 
pin securely in the connecting rod or piston, accord- 
mg to the type used. Securely lock the set and 
clamp screws. When cotter pins are used, be sure 
they are of ample size, otherwise the cylinder walls 
may be scored, as explained on page 814. 

Piston and connecting-rod alignment: When as¬ 
sembling piston, pin and connecting rod, square them 
so that the piston is not cocked in the cylinder. 
Alignment corrections are made by carefully bending 
the connecting rod. See pages 802, 803. 

Always lubricate pistons and pins and work-in 
engine lightly for several hours before putting it 
under load. 

After new pistons are installed, caution driver to 
ran car slowly—under 25 m.p.h. for at least 500 
miles. See pages 833A and 824B—why. 

When installing aluminum pistons with split skirts 
in the cylinder block, the vertical slots should be 
installed on the side of lesser thrust as explained on 
pages 807, 814 and 780. 

How Pistons Are Marked; Standard and 
Oversize Pistons 

Pistons are usually stamped on the head, and 
this stamp indicates the diameter at the skirt. For 
example, a standard size piston for, say, a 4}^" bore 
cylinder with a .003'" clearance may be stamped 
4.407'', meaning that 4H" in decimals is expressed 
as4.fi00"and4.^"-.003"-4.497". This method 


of marking, however, does not hold true in all 
instances, as manufacturers have different methods. 

When an oversize piston is ordered from the 
manufacturer of a car, the probabilities are that it 
will be stamped for the oversize only. For example, 
suppose the cylinder diameter was 4", and the 
standard clearance was .003". the standard piston 
would then measure 4"—.003"«3.997". 

Suppose the cylinder was worn and the piston was 
loose, and you ordered a piston .005'^ oversize. 
This would mean that the piston would measure at 
the skirt .005" more than the standard size. It 
may be marked simply .005" OS ("OS" stands for 
oversize), or it may be marked the actual measure¬ 
ment, as 4.002". The 4.002" is arrived at by add¬ 
ing .005" to the standard size of 3.997". 

Another example: Suppose it is necessary to remove .027" 
in order to properly clean up a Ford cylinder (3.750" bore). 
Referring to Ford parts list, we find that the piston which would 
more nearly correspond to .027" would be .03125" oversize It 
would then be necessary to enlarge cylinder to 3.78125" (3.750-f 
.03125) and install .03126" oversize pistons (3.77826" diameter) 
(see also page 823). On most other csrs the nearest standard 
oversize is .030". (Applies to Model “T” Ford). 

Standard and Oversize Pistons 
Pistons can be purchased in ‘‘standard” and 
“oversize” diameters. 

A standard size piston is the oridnal diameter of 
the engine cylinder, less the standard clearance. 

An oversize piston is a piston larger than the 
original or standard size of piston. 

The oversize piston is fitted to a cylinder when 
the cylinder is worn, or is enlarged, by re-boring, 
re-grinding, or reaming, as explained farther on. 

In many instances, when a cylinder is worn and the piston is 
loose, an oversize piston of .0025" or .003" is ordered, and it is 
then “lapped” in, as explained on page 815. 

S.A.E. standard oversizes for piston and piston- 
rings shall be 0.005", 0.010", 0.015", 0.020", 0.030", 
and 0.040". Larger oversizes, when necessary, shall 
be held to multiples of 0.010".^ 

Finished pistons are usually furnished complete, 
minus rings and pins, unless otherwise specified. 

When a finished standard-size piston is ordered, 
clearance is usually allowed for. See also Fig. 6, 
p. 810, for information to give when ordering. 

When ordering finished standard oversize pistons, 

select nearest size as above. Shops where pistons 
are finished usually order semi-finished pistons and 
grind them to fit tlie job (see also page 819). 

When ordering a piston finished to standard, a 

size equal to the diameter of cylinder bore, less 
proper clearance, is supplied. 

When ordering oversize pistons, you will receive 
that oversize above the standard piston, and clear¬ 
ance will be allowed for. 

Miscellaneous Oversize Engine Parts 
Some of the other oversize parts areeuch as mentioned below: 

Oversize piston pins are cheaper to use than it is to re-busu 
a |;N8ton. Simply ream the bushing when a piston pin is loose, 
and fit an oversize pin. See page 797. 

Oversize valve stems are necessary when stem and guide are 
worn The guide is reamed oversize, and a oversize valve- 
stem is fitted. See page 776A. 

Oversize piston rings can be obtained of any supply house 
or piston-ring manufacturer. See pages 833A, 833B. 

Oversize valve tappets, oversize cylinder head bolts and other 
oversize parts can be secured of auto supply houses. 

1 Other sizes, although not recommended by S.A.E. can So 
obtained, as .0026", .003" .031", .033", .045". .0625". 
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Questions and Answers on the Standard Bore 
of Cylinder, Standard Size of Piston, 
Standard Clearance of Piston, Oversize 
Pistons, and How a Piston Is Measured 

The Ford*Piston as an Example 

Q. 1: What is meant by a ^^standard bore” of a 
cylinder? 

Ans.: The bore or diameter of the inside of a cylin¬ 
der as it comes from the factory. On the 
Ford it is or 3.750", expressed in 

decimals (three inches and seven hundred 
and fifty one-thousandths of an inch).‘ 

Q. 2: What is meant by a ^^standard size” piston? 

/ms.: The diameter of a piston to fit this standard 
size bore, less the clearance. The actual di¬ 
ameter of a Ford "standard” piston is sup¬ 
posed to be approximately 3.747" at tlie skirt. 

Q. 3: What is meant by a "standard clearance” of 
a piston? 

Ans.: The clearance adopted by the manufacturers. 
On the Ford, the standard clearance between 
the cylinder wall and piston should be .003" 
to .004". 

Therefore if the cylinder is 3.7.50" in diameter 
and the clearance is to be .00.3", the piston 
should measure at skirt, 3.750"—.()03" = 
3.747". 

Q. 4: How is clearance measured ? 

Ans.: By measuring the clearance between piston 
and cylinder wall. A thickness gauge, shown 
in Fig. lOB, page 812, can be u.sed. 

If in checking pistons for wear, there is more 
than .006" clearance, the old pistons should 
be discarded after removing the j)iston-pin 
and connecting-rod, and new oversize pistons 
instated, as will bo explained farther on. 
When checking, the thickness gauge should 
be tried at several points between piston and 
cylinder bore, especially around sides of the 
two oil pockets on the piston. 

Q. 5: Suppose piston is out-of-round, would clear¬ 
ance be the same at all points between piston 
and cylinder bore ? 

Ana*** No. Check by inserting thickness gauge be¬ 
tween piston and cylinder wall. While hold¬ 
ing thickness gauge stationary, turn piston 
and check a quarter of a turn at a time. If 
piston shows out-of-round, remove piston and 
lightly tap it with a rawhide mallet on the 
great^t diameter of the skirt, to true it up. 

Q.6: Where is a piston measured ? 

Ans.: At the skirt. 

Q. 7: How much smaller is a piston at the top than 
at the skirt, and why ? 

Ans.: On a Ford, the piston is .010" smaller across 
the head. The reason for the piston being 
smaller at the top is the fact that cast iron 
expands when heated, and the heat is greater 
at the top where the combustion takes place. 
There is also more metal surface at the top. 


Ans.: A piston which is larger than the "standard 
size" is called an oversize piston. It is used 
when the cylinder is worn or rebored. 

Q*9: Do some of the manufacturers adopt a 
"standard oversize piston” ? 

Ans.: Yes. The Ford has adopted five: a .0025" 
(two and one-lialf one-thousandths): a .005" 
(five one-thousandths); a .010" (ten one- 
thousandths) ; a .03125" (thirty-one and one- 
miarter one-thousandths), and a .033" 
(thirty-three one-thousandths of an inch). 

Q. 10: When are the ".0026" and .006" oversize 
pistons” used? 

Ans.: When the cylinder bores become slightly 
worn, the .0025" or .005" (according to the 
amount of wear) can be fitted by slightly 
enlarging^ cylinder. 

Q. 11: What is the diameter of a ".0026" oversize 
piston” ? 

Ans.: The standard size plus .0025"; or 3.747"-H 
.0025" = 3.7495". 

Q. 12: How much would the cylinder be enlarged to 
take this .0026" oversize piston ? 

Ans.: The standard bore of 3.750"-f-oversize .0025" 
= 3.7525". 

Q. 13: Would this leave .003" clearance ? 

Ans.: Yes. If the cylinder wius enlarged to 3.7.525" 
and the diameter of an .0025" oversize piston 
was 3.7495", the (iiffereii(;e would leave .OOii" 
clearance. 

Q. 14: What is the diameter of a .006" oversize 
piston ? 

Ans.: The standard size plus .005"; or 3.747"-|- 
.005" = 3.7.52". 

Q..16: How much would the cylinder be enlarged 
to take this .006" oversize piston ? 

Ans.: The standard bore 3.7.50"-f oversize ,005" = 
3.75.5". 

Q. 16: Would this leave .003" clearance ? 

Ans.: Yes. 3.755"-3.752" = .003". 

Q. 17: When is the .010" oversize piston used ? 

Ans.: When cylinder bore is worn or scored more 
than .005" it will be necessary to enlarge 
cylinder. 

Q. 18: When is the “.03126" oversize piston” used ? 

Ans.: W^hen cylinder is scored or cut or worn con¬ 
siderably over .010", the cylinder bore must 
be enlarged. 

Q. 19: What is the diameter of a “.03126" oversize 
piston” ? 

Ans*: The standard size plus .03125”; or 3.747”-f 
.03125”=3.77825”. 

Q. 20: How much would the cylinder be enlarged to 
take this “.03126" oversize piston ?” 

Ans*: The standard bore of 3.750”+.03125” =« 
3.78125". 


Q. 8: What is meant by an “oversize piston,” and Q* 21 
when is it used ? Ans.: 

I On all engines the bore may vary even as much as .002''. 

We shall assume that it varies one one-thousandths on the Ford; 
thus the cylinder bore may be 3.760" or 3.761" or 3.749". 

Therefore in working out the answers to these iiuestions, we 

shall assume that the bore is 3.750", although, os stated, almost Q* ^ 

all cylinders vary at least .002". AnS*: 

reboring is reconrunended as shown on pages 823,824, when stock 

is to be removed from oylinder bore. .. . . _ 

•Applies to Model 


: Would this leave “*003" clearance” ? 

Yes. If the cylinder was enlarged to 
3.78125” and diameter of an .03125” oversize 

{ )iston was 3.77825”, the diifference would 
eave .003” clearance. 

: When is the “.033" oversize piston” used ? 
When the cylinder becomes worn after it has 
been enlara^ for t{ie .03125” oversize piston 
TTie *033'^ oversize piston is fitted* Some 
Ford. 
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times cylinders are badly scored and require 
enlarging by reboring to this size. 

Q. 28: What is the diameter of an **.033^' oversize 
piston” ? 

Ans.: The standard size 3.747"4-oversize .033"= 
3.780". 

Q. 24: How much would the cylinder be enlarged to 
take this .033" oversize piston ? 

Ans.: The standard bore of 3.750"'f.033" = 3.783". 

Q. 25: Would this leave .003" clearance ? 

Ans.: Yes. If the cylinder was enlarged to 3.783" 
and the diameter of an .033" oversize piston 
was 3.780", the difference would leave .003" 
clearance. 

Q. 26: How are oversize pistons marked ? 

Ans.: They are marked with the oversize mark, as 
.0025", .005", .010", .031^5", or .033". OS 
is often used as an abbreviation for oversize. 

Q. 27: Is it advisable to fit pistons of the same size to 
all cylinders ? 

Ans.: Pistons vary slightly in size; therefore the fit 
of piston to cylinder should be a selective fit. 
The main points to consider are fitting the pis¬ 
tons so that they will have .003" clearance, and 
selecting pistons which will insure all four of 
them being approximately the same weight. 
This can be ascertained by weighing them 
on a scale. This will insure proper clearance 
and better balance. The procedure 

is to bore the cylinders to fit the pistons, as 
explained on page 823. 

Q. 28: What is meant by a ^balanced engine” ? 

Ans.: This is a broad subject, but if all pistons arc 
. the same size, and all cylinder bores are uni¬ 
form, then the cylinders will come nearer get¬ 
ting a uniform charge of gas. Balance is 
aided if all connecting-rods weigh the same, 
and the crankshaft and flywheel are perfectly 
balanced, and all corresponding par^ of each 
cylinder are of the same weight and size. Re¬ 
ciprocating parts should be light as possible. 

Q. 29: How can pistons be fitted to worn cylinders 
where no enlarging devices are available ? 

Ans.: By lapping cylinders with an old piston and 
lapping compound to a diameter that will 
give .003" clearance for the new pistons (see 
page 815, explaining the lapping process); 
then thoroughly clean all compound from 
cylinders and fit the new pistons and rings, 
and then run-in in oil.h * 

If cylinder walls are out of round, or tapered 
more than .005" (as explained on page 816), 
it will then be necessary to enlarge them. 

Q. 30: How are piston pins checked for wear ? 

Ans.: By measuring the diameter of pin with mi¬ 
crometers. The diameter of the pin is .740" 
to .741": if the old pin is worn down .001" or 
more below the low limit, install a new pin. 

Q. 81: How is the play between piston pin and bush¬ 
ing checked ? 

Ans.: By holding the piston with piston pin perpen¬ 
dicular to the Dench and moving the lower 
end of connecting-rod up and down in such 

1 See footnote 2, page 813A. 

* If lapping (or honing is done it is very important that care 

be taken to prevent gritMgiiig in crankcase and working parts. ’ 

It would be best to remove cylinder block to the bench. 


a manner as to cause the pin to be forced 
first against one side of the bushing and then 
against the other side. (Do not confuse with 
side clearance between connecting-rod and 
pin bushing which must have /j" to " play.) 
If there is .002" or more play a new pin should 
be fitted. If this does not overcome the 
trouble it will be necessary to install new 
bushings (see pages 797,798). 

Q. 32: What about “oversize piston rings” when 
fitting oversize pistons ? 

Ans.: Oversize piston rings should also be fitted. 
For instance, if a .0025" oversize piston is 
fitted, fit .0025" oversize piston ring.s; in like 
manner the fitting of rings should be corre¬ 
spondingly the same for the .005", .010", 
.03125"", and .033" oversize pistons. 

Q. 33: How much “clearance” should be allowed at 
the “gap of the ring” ? 

Ans.: .010" to .015" on all rings; or see page S27. 

Q. 34: How is the clearance measured at the gap of 
a ring ? 

Ans.: Place the ring in the cylinder and measure the 
gap with a thickness gauge. If the gap is too 
small, file. 

Q. 36: How are the rings installed ? 

Ans.: In piston-ring grooves that have had all 
carbon removed from them. (See p. 833.) 

Q. 36: Should a ring have equal pressure or tension 
at all points of its circumference ? 

Ans.: See the discussion on the sub¬ 

ject of “PisUm Rings,” pages 82.5-832. 

Q. 37: What test should be made on a crankshaft? 

Ans.: Examine for cracks and scores; if badly cracked or 
scored, install a new^shaft; if slightly storetl, see page 
791. Check journals for wear and out-of-round with a 
micrometer, as shown ou page 791. If main bearing 
journals show inure than .ODl.'i", or coniu*cting-rod 
crankpins more than .002" out-of-round, in.-tull a new 
shaft. If shaft is sprung more than .015", install 
new shaft; if less, straight-n in straightening press 
(page 792). Flywheel flange must run true with bearing 
journals (see page 790A). If not true it will cause 
vibration, and wear out bearings. 

Q. 38: What test should be made of piston and connecting-rod 
assembly before installing into cylinder? 

Ans.: Test for alignment, as explained on page 80.3, to see if 
the assembly is slightly sprung or twisted; if .so, it can 
be corrected by straightening the connecting-rod with a 
straightening iron. Also check for worn or cracko<l 
babbitt in both cap and rod; if babbitt is badly worn or 
cracked, a new cap and rod should be installed. 

Q. 39: Should engine be run-in after installing new pistons and 
rings? 

Ans.: Yes. See pages 833A, 833B. 

See pages 833A, 833B 834B and 633 on the subject of **run- 
ning-in a new engine” and ^glazing the cylinder walls,” which 
abo applies to reconditioned engines. See page 8:i3A, B on “pro¬ 
cedure of installing piston and rings and precaution to take 
afterwards.” See also pages 828, 814B. 

Some of the piston manufacturers are: Aluminum Company 
of America, Gulf Bldg., Pittsburgh, Pa. (Lynite); Aluminum 
Industries, Inc., Cincinnati, Ohio (Permits); 

Bohn Aluminum and Brass Corp., Detroit, Mich. (Nelson 
Bohnalite. Bohnalite. Sole distributors to replacement trade, 
King Quality Products Co., St. Louis, Mo.); DeLuxe Products 
Corp., LaPorte, Ind.; Detroit Auto Piston Co., Detroit, Mich.; 
King Quality Products Co., St. Louis, Mo.; McQuay-Norris 
Mfg. Co.. St. Louis. Mo.: Ohio Piston Co., Clevelana, Ohm; 

San Diego Machine Co., San Diego, Calif. (Realite); 
Sealed Power Corp,, Muskegon, Mich.; United Engine & 
Machine Co. (San Leandr<^ Oakland, Cidif. (Duw-Flcx, 
SiIv-()-Lite). 

See page 833B for an assortment of pistons, piston pins, piston 
rifigs, ana bearings which the average service shop should cai ry 
in stikik. See page 690 for piston and pisUm ring literai%ir$. 
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RECONDniONING CYLINDERS 


What constitutes a perfect cylinder? A cylinder 
block, before it is machined ready for use, has holes 
in it which represent the cylinders, but are consider¬ 
ably smaller than the size required. For instance, if 
the cylinder is to be 4" in diameter, when machined 
and ready for use, th^ origi^l hole will be about 
smaller. This iS because it is impossible to cast a 
perfectly smooth and true surface, and the holes, or 
cylinders, must later be bored out by machinery, 

A cylinder-boring machine is used for this, and 
generally two cuts are made in the cylinder, a cut 
which removes all the material except just enough 
to be taken off in the finishing cut, which is a very 
fine cut. Sometimes a third cut is necessary to 
obtain the exact size, and when this is completed 
the cylinder walls are perfectly straight from top to 
bottom. 

The cylinder is then reamed or ground and then 
honed to a polish finish. The cylinder is then per¬ 
fectly rotmd and the surface of the wall is nearly as 
smooth as polished glass. A cylinder in this condi¬ 
tion is said to be in perfect condition. 

For a finish of a cylinder there are five operations 
that can be performed on the cylinder bores, namely: 
(1) rough bore, (2) semi-finish bore, (3) reamed, (4) 
ground, (5) honed. Some manufacturers omit 
grinding. 

The Lyconoing cylinder blocks are first rough bored, then 
flycut, rough ream^, finished reamed, and then rough and 
finish^ honed. Continental engines are also bored, reamed 
and honed. 

Reconditioning a cylinder bore means making the 
cylinder bore perfectly true and having the cylinder 
bores parallel and perpendicular to the base (ex¬ 
plained on page .822, Fig. 25). 

Conditions which necessiitate reconditioning of 
cylinder bore arise when the bore is worn, oubof- 
round, tapered or scored. 


Why Cylinders Wear Tapered, Out-of-Round 
or Oval ^ 

Why cylinders wear tapered: A depression will, 
in time, wear in cylinder wall where the piston rings 
travel (irom A to B, Fig. IIC). This wear is a uni¬ 
form kind of wear; however, it will probably be 
found, in most cases, that the wear will be greater 
toward the top and less at the bottom, one reason 
being that more oil is splashed on lower cylinder 
walls. The wear being greater at the top, it results 
in a taper. 



Fig. IIB (left). Compreetioa thmst, as shown at (C), is near 
the top when on compression stroke, going up, due to toe angular 
position of oonnecting-rod. (View is rear ol engine as when 
seated in oar.) ' > 

Fig. lie (right). Explosion thrast* as shown at (B) is near 
the top when on power or explosion stroke, starting down. The 
rssistaoee of eonneeting-rod oppoees the force of explo^on 
thrusting Uis piston against cylinder wall with great l(Mroe. 
(View it rear of engine.) (Sm also pages 77P, 780.) 


If, ott obtervittg the piston rings,« blaok sMt is found on the 
ring and it is not smooth, either the ring has lost its pressure or 
distorted at this point, or the cylinder is out of round. The' 
result is that the cylinder leaks oompression. pumps oil, fouls 
the spark plugs with oil, and consumes oil and gasoline all out 
of proportion to the power delivered. 

The lower part of cylinder (B to B1 Fig. IIC) 
may be true, but it will be observed that this leaves 
a shoulder below (B) and at (A), and it would be 
difficult to fit a proper oversize ring. Where wear 
does not exceed .002" to .005" and walls are not 
greatly out of round or tapered, the shoulder can be 
honed to a size correspondmg with the wear to obtain 
a uniform size throughout the cylinder from top to 
bottom. If greatly out of round or tapered, it will 
be necessary to bore, ream, or grind. (On some 
engines where the ring slightly overlaps the top of 
cyfinder wall, as in Fig. 33, page 833, there would 
be no shoulder at A.) 

Why cylinders wear oval or out-of-round: The 
wear is greater on the two sides at riglit angles with 
the crankshaft. 

This wear, is the result of the thrust of the piston 
against one side of the cylinder wall on the compres¬ 
sion stroke as at (C), Fig. IIB (due to oonnecting¬ 
le being at an angular position as it pushes the 
piston against compression resistance. 

As the piston and crank pass over dead center on 
power stroke and explosion takes place (Fig. IIC), 
the piston is forced against the opposite wall of the 
cylinder (E, Fig. IIC) with greater thrust force. 

Inasmuch as the explosion pressure is about three 
to five times as great as the compression pressure 
the thrust at (E) is much greater than at (C). For 
this reason pistons with split skirts are always in¬ 
stalled with the split at the left side as at (C), as 
this is the side of lesser thrust. 

This alternate thrust action of the piston from side 
to side may in time c ause oval or out-of-round 8i)ots 
toward the top. This wear is always greater near 
the top where the closest fit is needed most. Cylin¬ 
ders are often found worn .005" to .010" or morc^ at 
the top, whereas the wear may be only .001" or less 
at the bottom. 

Connecting-rods that are bent or twisted will cock 
the piston (see Fig. 76, page 803) in such a shai)e that 
the cylinder walls will be worn out of line with the 
crankshaft and hollow places in cylinder may be 
found that are sometimes as much as .010" deep. 
Thus the importance of properly aligning the con¬ 
necting-rod (see page 803). A cocked piston usually 
leaves a shoulder about half-way around cylinder 
bore where piston stops on down stroke and a depres¬ 
sion at top on opposite side. 

If cylinder bore is not square with the crankcase, 
or if piston-pin hole is not bored square with the 
side of the piston, or if the holes in me ends of the 
connecting-rod are not parallel with each other, this 
will cause piston to become cocked, resulting in 
excessive wear on cylinder walls, or the same condi¬ 
tions as mentioned in paragraph above. 

Cylinder Scores 

There are two general kinds of cylinder scores, 
namely: (1) a piston-pin score; (2) a seized piston or 
piston ring score. Scores or cuts in cylinder wall per¬ 
mit a leak between the wall of cylinder and piston ring. 

The piston-pin score is usually a long score on 
cylinder wall, the length of piston-pin travel* This 
md of a score is nearly always caused by a loose 
piston pin, imd the reason is as stated below. 

r 
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All pistons axe fastened to the oonnecting-rocb by 
means of a piston pin securely anchored to the piston 
or to the connectmg-rod. A set screw or lock ring 
is used to keep the piston pin from moving. If the 
mechanic should fail to tighten set screw or lock 
ring properly, or if they should work loose, the 
piston-pin would move from side to side and thus 
cut or score the cylinder walls where the end of the 
piston pin would touch it. 

Some pistons are fitted with bronze bushings into 
which the piston pin works. Occasionally these 
bushings work loose, due to vibration, and score the 
cylinder walls in the same manner as a loose piston 
pm, but generally not as deep. 

The seized piston score is where the piston is 
* ^seised” or stuck to the cylinder wall. This kind 
of a score may be a general score at different points 
on the cylinder wall, and very likely the piston itself 
will also be scored. Seized pistons do not always 
score the cylinder. In many instances the deposit 
from the piston will be left on the walls of the 
cylinder, which can be removed by lapping or honing. 

The cause of a seized piston is usually excessive 
heat or overheating, and the overheating can be 
caused by lack of lubricating oil in engine, wrong 
p^e of oil, dirt in the oil, highly diluted oil (ga^line 
m it), lack of water in cooling system, or pistons 
having insufficient clearance, or running a new en^e 
at too high a speed for a long period of time. (The 
remedy for a seized piston will be given farther on.) 

A leaky piston ring will sometimes cause scores. 
Cases have been known where the cylinder was get¬ 
ting plenty of oil, yet, if the rings were loose, the 
flame from the combustion would work past the loose 
ring and prevent it from receiving proper lubrication, 
causing it to h(jat and cut the cylmder. 


Another method of filling scoree is the Eagle imtented prooeae, 
whereby the scores are dovetailed and a strip of cop^ alloy 
is inlaid and rolled into same as shown in Fig. IID. This 
method is entirely mechanical, and the manufacturers claim it 
can be applied without enlarging the diameter the bore or 
heating the cylinders, and the original pistons and rings can be 
refitted if not damagM. 

In case where scores are unusually wide which 
would prevent the filling from being properly an¬ 
chored, or where it was so deep that it was almost 
cut through, or is cut throu^, a sleeve can some¬ 
times be fitted and thus a cylinder that would be 
thrown away could be reclaimed. 


Fig. IID. (left). Repairing scored cylinder by filling with 
the Eagle process. The score is dovetailed or grooved with a 
special tool to take the copper. The soft coi^r alloy is shaped 
to fit the groove, also with a special tool. The copper is then 
inlaid into the dovetailed groove. The copper which then sets 
above the cylinder bore is rolled down with a steel roller which 
8wedges the copp>er tightly into groove, then a cutting tool 
planes the copper to a finish. 

Fig. 1 IE. (right). Cylinder sleeve (S) as applied to a cracked 
or broken cylmder (C). To fit, proceed as follows: Bore out 
the cylinder larger in diameter, then turn and bore a semi¬ 
finished cast-iron cylinder sleeve to proper sise, allowing grind¬ 
ing stock inside and .005" for press fit on outside. Press sleeve 
into cylinder, using a mixture of litharge and glycerine as a seal 
against water leaks. Grind to proper sise. This method is 
called the replacement sleeve method. Sleeves, etc., can be 
obtained of Eagle Machine Co., Indianapolis, Ind. Another 
concern supplying sleeves and equipment for repairing piston- 
pin scores is the Storm Mf’g. Co., Minneapolis, Minn. 




Another point worth mentioning here is that on a new engine, 
especially where there is a lower oU-control piston ring pUcea 
in the skirt of piston, it is advisable to put a small quantity of 
hi|^-grade cylmder oil in the top part of cylmder (also in the 
gasoline—see pages 833A, 833B), bec^ause the upper rings may 
not get sufficient lubrication and plenty of lubrication and 
moderate speed are necessary when worlung in a new engine. 

A slightly scored cylinder can be reconditioned by 
honing if not over .005" deep, or by grinding, boring, 
or reaming if over .005" deep. 

The practice of enlarging .03(K' to .040" is quite universal 
and it is practical to enlarge to .06(K^ and many cylinders will 
even stand H" (.125") with safety. 

A point to bear in mind is that if a cylinder is enlarged Vs" 
or .126", this would mean that only 1/16" or .0626" is taken from 
each side of oyUnder. 

Another point to bear in mind is that the larger the bore, the 
heavier the piston will be, and this tends to increase vibration 
(see page 808 about inertia forces). 

The thickness of cylinder walls usually runs from (.1875) 
to 6/16" (.3126") thick. Once in a great while, due to a shifting 
core when moulding, some cylinder walls may be very thin, 
possibly not over Vs' this point. This is mentioned so that 
the repairman can use caution when figuring on enlarging 
cylinders. 

A deep piston pin score in the cylinder can some¬ 
times best be repaired by one of the filling processes: 
for example, if the cylmder bore was enlarged all 
around to remove a very deep score, it might leave 
too thin a wall and the strength of the cylindfer would 
be impaired. 

Repairing scored cylinders by filling: One method is by fusing 
silver niokd alloy into the scores electrically and refinishing to 
the original aise. This is called the Lawrence process, 


Another process of roMiring scored cylinders by fusing 
electrically is the McQuay-Norris process. The equipment used 
is called a score-filling machine and consists of a table, con- 
denser^ and electrode. The electrode is a special aUoy metal 
which IS fused into the soore by an eleotrio arc. The cylinder 
is then refiniehed. Thiaj>roce8s can also bo used for repakinf 
eyUttdor wator JEcketo (MoQuay-Norria Mfh. Co., St 


Remedy for a seized piston: Occasionally the repairman 
receives a call to start an engine that has the symptoms of a 
seized piston, and that has resisted the best efforts of owner of 
the car to start it. At such times the repairman must exercise 
the utmost ingenuity, for the owner has generally tried all the 
easy methods before he arrived. 

In such cases, the first thing to do is to make sure that it is 
the enmne and not some other part as the transmission or the 
rear axle, that is at fault. The rear wheels should be jacked up, 
the emergency brake released, and the gear-shift lever plac^ 
in neutral. The wheels should turn freely, and there should 
be no binding in the rear axle system. 

The spark plugs should be removed, or the compression cooks 
opened, to relieve the compression. Then if the crank cannot 
be turned over by hand or by means of the starter, or by the 
two working together, the car may be towed with the gears in 
high and the clutch disengaged. As soon as the car has at¬ 
tained some momentum, the clutch may be allowed to engage 
gently, care being taken not to allow a sudden motion which 
might strip the gears in the rear axle, or even break a shaft. 

If tliis does not free the engine, kerosene can be poured into 
the cylinders and allowed to remain for a couple of hours. 
This will have a tendency to dissolve any old oil which may 
have gummed the pistons to the cylinder walls. Then the car 
may be towed ^ain, and an attempt made to turn over the 
engine by engaging high gear. The engine can be turned over 
more easily in high than in low gear because it does not have 
to revolve so rapidly. 

After succeeding in turning over the engine, open the drain 
cook in the bottom of the crank case and drain out the mixture 
of kerosene and old oil thoroughly. Then the new oil should be 
added, the radiator should be filled with hot water in order to 
e:mand the cylinders, and the spark plugs should be replaced. 
After starting, the engine ahould be run slowly under its own 
power for some little time, in order that the new oil may work 
to all parts. 

If piston is seized badly, it is best to tow car in and remove 
pistoM and examine and recondition cylinder walls. Usually, 
the pistons do not alwa^ cut the cyUnder, but a deposit from 
piston is left on the cylinder walls which can be removed by 
lapping, or, better, by the use of a hone. 

The first troubles tisually caused by worn or scored 
cylinders are fouled spark plugs and excessive carbon 
deposits resulting from oil leaking past the piston 
and rings* Compression also escap^ by the wejm 


Cyilndar •laevaa or liaora. 
of too "dry" or "wet" type, 


Some eaginea are orifffnally manufaetured with replaoeable sleevee or liners. 
See Supplementary index under ^ • •• — 


They may be either 


riuSir Mook that was not originally equipped with'sleevee rMuin 
AlqkililM InduetHai, Ine,. CiaeUmatli Qm; Soalod Power Cofp, 





814-B 


DYKE’S INSTRUCTION No. 70 


parts, causing loss of power and wasting gas and oil. 
A very annoying knock or clatter, known as piston 
slap, soon develops. The longer the engine runs, 
the worse this condition becomes. 

A piston slap not only causes a knock, as explained 
on pages 779, 780, and 812, but in all probability 
the cylinder will be worn at the upper point, on one 
side, owing to the explosion pressure forcing the 
piston, at an angle, constantly against the wall of 
the cylinder, thus causing cylinder to become out-of- 
rotmd. This permits gasoline to pass between the 
rings and cylinder wall into the crankcase, which 
washes the oil from the cylinder walls, a major cause 
of rapid piston ring wear. 

Cylinders wear taper where the piston rings travel, 
and the greatest wear is near the top of the ring 
travel. (See also p. 814.) 

When To Enlarge Cylinders 

The amount of out-of-round or taper requiring en¬ 
largement of cylinders varies according to the 
design of engine. A practical method of determin¬ 
ing when cylinders are sufficiently worn to require 
emargement is to note whether oil consumption is 
excessive, and whether piston slap is noticeably 
violent. 

Excessire oil consumption is determined by too frequent 
filling, pistons pumping oil, oil-soaked spark plugs (indicate by 
excessive oil in the combustion chamber), and by “blow-by.” 
A blow-by test can be made by listening for a hissing sound, 
as explained under “testing for piston-ring leaks,” pages 768 
and 829. Excessive oil consumption can also be caused by 
worn connecting-rod bearings, i^ee footnote, page 826. A 
compression test will indicate if the rings or valves leak. See 
Addenda, page 41. 

A prominent piston-ring manufacturer recom¬ 
mends: If cylinder is tapered under .005", instal 
new rings; if tapered .005"-.0l0", enlarge if po.ssibIe, 
otherwise use spring-expander rings and perhaps 

f )iston expanders; if tapered over .010", complete- 
y recondition by enlargement and installing new 
pistons, rings, piston pins, etc. See also page 828 
and footnote 2, page 825. Recommendations differ. 
Write for piston-ring literature as given on page 690. 

Cylinders out-of-round .003" or more usunlly 
require enlargement. 

The reason that more taper than out-of-round is permissible 
is that the piston-ring gap aids the ring in conforming to a 
tapered cylinder. Far example, if a cylinder is tapered .003" 
but is not out-of-round, the gap will open wider when piston 
is at top of stroke than when i t is at the bottom but wUl still 
make contact with the round cylinder. The extra wide gap 
does not usually cause serious trouble. When, however, the 
cylinder is .003" out-of-round, as illustrated in Fig. 23, page 
831, the gap will not permit a round ring to fit the out-of-round 
cylinder, and therefore “blow-by" or oil pumping may occur. 

The mileage at which it is necessary to instal new 
piston rings and to enlarge cylinders will vary 
materially with the type of engine, the care it has 
had, and the type of service in which it is operating. 
Unless oil and gasoline consumption become exces¬ 
sive or the engine loses {^wer, an inspection of the 
rings and cylinder bores is not necessary until after 
about 30,000 miles of service. The conditions 
found during this inspection, together with the value 
of the car and the amount of money that the owner 
is willing to spend, will determine whether to com¬ 
pletely enlarge cylinders or whether to use spring- 
expander lings and piston skirt expanders. (See 
page 828.) 

If the cylinder is badly worn out-of-roimd (and it 
is usually out-of-round and tapered when worn), 
then it will be necessary to enlarge the cylinder 
bore and to fit oversize pistons and oversize piston 
rings. 

When a cylinder is cut or scored, but not worn, 
end is not out-of-round, then the score or cut can 
be ^^sleeved," as stated on page 814A. In this 


instance the original or standard-size piston can 
usually be refitted, as the sleeve is ^sually bored, 
honetb or ground to standard size. 

How Much To Enlarge a Cylinder 

To determine how much to enlarge a cylinder, 
depends upon how much it is tapered, out-of-round, 
how badly worn, or how deep the cut is. Usually, 
one of the dimensions of the S.A.E, standard over¬ 
size pistons will meet the requirements. One must 
be careful, in enlarging a (\ylinder, to see that the 
wall of the cylinder is thick enough to stand it. 

Oversize Cylinders 

With a view to oliininating all unnecessary ex¬ 
pense and delay, the following standards have been 
adopted for oversize pistons by the Society of Auto¬ 
motive Engineers, and pistons to correspond can be 
obtained from most engine ami piston manufactur¬ 
ers. See page 813, 

5 one-thousandiha of an inch (.005") large for lat 
10 one-thousandths of an inch (.01 >”) large for 2d 
15 " " '* “ ” (.015") large for 3d 

20 ** *' ** *' (.020") largo for 4th 

30 ** ** “ ** “ (.0.30") large for 5th 

40 ** ** " (.040") largo for 6th 

The meaning of 1st, 2d, 3d, and 4th is this: If the' 
cylinder is scored or cut, say, .009" de(^[), then bore it 
to fit a .010" oversize piston. (Or enlarge the bore 
to the original diameter, .010".) If cut .011", 
then bore it for a jiistoii .015" oversize—but not 
between the two. 

For example: Suppose that it found necessary to reiiujve 
.023" in order to eliminate si orea, taper or out-of-rouinl condi¬ 
tion. On referring to I lie table above, we find the nearest stand ¬ 
ard oversize to be .030". It would then be necessary to enlarge 
the cylinder by .030". If the original bore wa.s 3" (3.00U"), it 
would have to be enlarged to a diameter of 3.000" f .030" oi 
3.030" (see page 813 for S.A E. standard oversize pistons). 

Remarks on Enlarging Cylinders 

First, examine the condition of the cylinders and 
see if the cylinder walls are perfctrtly smooth ami 
free from scores or scratches. Second, measure or 
test cylinders for taper and out-of-round, as ex¬ 
plained on page 812. 

Having done this, determine whether the cylinders 
need repairing. If the seon's or scratches are very 
sliglit, they may be remodied by /ioabut if they 
are too prominent they must l)e enlarged and over¬ 
size pistons fitted. 

When a cylinder requires enlarging it is under 
stood immediately that the old pistons are useless, 
.so far as this particular job is concerned. Honing, 
reboring, and finish honing, reaming or grinding; 
whatever the method may be in (Teases the size 
of the cylinder and new oversize pistons and rings 
are necessary. 

The cylinder with the greatest amoimt of wear is 
enlarged first, as it determines the size to which the 
other cylinders are to be enlarged. 

Before starting to enlarge cylinders, the cylinder 
bore should be tested to see if it is at right angles 
with the base of the block. 

When reconditioning a cylinder while on chassis 
by l>oring, honing, etc., protect the bearings and 
crankshaft with a cloth wrapped around them. 

Resurfacing Cylinder Blocks and Heads 

Cylinder blocki and cylinder heads sometimes warp* even on 
new engines. After severe heating this has been kiiown to 
occur (usually due to cylinder castings not being projovly heat- 
treated and seasoned* see Question 16. page 817[. The result 
is that the cylinder-bead gasket will constantly blow out and in 
some i nstances leak water on to hot piston head and crack it. 
In cases I ike this the cylinder head can be resurfaced or cylinder 
block machined on the top. II very much metal is machined 
off, an extra thick gasket will be necessary in order to prevent 
increasing compression. 
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Remarks on Fitting Piston and Rings 

Next in order are the pistons and rings. Very 
much the same can be said of the pistons as has been 
said of the cylinders. Their wearing surfaces should 
be perfectly smooth, the same as the cylinder wall, 
but if their surface is badly scored or scratched there 
is no repair for them. See pa^e 812 for fitting pis¬ 
tons and pages 829-833 for fitting piston rings. 

There is one of two methods to be followed for fit¬ 
ting pistons when enlarging cylinders: (1) by enlarg¬ 
ing cylinder to fit certain oversizes of pistons; (2) by 
grinding and fitting pistons to fit enlarged cylinders. 

The best plan is to take the cylinder with the 
greatest amount of wear and enlarge it to the nearest 
standard oversize, and then enlarge the others to the 
same diameter; then procure oversize pistons ground 
to proper clearance to fit. In this way all cylinder 
bores and piston clearances will be equal. 

Piston rings lose their pressure after long use, and 
cease to have enough strength to press or expand 
against the cylinder wall all around. As a result oil 
is permitted to pass by them and to enter the com¬ 
bustion chamber. Besides, compression sometimes 
is lost because the gas is permitted to escape past 
the rings; in many instances due to a loose fit of ring 
in piston groove. Excessive oil coming up into the 
combustion chamber is one of the first indications of 
poorly fitting rings. The gap between the ends 
should be the correct gap, as explained on page 828. 

In the case of fitting patented rings, some manufacturers have 
a specially machined ring for each type of engine, and it would 
be well to specify the make and rncKlel of engine when ordering. 

If the cylinder has been enlarged, the amount of oversize 
should be stated or give the exact micrometer reading of cylinder 
bore. 8ee also pages 828 and 820 on oil control rings. 

For the care of a new or reconditioned engine and grazing of 
the cylinder walls see pages 824H, 833A. 

Lapping Cylinders 

Cylinders which are out of round or tapered to an 
extent not exceeding ,003" may be improved by 

lapping. This process is one of the oldest mettiods em¬ 
ployed in re-conditioning cylinders and is very 
tedious. Only a very small quantity of material can 
be removed from cylinder. 

The lapping tool consi.sts of an old piston that has 
been split with a hacksaw and mounted on a handle 
as shown in Fig. 18. The old piston is kept coated 
with a fine lapping compound. The tool is moved 
up and down and given a spiral motion thereby cut¬ 
ting away the material of the cylinder. At each 
stroke, the handle is slightly rotated so that the split 
will not continually be in contiict with the same part 
of the cylinder thereby assuring uniform grinding at 
all points and hindering the formation of spiral cuts. 

The lapping process is continued until the cvlinder 
has been ground to proper shajie as indicated by an 
inside micrometer or dial gauge. The compound is 
then thoroughly washed from the cylinder with 
kerosene. New oversize pistons and rings arc fitted. 

Where cylinders are lapped while in the chassis, 
caution should be used to protect bearings and 
thoroughly clean afterwards. Oil pan should always 
be removed. Jt is best to remove cylinders to the 
bench. 

Many menufaiiturers strongly advise against the 
use of powdered emei^, carborundum, ground glass, 
or other hard abrasives on cylinders or pistons. 
They claim that it will lodge in the pores of the 
cylinders and will continue grinding. For this- 
reason, some n^anufacturers of lapping compounds^ 
claim to produce .abrasives that are only slightly 
harder than iron and that are soluble. 


There are cases when the scoring of a cylinder is 
so bad that lapping or honing would be useless, and 
the cylinder must be teamed and honed, reground or 
rebored. Wherever there is any metal to be re¬ 
moved from cylinder bores the most satisfactory re¬ 
sults are obtained by removing the cylinder block 
and turning it over to a shop that is specially 
equipped for this class of work. 

Lapping Piston and Rings to a Cylinder 

Lapping piston imd rings: When new pistons and 
rings are installed in a cylinder which has been worn 
sli^tly out of round, the practice is to "wear in" 
or "lap in" each piston assembly for a few moments 
by moving the piston assembly slowly up and down 
in its proper cylinder after carefuMy coating the 
cylinder wall with a fine "lapping compound." 

When this practice is employed, care must be 
used to remove all particles of grit from the cylinder 
wall or the piston assembly by a liberal washing in 
kerosene of all parts to which the "lapping com¬ 
pound" has been applied. 

Thorough workmanship also demands that the 
rings be removed from the pistons before washing, 
in order that no particles may find lodging behind 
the piston rings. These particles of grit might later 
find their way out and perhaps severely score the 
cylinder wall or ruin the bearings in the engine. Re¬ 
place each ring in the groove from which it was 
removed. Same applies to piston pins. 

I.Apping Slightly Scored Cylinders 

If the cylinders are slightly scored, they can be 
lapped with an old piston. It is not desirable to 
use a new piston, because it will be worn away. For 
the same reason new rings should not be used in 
the piston during the lapping process. 

Aluminiun pistons cannot be treated in the same 
way as cast-iron pistons, because they are too soft. 
High spots on the pistons may be removed by means 
of a semi-cylindrical brass lap into which the 
piston fits, or carefully filed. 

Lapping Only Rings to Cylinder 

If the cylinder surfaces are in good condition^ 

only the rings need be lapped. The purpose in lap¬ 
ping the rings is to make them fit against the cylinder 
surfaces at all points. 

The lapping process consists in moving the rings 
back and forth in the flinders in connection with 
a lapping compound. The abrasives should be the 
finest obtainable. 

When the rings bear all around, the work is 
finished. This can be seen with the naked eye. See 
also above, under “Lapping Piston and Rings." 

Note: It is advisable not to use any compound in which there 
is emery, as it tends to imbed itself in the parts and is difficult 
to clean out. A mixture of rotten stone ground to a paste with 
oil and applied to the rings serves very well for lapping and can 
be clean^ off more readily. See also pages 772, 790B on com¬ 
pounds. 

The practice of lapping pistori rings is not as popular at the 
present time as in the past, rings are now lathe or velvet finished 
and seat quicker. 


t Some of the mannfactnrets of lapping compounds are: 
Clover Mfg. Co., Norwalk, Conn. 

mention Dyke’s AtUomobile Encyclopedia)i 
Pep Mfg. Co., 33 W. 42 St. New York, N.Y.; 

Zip Abrasive Co., Cleveliuid. 

Ohio: 




816 


DYKE’S INSTRUCTION No. 70 


Lapping MetliiMls and Devices 

Lapping new pistons into cylinder for clearance 
is done when the new piston wul go into the cylinder 
but with not quite enough clearance. 

Lapping the cylinder for a new piston is done 
when the piston is slightly too large to go into the 
cylinder. • An old piston is split so that it will 
expand and the cylinder walls are lapped down with 
it so the new piston will ht with proper clearance. 

Lapping the cylinder for a slight score is done 
with an old piston split, and oversize piston must 
then be used. 

Lapping rings into the cylinder can be done with 
new or old piston. 

The following illustrations give an idea as to the 
different devices used for lapping a cylinder. 



Fiff. 12 Geft). A simple design of an expanding Upper. Such 
a tool aa this may be us^ in the drill press, an up-and*down and 
rotary motion bdng applied at the same time. 

Fig. 13 (center). An expanding piston Upper which may be 
used for Upping rings or cylinders. The two operations should 
not be simultaneous, however. When the cylinders are slightly 
scored, the marks should be removed hrst, and then the new 
rings should be lapped in. Note the screw for expanding the 
shank against aides of piston. 

]i1g. 14 (right). Piston Upping handle. It is made of 
ordinap^ H*' pipct a T at the lower end slipping over the 
wristpin of the piston. The wristpin used in lapping shouldoe 
made of fiber, as a metal one is likely to score the cylinders. 




Fig. 15. Rings may be 
idaced in an old wton. A 
new piston should not be 
used because it will wear 
away to some extent, and 
this is objectionable. 

Fig. 16. When no piston 
is avaUable the rings may 
be Upped between two 
blocks of wood as shown. 



Fig. 17. Another method is to cut off the head of the piston 
and to use the wristpin for a handle. 

Fig. 18. An expanding cylUder lap, made from a worn- 
out piston. The bead of thepistoo is removed. One wristiMn 
bearing is tapped; the piston is then split, as shown in the right- 
hand out, so that a tapped plug screwed into the tap hole wili 
eauee the piston to ssmmd. An old oonneeting-rod and handU 
•re then provklsd as shown in tbs Uf out. 


Honing Cylinders^ 

The process of honing was originally created to 
replace lapping by providing a less laborious and 
more dependable method. At the present time, 
hones have been improved to such an extent that 
they are considered satisfactory for correcting ta^r, 
out^f-round^ burned and slightly scored cylinders 
to an oversize not exceeding .010" in diameter.^ 
For larger oversizes, honing is neither practical or 
efficient. Another use of honing is to remove the 
shoulder caused by ring wear which causes "ring 
knocks." 

A hone consists of a steel frame supporting grind¬ 
ing stones which are pressed against the cylinder 
wall by springs (see Fig. 33, page 824A). 

A lubricant (usually kerosene) is used ^d hone is 
revolved and moved up and down within cylinder 
until desired amount of material has been re¬ 
moved. The time of a run is 30 to 60 seconds, after 
which hone should be removed for measuring. The 
hardness of metal is what determines the cutting 
speed of a hone, in addition to the pressure applied. 
A manufacturer states that a cutting speed of .002" 
per minute is the average. 

Two O' more grades of stones are provided, the 
coarser bemg usSd first for removing quantities of 
material such as removing large tapers (.005" to 
.010"); a medium grade for small tapers (.003" to 
.005") and the fine stone which is 2" longer than 
coarse stone is used for finishing or polishing. 
Stones for polishing are seldom used to remove over 
.001" to .001)^". 


The hone is often revolved by an electric drill as 
illustrated in Fig. 19. A heavy duty drill is 
generally used but a 5^", or even a is preferable. 

To support drill and hone while honing and thus 
saving operator's back a Ford inner tube or a 
flexible coil spring can be used to suspend the drill 
and hone above cylinder. 

Hones for service shop use are also operated by special drill 
stands and also by automatic honing machines with aa auto¬ 
matic reverse which gives a uniform feed up and down the 
cylinder. One device of this type is made by the Storm Mfg. 
Co., Minneapolis, Minn. 


\\^i/ 



Pig. 19. Honing a cylinder 
in chassis by means of a hone 
and an electric drill. Great 
care niust be exercised when 
honing or lapping, especially 
where engine is in chassis, that 
grit does not get into crankcase 
and bearings resulting in dam¬ 
age to them. Parts should be 
carefully protected and cylinder 
and all parts cleaned thorough-- 
ly. Oil pan should always oe 
removed. It is best to remove 
cylinder block if possible. 


Hones are used in service work to remove tapera 
and oval conditions. One of the most common uses 
of a hone is to finish or polish a cylinder after it has 
been enlarged by boring or reaming. Many 
automobile engine manufacturers finish or poUsm 
cylinders 1^ honing, as the surface produced is very 
smooth. The hones are placed in multiple drills. 
No correction of tai>er or out-of-roundness is re¬ 
quired of the hone in factory production as the 
evlinder holes are true. See page 824-A, explaining 
the operation of a hone. 


^ Se^ footnote pages 694. 824B for list of oonoerns specialis¬ 
ing on cylinder reconditioning tools. 

* By anlargina .OICK' in diameter, it is necessary to remove 
.OOS'^of metM w around the cylinder. Bee difference between 
ledkl and dUmetricel clearance, page S27. 
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Questiona and Answers on Enlarging 
Cylinders 


Q. z: Wfaieii shotild a cylinder be enlarged? 

Ans.: When it is badly scored, or worn out-of-round 
more than .003" or tapered more than .010". 
See pages 814B, 814-814A, 812. 

Q. 2: How can you tell if it is out of round? 

Ans.; By measuring as described on pages 811, 812, 
814-B. 

Q. 3: Suppose it is not out of round but deeply cut, 
should it then be enlarged? 

Ans.: If cut too deep for safe enlargement, rcsleeve 
(see p. 814A). 

Q. 4: How much should it be enlarged if out of 
round? 

Ans.: Enough to have it perfectly true. See page 
814-B. 


Q. 5: 
Ans.: 

Q. 6: 

Ans.: 


Q.7: 

Ans.: 


Q.8: 

Ans.: 


Q. 9: 
Ans.: 


How is a cylinder enlarged? 

By grinding, boring, reaming, honing or 
lapping. 

Which is most commonly used? 

Boring, with a special boring 
machine, then finish by honing. 


How is a grinding machine operated? 

Grinding is done on a special grinding ma¬ 
chine, employing a wheel made of abrasive 
material revolving at a high rate of speed on 
the end of a rigid spindle. The spindle at 
the same time moves in a circular path, so 
that the revolving wheel travels around the 
hole. The path of the spindle is adjustable 
to the diameter of the hole. The cylinder is 
held stationary, and a multiple cylinder block 
can be ground without removing it from 
machine, thus insuring all cylinders being 
pcrfe(5tly round, smooth, straight, and square 
with the base of the cylinder casting. Grind¬ 
ing gives a true, smooth surface and no matter 
how hard or soft the material, the grinding 
wheel will grind it just the some. A lathe tool 
cannot leave a cylinder as smooth as a grinding 
wheel. Some grinding machines are portable. 


How are cylinders bored? 

By placing them in a lathe; by placing them in 
a drill press; by placing them in a special boring 
machine, or attaching a portable boring tool. 
When placing a cylinder on the’face plate of a 
lathe, a long boring bar is used. The cylin¬ 
der, unless clamped securely, will move and 
ruin the job. Other disadvantages are that 
the boring bar isiikely to vibrate or slide over 
a hard spot without cutting. The cylinder 
must be reset on the face plate, if a multiple 
cylinder block, thus requiring skill to bore 
each cylinder square with its base. A lathe 
tool cannot leave a cylinder as smooth as a 
grinding wheel. When placed in a drill press, 
the cylinder does not revolve, and can be held 
more securely, but otherwise there are the 
same disadvantages. When placed in a 
special boring machine, the work can be 
done better than on a lathe or drill press, 
as the cylinder is held securely in place and 
the boring-bar spindle is heavy and rigid. 
Cylinders are then usually finish^ by honing. 


How are Cylinders reamed? 

Cylinders can be reamed on a drill pr^s 

or by a reaming outfit which can 
be attached to cylinder block (pages 824-A, 
714), The possiple disadvanta^ of reaming 


(with some types of reamers) to enlarge a 
cylinder, is the tendency of some reamers to 
follow the course of the old hole, thus pre¬ 
venting it from making a new and perfect 
hole. It is also necessary to take a deeper 
cut than would be necessary if grinding. 
Reaming worn or scored cylinders can be done 
without removing engine from chassis, and 
thus costs less. In factory production some 
manufacturers bore, then ream, then hone, 
but have special rigid machines. 

Q. 10: Is it necessaiy to fit larger pistons when a 
cylinder is enlarged? 

Ans.: Yes; oversize pistons must be fitted as 
directed on pages 813, 814-B, and oversize 
rings must be fitted to pistons (pp. 828,813). 

Q. 11: Would you advise sending a cylinder block to 
a specialist to regrind and have the pistons 
fitted to the cylinders, or fit the cylinders to 
the pistons? 

Ans.: Grinding is considered the best, especially if 
cylinders are badly worn. Grind the cylin¬ 
ders to equal bore and grind oversize pistons 
to fi t each individual cylinder. See answer 2, 
p. 824. 

Some machinists claim that cylinders can 
be ground more accurately than pistons can 
be ground, and for this reason, the final or 
finish grin^ng on the cylinders is done after 
pistons are finished, so that each individual 
cylinder bore is finish ground to fit each indi¬ 
vidual piston. See also p. 824B, 

Q. 12: What are the symptoms of a worn or cut 
cylinder? 

Ans.: Lack of power, heavy fuel and oil consump¬ 
tion, smoke, fouled spark plugs, and a piston 
slap. See answer to question 1, page 809. 

Q. 13: Where do cylinders usually wear? 

Ans.: In the space where the rings travel. If the 
piston is loose, then the constant pressure 
irom explosion force will wear the cylinder 
on one side, near the top, owing to piston 
striking the cylinder wall at an angle. See 
pages 814-814B, 833, 780. 

Q. 14: Isn^t it possible to fit oversize rings to a worn 
cylinder? 

Ans.: Yes, but it is not altogether satisfactory. 
If the cylinder is oval, then no round ring can 
fit it. (Also applies to pistons.) See p. 828. 

Q. 15: Is it advisable to lap oversize pistons to a 
worn cylinder? ^ 

Ans.: The piston or lapping tool is sure to follow the 
old hole. While lapping may improve condi¬ 
tions temporarily, it is not recommended if 
other metnods of enlargement are available. 
The cylinders become charged with abrasive 
that cannot be entirely removed by washing, 
and lapping continues as the engine is 
operated. New pistons, with proper clear¬ 
ance, should be installed after lapping. 

Q. 16: Are all high-grade engine cylinders heat- 
treated or seasoned? 

Ans.: Yes. Heat-treated, or seasoned castings are 
used and ground pistons are fitted to each 
individual cylinder. This prevents warping 
out-of-round when heat^. Almost all cylin¬ 
ders, in factory production are first borM to 
within about .OCfe" of size, and then ground, 
or reamed and honed. See answer 4, p. 810. 
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CYLINDER, PISTON, AND CRANKSHAFT GRINDING AS A BUSINESSi 


Regrotmd cylinders fitted with new pistons and 
rings will give the engine as much power and pep 
as when it was new. It cuts the oil and gas con¬ 
sumption, and stops excessive smoking. 

There is no business today that has the possibili¬ 
ties and which fits so nicely into a small machine 
shop, automobile repair shop, or a concern doing 
welding as the regrinding of worn, out-of-round or 
scored cylinders. 

The car manufacturers and engine manufacturers 
have long since recognized this as the best method 
of finishing cylinders. Many of the repairmen ad¬ 
vocate it. 

Prices Charged for Regrinding 

As for prices that are charged for regrinding, they 
vary in different sections of the country, as well as 
in the localities in the same sections. It is best to 
ret several price lists from the nearest concerns 
doing business, and to charge according to the con¬ 
ditions in your particular city. Never cut prices 
under a competitor, as regrinding is a Quality 
proposition and it will cheapen your work and 
eventually be a losing proposition. 

On the other hand, remember you cannot make a 
fortune overnight. Excessive prices will simply be 
an incentive for your customers to buy new blocks. 


Parts to Carry in Stock 

For small concerns starting in the re-grteding 
business, it is more desirable at first to buy pistons, 
rings and wrist pins in various sizes from the manu¬ 
facturers of these parts, confining all the efforts to 
re-grin^ng and fitting up the component parts. 
Tn this way a large volume of business can be done 
with a very small organization, and thus a very tidy 
profit can be made. 

A certain amount of stock of all these parts should 
be carried, depending on the class of trade, the dis¬ 
tance from the source of supply, and the size of the 
shop. 

Pistons; Rough, Semi-Finished, 
and Finished 

Pistons can be carried in three different stages of 
completion: rough, semi-finished, and finished, de¬ 
pending on whether the equipment of the shop will 
take care of the rest of the finishing operations. 




Pig. 20 


Finished pistons are furnished finished complete, 
minus lings and pins; but these in many cases wUl 
be include, if so ordered. They usually come in 
oversizes of standard, .005*", .010*", .015", ,020", 
.025". .030", and .040", and some manufacturers 
supply sizes from .003*^ to .060". When ordering 
finbhed pistons, the exact micrometer reading of the 
cylinder Dore should be ^ven and proper clearance 
will be allowed by the piston manufacturer. 


Semi-finished pistons are finished with the excep¬ 
tion of the outside diameter, which is left large to be 
ground down to the required diameter, and the 
wristpin holes which are rough-ream^ and must 


be finished-reamed. When semi-finished pistons 
are ordered, instructions as how to finish are usually 
supplied by the piston manufacturer. 

iThis subject, and pages following have not been revised 
for several years and some of the statements may or may not 
be quite true today. These, of course, should bo corrected but 
we will not attempt to do so at this time. In these footnotes 
w^ will endeavor to give an idea' of present day methods of re- 
conditioning cylinders. 

The grinding machine, such as shown in Fig. 21, was recog¬ 
nised as the best method for enlarging and finishing cylinders 
at the time this subject was originally prepared. It has been 
su{^rseded by the portable boring machine for general recon¬ 
ditioning work. Tne grinding machine, now much heavier, 
and quipped with hydraulic drive for the table, is confined 
principally to large production shops, airplane engine evlinders, 
and hard sleeve assemblies found in some truck and tractor 
engines which arc 1000 Brincll hard. 

The portable cylinder boring machine, which has been greatly 
improved, and in most instances can boro cylinders without 
removing engine from chassis, and which costs considerably 
less than a grinding machine, is now the recognized medium 
for enlarging most cylinders where the wear is great enough to 
necessitate reconditioning. After reboring, the cylinders are 
frequently honed to a finish and polished surface, as on p. 824A. 

The hone, sometimes termed a portable cylinder grinder, is 
extensively used for cylinders which arc worn up to approxi- 
matelv .006' to .008'. In such oases it is ciistornarv to partial 
hone the cylinder and install new rings on the old piston whirli 
is expanded either by a machine for this purpose or by special 
piston expanders which are available (page 828). To straight¬ 
en out a cylinder worn in excess of this amount wxiuld be a 
rather laborious job and expensive, and the boring bar would 
be the answer from a point of efficiency and ease of operation 
and accuracy. If the cylinder had been bored out of align¬ 
ment at some previous time, it is impos.sible to realign them with 
the hone. However, some of the hone manufacturers contend 
that the boring machine is unnecessary for the small shop, 
as an occasional job can be accomplished with the hone irrev 
spective of the amount of wear. See also, pages 816, 824A. 

For the average auto repair shop It may be well to state 
that many of the engine rebuilders will recondition an engine, 
i.e.. bore cylinders, fit pistons and rings, regrind crankshaft 
ana fit new bearings, valves, etc. This would necessitate 
sending engine to the rcbuilder. Rebuilders and jobbers doing 
engine reconditioning in large volume, may be more inclined 
to supply a rebuilt exchange engine. See page 686. 

Many of the jobbers provide reboring service in your shop. 
They will send a mechanic with a portable boring machine and 
bore and hone cylinders without taking the engine all apart 
and while still in the chassis. Modern vacuum units are pro¬ 
vided which sucks out all chips and dust from the toril and are 
thus kept out of the crankcase and f)il holes in the crankshaft. 
Others rebore blocks only when delivered to their machine 
shop. See page 686. 

To those who are interested in portable cylinder boring ma¬ 
chines, and piston turning and grindiny machines, write to the 
following firms for literature: Cedar Rapids Engineering Co., 
“Kwik-Way,” Cedar Rapids, Iowa; Storm Mfg. Co., S. Min¬ 
neapolis 4, Minn.; Van Norman Co., Springfield 7, Mass.; 
Waterbury Tool "Waterbury-fiimplicity,” Waterbury 01, Conn. 
See also, p. 694 under "Cylinder reconditioning machines and 
tools," and pages 784A, 786, 780 for engine bearing boring ma¬ 
chines. Your jobber page 686 can assist you. 

For literature on reiving cracked cylinder blocks and heads, 
see footnote "Cold Welding" page 723. 

For literature on surface grinding maekines for resurfacing 
distorted or corroded cylinder heacls, manifolds, engine block 
tops, etc. (see p. 814^ write: Lernpeo Products Inc., Bedford, 
Ohio; Van Norman Company, Springfield 7, Mass. 

For literature on cylinder ridge^removing tools see p. 833. 

For literature on checking cylinder bores, etc., write L. S. 
Starrett for free booklet "Starrett Tools for Automotive Repair 
Work and How To Use Them,” as mentioned on page 718. 

Pamphlets by the Maintenance Methods Coordinating Com¬ 
mittee of the 8AE (1943^: "Pistons to Fit Reconditioned Cylin¬ 
ders," and "Reconditioning CasUln-Block Engines and Fitting 
of Sleeves." Send 16c in stamps for the two to A. L. Dyke, 4()6 
Market St., St. Louis 2, Mo. See footnote 2, page 786 tor a 
Bulletin on Engine Bearings. Obtained of Government Print¬ 
ing Office for benefit of our readers. Supply limited. 

Manuals. "EstahHshina and Operating an AtUomobtle Re¬ 
pair-shop" (86o); "Establuhing and Operating a Service Station" 
iZbe). Can be obtained of any field office of the Department of 
Commerce, or U. S. Government Printing Office, Washington 
25, D. C. Price 36c each. Bend P.O. money order, not stamps 
or coins. 

Books dealing with Lubrication and Qatoline BusmsM,''ne 
"Lubrication" page 088. 
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Finishing Semi-Finished Pistons 

There is one operation on pistons that can lie 
nicely taken care of by practically all re-grinding 
concerns, and that is the finishing of the outside 
^ameter. Orphan cars afford a big field for grind¬ 
ing pistons and rush jobs can always he taken care 
of and furthermore, when the piston is groimd to 
fit the bore a good job is assured. The best plan, 
however, would be to bore the cylinders to one size 
and then grind the pistons to fit the cylinder bore. 
All cylinders and pi8tx)n8 would then be e<|ual in bore 
and would have the same weight.^ 

Most piston manufacturers will furnish them 
finished or semi-finished. By using a semi-finished 
piston, which usually comes 1/16" oversize, and 
finding it down to fit the bore, not only will it 
increase production, but it will allow the carrying 
of a larger supply on the same investment. 

Finished pistons will change, even when bought 
from the best of manufacturers, and will frequently 
be found out of round. (A slight tap with a wooden 
hammer when fitting out-of-round pistons to holes 
will usually bring them back.) 

In finishing the outside of the pistons a suitable 
external grinding machine must be obtained, as the 
cylinder grinder is of no value for such work. In 
securing such a machine, it is well to keep in mind 
two facets: that the length of a piston seldom exceeds 
6" or 8", and the diameter, even on the larger siz(*s, 
does not ordinarily run over 5". Therefore a small- 
size external grinder that will swing 6" or 8" with 
sufficient length between the centers is very satis¬ 
factory. 

The pin holes in semi-finished pistons come rouKh-roameci 
with .002' or .003' loft for fiiiish-roaining. Any gomi mljust- 
able hand-reamer will take care of this. 

Remember, that in finishing the outside diameter, the lands 
should' be relieved and made smaller than the skirt by at least 
.008' or .010'. The excess heat and solid metal cause greater 
expansion at this point. See also, pages 809, 811. 

Always measure a piston below the wristpin hole at 'he skirt, 
and not above it on the head. 

For fitting piston, see pages 812, SIT). 

For fitting piston rings, see pages 829-833. 



Pig. 20A. Landis 4-A speeial grinding machine grinds semi¬ 
finished pistons to exactly fit the bore. Grin<ls pistons, piston 
pins, crankshafts, etc., but not cylinders and cams on camshafts. 
This machine has a capacity of 16' swing and 66' between 
centers.* 


*Thi8 machine has not been in production for several years. 
The latest Is the I^^ndis 22' x 88' type CH hydraulic crank¬ 
shaft regrinding machine. Primarily intended for regrinding 
crankshafts. Both the pins and the line bearings may be 
handled. Being basically a standard type machine, it mai^ be 
used for other auiomoiive parts such as pistons, wrist pins, 
push rods, valves, main camshaft bearings and bushings. For 
internal fprindinp of such parts as transmission gears, small air 
compressor cylinders ana bushings, the 18' x 66' universal 
type crankshaft regrinder is recommended. For literature write 
Landis Tool Co., Waynesboro, Pa. 


Crankshaft Grinding^ 

Crankshaft out of alignment or its journals worn 
out of round, will soon wear the main bearings and 
connecting-rod bearings which bear directly on the 
shaft; consequently it will cause the engine to knock. 

It is impossible properly to fit a set of bearings to 
a shaft which is out of round or out of alignment, and 
the extra time consumed in obtaining even a fair 
job would more than pay for re-grindmg the shaft. 

There has, however, lx*en a great deal of misunder¬ 
standing regarding actual crankshaft grinding. 

By the old method of filing, lapping, and polishing^ 
a shaft—a slow and expensive oj^ration, wliich is 
f)ften misconstrued as grinding—it is impossible to 
olitain accurate results. This work should be done 
on machines built especially for crankshaft grinding. 

Equipmenl Required’ 

To do re-grinding, or to fit pistons, rings^ and pins 
successfully, one must have the proper equipment. 
We have listed below the machines and accessories 
that make up such a shop. 



Fig. 21. A Heald cylinder grinder. 


Machines Needed for the Average Shop 
One style 50 Heald cylinder grinder. 

One small external grinder. 

One 14" lathe. 

One sensitive drill press; one back-geared drill press. 
One 10 h.p. motor. 

One emery stand. 

Expanding reamers, sizes to 1 

Shafting hangers and belts. Benches and tools. 

Supply of pistons, rings, pins. Office equipment. 

This comprises a fully emiippcd shop planning to 
use semi-finished pistons. For anyone just starting 
in, it is ix)8sible to do away with part of this equip¬ 
ment. By using finished pistons, it will not be 

'To those interested in crankshaft ffrindera write: Landis 
Tool Co., Waynesboro, Pa.; Lem pro Products Inc.; Bedford, 
O.; Van Norman Co., Springfield 7, Mass. Some of the jobbers 
mentioned on page 686 conduct a crankshaft and connecting rod 
exchange service, and supply automotive equipment of all kinds. 

^The bulletin mentioned in footnote 2, p. 785, states that 
after re^rindin^, the ground surfaces must be finally lapped 
and polished with special polishing cloths, and that the lapped 
surfaces are suf^ienlly smooth if a piece of sheet copper can 
be scraped back and forth across the surface to be tested 
parallel with centerline of shaft without leaving traces of 
copper on the steel surface, 

‘This was prerared several years ago. See your jobber 
for up to date equipment such as cylinder borii^ machine, hone, 
cranmhafl grinder, piston turning and grinding machine, sur- 
face grinder, valve grinding machine, etc. To oOfam addrese'of 
nearest jobber, see page See also pages 694, 818. 

<See also pages 815, 824A. 
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necessary to have an external grinder; and while 
two lathes are much more convenient a 14" one 
will handle the work very nicely, and for the work 
which you would ordinarily use the back-geared 
drill press for. such as drilling wristpin holes, a lathe 
will answer tne purpose. 

When to Grind 

Passenger cars: Cars that do not hm tight, that 
use an excessive amount of gas or oil, lack power or 
pep, or smoke, need overhauling. A disagreeable 
piston slap is a sure sign of worn cylinders. This 
IS usually heard on hills, or when the engine is labor¬ 
ing hard. 

After it is taken down, it can best be determined 
whether it needs to be re-ground or not. If found 
scored, out of round, or with excessive clearance 
between the piston rings and cylinders, the cylinders 
certainly new re-grinding. 

All cars that have been run ye^ 

should be pulled down, re-ground, and fitted with 
new pistons and rings. 

If the cylinders have been welded for any purpose, 
such as a score or a crack, they must be re-ground. 
Welding distorts and changes the shape, in addition 
to leaving excess metal. Eegrinding is the quickest 
and most practical method to finish welded cylin¬ 
ders. 

With commercial cars or tractors, the same 
reasons for re-grinding hold true as with passenger 
cars. They are usually worked constantly to their 
full capacity, and are required to perform tasks 
which require every ounce of power. 

Tractors, in particular, are subject to excessive 
wear, owing to the conditions under which they 
must work, and to the dust and dirt working into 
the engine. 


Why Engine Cylinders Should Be Re-Ground 

It is essential, in order to have an engine run 
properly, that the cylinders be re-ground so that 
they do not vary more than a .001" as to roundness. 
The hole must be straight and absolutely square 
with the base of the cylinders, otherwise there will 
be a noticeable loss of power and pep, excessive use 
of gas and oil, piston slap, continual fouling of the 
spark plugs, and general troubles of all kinds. 

Compression 

It is necessary that a cylinder bore be straight 
and round to obtain the proper compression. You 
cwnot fit a ring and have it tightly seal a cylmder 
with an out-of-round hole or one which has bwn en¬ 
larged at the top, either by error or inaccurate 
machining. Compression means a live engine, and 
rings must fit the hole. See also page 764. 

Waste of Oil and Gas 

When an en^ne has lost its compression, and 
knocks on the hills, etc., the owner usually makes 
the nodstake of trying to cure the trouble by enrich¬ 
ing his mixture. While this will temporarily cure 
the trouble, an excess of raw gasoline in the cylinder, 
on the compression stroke, is forced past the rinra, 
thinning the oil and destro 3 ring its lubricating quali¬ 
ties, ax^ possibly resulting in scored cylinders.' 

This gasoline eventually reaches the crank case, 
where it thins the oil to such a degree that it is use¬ 


less as a lubricant. Old and worn cylinders are not 
the only places where this happens, as it also occurs 
in many engines where the holes were inaccurately 
finished. 

Thus not only is excess ^s being used in propor¬ 
tion to the power secured, but a large share of oil is 
goin^ of! in smoke, or is being rendered useless, thus 
requiring constant renewal. 

Missing 

Ill-fitting rings not only allow leaking of gas, but 
on the suction stroke air is sucked up from the crank¬ 
case, thinning the mixture and causing the engine 
to skip. This is particularly noticeable when travel¬ 
ing at idling spe^ or starting on cold mornings. 

Carbon 

When the oil gets by the piston rings into the 
combustion chamber and is burned by ignition, it 
gives off a bluish smoke, leaving carbon formed on 
the head of the piston and in compression chamber. 

Carbon holds heat, and if the compression is high, 
it will often explode the mixture prematurely. This 
is called pre-ignition, which opposes the driving 
forces of engine and causes undue wear on pistons 
and bearings, and it very often results in a broken 
piston pin. Dent connecting rods, or a scored cylin¬ 
der. Of course, burned oil soots the spark plugs and 
requires constant cleaning to keep a hot spark. 

Engine Knocks 

Engines that have thick carbon deposit will result 
in knocking on the slightest pull. This condition is 
all caused by oil leaking past the rings into the 
combustion chamber, where it is carbonized. 

Are Re-Ground Cylinders, with Pistons Ground 
to Fit, Better than New? 

When the statement is made that a re-ground 
engine which has been fitted with new pistons and 
rings is better than it was originally, few people can 
understand why. It is a well-known fact among 
those connected with the metal industry that cast¬ 
ings change shape after they are cast. This is 
caused by strains and stresses resulting from the 
heavier walls of metal cooling last and shrinking 
from the already cooled lighter walls. 

These strains can be relieved if the castings are 
seasoned for a long time, or by heat-treating pro¬ 
cesses. 

Castin(^ that are immediately machined and put 
to work in a car change more or less, owing to the 
heating and cooling of the engine, which acts as a 
heat-treating operation. Therefore, an engine 
which has been run several hundred miles is thor¬ 
oughly seasoned and is in ideal condition to be 
re-groimd and fitted up. 

Once having been relieved of all the strains and 
stresses, the castings will retain their shape con¬ 
tinuously after grinmng, if properly machin^ and 
fitted up. 

Actually, of course, an engine does not have any 
more power after re-grinding than that for which it 
was originally designod 

The fact, however, that the casting it seasoned, 
and that each hole has had individual attentbx^ 
often ^ves better resulti^ than a genecal-assembl] 
proposition. 
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DIFFERENT METHODS OF FINISHING BORES OF CYLINDERS^ 


Methods of Finishing Bores 

There are five methods of enlarging cylinders: 

(1) by boring; (2) by grinding; (3) by reaming; (4) 
by honing; (5) by lapping. 

Remember first and last that cylinder recondition¬ 
ing by any method is a precision propositioni and 
that too much care cannot be applied to the ta^k. 

The prime object of either operation is to finish 
the cylinder, so that it is absolutely round and 
straight, and then to fit the cylinders with new over¬ 
size pistons and rings. 

Reboring Cylinder^ 

Boring is done by a steel-cutting tool in the same 
manner as that in which a lathe cuts. It produces a 
porous-like surface which is subject to rapid wear. 

When a cylinder is re-bored, the tool must get 
under the hard surface skin of the worn and polished 
cylinder wall, and as a result a heavy cut, as com¬ 
pared with grinding, must be taken. Therefore, 
the cylinder bore is enlarged more than is necessary 
and the walls arc often reduced in thickness to a 
greater degree. 



Fig. 22. Cross-section of a gas engine cylinder. 


With the re-boring method, a considerable amount 
of pressure will be exerted on the walls of the cylin¬ 
der. Since these walls are not very thick and 
are reinforced only by the water jacket in certain 
places, it will be found t^t the walls where they 
are not reinforced will spring away from the cutting 
tool, when it springs back after the tool passes on, 
leaving an elevation, shown at (a). Where the 
walls are reinforced, the tool will take a slightly 
heavier cut, as at (b) (Fig. 22). 

There are also hard and soft spots in the iron, and 
the cutting tool will bite into the soft spots and 
spring away from the hard ones. 

This condition make^ it difficult to produce a true 
round hole within exceedingly close limits of ac¬ 
curacy by the boring tool method. If the cylinder 
bore IS out of square with the base, reboring will 
not alwf^s correct this error as the t^l has a tend¬ 
ency to follow the worn hole. 

Reaming Cylinder* 

Reamix^ is similar to boring. 

^The modem portable cylinder bori^ machine with preci- 
•ioo ball and roller bearings (plain bearings could not hold closo 
enough tolerance), improved cutting tools, and other refine¬ 
ments, is now doing very satisfactory work. See fn. 1, page 818. 

*Reamers power-driven are sometimes used for faotorv ph>- 
duction: new cylinders being bored, reamed then honea. The 
hand-operated type for reconditioning cylinders, such as shown 
in Fig. 7b, page 714, are not now available. 

K>pliiioaf dmer. Improvements have been made in lapping 
compounds and method used. Ask your jobber (see page 686) 
for lateet reoommendations. See also pp. 772, 790B, 791, 816. 


What has been said about the disadvantages of bor¬ 
ing applies equally well to reaming.^ 

When the pistons and rings are assembled in cylinder, after 
boring or reaming. Fig. 23 ^ they will rest on imnute hills of 
metal. About half the beanng surface is thus lost, owing to the 
depression of metal between each hill. A full baring surface 
is not realised until from .002'^ to .005^' of metal has been re¬ 
moved by the pistons and rinn. This causes a very rapid 
wearing of the cylinder walls until they are worn to full contact.’ 



Fig. 23. Showing uneven sur¬ 
faces left on walls of cylinder after 
boring or reaming (exaggerated). 


Lapping Cylinder 

Lapping the holes of worn cylinders will not make 
them round or straight, because the lapping process 
is good only for polishing surfaces, and even after 
hours of work, but little material is cut away, leaving 
much of the lapping compound imbedded in the 
walls.^ It is an expensive operation, and the degree 
of accuracy and success to be achieved depends 
entirely on the skill and experience of the workman. 

A worn cylinder is always larger at the top than 
at the crank end, owing to the friction of the rings 
and also to greater heat and poorer lubrication. 
Therefore, the grinding machine can be used to 
cut away the material necessary to get a round and 
straight hole for the entire length. 

When lapping is done, two metallic surfaces are 
rubbed together with oil and abrasive material 
between them. This will charge the surfaces with 
grit. 

Grinding in a machine with a hard, vitrified 
grinding wheel running at a high speed to cut the 
metal away is an entirely different proposition, and 
is tlie only way to secure the best results. 

Finishing by Grinding 

In finishing a cylinder by grinding, an abrasive 
wheel held by a very rigid arm moving at high speed 
cuts away the metal freely without putting undue 
pressure on the cylinder walls. The feed of the 
wheel into the work can be adjusted so that it will 
remove the metal rapidly if a large amount is to be 
taken off, or so lightly that it is practically immeas¬ 
urable. 

The grinding wheel revolves in a perfectly true 
circle and cuts away the iron until a round and 
straight hole is produced, without either hi^ or low 
spots, and having a beautiful, smooth, and mirror- 
uke surface throughout. 

The work is held on an angle-plate attached to 
the cross-slide of the machine; the main table, 
traveling lengthwise, moves automatically. When 
a hole is finished^ movement of the cross-slide gives 
the proper position for the next hole. 

The block remains set during the entire operation, 
insuring the bores being absolutely parallel to each 
other and at right anues to the base, this being 
assured by the angle-plate mounted on machine at 
9(f to the grinding spmdle* 
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By this method all the disadvanta^s of boring or 
reaming are absolutely overoome. The high-g^ade 
cylinder-grinding machine produces a true, straight, 
accurate Dore, the usual limits of accuracy being no 
more than one one-thousandth of an inch. The bore 
is absolutely square with the flange, the surface 
produced is hard and glass-like, and the amount of 
stock taken out is only a fraction of what would be 
necessary in re-boring. 


New Rings No Help 

A large share of repair shops are still advising new 
rings when an owner is confronted with engine 
troubles. He believes it is a cure, but it is only 
temporary, since in most cases the carbon has been 
cleaned out, valves have been ground, and the 
engine has been generally tuned up. It therefore 
seems to have overcome the ailment. It is not 
lasting, however, for no matter how expensive or 
complicated the rings may be that are used, with or 
without compression guaranteed, a round ring will 
notflt an egg>shaped hole; and if the engine has been 
run considerably, that is the shape it will probably 
have. 

Thousands of strokes of the rings up and down 
the cylinder, while aided by road dust and other 
abrasives which are sucked into the cylinders with 
the mixture, will gradually wear down the cylinder 
wall. 


Fig. 24. Showing the points where 
rings usually wear cylinder walls. 


This wear is greater on the two sides at right 
angles with the crankshaft. It is the result of the 
pressure of the piston agdnst one side of the cylinder 
wall on the compression stroke, and on the opposite 
side of the cylinder wall on the power stroke. 

No ring will fit such a shaped hole, so there is 
bound to be a chance for gas to escape and a long 
time needed for the rings to wear in, if they ever 
do so. 



Therefore, as the cylinders are worn only the 
length of the ring travel, it leaves the lower and 
upper ends smaller. To put a ring of the proper 
oversize in the worn part through the smaller nole is 
impossible. 

The only cure for a worn cylinder—and it takes 
but a few thousandths of an inch to show apprecia¬ 
tive loss of power—is to have the cylinders re¬ 
conditioned and fitted with new pistons and rings. 

Fig. 24, which has been somewhat exaggerated, 
shows the wear in a cylinder which may have been 
made by various causes. Note how the gaps in the 
rings are spread, allowing gas to pass up through or 
around the rings. 

New rings in such a worn cylinder would do no 
good, unkns they were of the correct size to fill this 
m>le. is impossible, since rings of the proper 
size would not pass throu^ the space either at the 
top or bottom of the cylinder. It will require grind¬ 
ing to take out suflicient stock to allow proper over¬ 
size pistons and rings to be inserted. 


At Right Angles to the Flange 

What is meant by '^square with the flange,is 
indicated in Fig. 25. 

It does not matter so much if the holes lean to the 
right or left side of the engine, but they must not 
lean to the front or rear with respect to the crank¬ 
shaft. 


Fig. 25. Cylinder bore that is 
at right angles with the base, and 
one that is not. The right cylinder 
is at rear of engine. The cylinder 
bore is leaning to the rear. 


The right-hand side of the cut shows how the 
piston is often cramped in the cylinder by being out 
of square. 

This may be caused in several ways. First, the 
bore in the cylinder may not be square with the 
crank case. Second, the piston-pin hole not 
be drilled square with the sides of the piston. Third, 
the holes in the ends of the connecting rod may not 
be parallel with each other. Any one or more of 
these may result in excessive wear on the cylinder 
walls, or in pistons “seizing.” 

Thin Cylinder Walls 

Occasionally the shifting of the cores, when mold¬ 
ing the cylinders, leaves a thin wall. In re-grinding 
such cases, if the wheel should break through, of 
course the man doing the work cannot be held for 
this misfortune. Furthermore, should there be a 
deep score and the owner washed it ground out and 
not filled, he must assume all the responsibility of 
weak walls. 

It would be better business for all re-grinding 
concerns to refuse to touch such jobs, if, m their 
opinion, there is a doubt as to the stren^h of the 
wall after grinding. Sec Fig. 1 IE page 814A describ¬ 
ing installation of cylinder sleeves. 

New Pistons and Rings Necessary 

If the cylinders are re-ground, new pistons and 
rings must be installed. The amount of stock to 
be removed in order to bring a bore back to a true 
round hole is usually at least .010“ and, if the 
cylinder is scored or badly worn, will go from .030“ 
to even .040“. Such clearance would never allow 
the use of the old pistons. 

Many a perfect re-grinding job has been spoiled 
when the engine is being assembled. 

Great care should be taken first to wash the 
cylinders and pistons, rings, etc., carefully with 
gasoline. Be sure that eve^ particle of abrasive 
material and foreign matter is removed. 

Make certain that the wristpin fits both the rod 
and the piston, and see that it is securely fastened 
on. Better go over this an extra time and make 
sure, for a loose pin or screw will ruin the entire job 
the first time the engine is run. 

Measure the pistons for roundness after assem¬ 
bling with the connecting rods, to see that they 
have not been distorted A slight tap with a 
wooden hammer will help to make piston round. 
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' After reassemblinfi: the pistons on the crankshaft, 
test theni to see if they are absolutely square. Do 

not take it for granted, because the connecting-rods 
were straight before it was pulled down, that they 
will be so when you reassemble them. There are 
msmy chances and reasons for their having become 
twisted or out of square. This could happen in 
taking off the block with the pistons still connected 
to the crankshaft, when it is an easy matter to bend 
or twist the rods. Again, in the connecting-rod 
bearing or in tightening the caps, a slight variation 
at this end will increase many times at the piston 
end. 

That the pistons should be square (see Fig. 25) is 
highly important; if they are not, the cylinders 


might just as well not have been ground, for the 
pistons hitting on the sides will give all the troubles 
of an out-of-round hole. 

Put plenty of oil on all the pistons before assem¬ 
bling in the cylinder. 

The rest of the assembling is purely a repairshop 
job, but every detail should be thoroughly gone into 
as if it were a brand new car. In met, the vital 
parts are new and with very close limits; therefore, 
they should receive careful attention. 

Be sure that the crankcase is well filled with a 
good light or medium oil, and that the lubricating 
system is working perfectly. Run the engine slowly 
for one half-day, giving it time to cool naturally. 


lIBBORING OF CYLINDERS TO FIT PISTONS; FORD MODEL ‘‘T” SERVICE METHOD h « 

The preceding pages are devoted to cylinder grind¬ 
ing 


The following describes the method of re-boring 
the cylinders to fit the pistons as performed on a 
combination machine^ recommended by the Ford 
Motor Co. for dealers and service mechanics. 

The rnethod of boring the cylinders ‘'all one size'' 
and hoping to find stock finished pistons to fit them 
(selective nt), is not always consiefered practical, be¬ 
cause pistons may vary from the size with which they 
are marked. 

Note: Stork fini«hed pistons are subject to seasoning and are 
often distorted by handling. 

Pistons should be carefully measured and if tlie 
variation exceeds .001", the cylinders should be 
bored to fit their respective pistons. 

Procedure 

The cylinders are measured with a cylinder gauge 
(see Fig. 11, page 812) to determine what size they 
should be rebored and the oversize piston to use. 
The amount cylinder is out of round, tapered, or 
worn is indicated by the hand on the dial. Scores 
can be noted by visual inspection. 

For example, suppose th«at we find it ncces.sary to 
remove .027" in order to properly clean up the cylin¬ 
der. On referring to the Ford parts price list, we 
find that the piston which would more nearly cor¬ 
respond to this measurement would be ,031" over¬ 
size, which would in this ca.se be the size to install.’^ 



Fig. 26. Mikiug ami chalk marking pUtutts. 


The pistons should next be checked for roundness 
as they occasionally become out/-of-round due to 
rough handling in shipping. The pistons are 
checked with a 4" micrometer (E, Fig. 26) ("miking” 
is the term used for measuring with a micrometer), 
first for roundness, by measuring them across the 
skirt in the direction of the wrist-pin; then at right 
angles to it. 


>Theft6 instniotiona (condensed) are from Ford Service 
Bulletin describing how re-boring of cylinders isj^rformed with 
a combination machine. Applies to Model* T” Ford. (Seepage 
790 (or babbitting and boring and align reaming Ford mun 
bearings.) *.03126'' is actual aiie, as explained on page 813A 
but Is referred to as .031*. *For other methods see page 824A. 


If the piston is out-of-round, it can be trued up by 
lightly tapping it with a rawhide mallet on the side 
in the skirt which shows the greatest diameter. 

The pistons are then chalk marked for their re¬ 
spective cylinders, 1, 2, 3, 4 and then measured 
for actual diameter, and also to check the size as 
stamped on it, because pistons do not always meas¬ 
ure exactly as marked. The measurement is made 
across the skirt with a 4" micrometer as shown in 
Fig. 26. 

For example, the Ford cylinder bore diameter is 
3%" or 3.750". The diameter of a standard piston 
with .003" allowed for clearance should be 3.750— 
.003" = 3.747". The diameter of a .031" oversize 
piston should then be 3.747"+.031" = 3.778". (See 
also page 813A discussing this subject.) 

Therefore, if all of the .031" pistons were exactly 
equal in diameter, that is, 3.778", then each cylinder 
would be bored .003" larger than the actual diameter 
of pistons, or 3.778+.003"=3.781". the additional 
.003" being allowed for clearance. All .031" pistons 
however do not always measure as marked. 

.031" would actually measure from 3.777" to 
3.779". Therefore do not make a mistake and bore 
the cylinders .003" larger than the oversize marked 
on the pistons. 

As previously stated, the pistons should be care¬ 
fully measured and if the variations exceed .(X)l", 
the cylinders should be bored to fit their respective 
pistons. 

Marking pistons: Suppose the measurement of 
piston mark^ No. 1 actually showed a measurement 
of 3.779". It would be chalk marked 3.779". Sup¬ 
pose piston No. 2 actually measured 3.777". It 
woulcf be chalk marked 3.777" and likewise, measure 
and mark No. 3 and No. 4 pistons. 

A clearance of .003" (or .004") must be allowed 
between piston and cylinder. Take the piston No. 
I which was chalk marked 3.779". By ^ding the 
specified amount for cleaiance, we obtain 3.779"+ 
.003" = 3.782". Therefore the cutter (C, Fig. 27) 
must be set tc, bore the No. 1 cylinder 3.782". Take 
No. 2 piston, chalk marked 3.777". Allowing .003" 
for clearance, we obtain 3.777"+.003" = 3.780". 
Therefore the cutter when boring this cylinder, must 
be set to bore the No. 2 cylinder to 3.780" for this 
piston, and follow the same procedure for No. 3 and 
4 cylinders. 

The single flv cutter in the boring bar is adjusted 
and set so that it will bore the correct size as follows: 
In the example of No. 1 piston we found that the 
diameter of the .031" oversize piston was 3.779", to 
this we added .003" for clearance which gave us 
3.782^^ or .032" oversize. The special micrometer 
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furnished with the equipment is then adjusted to 
show a reading of only half of this amount or .016^' 
and the boring cutter set to correspond with this 
reading. The reason for adjusting the cutter to cut 
only half of the amount that the cylinder is to be 
boi^ oversize, is due to the fact that as onl}r one 
cutter is used, it is measured from an imaginary 
center of the snaft to its point, but as it cuts all the 
way around the circle it actually doubles this meas¬ 
urement, so that by setting the cutter to .016'' it 
actually cuts .032". Cutter for No. 2 piston, which 
measures 3.777", or .030" oversize, would be set to 
.016". 

The cotter (C, Fig. 27) can be adjusted by slightly loosening 
the two set screws on the cutter head with a special set screw 
wrench and turning the adjusting screw with a screw driver 
until the setting of the cutter corresponds witli the reading on 
the special micrometer. The set screws are then tightened and. 
the cutter again checked to make sure the adjustment was not 
altered when the set screws were tightened. 

Boring Operation 

After correctly adjusting cutter the bofing bar is 
placed in die cylinder, and is located bv means of 
two (two-piece) tapered locating plugs (L\ as shown 
in Fig. 27. One of the plugs at each end of the 
cylinder on the boring bar insures perfect centers. 



Fig. 27. Combination machine being used to rebore cylin¬ 
ders. 


The permanent guides (G) are then positioned and fastened 
to the block on both cylinder-head and crank-case ends. 

The tapered locating plugs (L) are then removed through the 
openings provided, leaving the boring bar ail set up. 

We now place an S^'-wrench on the square end of the boring 
bar, and with another “speed-type” wrench, we tighten the 
adjusting screws of the split bearings on each of the permanent 
guides until it requires considerable puli on the 8''-wrench to 
turn it. 

Now place the universal joint in position, and throw in the 
feed lever. In 9 minutes the cylinder will be rebored, during 
which time no other attention except setting up is required. 

Cutters are interchangeable (at slight cost), and it is not 
necessary to tie up the cylinder re-boring machine while the 
cutters are returned to the factory to be re-eharpened and fixed 
up. 

The cutter is adjustable to take up any wear, and on account 
of the narrow cutting ed^ will not dub over when it hits a 
hard spot or a scored cybnder. A narrow cutting edge could 
not be used with any equipment other than a cylinder boring 
bar, having a fixed guide on each end that will prevent chatter 
and keep cutter from digging in or following the old hole. 

Because the ^^cylinders are bored to fit the 
pisto^i’^ nearly all hand operations, such as filing, 
turning, lapping-in, etc., are eliminated. Occasion¬ 
ally a sli^t amount of hand filing is necessary to 
remove hi^ spots and niches from pistons. Pistons 
fitted by this process to .003" to .004" clearance are 
absolutdy free in the cylinder and, without rings or 
oil on them, will "fall through" without friction. 


While lapping-in will cut off some of the high spots 
in the cylinders and pistons, it will not fill up the low 
spots. 

Filing pistons in a lathe will make them smaller, 
but will throw them out of round more than ever, 
for the reason that when the file hits the relieved 
portion of the piston near the piston pin boss, it 
will jump and "dig-in" again about one inch from 
the edge of this relieved portion. 

Lathe turning is unsatisfactory because the aver¬ 
age service station is not equipped with proper tools 
for this work. Even if it were, it is a difficult prop¬ 
osition to "chuck up" a piston accurately 

to remove only a few thousandths of an inch. These 
facts show why it is necessaty to bore the cylinder 
accurately in the first place, if you want a first-class 
job at a minimum cost. 


Questions and Answers on Enlarging Cylinders; 

Continental Engines 

The following questions and answers pertain to 

the Continental engine (see Index), but are appli¬ 
cable to many other engines: 

Q. 1: Are cylinders ground, reamed, or bored? 

Ans.: All Continental cylinders are bored and 
reamed with special fixtures and tools which 
insure perfect alignment. After these opera¬ 
tions they are honed accurately to a glassy 
smooth finish. 

Q. 2: Are pistons fitted to each individual cylinder, 
and what is the standard clearance? 

Ans.: Not only the piston, but the piston rings as 
well, are individually hand-ntted to each 
^cylinder bore. (See also ans. to question 11, 
page 817.) The clearances allowed m each case 
depend upon the size of the engine and the 
service for which it was designed. (See pages 
810, 811.) 

Q. 3: How are engines marked to show the orig¬ 
inal diameter of the cylinder bores? 

Ans.: The diameter of each cylinder is stampwl on 
the lower machined face of the cylinder block 
where the valve-chamber cover is attached. 
These marks are in decimals. 

Q. 4: What factor determines the amount of clear¬ 
ance to be allowed when fitting pistons in 
the cylinders? 

Ans.: The amount of expansion. This depends 
upon the materials used in the pistons and 
cylinders, the general design, and the operat¬ 
ing temperature of the engine. The temper¬ 
ature of an enmne in operation is affected by 
the amount of fuel consumed, the resistance 
offered the power impulses, and the timing of 
the ignition. 

Q. 6: What is meant by .003" loose-fit and ,004" 
tight-fit of piston clearance? 

Ans.: The piston would be free in the oylinder with 
a .003" thickness gauge (also called "feeler") 
between it and the cylinder walls, and the 
same piston would be tight in the cylinder 
with a .004" feeler. « ' 
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MISCELLANEOUS CYLINDER RECONDITIONING TOOLS AND DEVICES^ 


Portable cylinder boring machines driven by an 
electric motor, also hones, which are capable of do¬ 
ing accurate C3dinder wort are shown below. 



On engines where cylinder-heads 
are removable, and where the cyl¬ 
inder do^ not come underneath 
the dash board they can be recon¬ 
ditioned in the chassis, thus sav¬ 
ing the expense of tearing down the 
engine. Great care however must 
be taken to protect the bearings 
from chips and emery dust. 


Fiff, 2S (loft). The Simplicity^ 
portable cylinder reborer and grinder. 


A portable cylinder grinder of the vertical stone 
type IS shown in Fig. 30. 


It embodies the two necessary features; sprji^^ preatttre for 
fast cutting, and solid setting or pressure for sisuu;. Pressure 
may be changed from spring to soud or solid to spring pressure 
without removing the hone from the cylinder or the dml from 
the hone.— Continued on next page. 


>Subjects'on these pages have not been revised for sometime. 

There are several ways to fit pistons in reconditioned cylinders^ 
as mentioned on pages 815, 819, S23 and below. 

As an example of a modem cylinder reconditioning procedure 

we will iise excerpts from Chevrolet 194^ Shop Manual. 

Pistons are cast iron, surface treated, cam-ground with a 
slipper ekirt. Three ring grooves are located above the piston 
pin. Ivower ring is an oil control ring. The truck engines use a 
heavier and more rigid piston than the passenger oar engines. 

Pistons are furnished in standard suse, as well as .003', .010', 
.020', .030' and .040' oversizes. 

Piston rings arc furnished in standard sizes as well as .005', 
.010', .015', .020', .030'and oversizes. Ring gap between 
ends of rings should be from .006' to .015'. Engine operation 
will not become seriously affected if gaps do not become greater 
than 

When nexiessary to revlace pistons, due to wear, the cylinder 
walls should be honed for .003' oversize, or rebored and honed 
for .010', .020', .030' or .040' oversize pistons. 

Cheekily cylinders preparatory to reconditioning can best 
be done with the use of a dial gauge such as shown on page 812. 
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Fig. 30. The Hutto’ portable cylinder grinder (vertical stone 
type). This device is known ns the positive set, meaning that 
when the grinder is set it is locked so that it cannot deviate from 
the diameter it is set for. 

As an example of a typical type of hone, the Hall 
hone will be used. This hone i.s shown in Fig. 33. 

It is made of a nickel base allov die-oa.«»tinff. The stones are 
cemented into steel channels whicji the makers claim eliminates 
stone breakage. See also ptiges 81(1, 818 re honing cylinders. 

The Internal construction consi.sts of precision ground eones 
(H) (Fig. 33), a part of tlie mainsh.aft, actuating the stone car¬ 
rier ar’ms equally. 


Fig. 33. The Hall hone’ used as an 
example. Names of parts: A, ball 
joint drivini^ socket; B, main-shaft; C, 
tension adjusting plate; D, upper 
flange nut and extending sleeve with 
left-hand thread for solid pressure; E. 
low’er flange nut with right-hand 
thread for spring pressure; F, main 
spring; O, pressure flange; H, upper 
and lower cones, part of main-shaft, 
supporting stone carriers; I, body; 
J, stone retaining screws; K, boning 
stones in stone carriers; L, taper bear¬ 
ing pads on stone carrier arms that 
swing in and bear on taper cones H; 
M| lock nut and protection flange. 



Ordinarily, when necessary to install a complete new set of 
pistons, the worst cylinder bore, or the bore requiring removal 
of the most stock to clean up, would be considered as a base 
from the standpoint of which oversize piston to use. 

Cylinder boring. When it becomes necessary to rebore the 
cylinders to fit oversize pistons, follow instructions furnished by 
manufacturer of the equipment being used. 

Before using any boring bar, the top of the cylinder block should 
he filed off to remove any dirt or burrs, otherwise the boring bar 
may be tilted which would result in the rebored cylinder wall 
not being at right angles to the crankshaft. Cylinder heads, % 
warped, should bo resurfaced. See page 814B. 

Piston clearance is provided for on the piston and this must ’ 
bo taken into consideration when setting the cutter in the boring 
bar. Piston to be fitted should be checked with a micrometer, 
measuring just below the lower ring groove and at right angles 
to the piston pin. The cylinder should be bored to the same 
diameter as the piston. 

If a micrometer is not available to measure the piston, the 
cylinder should be bored .002' less than the oversize piston to 
be fitted. For example, when fitting a .020' oversize piston, 
the cylinder should be bored .018' oversize. 

Cylinder hone. After the cylinder bores have been rebored 
within .002' of the size desired, they should be finished and 
polished with a hone. This is an expanding type hone, with the 
blades or stones expanding when nut on top is turned. 

The hone is placed into the cylinder bore and expanded until 
it can just be turned by hand. The hone is then operated up 
and down and rotated clockwise in the bore until it begins to 
run free. Then the expanding nut on the top of the hone, is 
tightenc<l and the hone again operated in the bore until it runs 
free. During this operation kerosene should be used as a cutting 
fluid to ke^ the stones of the hone clean. This same procedure 
should be followed until the piston being fitted can be pushed 
through the cylinder on a .002' feeler, using a light pressure, 
and will lock with a .003 ' feeler. The feeler gauge must he placed 
between the piston and cylinder roaU one-quarter of the way 
around from the piston pin ends, or at ri(ffit-angles to the piston 
pin.. Do not exert heavy pressure on the piston when pushing 
it into cylinder bore to check the fit with a feeler gauge. 

Cylinder ring-travel ridge, or shoulder is removed during the 
cylinder reconditioning procedure. If cylinder bores do not 
r^uire reconditioning remove the ridge before installing new 
rings. See page 833. 

Piston pin. Chevrolet pistotu are sold with the piston pin 
bushings and piston pins fitted in them. Very seldom will it be 
necessary to replace the piston pins due to the bushings be¬ 
coming excessively worn, but should this operation become 
necessary it will bo necessary to roam the piston bushings as 
outlined in the Shop Manual. The proper fit of the piston pin 
is a 'Hhumb push fit.” For Chevrolet tools see ”Tools*^ p. 601B. 

’For address of manufacturers of cylinder reconditioning 
machines and tools see pagM 694, 818. Jobbers as mentioned on 
page 686 supply automotive eouipment of all kinds and can 
give you advice and recommendations. See your jobber. 

Cylinder reamers formerly shown on this page were deleted 
—See footnote 2, page 821. 


Ricardo cylinder bead subject, formerly on this page, is now on page 806, 
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Lubricant: One-half cylinder oil and one-half kerosene mixed 
is proper for lubricating. Do not run hone dry, 

Rnbbing stones are necessary to sharpen honing stones and 

remove the iron which fills the p^res of the stones, causing them 
to stop cutUiM. Fast cutting requires frequent use of the rub¬ 
bing stone. Rubbing stones are made of a harder texture than 
cutting stones and werefore will remove this metal thereby 
renewing the cutting surface of the honing stones. 

Instructions for Operating Hone 

1. To prepare block for honing, remove head, oil pan (or inspec¬ 
tion plate), pull pistons, and clean block with keroeene. 

2. Measure cylinder careftiUy with dial indicator gauge to 
determine how much taper or out-of-roundnees exists and 
to what oversixe to hone. 

3. Protect the bearings and crankshaft and other parts from 
grindings, if work is done in chassis, by placing a wet rag 
around them, or covering them with heavy grease. 

4. Insert short coarse stones in lower part of stone carrier and 
tighten screws (Fig. 33). 

6. Wash and lubricate stones and cvlinder wall with one-half 
kerosene and one-half cylinder oil. After this, insert hone 
in cylinder and drive with electric drill which usually is 
suspended overhead on a flexible spring for a Ford inner 
tube). Work hone up and down the cylinder. 

6. A thirty or sixty-second run is sufficient. Remove hone and 
measure, especially when using spring pressure. To aoply 
spring pressure, screw upper flange nut (D) down in a left¬ 


handed direction until hone is expanded within 1/16'' of cylin¬ 
der diameter; then hold upper flange nut (D) and screw 
lower flange nut (B) down in a right^anded direction until 
stone carriers are expanded against the cylinder wall with 
sulfioient j^essure to slow down drill sufliciently to speed up 
cutting. Fast cutting demands plenty of pressure, and at 
the same time speed is essential when using spring pressure. 

7. After having roughened out cylinder with spring pressure, 
removing most of the taper, then free the spring pressure and 
with a hone set in upper part of cylinder apply solid pressure 
sufficient so that drill wilijust drive hone at an average roeed. 
Apply power and work hone up and down until you t^l it 
freeing up. If a tight spot in any given part of cylinder is 
felt, this shows a sUghtly smaller diameter and hone should 
be run at that point, increasing pressure if necessary, until you 
do not notice any change in drill speed at any point. When 
drill speed is even all the way down, cylinder should be 

g &rallri. Use a dial indicator gauge to determine variations. 

e careful to not allow stones to pass out of top or bottom of 
cylinder more than an inch at any time. 

8. A liner stone is installed to finish and polish cylinder and size 
.00r' to .0015" should be all that finishing stones are required 
to remove. 

0. On closed cylinder heads where it is desired to remove a ring 
ridge and not cut any of the other part of cylinder wall, wooden 
blocks can be made or purchased to fit upper part of stone 
carriers, thereby allowing operator to use a stone about 1" 
Iqng, that has anywhere from to of surface coming 
in contact with the cylinder wall or ring ridge. 

10. Clean cylinders and parts with kerosene. 


ENGINE RECONDITIONING PROCEDURE > 


A general engme rebuild usually consists of first 
checking the various parts and then properly doing 
the work of reconditioning the part if worn as 
follows: 

1. Check cylinder for wear, taper and out-of-round 
condition. (See page 814-B). 

Recondition by grinding or other process; this 
should insure proper alignment of cylinder bores 
with cylinder base. When enlarging cylinder new 
oversize pistons and rings are necessary and 
should be properly fitted as explained on pages 
814B and 833B. 

2. Check crankshaft for wear, out-of-round journals, 

for cracks or flaws and straightness. pages 

791, 784A.) 

Recondition by grinding; this insures it belhg 
round and strai^t and having journals in line. 

3. Check main bearings as explained on pages 784, 
784A. 

Recondition by align reaming or boring with 
adjustable pilots or fixtures that will insure perfect 
pai^el alignment from the original crankcase 
bore.* 

4. Check connecting-rod bearings as explained on 
page 803. 

Recondition by align reaming, or boring with 
reamers or align boring fixtures that will give 
uniform distances between piston-pin center and 
bearing center and also align the rod and piston 
assembly as per page 803.* 

6. Check valves as explained on pages 767-770. 
Recondition as explained on page 776D. 

After reconditioning an engine it should be 
thorougUy cleaned inside and outside, then run-in 
as expired below and on pages 833A, 833B. 

Care of a New or Reconditioned Engine; 
Glazing the Cylinder Walls 

When an engine is new or has been reconditioned 
enlarging cylinders and fitting new pistons and 
rings the cylinder walls and tings are soft and care 


should be exercised, particularly at first, to use lots 

of oil and a light blue smoke should come from the 
exhaust for the first few hundred miles and by no 
means should the engine be overheated by running 
car at a high speed. 

Many manufacturers, who hone cylinders and 
crankshaft journals, state that this process is equiva¬ 
lent to running-in. W hile this may be true, it is 
advisable to use plenty of oil and to run at slow 
speeds for the first few hundreds of miles. 

As previously stated on jiage 812 and as discussed 
on page 814, the wear on cylinder walls is usually 
where the rings travel and this wear in most in¬ 
stances is found to be near the top and the reason is 
traced principally to insufficient lubrication and also 
to a thrust action. 

Cylinders usually are made of soft cast iron, like* 
wise the piston rings are made of soft material and 
it would seem that friction of the rings on the (jylin- 
der walls would result in excessive wear, W'^hile 
there is some wear, it should not be excessive provid¬ 
ing the cylinder walls are properly lubricated and 
means for proper lubrication of the cylinder walls 
are now taken care of with oil control rings (see 
page 826), that is, lubrication is provided but not to 
excess. 

Cast iron will become glazed or case hardened 
when rubbed with other metal while properly 
lubricated and it is this glaze that is desired. 

*Por the address of manufacturers of tylinAer reetmAiixonino 
maehines and tools sec pages 694, SI8. Jobbers as mentioned 
on page 686 supply automotive equipment of all kinds and are 
in position to assist you in selecting proper equipment. See 
your jobber. 

'^'Predslon insert (interchangeable) bearings are now used 
on most of the present day cars as stated on p. 786. For typea 
of engine and main connecting rod bearings see page 785. For 
manufacturers of bearina boring machines for servicing the 
"renumihle'' or ^'direct babbitted'* type bearings see page 7S4A. 



INSTRUCTION No. 71 

PISTON RINGS: Types, Construction, and Fitting; Piston-Ring Gap Clearance 
Piston-Ring Groove Clearance; Measurements of Piston Rings; Standard 
and Oversize Piston Rings; Testing and Fitting Piston Rings 

PISTON RINGS ‘ 2 


A piston must be fitted with piston rings. The 
piston is slightly smaller than the bore of the 
cylinder, in order that it will not stick to the cylinder 
wall (termed “seizing”)> when it becomes hot and 
expands. See page 807 explaining purpose of piston. 

The purpose of the piston ring is to fill up or seal 
the gap clearance between the piston and cylinder 
walls, preventing the high-pressure burned gases 
escaping into the crank case during the power 
stroke* and an excess of oil working into the com¬ 
bustion chamber. 

As these gases are under pressure, it is necessary 
that the rings not only fit snugly around the cylinder 
wall, but in the grooves of the pistons as well; other¬ 
wise the gas and oil work through behind the rings. 

Since the rings present small wearing surfaces, 
they bet^onie undersize in time. See pages 824B, 
S33A about care of a new engine until cylinders and 
piston rings got their glaze. 

Piston rings also lose their pressure after long use 
and cease to press against the cylinder wall all 
around, and the compressed gases escape between 
cvlinder wall and ring. If worn in groove, or if 
there is a loose fit in groove, a leak w ill occur around 
the ring. 

Some piston rings are heat-treated after tiicy are roughene<l 
out of the castings and before tiiey are finislied. (This also 
applies to pistons; see Questions .‘I, 4 pages 809, 810 and Question 
16, page 817.) 

To insure maximum power, together with mini¬ 
mum oil and gas consumption and the best all-round 
satisfaction, the rings should be renewed wherever 
oil or gasoline consumption becomes excessive or 
tests show leaky piston rings (excessive “blow-by”) 
or loss of compression (see pages 829 and 766-769). 
Definite mileage figures for satisfactory piston-ring 
life cannot be given. (See also p. 814B.) 

Ring grooves are cut in the w all of the pistons for 
the rings. The grooves arc slightly wader than the 
ring. See Fig. 17. They should fit freely but with¬ 
out side play. 

If the groove is too large, there will be a compres¬ 
sion leak between the groove and the ring. If too 
narrow, the ring will stick in the groove and will not 
exert its pressure against the cylinder wall. 

The fit of the piston ring in the ring groove is vexy 
important. If the ring nas considerable up-and- 
down motion in the ring groove, it will shift up as 
the piston goes down, drawing oil under and behind 
the ring. It shifts down as the piston goes up, and 
forces the oil collected out over the top of he ring, 
and in this way acts as a small oil pump. Quite a 
lot of oil can be pumped into the combustion cham¬ 
ber in time. When the rings are worn the gas has 
an unobstructed path behind the ring. See I, Fig. 
28, page 767. 

^ This instruction has not been revised for some time. 

* Follow manufacturer’s latest instructions for fitting and 
clearances. See page 690 for literature on piston rinffs. See 
also page 814B; also page 828 (piston rinff and skirt expanders). 
There may be a slight mscrepanoy between index ana text on 
pages S25-837 


It is important that a piston ring exert equal pres¬ 
sure against the cylinder wall at all ^ints of its 
circumference. Right here is one of tne most im¬ 
portant duties of a piston ring. If it fails to do this, 
then the part of the ring which does not press against 
the cylinder w all is bound to permit the compressed 
gas to pass into the crank case and oil into the com¬ 
bustion chamber, causing a loss of compression, re¬ 
sulting in a loss of power, fouled spark plugs causing 
misfiring and carbon deposit. 

Requirements of a piston ring: (1) j^rmanent pres¬ 
sure; (2) uniform w’all pressure; (3) not too much 
pressure to cause undue wear and friction, but 
enough to seal the clearance; (4) maximum flexi¬ 
bility; (5) oil control; (6) gas-tight at all times. 

The ring gap is provided on all rings for three 
purposes: (1) to permit assembling rings on the 
piston; (2) to permit the ring to expand, owing to 
its elasticity, and to exert pressure against the cylin¬ 
der walls; (3) to permit expansion of the ring when 
heated, without causing it to seize cylinder wall. 
As the ring expands, because of heat, the gap de¬ 
creases. 

Cylinders are bored and honed or ground as the 
case may be, for the purpose of making the bore 
round, smooth, and straight, so that an accurately 
machined piston ring will fit perfectly and conform 
to the cylinder without setting up any severe forces 
while in operation and thus sealing the clearance 
between the cylinder wall and piston and holding a 
maximum compression. 

For many years, various manufacturers have tried 
to make a piston ring to fit properly an out-of-round 
and tapered cylinder, and consequently the “flexible 
type” of piston ring was originated. 

Many repairmen are of the opinion that if a 
cylinder bore is round, smooth, and square with the 
base, the connecting-rods aligned and perfect ring 
grooves in pistons, an accurately and properly made 
“one-piece-ring,” often termed a plain ring, will give 
perfect service with proper lubrication. 

This does not mean that only the plain one-piece 
ring should be used. Flexible rings of proper con¬ 
struction could probably be used with greater effi¬ 
ciency than the one-piece ring under some conditions. 

Material: Piston rings are usually made of cast 
iron, and manufacturers have different formulae and 
treatment. 

There are usually three or four piston rings, some¬ 
times more. 

Practically all pistons are equipped with one or 
more oil-control rings placed in the lower ring 
grooves. Oil drain holes are usually drilled in these 
grooves. Sometimes one oil-control ring is placed 
below the piston pin. 

♦Termed “blow-by” which increases temperature of et^ine 
oil, decreases compression and causes loss of nower. There is al¬ 
ways some “blow-by." At high speeds “blow-by" increases. 
Defective rings, pistons and cylinder bores increase the amount 
of “blow*by" at all speeds. See also pages 168,833. 
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Racing engines often use one or two piston rings. This 
permits better lubrication at high piston speeds because of the 
minimum amount of ring contact. 

Piston rings are known as ^^compression rings,” 
and “oil-control rings.” 

To avoid oil pumping^ and oil-soaked spark plugs, 
oil-control rings, such as per Fig. 4, are fitted; or oil 
holes may be drilled in the ring groove, as shown in 
Figs. 4B, 4C, and 5 A, and fitted with oil-control 
rings, as shown in Figs. 4A and 5. 

The ring land between the first and second ring 
grooves should never be drilled, as this releases the 
compression and only the top ring will be holding 
the compression. 

The three types of piston-ring joints generally 
used are shown in Fi^. 1, 2, and 3, and are known 
as a bevel or miter joint, the step-cut joint, and the 
butt-joint (see Fig. 3). 



Termed a ••step-cut” 


Fig. 1. A plain one-piece piston ring 
with a beveled joint (M) cut slantwise. 
Termed a “miter cut” or “diagonal” 
joint or “bevel joint.” 

Fig. 2. A plain one-piece piston ring 
with stepped or lapped joint (S). 
or “lap-joint” ring. 


Classification of Piston Rings 

Piston rings are of two types; compression rings 
and oil-control rings. 

Compression rings serve the purpose of sealing 
the clearance between cylinder wall and piston to 
prevent gas leakage, and where placed in the lower 
part of skirt they also help to prevent piston slap 
to a certain extent. 

Oil-control rings are employed to control the 
amount of oil reading the combustion chamber and 
as a measure of oil economy. 

The piston rings in most general use are of the 
plain one-piece type which may have either step-cut, 
miter, or butt-joints. 

In order to obtain more satisfactory results from 
cylinder walls that are “slightly scor^, tapered, or 
out of round, several patented flexible rings have 
been devised. 

The primary purpose of these rings is to create 
equal pressure against the cylinder wall at all points 
of circumference or to prevent leakage at joints by 
various methods. Patented rings are of one, two, or 
three-piece type. 


Compression Rings 

There are a great many different makes of piston 
rings. A few as examples will be shown here. The 
one-piece and two-piece types are shown. There 
are a number of rings of the three-piece type. 


' Oil pumpliia U iometimes due to misaligned connecting 
TodSp Ute viilve timing, or loose bearings in pressure lubricated 
engines permitting more oil to be sprayed into cylinders than 
piston rings can return to crankcase. See also “How piston 
rings pump oil” and “piston ring pounding” at bottom of page 


> Follow manufacturer’s latest iostructkms. See also foot¬ 
note, page 826. 


O c:> 

Fig. 3 (left). A plain butt-joint, one-piece type of ring. 

Fig. 3A (right). A plain step-cut joint, one-piece type of ring 
termed a quick-seating ring—purpose, to seat within a short 
time—25 to 60 miles instead of 500. Note the serrations or 
grooves around the circumference of the rin#^. The depth of the 
serrations determines the quickness of seating; if too deep, the 
wear of ring is rapid and of shorter life. 



Fig. 3B (left). A hammered step-cut joint one-piece of 
ring. Illustration is that of the ‘^American” hammered ring. 
Note that the inside has been hammered or peened with hammer 
marks. The makers claim that this operation causes the ring 
to exert equal pressure at all points of its circumference. There 
are several other makes hammered rings; for example, the 
“iliehmond,” etc. 

Fig. 3C (center). A double-step interlocking-joint concentric 
patented one-piece type of ring, the “Gill.” 

Fig. 3D (right). A two-piece patented ring, the “I^eak- 
Proof.” The manufacturers claim it creates even outward ex¬ 
pansion all around the ring, thus maintaining equal pressure 
against the cylinder walls. 


Oil-Control Rings 

Examples of oil-control rings to overcome oil 
pumping or an excess of oil reaching the combustion 
chamber are shown below. 




Fig. 4 (left). The “Superoyl” patented piston ring to control 
oil. For use where there are no oil holes drilled in piston. A 
small oil groove (G) or reservoir is cut around the lower edge of 
this concentric ring, providing a scraping edge (end view is 
shown in center illustration). 


The principle of this ring is that its special reservoir (G) col¬ 
lects excess oil from the cylinder wall on each down-stroke and 
empties itself on each up-stroke. It is a concentric type of ring 
with bevel-cut joint. 

Fig. 4A (right). The “Ventilated Superoyl” patented piston 
ring. A combination of the oil scraper principle by means of 
groove (G), and with ventilating slots (S) through the face of 
the ring to reduce further the oil pumping; a concentric-type 
step-cut joint one-piece rinp. These rings are used only where 
pistons have holes drilled m the grooves so that the excess oil 
can drain through the drilled holes in the piston. 


Figs. 4B, 4C. Instructions for 
installing Ventilated Superoyl rings: 
On pistons with three or more ring 
grooves above piston pin install in 
first groove above pm (Fig. 4B, 
left); on pistons with two grooves 
above pin, install in groove below 
pin (Fig. 4C). 

Always drill vent boles through back of groove in which this 
ring is installed. Drill at least V^-inch holes spaced ^ to 1 inch 
apart. The holes may be drilled at right angles to wall of 
piston (straight through), or they may be at an angle sloping 
down at the inner end.* 

Always install with oil-scraping noove (G) fadng downward 
toward bottom of ring groove. (Manufactured by MoQuay- 
Norris Mfg. Co.), 




Fig. 5 (left). The “Teetor Perfect Circle” oil-regulating 

K tented piston ring. Groove (A) is turned on the face midway 
tween tne edges which is a trap for the surplus dl that tends 
to pass the face of the ring. At equal intervals in this annular 
groove, slots (B) ars milled through tbs body pf the ri^ oon* 
necting the groove with the cavity behind the ring. Tbs oU 
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which fin* groove C^) ie distributed over the cylinder walls as 
required and the surplus drains through the slots (B) and then 
back to the crankcase through oil-drainina holes which are 
drilled in the lower ring groove or grooves of the pistons. 

Fig. 5A (right). Instructions for installing Teetor rings are 
as {(ulows: (1) Oil-dridning holes must be drilled in the ring 
groove of piston which carries the oil-regulating ring. The 
location of drain holes on four different designs of pistons is 
indicated by the arrows on the piston diagrams above. Drill 
these holes apart at lower edge of groove, being careful not 
to damage the groove. The holes should be drilled at right 
angles to side of piston. For groove use 3/32'' drill No. 32; 
for3/16"grooveuse 6/32" drill No. 22; for K''groove use3/16" 
drill No. 12. (2) Joint or ring«gap clearance: .003" for every 

inch of cylinder diameter (3" bore, .009" clearance; 4" bore, 
.012" clearance). (Manufactured by The Perfect Circle Co.) 

Fig. 5B. The “No-Leak-0" oil-control patented 
ring: The square edge of piston ring groove at (B), 
(C) scrapes oil from cylinder wall on the down-stroke, 
and the sloping face of groove distributes oil again 
on the up-stroke. This groove of oil conforms to 
any low spots in the cylinder, sealing them against 
escape of compression or surplus oil. 

Top ring (A) is inverted. This is done to prevent 
refuse or unburned gas from getting down into the 
crankcase. The ring reversed in this manner func¬ 
tions just the same as the bottom rings do in con¬ 
trolling the oil; that is, this top ring traps the refuse and con¬ 
stantly pushes it back into the combustion chambers where it 
is eventually burned or blown out through the exhaust, but 
prevents this refuse from getting down into the crankcase, 
thinning out the oil. (Manufactured by The Piston Ring Co.) 

There are a number of other good oil-control rings on the 
market. Space prevents giving more examples. See list of 
some of the piston-ring manufacturers, page $33B, and write for 
circulars.* 

An inner ring is another device intended to stop oil pumping 
and also piston slap. It is shown in Fig. 5C. 

O Fig. 6C. The Ramco cushion inner ring. 

Made of heat-proof tempered Swedish sted. 
The inner ring (I) fits behind the regular piston 
ring (R), and is intended to maintain uniform 
ring pre.ssure on cylinder walls. (Made by 
Ramsey Accessories Alfg. Co.) Another make of iimer ring 
is the “Apex," made by Thompson Mf^. Co. The “Simplex" 
and “Panyard" (not shown) are expanding type of piston rings 
designetl to fill the ring groove as well as to conform to cylinder 


Fig. 6 . Ford* piston rings. These are two 
compression rings above the piston pin and one 
oil ring below the piston pin, and they are 
tapered, that is, they are machined .003" taper 
on the face of the ring. This insures the ring 
w'earing so as to conform to the cylinder walls 
in the shortest possible time, and, when as¬ 
sembled with the word “Ford" up (stamped on 
upper side), the ring presents a sharp edge to 
the cylinder wall on the down-stroke and an 
incline on the up-stroke. The incline ride-s over 
the oil, while the sharp edge pushes the oil 
before it, thus preventing the oil from working 
into the combustion chamber. Ford rings are mitre-cut. 

While all rings control oil due to taper, the taper in time 
wears off. To control oil, the bottom ring groove is chamfered 
at its lower edge; on up-stroke ring moves to bottom of 
groove and oil passes above and behind ring; on down-stroke 
ring moves to the top of groove and oil passes out at bottom 
over and around chamfer^ edge lubricating cylinder walls. 

Ford ring-gap clearance: Before new rings are installed, the 
gap between the ends of the ring should be checked. To do this 
place the ring in cylinder as shown in Fig. 16 and check with a 
thickness gauge. The top rings are checked at the top of the 
cylinders. In a car which has been in service for seme time, 
the bottom ring should be checked at the bottom of the cylinder 
(cylinders sometimes wear slightly taper). 

The ring-gap clearance for the top ring should be .012" to 
.015": the center ring .010" to .012", and the bottom ring 
.008" to .010". If the gap is too small, the ends of rings can 
be filed, as explained farther on. 




Concentric and Eccentric Piston Rings 

The concentric ring (Fig. 7, left) is one of equal 
thickness throu^out its entire circumference. 

The eccentric rinp; (Fig. 8, right) is made eccentric 
(thicker) at one pomt, as shown at (e). 


O Some manufacturers claim 
that the concentric ring will 
maintain equal pressure un< 
der heat, if made of the right 
material, and others claim 
that the eccentric ring is the 
best. See Question 6 and answer, page 833B. 

Measurements of Piston Rings 

Manufacturers differ as to the measurements of a 
piston ring. A gauge is generally used for this pur¬ 
pose. 

One type is a cylindrical gaugej in which the piston 
ring is fitted. For instance, this gauge would rep¬ 
resent, say, a 3J^" cylinder bore, and when the 
ring fits into this gauge with a certain opening of the 
ring gap it would be a 3J^" ring. Thus it will be 
observed that a ring is not measured by closing it 
tightly and measuring its outside diameter, but, in 
other words, the gap opening of the ring must be 
considered. 

For example, suppose the manufacturer recom¬ 
mended a .002" diametrical clearance of piston ring 
so as to allow for expansion when heated. 


Fig. 12 
(left.) 


Fig. 13 
(right) 


The term “diametrical clearance*^ means the dif¬ 
ference between the diameter of the cylinder wall 
(the bore) and the outside diameter of the piston 
ring (gap closed). In Fig. 12 the diametrical 
clearance is the distance (B) minus the distance (A). 

The term “radial clearance” means the radius of 
the cylinder minus the rjidius of the piston ring. In 
Fig. 13 it is represented by (B-A). It would bf 
.001" in this example. 

filNG OPCN 

RING aoseo .006** 


Fig. 14 Fig. 15 

Therefore a ring that was rated as of a 3 J^" diam¬ 
eter would, when closed (Fig. 14) measure 3J4" 
less about .002" in diameter, or, in other words, if 
the ring were allowed to open about .006" in its gap, 
it would measure 3 (Fig. 16), because a difference 
of .002" in diameter equals a difference of .(X)6" in 
circumference (.002" x 3.1416" = .0062832"). 

Piston-Ring-Gap Clearance 

If the ring is out of the cylinder, it would approxi¬ 
mately measure on its outside diameter, if com¬ 
pressed to about a .006" open gap, 3 J^", as shown in 
Fig. 15. If in a cylinder of bore, the gap would 
be approximately .006" (when stationary and not 
running). 


1 Other makee of piaton-ring gaiues; Universal Circular 
Gauge Co., San Francisco, Cal.; D. F. Dunham, Los Arises. 
Cal.; Wilkening Mfg. Co., Philadelphia, Pa. * Refers to Ford 
Model “T", s See also, p. 690 for literaturf on puton rinoB, 
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When engine is in operation, the piston-ring pp 
would almost close, due to expansion of metal when 
heated. This expansion is really an elongation. 

This gap must not close entirely otherwise ring 
ends wiU Dutt together and cause ring to buckle 
I’csulting in scoring of piston ring and cylinder wall. 

Hence the importance of the exact gap clearance 
which should be ascertained from the piston-ring 
manufacturer when ordering or fitting piston-rings. 

Method of finding the ring-gap clearance in the 
opening of the ring is shown in Fig. 16 


16. To measure ring-gap clearance, place the piston 
without rings into the cylinder. Then slip the ring into the 
cylinder behind the piston. It may be nece.ssary to slightly file 
the edges of the ring to do this, as some rings are oversize w hen 
new. Pull the piston up against the ring in order to square the 
ring up in the cylinder. If the cylinder is worn, it is usually 
where the rings travel; therefore fit it to the smallest part. A 
thickness gauge is then applied, as shown. 

Fig. 17. Measuring ring-groove clearance. The measure¬ 
ment is made above or below the ring when in the groove. See 
page 829, "The width of the ring groove.” 

It is recommended that the ring manufacturer’s 
specifications be followed. Clearance depends upon 
the type of ring, character of material and conditions 
under which it operates For example, a quick¬ 
seating ring may be given lc.ss gap clearance than a 
ground ring and engines operating at a high tempera¬ 
ture for long periods of time, such as engines on fire 
apparatus would probably be given more clearance. 

In the absence of explicit instructions from the 
piston-ring manufacturer, a minimum gap clearance 
of .003' for each inch of cylinder diameter should be 
allowed: .004' per inch for top rings. (The top ring 
is usually given slightly greater clearance at ^ap 
to allow for increased expansion, owing to its being 
exposed to greater heat.) 

If the space between the ends of the ring is less 
th^ the clearance desired, the edge can be dressed 
with a fine file, as explained farther on. 

The usual method of ordering piston rings is to 
measure the diameter of the piston and the width of 
the groove, and to state the make of engine. The 
manufacturer has a list to which he refers, and can 
then give the proper ring. The best plan is to 
measure the cyhnder bore with an inside micrometer 
at the smallest diameter. 

Standard and Oversize Piston Rings 

New cylinders are perfectly round, and of the 
standard bore; therefore the standard-size piston 
rings should be used. 

When cylinders have been reconditioned by one 
of the methods of enlargement, oversize rings cor- 
r^ponding to the enlargement should be used. 
Piston rings are available in oversizes corresponding 
to the standard oversizes for cylinders and pistons: 
0.005;', 0.010". 0.015". 0.020'^, 0.030" and 0.040" 
oversize. If the cylinder has been enlarged 0.010", 
the piston rings should be 0.010" oversize, etc. 

When cylinders have not been reconditioned, it 
is frequently possible to improve engine perform¬ 
ance by installing new piston rings of the same size 
as that to which the cylinder was last enlarged. 
If the cylinder has never been enlarged, stanmu’d 


rings should be used. If the cylinder has been en¬ 
larged to 0.015" oversize, use 0.015" oversize rings, 
etc. To determine the size of the cylinder, the 
micrometer should be placed at that part of the 
cylinder in which the rings do not travel. Replace¬ 
ment of piston rings alone is only justified when rings 
have been worn considerably but the cylinder is not 
badly worn. Experience and judgment are necessary 
to determine when this method is advisable. 

Oversized rings in worn cylinders: It is not good 
ractice to instal oversize rings in cylinders that 
ave not been enlarged to a corresponding oversize. 
In other words, cylinder wear cannot be rectified by 
installing piston rings which were made to a larger 
oversize. Oversized piston rings in a worn cylinder 
may lock and cause damage. 

Installing piston rings in worn cylinders: Maiw 
patented piston rings are available which will 
render reasonably satisfa(’b)ry service in worn 
cylinders without the necessity of enlargement, pro¬ 
viding the cvlindor taper or out-of-round is not 
excessive. (See also, p. 814B). The best results 
from badly worn cylinders are olitained by proper 
cylinder enlargement and fitting of new oversize 
pistons and rings. 

Piston King and Skirt Expanders 

Patented spring-expander type piston rings are 
available which, according to the claims of their 
manufacturers, will render satisfactory service in 
worn cylinders (up to certain limits, as specified in 
their literature) when properly fitted to old pistons, 
without the necessity of cylinder enlargement and 
replacement of pistons. Their use is justified when 
the expense of a complete enlargement job cannot 
be considered. 

Piston skirt expanders arc frequent^ used in 
split-skirt aluminum-alloy pistons to offset piston 
wear or collapse (closing up o the split in the skirt). 
They are frequently used together with spring- 
expander piston rings. (See also page 833B for 
another method of resizing aluminum-alloy pistons.) 

The ridge at the top of the ring travel in the 
cylinder should always be removed when installing 
new piston rings. (See p. 833.) 

Partial honing of the cylinders to decrease taper 
will improve the performance of jobs in which 
piston-skirt expanders are used. This is not a sub¬ 
stitute for complete cylinder enlargement. 

Installation of spring-expander piston rings and piston-skirt 
expanders, together with grinding valves, fitting new piston 
pins, check up of connecting-rod bearings, and the usual engine 
tune-up of checking the ignition an carburetion, constitutes 
thii type of engine overhaul job. For literature on this subject, 
see page 690 under Piston Skirt and Piston Ring Expanders. 

Piston Ring Groove Clearance 

The ring should be rolled around the ring groove 
in the piston, as shown in Fig. 26 page 832. The 
proper fit of a piston ring in a groove is that which 
permits the ring to fit snugW without binding or 
sticking at any point. The fit should be just Tull, 
so that the ring can be turned around the piston 
with the fingers. When it is loose or sloppy in 
its ring groove, there is danger of lubricating oil 
getting behind the ring and traveling to the combus¬ 
tion chamber^ resulting in the formation of carbon 
and in gummmg the ring. 

Extreme care should be taken to see that the groove is clean, 
and that the wall thickness of the ring is not greater than the 
fiopth of the ring groove. Therefore the outer edge of the ring 
should not extend above the edge of the piston at any point 
when placed in the groove. See also p. 833. 

To measure ring-groove clearance (see Fig. 17). 
Remove all grit and see if the groove walls are 
straight and not worn. 
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If « ring grooTO is not straight and becomes worn V-ehaped, 
the piston can be put in the lathe and trued up and then groove 
widened to take a wider ring. See'page 833. 

The reason ring grooves wear V-shaped is that when the 
piston travels up the ring has a tendency to move down, and 
when the piston travels down the ring moves up; and if not 
properly lubricated this rapid up-and-down motion wears both 
the groove and ring. 8ee bottom of page 832 on this subject. 

If the ring is slightly tight or wide for the groove for which it 
is intended, this difficulty can be overcome by the use of a piece 
of fine emery cloth tack^ to a flat surface (Fig. 30, page 8:13). 
8ee that outer edge of ring groove is not "burred,” if so, round 
off edge of groove slightly with a fine file. 

Piston ring width: Ueconimended standard widths of com¬ 
pression rings are 1/8” for cylinder diameters of 2” to 4 7/Hi” 
and 5/32” for cylinder diameters of 4 1/2” to 5 7/10”. The 
actual width is slightly smaller than the size by which it is 
known; the 1/8” ring is not actually 0.1250” wide but is 
0.1235” to 0.1240” wide and the actual width of the 5/.32” ring 
is 0.1546” to 0.1550”. Some manufacturers use 3/32” riug.s hav¬ 
ing an actual width of 0.0925” to 0.0935” (see page 1054B). 
The recommended widths for oil rings for cylinder diameters of 
2” to 4 7/16” is 1/8”, 5/32” or 3/1(5” (0.1855” to0.1865”); for 


cylinder diameters of 4 1/2” to 5 7/10” is 5/32”, 3/16” or 1/4” 
(0.2480” to 0.2490”). 

The width of the ring groove in the piston should be a mini¬ 
mum of 0.001” to 0.0015'^moro than the width of the ring except 
for the top compression ring which should have a minimum 
clearance of 0.0015” to 0.002”. 

The thickness of piston rings increases as the cylinder 
diameter increases. Some typical standards are: for 2 1/2” 
bore, the pi.ston ring thickness is 0.116”; for 3” is 0.135”; for 
3 1 /4” is 0.145”; for 3 1/2” is 0.150”; for 3 3/4” is 0.160”; for 
4” is 0.165”; for 4 1/2” is 0.180”; for 5” is 0.195”. 

The depth of the piston-ring groove is determined by specify¬ 
ing the maximum diameter measured at the bottom of the ring 
groove. The diameter for oil ring groove is 0.040” less than for 
compression ring grooves (the groove is therefore 0.020” 
deeper). The groove diameter for aluminum pistons is le^^s 
than for cast iron pi.stons, that is, aluminum pistons have deeper 
groovc.s. The groove diameter for 2 1/2” aluminum pistons is 
0 00.5” leas than for cast iron and for 5” pistons is 0.010” le.ss. 
Some typical diameters for compression ring grooves in cast 
iron pistons are 2.210” for 2 1/2” cylinders; 2.698” for 3” 
cylinders; 3.166” for 3 1/2” cylinders; 3.634” for 4” cylinders; 
4.102” for 4 1/2” cylinders; and 4.570” for 5” cylinders. 


PISTON-RING TROUBLES, TESTS AND REPAIRS 


If the rings do not fit the cylinder wall with equal 
pressure at all points, there will be a loss of compres¬ 
sion and a smoky exhaust. 

If the rings are exerting equal pressure, they will 
be smooth and shiny, as will also the cylinder w^alls. 

If the rings are dull, and there are spots or streaks 
on them, it will indicate that the flame from the 
combustion pjis.ses between t he pi.ston rings and the 
cylinder wall, leaving a sooty (leposit and perhaps 
burning them. The compression will pa.ss the ring 
thereby reducing power of engine. 

Causes of I./Caky Piston Rings 

1. Rings sticking in their grooves because of guminv 
deposit from lubricating oil; rings that are stuck 
in their grooves will usually not press against the 
cylinder walls. 

2. Rings may have become broken. 

3. The joints of the rings may allow the compression 
to escajic. 

4. Ring gap too wide: sec pages 768, 760, 828. 
o. Rings may be worn or cut from lack of oil. 

6. Rings may not be wide enough for tlic grooves, 
or grooves may be worn (see bottom of page 832). 

7. Too light a grade of oil. Too great an oil pres¬ 
sure may cause oil pumping. 

8. The rings may have lost their pressure, due to 
heat. 

9. Rings may be warped and do not seat all around 
on lands. 

Testing Rings and Cylinder for Leaks 

First test compression, as explained on page 767, 
and if compression is weak be sure it is not due to 
some other cause, such as leaky valves (see pages 
769 and 779 for testing piston rings and valves). 

In order to find out if the rings leak, try the piston 
and see if the gas is escaping through the rings into 
the crank case. This can best be accomplished by 
removing the lower part of the crank case, after 
which turn the crank so that the piston makes its 
compression stroke, and listen for a bubbling sort of 
hiss in the crank case.^ Test each cylinder separate¬ 
ly. First determine which cylinder is leaking. 
There is no mistaking this sound, since the crank 
chamber acts as a resonator, and even the slightest 


1 There is a small amount of leak that is audible after oil has 
drained from the piston rings. Do not confuse this with serious 
leaks, as rings depend on an oil se&l to be perfectly gas tight. 


leakage is distinctly audible. (See also pageis 768, 
769, 779.) 

If the sound of gas escaping past the piston rings 
continues for an appreciable time (upward of a 
minut/O or so),^ the chances are that the oil Ls diluted, 
or not the proper grade for engine. 

However, if the escape is of short duration, the 

matter is iiKjrc serious, involving as it may a cracked 
piston, scored cylinder walls, or broken, warped, or 
gummed rings. 

If any of these troubles are suspected crank the 
engine, stopping when piston starts upward on com¬ 
pression stroke, flush then the cylinder combustion 
chamber with an oil-gun full of gasoline, then crank 
the engine on the compression stroke, and with the 
aid of an electric lamp and a small mirror, observe 
the bubbles caused by the escape of the gas about the 
lower edge of the piston. There will naturally be 
no bubbles at this point if the piston head is frac¬ 
tured, but it may be possible to see the crack through 
which the leakage occurs. At any rate, if enough 
gasoline has been left in the cylinder, one will be 
able to sec it trickling down the connecting rod 
or inner piston walls, should such a crack exist. 

If the cylinder walls are scored, one will see the 
liquid at but few points about the lower edge of the 
piston, and, as the gasoline washes the oil away, 
possibly the score marks wall also be seen. 

In case the trouble is with the rings, the bubbles 
will be more evenly distributed about the periphery 
of the piston, and w ill be all of about the same size. 
Should this latter be the condition, use the kerosene 
treatment for gummed rings; this may eliminate 
the leak if the rings are only gummed. If this lat¬ 
ter is not effective, the job is one of replacing 
rings. 

If the gas is escaping through the rings, it will 
be necessary to take out the pistons and to look at 
the rings. If there are black spots on the rings, it 
is evident the gas has been escaping at this point. 

To test a piston for a leak in casting: Set the pis¬ 
ton bottom side up in a pan and pour gasoline 
into the interior of the piston. If there is a hole in 
the piston, the gasoline will seep through it. 

Remedying Piston-Ring Troubles 

Gummed rings: After long periods of running, a 
deposit of eharred, or partially charred, lubricating 
oil is liable to form behind the ring and to interfere 
with its free movement; it is a good plan, therefore, 
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when overhauling the engine, to slip the rings from 
the piston and thoroughly to clean out the grooves.^ 

A kerosene oil treatment to loosen rings: Engines 
have been known to lack power merely from the 
rings becoming gummed up. This trouble can be 
remedied by first running the engine until it is warm; 
then stop it, take out the spark plugs, and pour some 
kerosene into each cylinder, by pouring the kerosene 
through the spark-plug holes. Plug up the holes 
with old spark plugs, and then crank the engine 
several times by hand, so that the oil will work its 
way down around the rings; leave this oil in over 
night, and next morning crank the engine a number 
of times until you think the oil has passed into the 
crank case. Drain the crank case. After thor¬ 
oughly draining, and ^tting in fresh lubricating 
oil, start the engine. The engine will smoke con¬ 
siderably to begin with, but this will soon pass away. 
This will not only loosen up the rings, but will also 
clean any soft carbon that may have become deposit¬ 
ed in tiie combustion chamber. This treatment 
often saves the trouble of fitting new rings, and in 
some cases will make a marked difTerence in the run¬ 
ning of the engine. Be sure, however, to clean out 
all kerosene, otherwise the lubricating oil will be 
thinned. 

If the ring is broken or if it is dtiU and dirty in 
spots and streaks, a new ring or rings must be 
fitted. 

If a ring is cut or scratched, a new ring is neces¬ 
sary. 


If the walls of the cylinder are cut or scratched, 
then rebore, grind, ream, hone, or lap, as dirc<‘ted on 
pages 814-815, and fit oversize rings. 

If the ring has lost its pressure and does not spring 
freely against the walls of the cylinder, it can be 
peened, as shown in P'ig. 18, or a new one installed. 

Remedying Excessive Smoke 

As previously stated, if the rings are leaking, an 
excess of smoke will pass out of the exhaust, as a 
result of the oil pa.ssing the rings and entering the 
combustion chamber. 

Peening Piston Rings 

This operation is for a ring which has lost its 
pressure. A peening hammer should be used 
mstead of the various flat-headed types that are 
used at times for peening a piston ring. The metal 
may be more readily distributed by the blows from a 
peening hammer, which can be directed better, 
since the head is so designed that a large part of 
the surface is not covered at one time nor struck 
by any single blow. 



Fig. 18. Peening a piston ring. It 
is very important in any peening opera¬ 
tion that the surface upon which the 
hammering is done be as flat and hard 
as possible, for any irregularities in the 
shape of the surface plate will be just 
as effective in caxising distortions as a 
blow from a badly shaped hammer. 
One method of providing such a surface 
plate is shown. 


Note: This work should be avoided if possible, by 

installing a new ring. 


1 Tck^ for cleaning ring grooves and applying rings to idstov 
esn be obtained of auto supply houses. 


Removal of Rings 

When working on pistons or rin^s, it is best to 
clamp the piston in a piston vise which has babbitt- 
lined jaws, so as not to distort or mar tlie piston. 

fie careful of handling pistons with light walls, as 

they may be easily sprung, causing piston to be out 
of round. (Fig. 18A.) 

If no piston vise is available the piston and con¬ 
necting-rod may be held in a vise as in Fig. 18B. It 
is best to provide copper jaws or wood blocks in vise. 




Fig. 18A (left). Piston vise with babbitt-lined jaws can be 
obtained of auto supply houses. 

Fig. 18B (right). If an ordinary vise is used, be sure to use 
copper jaws or wood blocks. 


The removal of rings from piston grooves is not 
difficult if a little forethought is taken. To open 
them, it is best to use a pair of very thin-jawed pliers, 
the jaws opening outward (see Fig. 20). A sub¬ 
stitute for pliers can be made from iron wire. 


When the ring is slightly expanded by the use of 
pliers, similar to those shown in Figs. 19, 20, a 
narrow strip of very thin metal (tin or brass will do) 
should be pushed through the opening and worked to 
the opposite side of the slot; then if the ring is 
opened a trifle more, an additional strip of metal can 
be placed near the ends of the ring, when it can be 
worked off quite easily and without any risk of 
breaking it, such as would result from an attempt 
to expand it too mueffi. 



Fig. 10. One method of 
removing piston rings from 
piston grooves. The ring 
w expanded slightly by spe¬ 
cial pliers. Strips of metal 
arc then inserted under the 
rings at equidistant points, 
when the ring can be safely 
slid off. In replacing the 
rings, the lower one is first 
fitted on t)ver the strips, and 
then the other two. 

Fig. 20. Piston-ring pliers. 


Fig. 20A. Another method of re¬ 
moving a ring: Insert the handle end 
of a file, table knife, hack saw blade 
or some similar object under the 
ring near the gap, and raise the 
end of the ring out of the groove. 
While pressing the ring out of the 
groove, lun end of file around pis¬ 
ton until the ring has been com¬ 
pletely lifted out. It may then be 
slipped off the top end of the piston. Before r^Iacing a ring 
the groove should be cleaned of the carbon. Care should be 
taken in sliding a ring over the skirt, especially an aluminum 
piston, to not score the surface. 



Marking Piston Rings When Removing 

The amateur or junior repairman who removes 
the piston rings from a piston for the first time, either 
for examining the piston-ring grooves for sandholes 
or wear, or for cleaning the rings and grooves general¬ 
ly neglects to see that the rings are marked so that 
they may be replaced in theiyjroper grooves. The 
result is that considerable difiiculty olten is experi¬ 
enced in getting the rin^ baok into the piston in 
good order. To avoid this, mark the ^piston rings 
as indicated. 
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e Fig. 21. Mark piston 
and rings when removing 
the rings. 

The ring in the top groove of a piston has one 
notch (N) in the upper, inner edge, opposite the 
diagon^ opening or ring gap (D). This not(!h is 
made with a file and is very small, so as to be just 
visible, but at the same time not deep enough 
to weaken the ring. In a similar manner, the next 
ring below it is marked with two notches, and the 
third ring, with three notches. If more rings are 
used, a corresponding number of notches are em¬ 
ployed to mark them. With rings thus marked 
there should be no difficulty in getting them replaced 
in their proper grooves. Care should be taken, 
however, when the rings from more than one piston 
are removed at the same time. In fact, it is advis¬ 
able to remove, clean, and replace the rings of one 
piston before removing them from others. 



Fitting and Testing a Ring to Cylinder 
After having selected a set of rings, the first opera¬ 
tion is to fit them into the cylinder to see if they 
have the proper ring-gap clearance. Taking one of 
the rings, try very carefully to shove it straight in, 
concentric with the cylinder walls; if the ring is of 
the diagonal slot.or rniter-cut t>T3e (Fig. 1, page 
826) and its diameter is a little large, the ends w ill 
run upon each other, throwing the edges out of 
line; while if a ring with step-cut overlapping ends 
(Fig. 2, page 826) is used, it will not go in at all. 
In such case, the ring ends must be filed (sec also 
page 828, for testing piston-ring gap clearance). 


When trying a ring into cylinder, a simple test 
can also be made at this time to see if cylinder is 
out of round or tapered, by inserting ring into the 
cylinder bore and sliding it up and down the full 
length of the bore of cylinder and watch the opening 
of the ring gap and see how much it opens and closes 
at difTercnt points in the cylinder. 

If the gap varies considerably, it Ls advisable to 
test cylinder with a gauge as shown in Fig. 11, page 
812, and if out of round or tapered up to about 
.005", cylinders may be reconditioned by honing as 
showm on page 816. If over .005" out of round or ta¬ 
pered, cylinders should be bored or reamed and honed. 


If new piston rings are fitted to an out-of-roimd 
or tapered cylinder, the new rings will touch only 
the high spots in the cylinder, leaving a space be¬ 
tween the rings and tlie cylinder walls. 



FiK. 21A. To test the fit of new 
piston rings, proceed as follows: 
slide the piston (P) into the cylinder 
bore (top up). Insert the ring (R) 
into the bore and press it down until 
it rests snugly against the piston at 
all points. It may be necessary to 
file the ends of the ring to do this, 
as all rings when new are oversize; 
however, use care not to remove 
more metal than necessary to make 
ring rest squarely on piston head. 


Slip a thickness gauge (G) between the two edges of the split 
in the ring. If the space between the split Is too close, remove 
the ring and with a very fine file dress the end until the proper 
clearance is obtained. 


Note: This gap on Star car (4 oyl.) is .003" on beveled-edge 
cut ring; on Chevrolet (K, V) the gap between the ends of the 
step cut ring should b$ approximately .006'^; on the Ford, see 
page 827, Fig. 6. 


Filing Ring Gap for More Clearance 

A very simple and effective means of holding a 
ring for filing is shown in Fig. 22. The ring is 


placed on a block of wood and a few small nails are 
driven into the block both inside and outside of the 
ring in such a manner that the ring is held securely 
in place for filing. 



Fig. 22. Filing 
a ring joint: The 

g roove on the 
lock is used when 
reducing the diam¬ 
eter of di^onal- 
ly slotted rings. 


Fig. 22A. A piston ring filing gauge. By inserting the 
reces-sed groove the bevel edges can be filed without danger of 
rounding the edges. 


The heads of the nails are then cut off, the ring is 
removed, and the nails are filed down so that they 
will extend just below the top surface of the ring 
when it is replaced on the block. With the nails 
well plac(?d, there wdll be no danger w^hatever of 
breaking the ring when filing. A thin, smooth, flat 
file is best for this. The ring can also be placed in 
a vise, between vise clamps, and filed. 

The ends must be trimmed off so that when the 
ring is well up into the cylinder there will be the 
proper clearance space betw^een ends (Fig. 16, page 
82s), to allow for expansion caused by heat of the 
explosions. 

Try each ring in the cylinder to which it is to be 
fitted, being sure to have it placed fully up into the 
cylinder where the ring travels. Then measure the 
opening in the ring as described on page 828 (Fig. 
16). If too great an opening is allowed to exist, 
compression can easily escai^e. See page 828 for 
"Gap clearances." 

The ring should be repeatedly tried in the cylinder 
in order that the space may not be filed to exceed 
the dimensions stated. The inside portions of the 
rings near the ends should rest against the nails 
(Fig. 22), in order that they may not be broken 
off when filing tlie slot. 

Having attained the i)ropGr space between the 
ends of the ring, now place a light in the cylinder 
behind it and sec how its face conforms to the W’all 
of the cylinder, and also see if the ring makes full 
contact with walls of cylinder—if not get another one. 

Fit each ring separately and do not forget to 
clean all filings from ring. 

If the ends of the rings are hard butted against 
one another w hen in place in the cylinder, they may 
be buckled by expansion wdien hot, and make start¬ 
ing the engine a two-man job. 

If there is a contact all around, when testing rings 
in the cylinder, the ring is then ready to be fitted to 
the piston; but if the contact is poor, either the ring 
or the cylinder is out of round, leaving space between 
cylinder w all and the ring, as at (C) and (P) in Figs, 
23 and 24. 


If the fault lies in the ring, it can be lapj^ed to a fit, 
or another can be selected; but if the cylinder is 
badly out of round, it will have to be rebored, re- 
ground, reamed or honed. 


Fig. 23. Cylinder out 
of round or ring is not ex¬ 
erting equal pressure at 
all points. Note open 
space at (P). 

Fig. 24. Note space at 
(C). The saixie conditions 
may have existed, or ring 
was sprung when it was reiooved or originally placed on piston. 



A ring which does not fit or seat the cylinder wall 
all around permits oil to pass to the combustion 
chamber and gasoline to pass to the crank case, thus 
thinning the lubricating oil. 
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Lapping a Ring to the Cylinder 

To work or lap a ring to fit the cylinder; Make a 
plug of yellow pine (Fig. 25) to fit easily into the 
cylinder and square one end. Lay the ring on this 
end with a small batten across, secured by a screw 
through the center, but not holding the ring tightly. 

Pig. 25. A handy device for 
testing and fitting the piston 
rings in a cylinder. This device 
consists of a round block of 
wood with a handle on one end 
fitting cylinder snugly. The 
piston ring is placed on the 
other end and is held by a block 
and screw. It is placed in the cylinder and worked back and forth. 

Smear the bore as evenly as possible with a little 
vermilion and lubricating oil mixed to a paste, and 
move the ring to and fro in the cylinder while it is 
held square by the plug. Generally, it will be found 
to bear hardest at eaA side of the slot. File such 
places carefully with a smooth file. See also page 
815, for directions for lapping rings, pistons, etc. 
An old piston can be used for this purpose, but it is 
best not to use the regular piston. Rotten stone 
mixed with oil to form a paste can be used, and is 
preferable to emery (see page 815 for manufacturers 
of lapping compounds). 

Testing Rings to Fit Piston Grooves 

When the rings have been fitted to the cylinder, 
the next operation is to test them for a fit in their 
respective grooves on the piston. Tlie fit of the 
rings in the grooves shoulcf be free, neither tight 
enough to jam, nor slack enough to rock. 

Fitting Rings to Piston 

Piston rings should be laid on a surface plate and 
aligned to see if sprung. Edges should be flat. If 
not, the ring should be discarded. 

If the piston ring is loose due to a sloppy groove, 

•do one of two things: (I) turn the grooves out 1/32" 
larger on the lathe and get rings to fit, or (2) buy 
and in.stall new pistons. Remember, no pi.ston 
ring will function proi)erly if loose or sloppy in^he 
ring groove. 

If the pistons have too much play in the cylinders, 
replace tliern with new pistons. Don’t expect the 
impossible of any piston rings. 

If the bore of the cylinder is found to be worn 
extremely out of round, see if ring is sprung. Throw 
away if so. The cylinder block should be sent to .some 
reliable concern for regrinding or reboring. Such a 
degree of efficiency in that art has been reached that 
a worn cylinder can often be made as good as, if not 
better than, new, and particularly when the repair¬ 
man or mechanic specifies and insists on the installa¬ 
tion of good piston rings. Have the same concern 
fit oversize pistons or rings individually to each cylin¬ 
der at the time the cylinders are ground, as this is 
necessary if the cylinders are enlarged. Where this 
is not possible, secure oversize piston rings and lap 
to fit the cylinder, as explained on pages 815, 816. 

Try each ring in its groove by slipping into the 
groove, and by rolling it all the way around groove 
m the jpiston, as shown in Fig. 26, and make certain 
the ring fits properly in its groove. This is of vital 
importance in controlling o3 pumping and leakage. 

If the ring is too loose, try another ring. If too 
tight dress down as shown in Fig. 30. 

The repairman should also use caution to fit piston 
ring in the groove so that it will lie flat on the ring 
land, making full contact all around. If it does not, 
try another ring, or lap ring to the ring land with very 



fine lapping compound by placing ring in groove and 
working it around. Clean thoroughly afterwards. 


Rittf 


In 


Fig. 26. Testing a piston nng in the pis¬ 
ton groove. The ring should fit in groove 
with about .001" to .002" play, and should 
move freely all around. If the ring is the 
proper thickness, you should feel it drag 
slightly in the groove. If it is too loose, try 
another ring. 

Some repairmen lap the ring in the groove 
by placing grinding compound on the ring 
and rolling the ring in its groove round and 
round until it will roll in the groove by its 
own weight, but without any side shake or 
looseness. 


It is very important that the groove be thoroughly 
cleaned of carbon and gum, which can be done with 
a small screwdriver, some kerosene, or gasoline, and 
a cloth. 


Also be sure that the piston is perfectly round. 

If the piston is slightly oval, squeeze it in a vise, the 
jaws of which arc covered with copper or leaa, or 
tap the piston gently with a niwlude or wooden 
mallet, at it’s greatest diameter. 


The piston ring should fit snugly, as at (A) (Fig. 27), 
but should still be free to slide in and out easily; if it 
binds in any place, dress the 
sides down as in Fig. 30. 

An example of an ill-fitting 
pi.ston ring is shown at (B) 
(Fig. 2S) and also in Fig. 21, 
page 831, where (C) (Fig. 24) 
shows the space left open be¬ 
tween tlie ring and cylinder 
wall by the ring being sprung 
when it was put on the piston. 



Occasionally small ridges or shoulders are found 
at the back or bottom of the ring groove, which may 
firevent the ring fitting into the groove. These 
can be removed witli a lathe, but where no lathe is 
available, this trouble can be overcome by making a 
slight change in the piston ring jis follows: Take a 
file and rub it slowly around the inner edges of the 
ring—the edges which come in contact with the 
ridges at the ba(rk of the groove—and remove 
enough material in thi.s manner to permit the ring 
to fit into the groove without binding on those ridges. 

It sometimes happens that a ring does not seat 
all the way round. Such a ring allows the oil and 
gas to pass, and should be replaced. 

Most manufacturers now cut the grooves in the 
piston, and g:rind the face and edges of the rings to a 

f auge, making very httle hand-fitting necessary. 

lut there are cases (and these are the ones that 
genendly come into the repair shop), where the cut 
was just a trifle larger, or the ring a little smaller, 
than the gauge, malung it essenti^ that each ring 
be individually fitted to the groove in which it shall 
subsequently rest. 


How the piston ring pumps oil when loose or A sloppy fit in the 
ring groove: When the piston moves down, the ring moves to 
the top of the groove. The oil on the cylinder wall then collects 
in the space under and back of ring. When piston starts up, 
the ring moves to the bottom of groove and oil below and in 
back of the ring is forced around to the upper side. As piston 
reaches top of stroke and starts down,- the ring again moves to 
top of sproove and oil is deposited on cylinder wall at a point 
above the top ring, and therefor^ cannot be carried back with 
the piston on its down stroke. Thus it will be seen that quite 
a large amount of oil can be pumped into the combustion cham¬ 
ber in this manner. 

Piston ring pounding: When wear has proipressed to such an 
extent that the piston rings possess perceptible up-and-down 
movement, the pounding action of the rings on the sides of their 
tpoovee tends to increase the enlargement at a very rapid rate). 
This is the point at which tnmble from oil ^pumping usually 
commeneee. 
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Lapping Sides of Ring to Fit Groove of Piston 


Tight rings in grooves may be eased by grinding 
or lapping the sides on a sheet of fine emery or crocus 
cloth (E) placed on a surface plate (S) or on a piece 
of board planed quite flat and true. The ring (R) 
mounted on a flat board (B) is gently rubbed hack 
and forth, or with a circular motion, with an even 
downward pressure, as shown in Fig. 30. 

Remove the ring from the board and try the fit, 
repeating the grinding operation if necessary. Use 
care to not remove more metal than is ne(;essary. 



Fig. 30. Method of dressing 
or lapping the sides of a piston 
ring on a surface plate (or a 
board planed true) to fit the 
groove in the piston. Lapping 
should not continue for a long 
period on one side. The ring 
should be turned over occasion¬ 
ally. After lapi)ing, the ring 
should be immersed in clean 
io thoroughly remove the abrattive and then fitted to the 
groove not to any groove, but to the groove which it nearly 
fitted before. If every part of the eircumference of the ring fits 
every part of the groove, the lapping is complete and the ring 
may be tagged or marked to designate its location. 


To dress down a ring propt'rly requires some skill, 
and a good mechanic will select a ring which will 
demand the least amount of trimming, for it is a 
delicate operation. Burrs at edge of ring grooves 
caused by machining must be removed with file 
before fitting a ring to new piston. 


Installing Rings in Grooves of Pistons 
First be sure that the piston-ring grooves are 
perfectly clean and free of carbon. This is im- 

f tortant. Most of the manufacturers listed at the 
)Ottom of this page make ring-groove cleaning tools. 
An old piston ring, same width of groove, broken in 
half and one end filed or ground to an edge, will serve 
the purpose. Be careful to not scratch tne sides of 
the grooves. A narrow strip of fine sandpaper can 
be used to polish the bottom of groove. The rings 
are supposed to seat on the ring lands, and this scat 
is important in order to prevent ^‘blow-liy.’’ On 
some pistons the piston-ring grooves are burnished 
top and bottom to secure a good seat for the ring. 

Also be sure that ring groove walls are straight— 
not worn V-shaped. 

If Kroove walls are worn, they could be trued up in a lathe and 
ovorwidth rings titled; 1/32" would be sufficient. 

When fitting rings in the grooves, begin with the 
ring selected for the bottom groove, so that that 
ring will be the first to be slipped on to the piston. 

Select the best fitting ring for the top, so that oil 
below it cannot be consumed by the high tempera¬ 
ture of the burned gases. If hot, high pressure 
gases from the combustion chamber blow past the 
rings (termed *^blow-bi/')y oil will be burned off the 
piston and the cylinder wall, causing it to become 
scored, even though the oiling system might be 
working perfectly with the best grade of oil. 

A ring should never be sprung oyer a piston to the 
second or third groove. Use strips (S) (Fi^. 31), 
which will permit easy replacement without distort¬ 
ing the ring. 

CPT) 31. One method of slipping a ring 

1 /N r on a piston and into the groove. Tdce three 

I strips of sheet metal, brass or tin (S), for 

instance, about 1/32" thick, 1/2 wide, and 
3" long; bend these at right angles and 
hang them on the edge of the piston at equal 
p *51 distances apart. The ring (R) may then 

I J be slipped over these skids till it is oppo- 

site its groove, when the strips may be re¬ 
moved and the ring allowed to slide into place. Instal the nng 
in the lower groove first and work to the top groove last. The 
tame strips may also be suooessfully used in removing the rings. 


Replace the same piston rings in the same cylin¬ 
ders if removed and replaced again. The use of 
boards with numbered pegs is recommended, to 
avoid mixing the rings. 

When placing the rings on the piston ready to 
replace in the cylinders, they should be set with the 
joints (if it is a piston with three rings) about one- 
third way from each other, so that the openings will 
not come in a straight line or be close together. 

Pinning Piston Rings 

When the ring is in the cylinder, the gap clearance 
is very slight. If it were too little, it would close up 
entirely when heated and buckle (see p. 828); if too 
great, there would likely bo a leakage of compression 
through the gap, or if all of the gaps were in lino 
when m the cylinder, it is likely that there would ho 
a leakage of compression from the combustion 
chamber to the crank (;ase through th^ gaps. 

Inasmuch as the rings are free to work in their grooves, it is 
possible that the rings may work around in the grooves, until 
they are all in line at one time. P^or if the rings thus work 
around, they are likely to continue working, and if originally 
placed on the piston an equal distance apart, there is not 
much chance for all of them to get in line at the same time. 

Fig. 31A. A pinned piston ring. 
Before the advent of the patent^ 
ring, the rings were usually pinned, 
that is, the gaps were first placed 
120^ apart on the piston, and then 
the ends of the rings were notched 
vfith a fine round file, so that the semicircular notches just 
closed over the pins. The pins were a source of trouble in 
high-speed engines; and unless great care was exercised in 
screwing or fitting the pins tight into the piston, they would 
loosen and project and cut the cylinder wall. 

This practice was abandoned to a certain extent. Pins are 
still used on many large, slow-speed engines and on two-cycle 
engines. There is no doubt that the pins had the advantage 
of insuring against their getting in line. But they also had dis¬ 
advantages. The growth of the popularity of all kinds of 
patented rings with gas-type joints has thrived on this claim 
as well as on the claim that the patented ring exerts equal 
pressure at all points of its circumference. 



Piston-Ring Travel Wear in Cylinder 
Cylinder wear occurs in that part in which the 
rings travel (h1g. 32). Greatest wear is at the top 
of the ring travel, gradually tapering down to the 
smallest wear at the bottom. A pronounced 
shoulder or ridge is often formed at the top, and a 
lesser shoulder is sometimes formed at the bottom. 
(See also p. 814.) 


When installing new piston rings without enlarg¬ 
ing the cylinders, always remove the top ridge with 
a hone or a ridge removing tool to prevent the square 
edge of the new ring from striking the shoulder, 
thereby ruining the ring and many times causing a 
ring click. 




Fig. 32 (left). Showing the 
ring travel on cylinder walls of 
most engines. The top ring 
will wear most, and it will 
also wear the cylinder most; 
thus, the greatest wear is near 
the top of the ring travel. 

Fig. 33 (right). Showing 
how the ring lightly overlaps 
the cylinder wall on some types 
of engines. 


Sometimes it is advisable to remove the bottom ridge to avoid 
piston knock or the collapsing of aluminum-alloy pistons. 

If the top ring groove of the piston is widened, it is important 
to remove the shoulder to avoid damage to the ring or piston. 

Some of the concerns who supply cylinder ridge-removing 
tools (also mechanics hand tools) are: Cornwell Quality Tools 
Co., Mogadore, Ohio: Hall Mfg. Co., Toledo, Ohio; Hastily 
Mfg. Co., Hastings, Mich.; Herbrand Cor^ Premout, Ohio; 
Geo. L. Hunt Mfg. Co., Inc., Boscobel, Wis.; Lisle Coro,, 
Clarinda, Iowa; National Machine & Tool Co., Jackson, Mich.; 
Snap-On Tools, Inc., Kenosha^Wis.: Truth Tool Co., Mankato, 
Minn,; Wilkening Mfg. Co., rbilaaelphia. Pa. See also foot¬ 
note 1, page 698. 
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Replacing a Piston in the Cylinder 

Before putting pistons into cylinders, place c]din- 
der oil on sides of pistons and wipe out cylinder 
bores with a cloth free of lint, as oil will not have a 
chance to reach the upper portion when first starting. 

Also see that the piston pin is properly set, and 
that the piston-pin set screw or locking ring is tight, 
and that the piston and connecting rod are in align¬ 
ment. See page 803. 

On pistons, such as aluminum alloy split-skirt 
type, me split side of piston must be mstalled on 
the side of lesser thrust. See also pages 809, 811, 
812, on installing. 

When replacing the piston in cylinder^ some device 
must be provided for holding each ring m its groove, 
so that it will easily enter the cylinder. By no 
means force or drive the piston and rings into the 
cylinder. A string may be used as shown in Fig. 35. 
A better method is shown in Fig. 36. 



Fig. 35. Method of repltcing a piston in the cyLnder with 
A airing holding the ring in its groove. 

Fig. 36. A serviceable device for compressing rings when 
fltti^ piston to the cylinder. To use this Jevice draw compres¬ 
sor over end of piston, then place skirt of piston in cylinder and, 
with slight pressure on top of piston, the spring at the bottom 
of the compressor automatically closes rings as they enter 
cylinder. Instantly adjusts itself to all rings from 2%'* to 

Replacing cylinders over pistons (non-detachable 
cylinder heads): It is not difficult to put a single 
cylinder back on its piston after it has been necessary 


to take it out, but it is not so easy when the cylinders 
are cast in pairs, as it is difficult to guide the rings 
into the cyhnder barrels simultaneously. 

The job is greatly simplified by taking the precau¬ 
tion to place the cranks up and down, so that one 

{ fiston is at its highest point and the other is at its 
owest. This means that the pair of cylinders can 
be dropped straight over the pistons, the rings of the 
upper piston being guided into the cylinder before 
those of the lower piston are replaced. 

When it comes to dropping one of the mono-block 
castings of four cylinders on to four pistons, it is 
still best to work this way, so that only one other pair 
of hands is reauired, and that the two upper pistons 
may be guided into their cylinders first. 

When reinstalling a piston, be careful not to push 
it up into the cylinder as far as it will go. The upper 
ring may jump over the counter-bore in firing cham¬ 
ber^ holdmg the piston until the ring is released, 
which is a difficult situation to remedy. 

On some engines the piston and rings are placed 
in cylinder from the under side, and the lower ends 
of the cylinder bores are beveled to facilitate the 
insertion of the piston with the rings attached. 

When fitting new rings to only one piston, be suig 
that all the other cylinders have good compression, 
otherwise the cylinders with good compression will 
have a rich mixture and those with poor compression 
a lean mixture; result, engine will not idle properly. 

Piston Rings—Oversize^ 

Oversize piston rings must be fitted to pistons 
when oversize pistons are fitted to cylinders. 

S.A.E. standard oversizes for piston rings are: 
.005"^ .010", .015", .020", .030". .040". Larger 
oversizes, when necessary, shall be held to multifues 
of ,010" (same as pistons page 813).* 


RUNNING-IN ENGINE AFTER RECONDITIONING 


After having reconditioned cylinders and fitted 
pistons and piston rings, or after having fitted piston 
rings or bearings, the engine should be "run-in" 
carefully with ^enty of oil in the crankcase. See 
page 787 explaining the precaution to take after fit¬ 
ting bearings, also, see page 824B explaining the 
importance ot carefully running-in engme until the 
cylinder walls are glaz^. 

A running-in machine is usually provided in most 
shops on which the engine is pla(^ to be nm-in, 
tested and adjusted. (See page 789 showing a ma¬ 
chine of this type. Home made running-in machines 
are shown on page 790-B.) 

Where a running-in machine is not available, after 
fitting the above mentioned parts, the engine c&ould 
be run under its own power slowly and at intervals 
at first, allowing it to cool between times, then allow 
to idle for about an hour or so or until the heating is 
reduced and imtil fairly free. Additional friction 
and heat will be product at first and until parts are 
worked in, therefore, use plenty of oil, in fact, suffi- 
oil should be used to cause smoke to come from 
the exhaust which indicates that cylinder walls and 
pistons are getting oil. About one gallon more than 
normal should be provided. Run with spark ad¬ 
vanced as far as possible and do not race engjine. 

Comieet the radiator with the water hoee so that water will 
nw throttgh the circulation eystem to keep it cool a« the friction 
of new parte will cauee more heating than usual. Closely 
obeenre that undue heating is not taking place, that is, if any 
part gets so hot it will not bear the Umok of the ha^ then it. 
Aey esiie end eoora. 


For ezamide. a bearing set too snug will heat readily at first, 
therefore the danger of scoring or burning is very great until 
the bearing have time to work in. This also applies to other 
parts—and don’t forget to use plenty of oil during this process. 

Care must also be exercised in driving car after 
running-in for the first two hundred miles, that is, 
to use plenty of oil and not run car over 15 miles 
per hour. A speed of 20 m.p.h. should not be exceeded 
during the first five hundi^ miles.. Thus the parts 
will burnish and glaze to a nice fit. 

Use plenty of good oil when working-in a recondi¬ 
tioned or new engine. Repairmen often place 
about one pint, or even slightly more of light, high 
grade enj^me oil mixed with about 5 gallons of 
gasoline m the tank to assist in lubricating upper 
parts,* such as the cylinder walls, rings, valve stems, 
gwdes and upper parts and prevent sticking oi 
pistons and valves. In fact, after fitting new pistons 
mid rings it is advisable to also inject oil in the air 
intake of carburetor after starting. 


> See pege 833-B for list of piston ring manufacturers and 
assorted sises of pistons, rings and bearings and where to obtain. 

s On new can it is common practice to'use oil in thia way to 
work in the engine. 

One 

brand of special oil prepared for this purpose, is itnown as Upper- 
Cylinder-Oil. About three ounces to ten gallons of gasofihs is 
um; it passes into engine with the fuel. The claim is that It 
lubricates upper moving parts and also tends to soften oatbon 
deposit. 


h not recommends^by 8.A.E. can be 
.031", .oear. 


See also page 166 , “ Brtakin/Hn a new or reconditioned engine.’* 
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PROCEDURE OF INSTALUNG PISTONS AND RINGS AND PRECAUTION TO 

TAKE AFTERWARDS^ 


1. Clean all parts thoroughly by removing emery 
dust and dirt; wash in gasoline. The mechanic’s 
hands should be free from grit or dirt. 

2. Clean piston-ring grooves thoroughly and fit rings 

to them. (See pp. 832-833.) 

3. Align connecting rod and piston. 

4. Thoroughly oil piston pin. 

5. Install piston in cylinder bore, having first ap¬ 
plied oil to it. 

6. Connect connecting-rod bearing, being careful 
not to twist or bend connecting rod. 

7. Inject oil on piston head before starting engine. 

8. Fill crankcase up to high level with S.A.E. 10 
oil or add “break-in oil” to S.A.E. 20. 

9. See that radiator and circulation system is filled 
with water. 

10, See that fan belt is properly adjusted. 

11. Check ignition, valves, ignition timing, valve 
timing. 


12. Check carburetion for rich mixture, as excess 
gasoline washes oil off of the cylinder walls and 
IS a major cause of rapid piston-ring wear. 

13. Add one pint of light break-in oil to every 5 gal. 
of gasoline for first 500 miles, or as recommended 
by oil concerns. 

14. It is sometimes advisable to also inject “upper 
cylinder oil” in intake manifold or in air intake on 
carburetor and proceed at intervals for | hr. 
after starting. 

This Otl will mix with the gasoline and lubricate cylinder 
walls, rings, and upper parts until the oil is properly circu¬ 
lated from crankcase. 

The engine should be run idle with full advanced spark for 
about two or three hours. If at any tirue one or more 
cylinders miss, the trouble should be traced immediately 
and rectified, as a missing cylinder will allow gas to escape 
to the crankcase, causing dilution of oil, which will result 
in poor lubrication. 

15. Do not exceed 25 m.p.h. for first 500 miles. 

16. Change oil to regular grade at about half the 
normal period. 


QUESTIONS AND ANSWERS ON PISTONS AND RINGS 


Q. 1: How many piston rings are gensrally used on each 
piston? 

Ans.: 3 or 4. 

Q. 2: How are piston rings generally placed on pistons? 

Ans.: Usually all above piston pin. Sometimes one oil-control 
ring below pin. 

Q. 3: What clearance should cast-iron pistons have on an 
average? 

Ans.: .CX)1'' per inch of piston diameter. See pages 811, 809. 

Q. 4: What clearance should aluminum-alloy pistons have on 
an average? 

Ans.: See pages 811, 809. 

Q. 5: What is the difference between concentric and eccentric 
piston rings? 

Ans.: A concentric ring is one of equal thickness throughout its 
entire circumference. An eccentric ring is not. At a 
point (e) (Fig. 8, page 827) opposite the split in the ring. 
It is made thicker. 

Q. 6: What is the advantage of each? 

Ans.: Unless a piston ring bears with equal pressure on the 
cylinder wall at all points of its circumference, the com¬ 
pressed gas would pass at the point where it did not bear, 
and thus leak compression. A ring is subjected to con¬ 
siderable heat, at which time it may lose its pressure at 
some point of its circumference, ^me claim that bj' 
making a ring eccentric, it will retain its pressure under 
beat more than a concentric ring. Others claim that if a 


concentric ring is made properly it will retain its pressure. 
Most of the patented rings are concentric; in fact the 
majority of plain rings (page 826) are concentric. One 
advantage claimed for concentric rings over eccentric 
rings; for instance, the carbon that accumulates back of 
the ring will tend to lock an eccentric ring sooner than a 
concentric ring, thereby preventing the natural shifting 
of the ring around the piston groove. Many large rings 
used on air compressors, locomotives, etc. are eccentric. 

Q. 7: What causes piston rings to pump oil? 

Ans.: See bottom of pages 832, 826 (see also page 168). 

Q. 8: How should rings be fitted to the ring grooves and is this 
fit important, and should ring groove be cleaned when 
fitting? 

Ans.: Yes. See pages 832, 833. 

Q. 9: What are spring-expander type piston rings and piston 
skirt expanders used for? 

Ans.: See pages 828 and 814B. 

Q. 10: What is the Koetherizing process of resizing of alumi¬ 
num-alloy pistons? 

Ans.: A patented process consisting of the application of a 
blast of steel shot against the two inner thrust sides of a 
piston skirt wall. Write American Hammered Piston 
King Co., Baltimore, Md. 

See page 81.3A on Questions and Answers on fitting standard 

and oversise pistons; page 809 on pistons; pages 821 and 817 

on enlarging cylinders. 


PISTONS, PISTON PINS, PISTON RINGS, AND BEARINGS OF ASSORTED SIZES^ 


Resrinding and reboring shops, also service and 
repair shops, have found that there is greater de¬ 
mand for tneir services when they carry a full stock 
of pistons, piston pins, piston rings, and bearings. 

Most auto-stipply jobbers or distributors furnish 
information as to the stock that should be carried. 

An assortment that the repairman should carry 
will of course depend upon what cars are most 
popular in his vicinity. Repairmen who specialize 
in overhauling particular makes of cars, tnicks, or 
tractors can make up a stock assortment accordingly. 
The amount of work done will of course determine 
the quantity to carry. 

For the kind of pisttms (iron or aluminum) used 
on different oars, and also for the size of piston rings, 
see JMiges 1060 and 1054B. 


1 See page 690 for piston, piston ring, hearing, and other 
service literature. See also page 828. 

>Some of the piston-ring manufacturers are: Aluminum 
Industries, Inc., 2416 Beekman St., Cincinnati, Ohio (Permite); 
American Hammered Piston Ring Co., Bush & Hamburg Sts., 
Baltimore, Md.; Aviation Piston Ring Co., Paterson, NJ.; 

A. B. Chance Co., 

Centralia, Mo.; Cords Piston Ring Mfg. Co., San Diego, Calif.; 
Hastings Mfg. Co., Hastings, Mi^.; Jambor Tool A Stamping 
Co.. 3057 N. 30th St., Milwaukee, Wis. (Bull Dog); King 
Quality Products Co., 2320 Cooper St., St. Louis, Mo.; Mc- 
Quay-Norris Mfg. Co., Cooper A Southwest A%’es., St. Louis, 
Mo. (Super-C, Hi-Unit Superoyl, Super-X); Muskegon Piston 
Ring Co.. Muskegon, Mich.; Panyard Piston Ring Co., Muske¬ 
gon, Mich.; Perfect Circle Co., Hagerstown, Ind. (X-IH), 85, 
70); Ramsey Accessories Mfg. Corp., 3693 Forest P.ark Blvd., 
St. Louis, Mo. (Ramco); Sealed Power Corp., Muskego.i, 
Mich, (formerly the Piston Ring Co.) (Sta-Tite, Super-Drain- 
oil); Simplex Producte Corp., 1966 K. 66th St., Cleveland, Ohio, 
U.S. Hammered Piston Ring Co., Paterson, N..I.; Valv-Tite 
Piston Ring Co., Toledo, Ohio; Wilkening Mfg Co., 2(XX) S. 71st 
St,, Philadelphia, Pa. (Pedrick). 

* See page S13B for a list of some of the piston manufacturers. 

« See page 783 for a list of some of the bearing manufacturers. 



INSTRUCTION No. 71-A* 


ECLIPSE BENDIX DRIVE: Maintenance; How to Order Parts; Types; Service 
Hints; Recommendations for Flywheel Steel Ring Gears 
and Their Mounting 

ECUPSE BENDIX MAINTENANCE 


Refer to pages 319 and 320 and study the con¬ 
struction, names of the parts and the principle of 
operation. 

How to Order Parts 

In ordering parts^ give the name of the part de¬ 
sired as shown in Fig. 5B, page 320; state whether 
right-hand or left-hand drive (see below); give with¬ 
out fail the make, year and model of the car—and the 
number of teeth on the pinion gear you are replacing. 



Figs. 1 and 2: How to distinguish between a left-hand and 
rifht-band spring. Hold the spring in front of you witi^the 
eyelets toward you. ^ 

Cfook your index filler, as shown in the accompanying illus¬ 
trations, to conform with the upper eyelet. If it t^es the index 
finger of your left hand to conform with the eyelet, as shown in 
(1), it is a left-hand spring. 

If it takes the index finger of your right band, as shown in (2), 
it is a right-hand spring. 

Figs. 3 and 4: How to distinguish between left-hand and 
rii^-hand S.A. assembly. Gri^ the S.A. assembly where the 
spring attaches, and revolve pinion gear forward. If it revolves 
over to the left as shown in 3, it Is a left-hand drive. If it 
revolves over to the right, as shown in 4, it is a right-hand drive. 

Note on the left-hand S.A. assembly shown in 3, that the 
threads wind forward to the left, and that the pinion gear teeth 
are chamfered off on the left-hand corner. On the right-hand 
S.A. assembly, shown in 4, just the opposite is true. 

These same tests can be api^ied to distinguish between right- 
hand and left-hand complete mndix drives. 


Designation of Eclipse Bendix Drive Types 

In desisting, or numbering;, the standard models 
of the Ecupse Bendix drive, cither the letter or 
is used as a prefix before the figure or number. 
The prefix ‘H" is used when the screw threads and 


^ See pags 1055 for piston ring sizes for different cars which 
were formerly on these pages. See 833B for ‘‘Questions and 
Answers” formerly on this page. 


spring coils are right hand, likewise, the prefix 
is us^ when the screw threads and spring coils are 
left hand. 

The standard t 3 rpe 8 of the Eclipse Bendix drive 
are furnished in various sizes as follows: 

The R-13 or L-13 is mounted on an armature shaft 
.302" in diameter and is used where a large starting 
motor is required. 

The R-11 or L-11 is mounted on a shaft in 
diameter and is the size of drive for general purpose 
work, most commonly used. 

The R-10 or L-10 is mounted on a shaft in 
diameter and is used where special conditions war¬ 
rant this size drive. 

The numbers 13.11, and 10 also signify the stand¬ 
ard number of teetn in the pinion gear on these types; 
but if a special pinion is used, it is denoted by an 
addition; for instance, L-11-12 which means an L-11 
drive with a 12T-i^ pitch pinion. 

An added to the designation of a drive, such 
as "R-llX," means that a spring and bolts heavier 
than standard are used on account of special heavy 
service on particular installations. 

In connection with the use of an spring on 

Eclipse Bendix drives of the lOX or IIX t^es as 
mounted on either or diameter shafts, two 
additional parts are used under the spring, these 
being called spring support clips. 

The purpose of these clips is to form a support for 
the first one-quarter coil on each end of the driving 
spring and thereby prevent ^plication of a bending 
load to the spring screws. Two of these are neces¬ 
sary for each drive, one being snapped over the head 
and one over the screw shaft. 

When in place, the hole of the clip should line up 
with the screw hole in the head or shaft, and the 
bent^under portion should set down over the shoulder 
caused by the reduction of diameter of the head and 
shaft, thjs bent under portion preventing sideways 
cocking of the clip. When assembled in this posi¬ 
tion the first one-quarter coil of the spring will set 
firmly on the reinforced lamination—this is abso¬ 
lutely essential. 

These support clips are furnished in both right 
and left-hand design for the corresponding types of 
springs, and are designated by the stamped letters 
*1." and "R” respec^ely. 
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THE S.A. ASSEMBLY—WHAT IT IS‘ 


The S.A. assembly of the Eclipse Bendix drive 
consists of screw shaft and all parts which are as¬ 
sembled integrally with it—pinion gear and counter¬ 
weight, anti-drift pin and spring, stop Qut and com¬ 
pression sleeve. 


Fig. 5. The 
S.A. assembly. 



It is strongly recommended that it be sold, 
serviced or replaced as a unit, with the single excep¬ 
tion of the compression sleeve. 

A few reasons why this recommendation is made 
are given by the manufacturer as follows: 

1. Special car^ is necessary in the correct parts for a given 
type of S A. assenibly. An incorrect grouping or assembly of 
parts m the field means drive difficulties. 

2. The pinion gear may be assembled on any one of the three 
threads on the screw shaft, only one of which is correct. This 
means a three-to-one chance of mistake in field assembly. 

.3. With the correct po.sitioning of the screw shaft and pinion 

S ear, each individual set of parts is at the factory lapped together 
y a special process and are thereafter never separated. 

4. After assembly of the stop nut, accompli.shed with proper 
holding tools, it is locked or staked tightly in place. Most field 
service work on the S.A. twacmbly necessitates removal of thi.s 
stop nut, a difficult operation without proper tools and very 
often disastrous to the threatl.s of both screw shaft and stop nut, 
if done in the ordinary manner. This brings about added 
difficulties in reassembly, r)r po8.sibly inadequate a.s8embly. 
The subsequent relocking of the stop nut requires other tools 
and for that reason is often improperly done, resulting in other 
difficulties with the drive after assembly. 

5. On the Ford type of ilrive, the outside diameter of the 
stop nut must be grcumd after a complete assembly of the gear 
and shaft parts, duo to the bearing taken by the stop nut Such 
an operation is absolutely impossible in the field and if attempt¬ 
ed by the assembly of a ground stop nut, usually results in 
bearing difficulty due to eccentricity. 

6. Of special importance is the proper assembly of the small 
anti-drift pin and spring and particularly its ndjustmer t which 
is described in further detail later. 

Always send the S.A. assembly to the factory for any such 
rebuilding work which will give the assurance of receiving satis¬ 
factory performance of the drnc. A special department is 
maintained at the factory for completely rebuilding and care¬ 
fully inspecting and adjusting all .S.A. a.s.semblics returned and 
the charge for such rebuilding work is exceptionally reasonable. 

Eclipse Bendix Service Sleeves 

The one exception to the foregoing is the compres¬ 
sion sleeve. This can be replaced by the service 
sleeve, which is made for this purpose and can be 
installed without special tools of any kind. 


It is obvious that none but genuine sleeves stamped ‘‘Bendix," 
which are of the proper structure and length, should be used 
for replacements. 

The sleeves of the and armature shaft 
sizes and certain ones of the 13/16" shaft size, 
namely KX. XXX, MX types are attached to the 
screw shaft by a crimping process. 

The sizes are determined by the width of the slot, 
approximately H" ^^^d 13/16". These fit the 
corresponding Bendix screw shafts, the diameter of 
the hole in the shaft being the same as the width of 
the slot of the sleeves. It is necessary that the 
correct size sleeve be used. 

This service sleeve can easily be attached by 

simply placing it over the shaft until it strikes the 
shoulder, and using a blunt chisel and hammer, 
lightly hit the divided portions, above and below 
the corresprinding groove of the screw shaft, until 
they nicely fit into this groove. 

For example, note the illustrations. Figs. 7 to 11. 



Fig. 7 show's one of the earlier model shafts, with the recess 
for crimping cut very near the shoulder of the shaft. 

Fig. 8 shows the later model shaft, with the recess for crimp¬ 
ing cut further a\v.ay from the shoulder. 

Fig. 9 shows the Bendix replacement sleeve, which can easily 
and quickly be attached to either of the two models by depress¬ 
ing the point (A) or (B) as the case may be. 

To attach the sleeve to the earlier shaft shown in Fig. 7, 
depress point (A) above and below, as has been done in Fig. 10. 

To attach the sleeve to the later shaft shown in Fig. 8, depress 
the point (B) above and below, as shown in Fig. 11. 



Fig. 0 (left). R-lO-112; used with all drives on armature 
shaft. 


Great care should be exercised in assembling the repair 
sleeve on one of the later model shafts (Fig. 8) not to depress 
the point (A) into the crimping recess on the shaft. This would 
have a serious effect on the operating of the drive, due to the 
increase of length of the assembly. 

Care should be taken to see that the sleeve is securely 
fastened, vet is free to turn easily on the screw shaft. This is 
accomplished by simply placing a screw driver or other similar 
tool in the slot of the sleeve, and holding the screw shaft secure, 
rotate the sleeve until it turns easily. This is very important. 


Fig. 6 (center). R-11-112; used with all drives on 54" 
armature shaft. ^ 

Fig. 6 (right). R-13K-112; used with KX, SX, and XXX 
types of 13/16" shaft size drums. 

The function of the slotted sleeve in conjunction 
with the lugs of the driving head is to act as a circular 
filler under the spring, tending to equalize the wind¬ 
ing of the coils oi the spring, and prevent one spring 
con winding down so as to restrict the movement of 
the tongue and ^oove portions of sleeve and head, 
and thereby the longitudinal compression of spring. 

^ See page 1055 for piston ring sixes formerly on this page. 


Beware of replacing a sleeve with any form of structure hav¬ 
ing an outside diameter greater than the sleeve that was 
originally on the drive, as its use will interfere with the proper 
winding of the spring. 




Fig. 12 (loft) shows 
how the service sleeve 
looks from the end, be¬ 
fore point (A) or (B) has 
been depressed. 

Fig. 13 (right) shows 
how the service sleeve 
would look from the end, 
after point (B) has been 
depressed to fit into the 
groove of the late model 
snaft shown in Fig. 8. 
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DYKE^S INSTRUCTION No. 7i-A 


A FEW SERVICE HINTS FOR THE CARE OF THE ECLIPSE BENDIX DRIVE 


Lock Washers 

Whenever a spring or fastening screw is replaced 

in the EcUpse Bendix drive, particular care should 
be taken to see that the two lo(;k washers are proper¬ 
ly bent to keep the fastening screws in place. 

The lock washers are put in place with the bent 
lip in th6 corresponding gap in the spring eye. 

After the fastening screws are tightened, the second 
lip of the lock washer must be bent upward until it 
presses tij^tly against a flat side of the screw head. 
It is absolutely necessary that this operation be 
completed, as a partially turned up washer will not 
keep the screws m place. 

Lubrication of the Screw Shaft 

Lubrication of the screw shaft is not essential. 

However, if oiling is done, a very light grade must 
be used. Gummy oil and grit cause failure to mesh. 
To remedy this, clean screw threads with kerosene. 

Care in Re-Starting 

It does no harm to step on the starting button with 
the engine nmning, but it is recommended that 
special care be taken in making a restart of the 
engine after the first one has failed. Wait and 
make certain that the engine and starting motor 
have both come to rest, thus preventing the meshing 
of the pinion gear when the engine is back-rocking 
or back-firing just prior to its stopping. 

Most distorted springs can be traced to this 
stepping on the starter button for a restart without 
allowing a moment for the engine to come to rest 
after the first attempt. 

Anti-Drift Spring Tension 

The most common difficulties encountered with 
the anti-drift device are when the tension of the 
small spring is too light and therefore the anti¬ 
drift effect is not enough, or else the spring tension 
is excessive and the pinion gear therefore failS* to 
mesh under starting conditions, this latter being 
more often the case in reduction gear starting motors, 
or where the threaded shaft is covered with heavy 
oil which congeals in cold weather. 

It is obvious then that the tension of this anti¬ 
drift must be accurately controlled, and this is one 
of the reasons why it is recommended not to pur¬ 
chase any of the various parts of the sub-assembly 
separately. 

One other possible difficulty with the anti-drift 
comes with improper longitudinal location; for 
instance, if the longitudinal dcmeshed clearance is 
only 3^", the pinion gear contacts the flywheel at 
the same time as the anti-drift comes into action 
and therefore the purpose of the anti-drift is lost. 

Sticking or Jamming of Gears 

Should an end-to-end abutment of pinion and 
fiiywheel teeth be such as to cause a sticking or jam 
of the gears, it can be released by placing the en^ne 
in high gear, with the clut(;h engaged and rocking 
the car forward with a ‘*to'' and ‘‘fro" motion. 

To remedy, investigate as follows: Make sure 
that the starter is bolt^ firmly in place and that the 
armature shaft is not bent; that there is at least 
1/64" backlash between pinion gear and flywheel 
when meshed; that the forward end of the drive 
is free to compress longitudinally and that the fly¬ 
wheel teeth are not battered or burred. 


Loosened Counterweight on Pinion Gear 

Do not attempt to repair a loosened counter¬ 
weight—it necessitates a new pinion and counter¬ 
weight which must be correctly assembled. Let 
the factory rebuild the S.A. assembly at nominal 
cost and much less trouble to you. This difficulty 
is caused by improper longituainal installation and 
a replacement without correction only means an¬ 
other counterweight. 

Failure of Pinion Gear to Mesh 

If the pressing of the starter button merely results 
in a spinning of the starting motor, this can usually 
be traced to a failure of the pinion gear to mesh, 
caused by a gummy or oily condition of the Bendix 
shaft threads—clean with kerosene and do not reoil. 

A broken spring or bolt will cause a somewhat 
similar failure to crank the engine. 

In reassembling an Eclipse Bendix drive on ar¬ 
mature shaft of starting motor, it is always advis¬ 
able to clean armature shaft and then place a little oil 
or graphite grease on it before assembling the drive. 

In assembling the starting motor make certain the 
holding screws are down tight. If possible it is a 
good plan to mesh the pinion gear of the drive by 
hand* and holding it tight against the stop nut, move 
tlie drive and armature shaft as a unit and make 
certain there is a 1/64" backhish, between the gears. 
If not, the alignment of the starting motor should 
be corrected or it should be shimmed out from the 
crank case a slight amount. 

In replacing either the shaft spring screw or head 
spring bolt, it is very important to use the proper 
length of bolt or screw. It is also equally important 
in replacing these parts on the "X" type of drive, 
to use only those screws and bolts stamped with the 
letter "A" on the head. This signifies that special 
material and heat-treating has been used in the parts 
comprising the "X" type drive, due to the heavy 
duty imposed upon these installations. 

The use of either a screw or bolt that is too long 
or else too short will certainly cause a faulty instal¬ 
lation. Consult Eclipse Bendix parts list. 

Free Longitudinal Movement Necessary 

The free longitudinal movement of the Eclipse 
Bendix Drive and how it affects proper meshing of 
the pinion gear is explained below. 

The teeth of the Bendix pinion are chamfered on 
only one side and specially rounded and polished to 
make the automatic meshffig with the flywheel gear 
teeth natural and easy. However, should the ends of 
the pinion teeth meet end to end with the flywheel 
teeth, the threaded screw shaft being freely mounted 
on the armature shaft is pushed backwards againstthe 
compression of the driving spring—the longitudinal 
movement of the screw shaft permitting the pinion 
gear to turn slightly further and enter flywheel gear. 

This action is known as free longitudinal move¬ 
ment and inasmuch as it is natural that the teeth 
often meet end to end in this manner, it is of supreme 
importance that the drive be free to compress in 
this way, also that it be free to easily resume its 
original position or length. 

Any restriction of this longitudinal freedom will 
of course prevent the slight turning of the pinion 
.-gear under such abutment and will cause the pinion 
teeth to "jam" in the ends of the fl)rwheel teeth and 
ultimately bring about destruction of ^ the flywheel 
and many other starting difficulties. 
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The following conditions will cause such restric¬ 
tion of longitudinal movement: 

1. Drive rusted to armature shaft —to remedy clean 
armature shaft and place graphite grease or oil 
on it before reassembling of the drive. 

2. Rough or burred armature shaft under Bendix 
shaft —to remedy file burrs off shaft and smooth 
it with emery cloth—lubricate as above before 
reassembling. 

3. Bent armature shaft. 


4. Use of too long a spring bolt at the shaft end, 

causing bolt to protrude through Bendix shaft 
and bind on armature shaft. 


5. Cocked condition of coils of the spring causing 
Bendix shaft to drag on the armature shaft— 

this more often prevents the ready springing back 
of the Bendix shaft into its original position after 
once compressed. 

6. Spread sleeve, misplaced spring support clip, or 
misplaced Woodruff key, preventing compression 
of the spring. 


7. Use of non-genuine spring which has no possible 
compression feature due to faulty winding of 
spring. 


8. Unhooked or improper assembly of the tongue- 
and-^oove portions of the Bendix head and 
Bendix shaft sleeve —these parts should always 
fit into each other as shown in Fig. 16. It is 
sometimes the case that the space (AB) in Fig. 
14 is enough over 1/16" to permit the drive to 
lengthen enough for the sleeve and head ends to 
abut. Correct by adding washers ahead of the 
stop nut and thus reduce space (AB). 



Fiff. 14 the Krlio.so llemiix drive with the spring in its 

normal position. Note that the (h.*itanee (AB) bct\%een the stop 
nut fare and the face of the restraining surface is very sniuli, 
generally 1/16" or under. 



Fig. 16 shows the Eolipse Bendix Drive with the spring com- 
iM^essed by handi that is with the longitudinal freedom all taken 
up. In this position the distance (AB) between the stop nut 
face and the face of the restraining surface is materially in¬ 
creased to about as shown. 

In any repairs to an Eolipse Bendix drive;—first 

lubricate the armature shaft before reassenibling the drive on 
it. and after assembly test for the free longitudinal movement 
of the drive as shown above, making certain that the drive of 
itself is likewise free to return to its original length or position. 

Fig. 16. Proper assembly of toAgue-and-groove portions. 


Recommendations for Flywheel Steel Ring 
Gears and Their Mounting 

In the replacement of the original cast-iron fly¬ 
wheel teeth on an engine flywheel with a steel ring 
gear to be shrunk in place; or in the replacement of 
one steel ring gear with a new one, special attention 
should be given; explained as follows: 



The ring gear as purchased should be as follows: 

1. Exact number teeth as originally in flywheel gear. 

2. Machined so as to have the same pitch diameter 
as the original gear, after it has been shrunk in 
place—check this by inspecting tlie back lash 
betw('en Bendix pinion and flywheel gear when 
in full meshed position and with the Bendix 
pinion gear held against the stop nut—this back 
uish should be a minimum of 1/64". 

The S.A.E. standards are as follows: the mounting must be 
such that there is .015' pitch line ch*arance of the pinion on 
the Bendix drive and the flywheel gear, whore center distance 
IS definitely controlled. Where this center distance may vary, 
due to a.ssembly, the .015' is minimum and mounting shoul 1 
be dosigne<i between this minimum and a maximum of .025' 

3. Chamfered on the non-pressure side at an angle 
of 45" so as to leave a section 1/10" wide on the 
ends of the teeth. 

4. The radius on the meshing edge of the ring gear 

should not be over 1/16" as shown in Fig. 17. 

5. Heat-treated or hardened to have a hardness of 
at least 55 scleroscope after mounting— be sure 
to specify this recommendation in ordering the 
ring gear from your source of supply. 

In the moimting of the ring gear the following pre¬ 
cautions should be taken: 

1. The flywheel should be machined down to the 
diameter dimension specified by the ring gear 
manufacturer and at a depth into the face of the 
flywh eel equal to the width of the ring gear. This 
places the meshing face of the new ring gear teeth 
in the same position as the meshing face of the 
original cast iron teeth—this is a most important 
point in order to have the Bendix pinion mesh 
to the proper depth in the flywheel t^th and also 
in order that the Bendix pinion may be the proper 
distance from the meshing edge of the flywheel 
gear, when not in use. 

2. Do not overheat the ring gear in shrinking it in 
place —4(X)° F. is plenty and does not materially 
affect the hardness of the ring gear teeth. 

3. Be sure the chamfered face of the ring gear is 
on flie side where the Bendix pinion meshes and 
that the chamfer comes on the non-pressure side 
of the teeth, that is on the side opposite that 
against which the pinion gear presses m cranking 
over the engine. If the chamfer is located on the 
wrong side, it results in continual jamming of the 
pinion gear and destruction of the ring gear teeth. 

Service bulletins with reference to the Eclipse Bendix drive 
can be obtained by writing Eclipse Machine Co., Elmira, N.Y., 
and mentioning Dyke's AttUmobile and Oasoiins 
Encyclopedia. 









INSTRUCTION No. 72 

ADJUSTING AND REPAIRING CLUTCHES, TRANSMISSIONS AND 

UNIVERSAL JOINTS 


The fundamental, principle and purpose of each of 
these parts, well as their construction, are 
explained in the first section of this book. For 
instance, clutches^ are explained on page 20, and 
transmissions on page 25. 

We will now deal with adjustment and repairs, 
using as examples the parts of different makes of 
cars. 


Types of Clutchi^s 

There are three types of clutches. 

the cone, the plate, and the multiple-disk types. 

The cone tjrpes of clutch are those using a straight 
cone or an inverted cone. The angle of the cone is 
usually 17^, 

The facing of a cone clutch can be leather or 
fabric. 

The plate clutch seems to be in 

favor. 

Of the many different designs in present-day cars, 
the following are typical: (1) steel against asbestos 
fabric; (2) steel against molded asbestos; (3) steel 
against bronze; (4) steel against cork. 

The tendency toward the dry-plate 

type of clutch, seems to be largely 

due to the fact that the pa^t^s, frictional area, etc., 
of a dry-plate clutch can be made very much smaller 
than the parts and frictional area of a clutch running 
in oil. The oil film serves us a lubricant^ which 
reduces the amount of friction and necessitates a 
very much stronger spring, or an elaborate system of 
multiple levers. 


The multiple-disk clutch, which has a neater 
number of disks than the jilate clutch, each disk 
requiring multipl>ing levers to keep an engagement, 
is found operating both dry and in oil. Its greatly 
increased frictional surfaces over the plate clutch 
necessitate a strong spring, but the disk clutch run¬ 
ning in oil is larger and has to have more frictional 
area than the dry disk type, for the same reasons as 

CONE CLUTCHES; TROUBLES, 

The parts of a cone clutch can be enumerated as 
follows: 

1. Leather or fabric facing over the cone. 

2. Main clutch spring, which holds the tension of 
the cone to the fly wheel. 

3. Pressure or pltmger studs, also called '^clutch 
leather expanders,which are mounted under 

1 See Index under **Speoificstions of paeeenger eara'’ for tsrpee 
and make of dutch uied on different makee oars. 


have been given in what is said of plate clutches 
above. 

How to Use the Clutch Properly 

The clutch on an automobile should be either in 
or out absolutely. 

Many good drivers make it a plan to keep their 
foot off the clutch pedal while they are driving. 
The weight of the foot on the pedal and a little 
nervous tension in the driver’s leg is sometimes just 
sufficient to hold the clutch out just far enough to 
“slip it” on a hard or sudden pull. 

Another good way to spoil a clutch is to throw it 
out in traffic until the car comes almost to a stand¬ 
still, and then to speed up tlic engine and to slip 
the clutch in with the gear-shift lever still in high 
sj^eed. 

When the car slows down with the clutch out, the 
gear lever should be slipped to second speed, and if 
the car comes to a full stop, it should be shifted to 
low si)eed. 

Another important point in driving is to learn to 
engage the clutch gradually, and not to “bang” it in 
with the engine racing. 

It is always better to run on the engine as much 
as possible, throttling it down instead of constimtly 
throwing “out” the clutch, and when running slowly 
with throttle closed, the speed of (^ar can be still 
further retluced for brief periods by gradually 
applying the brake. 

A well-adjusted clutch takes hold gradually, does 
not slip after it has come to a seat, and relcaseH 
instantly when the pedal is depressed. 

Testing for a Slipping Clutch 

A slipping clutch is a constant waste of power and 
fuel and a strain on the engine. Soinetirne.s this 
trouble is so noticeable that the driver has no 
difficulty in diagnosing it. But in many cases it is 
necessary to test the dutch in order to be sure that 
it is not slipi)ing. 

A simple test is as follows: With the engine run¬ 
ning, pull on the emergency brake, put the gears in 
low, and then let in the clutch. The engine should 
stall immediately. If, however, the engine con¬ 
tinues to turn over in spite of the fact that the car 
is braked and stationary, then this is evidence that 
the clutch is slipping. If at any time when using 
the car the engine appears to overheat for some 
unaccountable reason, or if the engine lacks power 
and the gasoline mileage is lower than usual, it is 
well to make this test. 

ADJUSTMENT, AND REPAIRS 

thp clutch leather at various points and allow 
gradual engagement of the frictional surfaces. 
The “grabbing” feature is eliminated by the use 
of these plungers, .of which there are usually 
six, inserted under the leather, as shown in 
Fig. 1. 

4. Clutch rollers on the shifter yoke. 

5. Ball-thrust bearings on the clutch shaft. 

6 . Clutch brake, which prevents spinning of the 

clutch when released. ^ 
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FIk 1. Typical example of a cone clutch, the Chevrolet 
“490." Note that expanders are placed under the clutch 
leather so a.s to present slightly raised points of contaet to 
eliminate "grabbing." 

If the clutch takes hold too quickly and causes the car to 
start with a jerk, it is an indication that the clutch leather 
expanders need adjusting. To do this, turn each of the 
expander nuts to the right, until they lightly touch the clips, and 
then give them a half-turn to the left. This unscrewing allows 
the expander to act properly under the clutch leather. 

The clutch leather will in time “dry" out, resulting in “grab¬ 
bing," or slipping. Once a month rub a little neatsfoot or 
castor oil on the leather to soften it. Should the clutch leather 
become greasy, apply a little fuller’s earth to it. Do not u.se 
sand or other gritty substances to make a slipping clutch hold. 


Conc-Clutch Troubles 

Cone-clutch troubles are either fierce engagement 
or grabbing, slipping, or spinning. The latter makes 
it difficult to shift the gears ot the transmission. 


CAM -COMKOn AvBBSR 



Fig. 2. Various oone*olutch troubles illustrated, iMotor.) 

Cause of Clutch Grabbing 


A prominent clutch manufacturer states: “We recommend 
keeping all oil off the clutch leather, and we do not use the 
common remedy, neatsfoot oil. Better results are acoom* 
plished by keeping the clutch face clean, and when an occasion 
arises where the clutch grabs, clean it with kerosene, but not 
gasoline. The kerosene leaves just enough oil to keep the 
leather in good condition. 

Clutch rivets projecting, as a result of wear of the 
leather: Remedy by placing a center punch against 
the rivets and hammering until they are below the 
surface of the leather. A grating or grinding sound 
will indicate this trouble. 

Clutch lever linkages out of adjustment: The 
amount of movement between the surfaces of the 
clutch is small, and it is important that no looseness 
exists in the pedal connections. 

Excessive tension on clutch spring: If this is 
found to exist, weaken the spring tension. Exces¬ 
sive tension also causes undue strain on the ball- 
thrust bearings. 

Plunger studs improperly adjusted: The six 
plunger studs, also termed the clutch leather 
expander studs (Fig. 1), should be properly adjusted. 

Clutch release ring bearings may be worn, as a 
result of lack of lubrication. If run while dry, they 
are liable to seize and to prevent clutch releasing 
entirely, in which case new bearings must be fitted 
(see Fig. 9, page 841). 

Cause of Clutch Slipping 

Burned or worn clutch lining: Usually results 
from allowing the clutch to slip when starting, or 
speed changing, and from using the clutch too much, 
instead of the throttle, while running. Even though 
it be worn to a certain extent neatsfoot or castor oil 
will sometimes improve its operation. Otherwise a 
new clutch leather must be fitted. 

Clutch leather oily and greasy: The cure for this is 
either to wash the oil off by spraying a pint or so of 
kerosene, with an oil gun, over the clutch leather, 
while holding the clutch out, or by wiping off w ith a 
cloth moistened with kerosene, and to dress the 
leather afterwards with neatsfoot oil, if necessary. 
The oil can also be absorbed by sprinkUng powdered 
fuller’s earth or talc over the surface and leaving it 
standing for a while. Don’t use dirt or sand—it will 
cut the leather. 

Leather worn down: If it cannot be raised enough 
by adjustment of the plungers (clutch leather 
expanders), a new leather must be fitted. 

When the surface of the clutch and scat are new, the latter 
touch all over, but when worn, they touch on only the high 
places. If the surfaces touch in only a few places, they natur¬ 
ally cannot transmit the power that is possible with a good 
contact; they can be forced to transmit it by pressing them 
more firmly together, but it is better to reface the surfaces. 

Clutch-spring tension weak: Tighten the adjust¬ 
ment (see page 841). If no adjustment nut is on 
spring, place a washer between the spring and its 
seat. Also examine the pressure or plunger studs. 

Clutch shaft out of line: Sometimes caused by too 
great a spring tension, causing the balls to break in 
the thrust bearing and cutting the ball race,vlower- 
ing the clutch shaft out of line. It may also be due 
to a bent clutch shaft or the clutch shaft being out 
of alignment. Sometimes shims are placed under 
transmission support, and if not carefully replaced, 
will throw clutch out of line witli transmission. 

Ridge or shoulder worn on the clutch leather (see 
page 843 for remedy). 


Clutch leather dry or hard: This can be remedied 
by applying neatsfoot or castor oil after first clean¬ 
ing the leather with kerosene, using an oil gun to 
remove any mineral oil. 


Clutch Spinning 

When a clutch spins, when thrown out of engage¬ 
ment, it is difficult to shift gears. 
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The shift of gears by the gear-shifting lever ought to be made 
without a particle of noise if the clutch is thrown out when 
shifting. If there is a noise, then it is usually due to the clutch 
not being fully thrown out, or to dragging or spinning, or to 
the transmission shaft being out of line, owing to worn bearings. 

Clutch spinning is often due to excessive friction 
in the spring-thrust bearing (see Fig. 2), though 
sometimes faulty alignment of the flywheel and 
clutch cone prevents the engaging surfaces from 
entirely clearing each other. A bent clutch shaft 
might be the cause of this. 

Sometimes the fault lies in the clutch. A heavy 
rim or cone will store up energy and continue to 
revolve when disengaged. 

When a clutch spins from lack of alignment or 
adjustment, the remedy is obvious, but it the fault 
is in the design, a clutch brake (see Fig. 2) should 
either be fitted, or the clutch rim lightened by drill¬ 
ing or machining away metal at or near the outer 
cv-cumference. 

Clutch Brake 

Unless the clutch-shaft speed is reduced approxi¬ 
mately to the speed at which the main shaft of the 
gear shafting is revolving at the time, there will be 
a clash of gears at the time of engagement, with 
consequent damage to the face of the gears and 
annoyance to the driver. The clutch brake will 
overcome this to a considerable extent if it is 
properly fastened and proportioned. 

The purpose of the clutch brake is therefore to 
keep the clutch from spinning when thrown out. 
See Figs. 2,10 and 11. It consists of a small spring- 
mounted fiber pad attached to the left of the frame, 
against which the clutch cone strikes when dis- 
engag^. It should be so adjusted that when the 
pedal is pressed half-way dowm, the cone should just 
begin to come in contact with it, so that by the 
time the pedal is all the way down, the spring on 
the clutch brake will be fully compressed. For an 
example of a clutch-brake adjustment, see page 842 

If the car is not equipped with a clutch brake and 
it is desired to attach a clutch brake or dampener, 
to check the revolving of the cone when released, 
either cork or rubber can be fitted into a metal 
bracket which can be attached to the car frame. 

The position of the brake should be just to the 
rear of the clutch rim, against which the clutch will 
draw when the disengaging pedal withdraws the cone. 

Cone-Clutch Lubrication 

Lubrication of a cone clutch is usuallv at the 
rollers or clutch yoke and ball-thrust bearings; 
otherwise oil should be kept from the clutch leather 
as much as possible, as a leather-faced cone is sup¬ 
posed to run dry. but yet be kept flexible. This 
can be done by tne use of neatsfoot or castor oil, 
as explainecL 

If the Clutch Fails to Release 

When a cone clutch fails to release, it is usually 
termed a “frozen clutch.” lliis may be due to 
rusty or tight pedal connections or to loose pedal 
linkage connections; clutch yoke rollers run dry 
sometimes, from too tight a spring adjustment. 

The amount of movement between the surfaces of a clutch 
is email, and it is important that no looseness in the pedal 
connections or bending of the levers should exist to in’eyent 
gradual engagement. 

When cleaning or treating a clutch with neatsfoot 
oil, it can be held out of engagement by using apny 
placed against the clutch pedal, as shown in Fig. 3. 

The cone part of the clutch with the leather facing 
on it can then be turned by hand and neatsfoot oU 
aopHed, or the oil gun filled with gasoline can be 
for cleaning, as shown in Fig. 4. 



Fig. 3 Fig. 4 Fig. 5 


An insect-powder gun, filled with talc or powdered 
fuller’s earth can be used as a temporary remedy 
for oily slipping clutch or brake, if necessary (Fig. 5). 

Cone-Clutch Adjustments 
The adjustments on a cone clutch are: 

1. Clutch pedal adjustment. 

2. Main clutch-spring adjustment 

3. Clutch-leather expanding spring adjustment. 

4. Throw-out adjustment. 

5. Clutch-brake adjustment. 

Clutch-Pedal Adjustment 

There are various methods used to adjust the foot- 
clutch pedal. The illustration (Fig. 6) is that of the 
Oakland model 34B (cone type clutch). 

There are two possible causes or reasons for the 
necessity of adjusting the clutch pedal: 

1. The p^al, when in driving position, with the 
clutch in, may vibrate back and forth, owing to 
there being too much clearance between the pedal 
and toe board. 

2. The clutch may be slipping, because of the pedal 
pressing against the toe board before the clutch 
Ls fully engaged. (See importance of free play 
of clutch pedal, next page.) 



To remedy either condition, remove cotter pin and 
push adjusting screw out of the hole in pedal. Hold 
the wedge nut and turn the adjusting screw to the 
right or left until the proper adjustment is obtained; 
replace and put in cotter pin. Clearance between 
pedal and toe board should be approximately 1-16”. 

One of the first places to look whether the clutch 
is slipping is the clutch pedal (either the cone or disk 
type). As the clutch facing wearSi w clutch pedal 
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[travels toward the toe-board, and when wear is 
sufficient (or pedal is out of adjustment) to permit 
clutch pedal to rest tight against the toe-board (see 
E. Fig. 7), without any free play, then the full action 
of the clutch sjmng is not obtained, thus causing 
slipping and rapid wear to frictional surfaces. 

The main point to observe is that when the clutch 
is in the fully engaged position, the clutch pedal 
should have free play, or should.depress from 
to (see G, Fig. 7), imder light spring pressure 
before the resistance of the heavier clutch spring is 
encoimtered. 

On some clutches (see paragraph under Fig. 25, 
page 847), the adjustment of. the clutch will restore 
the proper clearance between toe-board and clutch 
pedal. 

On other types of clutches, where there is no clutch 
adjustment provided, it is necessary to adjust the 
clutch pedal to restore the free play, as shown at G, 

Fig. 7. 

Note: It is also important to see that the pedal pad (A. 
Fig. 7) is clear of. upper Hide of toe-board (D) when fully <le- 
pressed, otherwise the clutch will not fully release. Sometimes 
the toe-board gets out of place. 



Fig. 7. Illustratiug what is meant by free play of clutch 
pedal. P’or a distance of 3^" to i travel of clutch pedal 
pad (see G), there should be free play. If clutch pedal is tight 
against the toe-board and there is no free play, then the clutch 
plates are worn, or the pedal is out of adjustment. 

Fig. 7A. Clutch pedal arrangoment of the Cadillac type “57.” 

Adjustment of clutch pedal clearance of the Cad¬ 
illac (type “67,** multiple disk dry type of clutch, 

see page 22): After the car has been run for some 
time it may be found that the facings on the clutch 
disks have become compressed or worn to some ex¬ 
tent, and that consequently the clutch pedal strikes 
the stop screw before the clutch is fully engaged. 
When this condition exists, a readjustment of clutch 
pedal may be made as follows: 

Remove the pin (n) (P^ig. 7A), and unscrew the yoke (o) which 
is threaded on tlie rod (o), so that when the pin (n) is replaced, 
the clutch pedal has a movement back and forth of i without 
starting to release the clutch. Secure the pin (n) with a cotter 
pin, and tighten the lock nut (v). 

Do not slip the clutch when starting off from a slow 
speed in high gear instead of shifting to a lower gear. 

Do not ride the clutch pedal: that is, do not hold 
the foot against it while driving, a;3 there is a posvsi- 
bility of keeping it partially disengaged. This 
causes excessive wear in the plates. 


To adjust: With a screwdriver remove the cover 
plate, loosen the clamp screw on the clutch-adjusting 
nut, and turn up the clutch-spring adjusting, nut 
(just below the clutch “throw-out'^ fork (F), until 
there is sufficient compression. Then tighten the 
screw. Also note the clutch leather engaging the 
spring, for the purpose of expanding the clutch 
leather (explained farther on). 

Care: Keep the clutch-yoke grease tube filled, 
and be sure it does not clog. Keep the drain hole 
in the bottom ot the clutch housing free, so that oil 
cannot accumulate on the clutch leather. Turn 
the grease cup down often, on the ‘‘clutch tlrrow- 
out.’* The first 50,000 Dodge cars used the clutch 
as shown above. Later cars use disk clutches of 
tlie dry type, described farther on. 

The first 50,(X)0 Dodge cars used the “cone ’’clutch as de- 
Rcribod abov’^e. Later cars use the disk clutch, dry type, con- 
8>stii»K of 4 driving and 3 driven members. 



Fig. 8. Cone clutch and tranami.s.sion used on the early 
iikkIcI Dodge cars. Note the position of the main clutcn 
spring (S) 
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Fig. 9. Note the position of the clutch spring. 


Another arrangement of the main clutch springs 
is shown in Fig. 0. Note the main clutch spring is 
within the clutch spider. 


Main Clutch-Spring Adjustment 
There are two or three methods of arranging the 
main dutch springs so that they will hold the clutch 
cone firmly to the inner surface of the flywheel. 

One method is as shown in Fig. 8. Note that the 
main clutch spring (S) is placed over the clutch 
9 ^ft between the clutch spider and a collar provided 
with an adjusting nut. 


Here again, the regular remedies for a slipping 
clutch caused by a worn, oily, or burned leather, 
apply. 

Adjustment: A worn leather may be made to 
hold by increasing the tension on the four large 
clutch springs witmn the clutch spider. In doing 
this, be careful to turn each nut to exactly the same 
extent. 
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Clutch brake: When the lining of the clutch brake 
becomes worn, thus allowing the clutch to spin after 
disenga^ment and make the shifting of gears diffi¬ 
cult, adjust by loosening the clamp bolt and turning 
the adjusting nut to the left, or counter-clockwise. 
This will compress the brake spring sooner, and 
consequently stop the clutch more quickly. 

To grease the clutch, loosen the wing nuts and 
remove the cover of the clutch housing. Give the 
grease cup on the clutch release ring a turn or two. 
Press the elutch pedal, and turn the clutch cone 
around until that grease cup appears, and give it a 
turn or two. Turn the engme over until the grease 
cup on the clutch spider appears and turn that down 
the same amount. Apply a few drops of flowing oil 
to the clutch release-yoke trunnion bearings. 

Note that the leather expander and spring for 
expanding the clutch leather are in this clutch also. 

Outch-Leather Expanding Adjustment 

The clutch-leather expanding adjustment, called 
the "‘clutch-leather engaging spring’' in Fig. 8, and 
the “expander spring” in Fi^O, is for the purpose 
of preventing “grabbing.” The expanders are so 
placed as to present a ^ghtly raised point of con¬ 
tact of the clutch leather to the fly-wheel inner 
surface. 

If the clutch takes hold too quickly and causes 
the car to start w’ith a jerk, it is an indication that 
the clutch-leather expanders need adjustment. 


Ball thrust bearings should be supplied with oil 
(see Fig. 2, page 839). 

Clutch-Brake Adjustment 

The clutch brake, as used on the Studebaker series 
“20” cars, is shown in Fig. 10. There are two arms, 
one on each side of the clutch, so arranged as to 
make the adjusting screws accessible after removing 
the floor board. The double construction equalizes 
the pressure on the clutch cone, and prevents any 
tendency for it to bind on the shaft. 

The object of a clutch brake is to facilitate g^r 
shifting and eliminate clashing of gears. Its action 
is to slow down the transmission countershaft gears 
so that the gears while being shifted, will have the 
same speed. 



The clutch-leather expanders usually consist of 
six small spring-mounted clutch plungers placed 
under the clutch leather, which raise it at various 
points and allow gradual engagement of the friction 
surfaces. Should these plungers become fast in 
their guides, or should an^hing prevent the leather 
over these plungers from first coming into contact 
with the seat in the flywheel before the entire surface 
engages, “grabbing” will result. 

They should be adjusted so that with the clutch 
in complete engagement, approximately 1/16” 
remains Detween the adjustment nut of the plunger 
stud and the guide to the cone, when the clutch is 
fully engaged. 

The clutch leather will in time “dry” out. result¬ 
ing in either “grabbing,” or slipping. It is a good 
dea occasionally to rub a little neatsfoot or castor oil 
♦n the leather to soften it. Should the clutch leather 
ttecome greasy, apply a little fuller’s earth to it. 
Do not use sand or other gritty substances to make a 
slipping clutch hold. If you do, you are simply 
inviting a large repair bill. 

Cone clutch with cork inserts: On the early 
models (1914, 1915, 1916) Moline-Knight cars, a 
cone clutch was used where the leather on the face 
of the cone had cork inserts re^larlv placed around 
the leather. They are backed up by an adjusting 
screw. 

Clutch Throw-Out Adjustment 

The throw-out adjustment, or the amount of lever¬ 
age for the distance to which the clutch is thrown 
out, is adjusted on the clutch pedal, or, on some 
clutches, at the shifter yoke collar, ali^ termed 
the releasing ring. See Figs. 9 and 11. 

Clutch release ring bearings (Fig. 9}, which, by 
pressure upon the clutch release ring, diwngage the 
clutch from the fl 3 rwheel, should be kept welTgreased 
or oiled, as the case may be. 


Cars when shipped are so adjusted as to give the 
best results. Wnen a car has been driven 500 miles, 
the clutch-cone facing will become slightly com 
pressed, allowing the cone to enter the flywheel 
farther, which, together with a slight wear of the 
clutch-brake facing, will increase the gap at (A) 
(Fig. 10). It will then be necessary to screw out on 
the adjusting screw, decreasing the rap (A) to 5/16”, 
taking care to adjust both sides alike. 


Removing and Replacing a Cone Clutch 

As an example, the Willys “six” is used, as shown 
in Fig. 11. 

To remove the clutch, first remove the two cap 
screws which hold the spacer shaft (Fig. 11) to 
the clutch cone. Remove the three nuts on the 
motor side of the first member of the universal joint, 
and drive the studs back so that the spacer shah, 
with the first member of the universal joint, can be 
removed. 


CLUTCH SF^KCEP 

CLUTCH CONC 
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Fig 11. Cone dutch and parte Wiljye ^*eia.** 
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^ Remove the clutch brake and the bolts holding 
the foot pedals and clutch shifter yoke, so that the 
shifter yoke and its shaft can be raised slightly. 
Next remove the nuts holding the three main clutch 
springs in place and take off the springs (Fig. 11), 
after which the clutch cone itself can be withdrawn. 

In replacing the clutch, the springs (S) can be 
compressed sufficiently to start the retaining nuts 
(N), if a pry bar (P) is held back of the clutch spider 
(R) pressing the studs out (Fig. 12). Bo careful to 
get an even tension on the main clutch springs, 
which will be reasonably assured if the retaining nuts 
are screwed on to their respective studs (T) approxi¬ 
mately the same distance. Do not fail to fasten the 
cap screws holding the spacer and universal joint 
nuts with cotter pins. 



In replacing the clutch brake, it should be set so 
that when the clutch is thrown out to its limit the 
edge of the cone bears firmly on the clutch brake, 
but does not compress the spring solidly. 

Fitting New Leather to Clutch Cone 

First, be sure that replacement is necessary. See 

pages 839, 840, and note the causes of trouble. 

If the leather is worn or the rivets project, then 
it will be necessary to remove the clutch in order 
either to replace the leather or to drive the rivets 
down below the surface of the leather. 

If a shoulder of about 1/16" or 1/32" has worn on 
the leather, a careful trimming of it off with a file or 
rasp will permit the cone to po farther into the fly¬ 
wheel and may be all that is necessary—together 
with cleaning the whole surface of the leather and 
removing oil or glaze, and then applying neatsfoot 
or castor-oil dressing. 

If however a new leather is necessary, then pro¬ 
cure it of the dealer of the car if possible. It comes 
cemented ready to apply^ and can be slipped over 
the cone and can be driven into position with a 
mallet or a piece of wood. 

When the clutch must be relined in an emergency, 
and the old lining is not available to serve as a pat¬ 
tern, secure a piece of first-class, unstretchable belt¬ 
ing, 3/l()" thick, 10" wide, and 44" long (Fig. 13). 

If you must make the leather facing, then first 
remove the old leather by cutting the rivets with a 
chisel and hammer. Then procure first-class, 
unstretchable leather belting (or chrome-tanned 
leather) 3/16" thick for the new leather. The 
leather should first be cut as shown in Fig. 13. 

Then ^ place the leather over the clutch cone in 
the correct position, and draw it as tight as possible. 
The leather, if cut as shown, will lap from 3" to 4". 

Mark on the inner side of the lapped leather the 
end of the first turn which lies against the cone. 


Next remove the leather and measure back or toward 
the long end of the leather 5^". Measure back 
from the unmarked end of the clutch leather 3", and 
bevel the leather off. as shown in the illustration. 
Add 3" to the corrected length of the leather, and 
bevel this end as shown. 

The leather may now be cemented, and after it is 
thoroughly dried it may be installed. Always put 
the rough or flesh side on the outside. For the 
kind of cement to use, ask a harness maker. 

Before a new clutch leather is installed, it should 
be thoroughly soaked in neatsfoot oil and stretched 
tightly over the clutch face. Before the leather is 
fastened to the clutch drum, the “clutch plungers" 
(or pressure studs) should be forced in below the 
surface of the clutch cone and held in this position 
by the clutch-plunger adjusting nuts, which may be 
screwed up on the stem of the plunger. 

In riveting the leather on to the cone, extreme care 
should be exercised to see that the rivets are properly 
clinched or turned over on the inside of the clutch 
cone, and that the heads are driven into the leather 
of the clutch face until they are well below the 
surface. Unless this is carefully done, the clutch 
will “grab" or engage suddenly. 



Fig. 13. Pattern for cutting clutch facing for a Will 3 r 8 “six” 
cone clutch. When the old litiiiiK is not available to serve as a 
pattern, secure a piece of hrst-class, unstretchable belting, 
3/I6" thick, 10" wide, and 44" long. 

To lay out the correct pattern of the facing, draw on a piece 
of heavy paper the arc of a circle, having a radius of 35 9/32", 
and below it the arc of a circle with a radius of 33 9/3^', as 
shown. The exact length of the belt will be 44 3/16", but it is 
well to make it somewhat longer, because it will be safer to be 
able to trim the ends later on. Put the rough or flesh side of 
the new clutch leather on the outside. 



Fig. 14. A sugs^ested method of forcing a new clutch facing 
on a cone by drawing the cone into it by a bolt as shown. A 
small amount of shellac is applied to the clutch and is allowed 
to set before the stud nut is loosened. After this, leather peu 
are used to complete the bond between leather and clutch. 
{Motor.) 

Fig. 15. Another method to force a one-piece dutch lining 
on a cone dutch. Insert a rat-tail file in a bit brace. Force 
the lining on as far as it will go with the file, which should be a 
coarse one, and by turning, the file wiU roll the lining into piac« 






844 


DYKE^S INSTRUCTION No. 72 


An alternative sometimes used on older makes 
of cars is strips of asbestos brake lining.* It is made 
in parallel lengths and riveted to the cone in six or 
eight sections, the edges being cut at a slight angle, 
according to the diameter of the cone. 

Note. A very important point to observe in fitting 
a new clutch leather or fabric is to have the surfaces 
absolutely clean, otherwise the clutch facing will 
be raised if there is any substance under it, and will 
thus cause the clutch to grab. 

If, after relining a cone clutch, the clutch grabs, 
or if it grabs even though not relined, tliis is usually 


due to high places on the facing, or the leath^ 
is dry. 1 

If, after treating it with neatsfoot oil, it still grabs 
and the high spots cannot be determined by the 
general appearance of the leather, then try this 
method: Depress the clutch pedal and then 
insert a piece of white paper between the flywheel 
and the leather-faced portion of the clutch. 
Engage the clutch, and then depress the pedal 
again. When the paper is removea, the high spots 
will be plmnly indicated on it. The leather should 
then be trimmed to the surface uniform in height. 


THE MARMON CONE CLUTCH^ 


The Mormon “34** cone clutch is simply an alu¬ 
minum wheel having a conical rim cngageable with 
the corresponding surface within the flywheel. 
Depressing the clutch pedal moves this cone back 
and disconnects the engine, while a spring action 
holds the clutch in contact when the clutch is let in. 

Smooth application of power is assured by the 
five steel disks set within the flywheel, which give a 
slipping contact with gradually increasing force 
until the whole surface of the cone corner into full 
contact as the clutch is entirely engaged. 


a 


No adjustment for easy engagement is necessary. 
The metal and asbestos fabric with which the cone 
is lined usually require replacement after lt),000 
to 20,000 miles of running, the life being largely 
dependent upon the class of service. 

To disassemble the clutch, remove the circles of 
bolts at the universal joint and at the clutch flanges, 
and take out the drive shaft, thus released. Then 
remove the cotter and back off the main clutch nut. 



The spring retainer can then be pulled off its key 
after inserting cap screw's in its threaded holes. 
Then the cone will slide off the pilot shaft. In 
replacing, care must be taken in fitting the spring 
retainer on its key. 

Relining clutch: The standard facing for these 
clutches is superior to leather, and to get best service, 
renewals should be made with same material. 

To install, clean off all remains of the old facing, 
lubricate the cone with graphite, and slip the new 
facing in place. It may be necessary to force it 
gently, but do not hammer the edge. Soaking the 
facing in water will aid the facing to slide on easily. 
Then put rivets firmly in place, making sure the 
heads are below the surface. This is best done by 
placing the rivet head against a punch or small 
steel bar held vertically in a vise, and riveting with 
the round head of a machinist’s hammer. 

Replacing: See that the felt washer and hub 
bushing at the front of the cone are in good condi¬ 
tion; then fill the hub w'ith oil and replace, making 
sure to get all parts back just as they came out. 

Clutch release: The shaft back of the clutch has 
two flanges about w'hich is fitted a split collar, giving 
a marine type of bearing, which should be filled 
with oil. The backw'ard thrust to release the clutch 
is applied to this collar by a yoke linked to the 
clutch-pedal shaft. The bushings of these shafts 
and links are self-lubricating. The clutch pedal 
stop is against the floor-board. Inspection should 
be made, from time to time, of the shifting collar, to 
be sure that, from lack of lubrication, this part does 
not revolve with shaft when clutch is released. 

Note play allowed in splined shaft (S) for the movement of 
clutch shaft when clutch is thrown out. 


CONE-CLUTCH REPAIR—THE CHEVROLET “490” AS AN EXAMPLE' 


Evidence of Trouble 

1. A heavy grinding noise when the clutch is 
released. This is usually caused by worn or 
broken balls in the clutch-thrust bearing. 

2. Actual failure of the pedal to release or move 
the clutch or to come back into position when 
pushed out. This indicates that the clutch¬ 
spring retaining plug has become unsoldered and 
has unscrewed from the clutch hub. 

3. Excessive slipping of the clutch, that cannot be 
cured either by application of neatsfoot oil, if 
dry, or fuller’s earth, if slippery. 

The. first necessitates a complete removal of the clutch, 
together with the flywheel and clutchnspring tension rod; 
the second, a removal of the clutch hub, and the third, the 
removal of the hub and clutch. 

Disassembling the Clutch 

1. Remove the floorboards. 

2. Remove wiring running from battery to starter. 

I Single disc dry-plate type now used on models 68. 78 
Marmon. A si^O’ifiate clutch is also used on the Chevrolet 
International AC. 


3. Remove the three bolts holding the V-brace to 
the engine base and the gearbox support, and 
remove the V-brace. 

4. Disconnect the brake rods from the pedals. 

6. Remove the bolts holding the clutch-release 
shaft to the gearbox support, and remove the 
clutch release cross-shaft, together with pedals. 

6. Remove the bolts on the rear clutch-hub drive 
ring. 

7. Remove the four bolts holding the gearbox to 
the gearbox side-arms. (Care should be taken 
in removing the shims under the gearbox, so 
that they may be replaced in the same posi¬ 
tion.) 

8. Remove one bolt holding the left gearbox side- 
arm (on the pedal side) to the engine. (This 
permits the gearbox side-arm to spring to one 
side when removing the gearbox). 

9. Lift the gearbox up and slide it forward. It 
may then be removed from the cnassis. (A jack 
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should be placed beneath the propeller shaft to 
hold it in place when the gearbox has been 
removed. In some cars it is necessary to 
spring the gearbox arms apart or to force the 
gearbox out with a jack.) 

10. Turn the flywheel until the pinhole (Fig. 17) 
passing through the clutch hub is at the top, and 
clutch-spring retaining pin is in line with hole. 

11. Using either the compressor shown in Figs. 17,18, 
compress the clutch spring. The clutch-spring 
retaining pin will usually drop out when over 
the hole in the housing; but, if not, it may be 
driven out with a drift and hammer. 

12. Draw out the clutch spring. 

13. Remove the bolts holding the clutch hub to the 
clutch spider, and remove the clutch hub. (This 
is necessary, as the hub would otherwise inter¬ 
fere when removing the clutch.) 

14. Pull out the clutch. (This will take some little 
effort, as the gearbox arms squeeze on to the 
clutch and must be sprung.) 

15. Remove the nuts holding the flywheel to the 
crankshaft flange and with a bar loosen the fly¬ 
wheel and remove it. (It is advisable to mark 
the position of the flywheel on the flange so 
that it may be replaced in the same position.) 

16. Remove the flywheel together with the clutch- 
spring tension rod, and place it on tw'o boards 
nailed to the bench. 

17. Separate all parts and clean with gasoline and 
waste. 



Fi«. 17. Showing the method of compressing the clutch 
spring. The steol bar is 5/10" x 1" x 4". The bolt holes are 
H and 3' between centers. The pipe coupling is iiwidc 
diameter; the slots are about 54" deep. 

Clutch Troubles 

Clutches of this typo give but little trouble if 
properly used, and the necessity for relining is only 
occasional. If slipping has been experienced and 
the leather is damp, it is usually because it has 
been soaked with mineral oil. This may be re¬ 
moved by cleaning the leather with gasoline, after 
which neatsfoot oil should be applied to keep the 
leather flexible. 

Grabbing: On model ^‘490” there are six clutch 
leather expanders. These expanders are placed 
under the clutch leather and present a slightly 
raised point of contact. Their function is to pre¬ 
vent the clutch from grabbing. If the clutch grabs, 
the ejroander should be adjusted. To adjust the 
expanders, turn each of the expanding nuts in the 


same direction as the hands of a clock, or from right 
to left, until they lightly touch the clip, then give 
them a half-turn in the opposite direction. If this 
method fails, the chances are that the clutch is dry. 

Though a dry clutch will occasionally cau.se slip¬ 
ping, it more often causes “grabbing.” Unless the 
leather is burned, or worn out, it may be restored 
by roughing the surface slightly with emery paper, 
and then dressing it with neatsfoot oil. 

Another cause of a sticking clutch is protruding 
rivets, and these should again be set beneath the 
surface of the leather. A small shoulder will also 
cause trouble, and this should be scraped or filed. 

A new leather should never be fitted unless it is 
certain that the old leather cannot be reclaimed. 

If relining the clutch is imperative, it is best to 
obtain the new lining from the makers. If this is 
not expedient, the old hning should be carefully 
reniov(‘.d and used as a pattern for cutting the new 
lining. 1’iic new leather should bo much thicker 
than the old lining, and of uniform thickness. The 
mo.st es.sential point in fitting the new leather is to 
have it fit tight and true to the cone. 

If the clutch has been relined it will not work 
perfectly until it has been worked in. This usually 
takes some time and during that period should 
receive frequent applications of neatsfoot oil. 

To Fit a New Leather 

1. Soak the leather in water. 

2. Secure one end of the leather to the cone by one 
copper rivet (rough side out). (Never use any¬ 
thing but copper rivet.s; other metals will score 
the metal clutch facing.) 

3. With only about three-quarters of the leather * 
on the cone, pin the other end to the cone by a 
rivet. (See Fig. 21.) 

4. Force the leather up into the cone. It should 
fit evenly and with uniform tension. 

5. Drill and countersink the rivet holes. 

6. Rivet the leather in place. Be certain that the 
rivet heads are 3/32“ below the leather and well 
headed on the inner side. 

7. Allow the leather to dry slowly. It will other¬ 
wise shrink too much and expose the rivets. A 
coarse file may be used to remove the high spots. 

Fie. 20. The thrust* 
bearing assembly is 
held together by three 
oki valve springs. 

Fig. 21. The new 
leather should be fas¬ 
tened at the ends, and 

then forced over the 
face of the clutch. 

Fig, 22, When loose, 
the plug in the end of 
the clutch hub should be 
sweated back in place 

Clutch-Hub Repair 

if the solder holding clutch-spring retaining jjlug 
ha.s becom3 loosened, permitting plug to unscrew— 

1. Clean and scrape both plug and hub end. 

2. Screw the plug into the huh until the upper sur¬ 
face is slightly below the hub. 

3. Heat the end with a torch, as shown in Fig. 22, 
and run solder into the joint. 

Thrust-Bearing Repair; Assembling 

1. Examine the balls and races of this bearing, and 
if they are pitted or show the slightest indication 
of wear, the entire assembly must be replaced. 
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2. Place fl3rwhecl on bench, with gear side up. 

3. Force a ball race into the flywheel casting. This 
must go in evenly and come to a seat evenly, 
otherwise the bearing will quickly destroy itself. 

4. Assemble the balls and clutch-spring tension 
rod, packing the balls in grease. 

6. Slip the clamp shown in Fig. 20 over the end of 
the stud. This holds it firmly in place and per¬ 
mits one man to put on the retaining springs. 

6 . Slip three old valve springs over the end of the 
stud and pin in place, as shown. The clamp 
may now be removed, and the stud, with the 
thrust bearing, cannot fall apart in reassembling 
the clutch. 

An alternative method, and one commonly used 
in assembling the tension rod and bearings is 
to place the ball race, balls and tension rod to- 
getner before placing them in the flywheel. 
They may be held together by the three valve 
springs. 

7. Lift the flywheel back into place on the engine. 
Bolt it back in the same position as before it was 
removed. Do not tighten any one bolt until all 
are drawn snug. This removes the possibility 
of having the flywheel out of true, which would 
ruin the thrust bearings. 

8. Remove the pin and three old valve springs from 
the clutch-spring anchor stud. 

9. Force the clutch back into position. 

iO. Bolt the clutch hub to the clutch spider. Draw 
all bolts up snug, before any one is tightened. 


11. Put the clutch spring back in place and pack 
with grease. 

12. Using the compressor shown in Figs. 18^ 17, oi 
19, replace the clutch-spring retaining pm. 

13. Lift the gearbox back into the frame. It will 
have to be sprung past the gearbox side-arm. 

14. Replace the bolt holding the gearbox side-arm 
to the engine. 

15. Replace the bolts on the rear clutch-hub drive 
ring. Bring all up snug together. 

16. Replace th^ bolts holding the gearbox to the 
side-arms. (Make certain that the shims are 
replaced exactly in the same position from which 
they were removed.) 

17. Replace the clutch release shaft with the clutch 
yoke and pedals. 

18. Connect the brake rods. 

19. Replace the y-brake, connecting gearbox sup¬ 
port with engine. 

20. Refill the oil reservoir on the clutch yoke and the 
grease cups on the clutch cross-shaft. Oil all 
working oarts. 

21. Replace the wiring. Start the engine and note 
whether everything seems to be working 
properly. If there is a rattle in the clutch drive 
ring it will indicate that the gearbox is out of line. 
The shims will have to be shifted, or possibly 
removed. When perfect alignment is reached, 
the rattle will cease. {Motor World.) 


PARTS OF BORG & BECK SINGLE-PLATE CLUTCH; ASSEMBLY AND ADJUSTMENT 


General Description 

This clutch is termed a ‘‘single-plate clutch” 

because a single dry disk or plate (2) (Pig. 23) is 
locked to rotate with the flywheel by gradual 
pressure between tw'o asbestos facings, or rings (1) 
and (3), thus driving the clutch shaft (S) (Fig. 26) 
that carries power to the transmission. 

In two-bearing clutches^ (Figs. 26, 27) , all of the 
clutch except tne driven plate (2), facings (1, 3), 
sleeve (8), and shaft (S), rotate at all times with tlie 
flywheel.® The sleeve (8) is keyed to shaft (S). 


In single-bearing clutches^ (Figs. 28, 29, 30) the 
sleeve (8) is not keyed to the shaft (S), and rotates 
with the flywheel. 

The holding action is obtained by gripping the 
driven plate (2) between the friction rings (I and 3) 
and the flywheel (F) and thrust ring (4) of the clutch. 
A spring (7), operating against three bell-crank 
levers (L), applies pressure to the thrust ring. 

The friction or driven plate (2) is mounted on the 
clutch shaft (S) by a splined fitting. It rotates be¬ 
tween two wire-corded asbestos facings (1,3) which 
are free tofloatin theflywheel. The facings absorb the 



Fife. 23. Parts of the Borg & Beck dry-plate clutch. (F) repreeenta tho flywheel ready for the clutch parts, which are 
diown disassembled in the order in which they are to be assembled. Note that inside of the flywheel the dowel pins that carry the 
thrust ring (4) are shown projecting (see also (P) Fig. 20.) The Borg d( Beok Co., Chicago, are the manufacturers. 


U) Frictioii ring, a duplicate of No. 3. These rings take all the 
clutch wear. 

(2) Friction disk, or dry plate, keyed to the shaft by 10 splines. 

(3) Friction ring; copper reinforced woven asbestos. 

(4) Thrust ring; note the inclined face toward the center, and 
adjustment inclines. 


* Bee footnote page 847. * Parts 1, 2, 3, and 8 ooma to 

list whan the eluteh ^ disengaged. 


(5) Mounting ring; fastens to the cover with adjustment bolts; 
it carries the bell-orank levers. 

(6) Retractor collar; the ends of the bell cranks engage in slots. 

(7) Spring is compressed between cover (0) and the retractor 
collar; it operates tho bell-crank levers. 

<3) Steers carries retractor collar; note the thrust bearings. 

(9) Clutch coyer bolts to the flywheel; note ^he adjustment 
bolts in the slots which are shown as (A) in Fig. 25. 
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wear caused by slippaee durine enga^ment. When 
engaged, all parts are friction-lock^ into a solid unit 
and revolve with the flywheel. The driven plate (2) 
and shaft (S) come to rest when the clutch is released. 



The frictior^ surface of the thrust ring (4) is a 

flat polished surface. The opposite face is a tripp^e 
•^am surface against which pressure is applied (see 
Fig. 24), It is inclined radially to take the wedge 
action of the thrust shoes, and the three cam surfaces 
on the rear face provide adjustment. Three equally 
spaced dowel pins (P) (Fig. 26) drive the thrust ring 
(4) with the flywheel. It is mounted freely, how¬ 
ever, to permit a slight forward and back movement 
as the pressure is applied or released. 

The adjustment or mounting ring (5) carries three 
bell-crank levers (L) (Fig. 26) which transmit the 
spring pressure. Two slots are provided in the 
clutch cover (Fig. 25) that allow adjustment of this 
ring. It is bolted to inside of cover by the two 
adjusting screws (A). It should be readily under¬ 
stood that the preasure shoes come in contact with 
a thicker section of the thrust ring (4), or higher on 
the cams, when they are nioved to the right, or 
clockwise, into a new position. This compensates 
for wear on the asbestos facings (1 and 3). 



Fig. 25. View showing adjusting bolts (A) and slots. 


Clutch troubles are not frequent. Ninety per 
cent of those which do occur are caused by failure 
to adjust when necessary. The pedal moves toward 
the floor-board as the clutch wears. Clearance 
must always be maintained between pedal and 
floor-board. Adjusting the clutch restores this 
clearance. Do not change pedal adjustment instead 
of adjusting clutch (see footnote, page 848). 

Adjust the clutch (not the clutch pedal) at once, 
should it start slipping. The better plan is to inspect 
at intervals and adjust before slipping starts. 

Genera] Remarks on Adjusting 

Refer to all illustrations (Figs. 26 to 30); (A), 
adjustment bolts; (B), correct engaged position; 
(C j correct release position. 


As the clutch facings (1 and 3) wear, the engaged 
position of the sleeve assembly (8) changes, allow¬ 
ing increased travel toward the flywheel. The 
clutch adjustment is provided to compensate for 
this wear, and by moving adjustment bolts (A) to 
the ri^ht, the sleeve (8) travel is decreased as much 
as desired to return sleeve assembly to normal. 

The distance from the correct enpged position 
(B) to the correct released position (C) is yi inch: 
in other words, when the clutch pedal is pressed 
down, the sleeve assembly should be pulled away 
from the flywheel Yi inch. 

The released position of the forward end of the 
sleeve assembly is not affected by wear or clutch 
adjustment, and, when correctly set, is always the 
same distance from face of flywheel. There are 
several ways of measuring this position, but the 
easiest way is to remove hand-hole plate (by remov¬ 
ing screws H, Fig. 27) and observe position of 
retractor collar (6), as shown in Fig. 27. 

A gauge made of wire with a bend at one end may be used 



To adjust two-bearing types DX, DAX, DAX-1, 
GX, GX-1, SGX, SGX-1, RGX, jx, proceed as 
follows 

1. Loosen both adjustment bolts (see Fig. 25). 
As both bolts are screwed into the same mounting 
ring (Fig. 24), moving one also moves the other. 

2. Hold clutch pedal down. Move bolts (A) to 
the right, or clockwise, which tightens the clutch. 

3. While the pedal is down, note position of 
retractor collar (6). The rear face of it should be 
about flush with the face of clutch cover (9) (see 
Fig. 27); If it is inside the cover, the pedal adjust- 


& The type of clutch can be found on name plate located at 
front of jlutch (see Fig. 2.')). 

The **two-bearing clutch’* refers to the two ball bearings, one 
at each end of clutch sleeve (Fijis. 26,27). The **8inile-bearing 
dutch’* refers to the one bearing shown at right end of dutw 
fleere only In Figs. 28. 29. 30. 
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ment should be changed, raising the pedal enough to 
bring retractor collar to that position.* 

4. Let in clutch and note the distance that the 
sleeve .travels. If more than inch, throw out 
clutch and move bolt (A) to right. If less than 
inch, move bolt (A) to left. After inch travel has 
been obtained, tighten both bolts A). This com¬ 
pletes clutch adjustment. When bolts (A) reach 
the right ends of the cover clots (Fig. 26), due to 
repeated adjustment, remove them and screw into 
the repeat holes which have been exposed at oppo¬ 
site ends of slots, thus doubling adjustment range. 

This showt clutch released. 

No brake. 

Note position of retractor 
yy collar and clutcn pedal 

with clutch cover. 
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*Pie foregoing describes the manner of adjust¬ 
ing the clutch pedal where no clutch brake is used, 
allowing the pedal to be pressed down until it 
touches the floor-board (see Fig. 27). 

Where a clutch brake is used, it is located at (C) 
position, and pedal adjustment should be set so 
that sleeve maxes contact with brake before pedal 
touches the floor-board (see Fig. 28). 

To adjust clutch of the two-bearing type DXY, 
follow instruction^ given above, except that when 
the pedal is down, the rear face of retractor collar 
(6) should extend about inch out of clutch 
cover (9), If it does not extend out that far, the 
pedal adjustment should be changed, raising pedal 
enough to bring retractor collar to that position. 

To adjust two-bearing type FGX: All have clutch 
brakes. Adjust ^dal as shown in Fig. 28, and 
adjust clutch to allow inch travel of deeve from 
engaged position (B) to brake (C). 

To adjust two-bearing heavy duty t3rpes 13FX, F JX 
and single-bearing heavy duty type F JS: These have 
three adjustment bolts Instead of two, and all have 
clutch brakes. Adjust pedal as shown in Fig. 28, 
and adjust clutch to allow a little more than inch 
but not more than y% inch travel of sleeve from 
engaged position (B) to brake (C). 

»If the dutch ledal is adhisted alone without adjusting the 
dutch, the left end of sieere (8) will come in contact with hub 
of driven disk (2) and will prevent spring fi'om operating levers 
and thus cause clutch to slip. To correct, adj ust clutch ^t and 
rake pedal adjustment afterwards. 




I This shows single-bearing clutch 
I p with clutch brake. (Released.) Note 
^ pedal does not go down to floor* 
t=d board. 

To Adjust Single-Bearing Types 

To adjust single-bearing types, M, D, DN, DA, DTT, OA. 
GA-1 follow instructions given above, except that when pedal 
is down the rear faco of retractor collar (6) should be H inch m 
from face of clutch cover (9), as shown in Fiia:. 29. If more than 
H inch from face of cover, the pedal adjustment should be 
changed, raising the pedal enough to bring it to that position 


In correct released position, re¬ 
tractor collar is about M inch 
.in from face of clutch cover. 



^k-s=Ji 


This shows single-bearing clutch 
without brake. (Released.) N#te 
position of retractor collar, and that 
pedal goes down to floor-board. 
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To adjust 8inde-bearing types DS. G, G-1, GS, 
SGS, RGSf Jt JS: These types all l^ve clutch 
brakes. Adjust pedal as shown in Fig. 28, and 
adjust clutch to allow ^ inch travel of sleeve from 
engaged position (B) to brake (C) (see Fig. 30). 


If the foregoing instructions are correctly fol¬ 
lowed, there will be proper clearance between 
floor-board and clutch pedal 
y P when clutch is engaged, as 

shown in Fig. 26. 



Fig. 30. Open flywheel type of clutch, 

j pM _M where transmission is placed separate 

I -^ from clutch housing, or “amidship” in- 

1 I stead of a “single unit power plant.” Note hub in 
' I the clutch cover to support clutch shaft. 

Meaning of Type Letters 


The first clutches manufactured were of the single-bearing 
type, and the letter used referred to its diameter as follows: 
M —8 inch; G—12 inch; D—10 inch; J—14 inch. Latter 
types are indicated by adding letters as follows: 

S means open flywheel type, as in Fig. 30. 

A indicates a bearing oup required in crowded housings, as in 
Fig. 29. 

X signifies a two-bearing clutch with the sleeve keyed to shaft, 
as in Fig. 26. 

U indicates the use of self-contained T.O. bearirg without a 
bearing cup and no retractor collar bearing. 

Y indicates new sleeve design. 1 indicates spjecial clutch cover. 

When letters are prefixed: S indicates wide friction-surface 
parts; R indicates wide friction-surface parts, but slightly 
narrower than those with prefix S; F indicates heavy-duty 
truck clutches. 

On latest clutches the size or diameter is prefixed in figures, 
and letter code for size is dropped, as in 13 Fa. 


Care and Lubrication 

If clutch seems to drag and gear shifting is diffi¬ 
cult after adjustment instructions have been carried 
out, there is probably surplus oil in the clutch. 

*To correct, wash out or clean clutch by pouring 
about one-half pint of kerosene through a funnel 
or chute into the large opening in the clutch cover 
while enmne is running, and engage and disengage 
the clutch as it runs. The surplus kerosene can be 
drained from the clutch by letting the car stand 
overnight with the front wheels higher than the 
rear. This permits the liquid to work its wav 
between the friction surfaces readily if the clutch 
is released and gear in mesh. If the first applica¬ 
tion is not sufficient, repeat the operation. 

Care should be taken to see that the oil level in 
transmission is not too high—approximately up 
to the center of the lower shaft. * 


to become noiejr. The surplus of oil may be removed bj 
washing it out with kerosene, as explained in text above. 

After about every thousand miles, remove the adjusting bolt 
and squirt a little cylinder oil into the clutch—just enough to 
moisten the asbestos rings. Too much oil will cause the dutch 
to slip until the oil is burned out. 

If trouble is encountered after these instructions 
have been carried out, it is an indication that facing 
require replacement or that some part of the clutdi 
is out of position or incorrectly assembled. 

Pointers on Operating Clutch 

Do not slip the clutch excessively instead of 
shifting gears. Slipping it makes the clutch do all 
the work that the transmission was designed to do. 

Do not drive with the foot on the clutch pedal. 

It puts a constant pressure on the throw-out bearing 
and shortens its life, and tends to wear clutch 
facings. Keep the clutch properly adjusted. 

Clutch Troubles: Cause; Remedy(Borg&Beck) 

Slipping is a bad condition that may ruin faemgs, 
drive disk, bearings, sleeve, in fact the whole clutch, 
if allowed to contmue. 

It is usually caused by a continual pedal pressure 
on the under side of the floor-board which holds 
the clutch partially ‘^out”, thus wearing the facings, 
or it may result from an excess of oil in the clutch, 
or driving with foot on the clutch pedal. 

Remedy: Adjust the clutch by moving the two 
adjustment bolts, as described on the preceding 
pages. If slipping comes from too loose an adjust¬ 
ment of the clutch, the same remedy will correct it. 
If there is too much oil, drain the clutch housing 
and wash it out with kerosene. If this does not 
relieve the trouble, the clutch facings (1 and 3) may 
be worn, or the spring (7) damaged. 

Slipping of ffie clutch, followed by chattering and 
grabbing: Tliis indicates that the asbestos facings 
(1 and 3) are glazed and should be replaced, and 
this necessitates the removal of the clutch. 
Dragging, which makes gear-shifting difficult. 
Cause: Failure of the clutch to release properly, 
and so to allow the driven disk (2) and the clutch 
shaft (S) to come to rest. It may come from: too 
tight an adjustment of the clutch; failure of the 
clutch-brake action; accumulation of oil and dirt in 
the clutch; bent, worn, or incorrectly assembled 
parts; worn out pilot bearing (10) in flywheel. 

Remedy: Adjust correctly; wash off brake facing 
with gasoline, or renew brake facing; wash out with 
kerosene; remove clutch and make any necessary 
repairs; put in new pilot bearing. 

Grabbing or stuttering: This condition causes 
the car to jump and shake as the clutch is let in, 
and shows uneven gripping of the friction or iive 
disk by the asbestos friction rings. 

Cause: It has been found that tliis is nearly 
always caused by imperfect alignment of the clutch 
in installing. 

Remedy: Take the clutch down and secure 

S r alignment of the clutch shaft. If the 
ing comes from a warped drive disk, caused 
by overheating from slipping, it will be necessary to 
replace the drive disk and friction rings. 


Lubrication: Oil for sleeve ( 8 ) and bearings is provided from 
the transmission through the nollow clutoh shaft aud holes 
bored in the sleeve itself. Care should be taken to see that the 
oil level in the transmission is not too high; it should come 
approximately up to the center of the lower, or secondary, 
transmission shaft. An oil of a liquid nature should be used 
in the transmission of about the consistency of 600 W. 

Overdubricatlon will cause dutch plates to slip and also 
drag* Under-lubrication will oauae dutch eleeve and bearings 


At times, grabbing may be caused by the accumu¬ 
lation of dirt or foreign matter on the asbestos 
facings and drive disk. 

Remedy: Wash out the clutch by cleaning it with 
kerosene, as described on this page. Do not fail to 
oil the clutch after using kerosene, as explained undur 
‘‘Lubrication.*’ 


'*'800 pp. 1091-1094 for later dutches. Oil or kerosene must not be put into these clutches and facings must be kept drv and 
free from oil. These dutches permit full facing wear without any adjustment—only the cliUch pedal should be adjustod If clutch 
“diaMsrt” or “drrohs” and pedal adjustment does not remediy trouble clutch is disassembled. 
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If clutch facings (1 and 3) are worn, trouble will 
be experienced when shifting gears into first speed 
when car is standing. 

Remedy: Remove clutch and put in new facings. 

Noise may develop at the three points on the 
thrust ring where it is driven by the dowel pins (P) 
(Fig. 26) in the flywheel. 

Cause: The fact that the pins were not properly 
fitted at the time of installation, and the fact that 
the backlash causes wear in the slots of thrust ring. 

Remedy: Take down the clutch and replace the 
dowel pins with pins of proper fit for thrusWing slots. 

Improper lubrication will cause the retractor 
collar bearing or throw-out bearing to become noisy. 

Remedy: Open up the oil holes in the clutch 
shaft, replacing the bearings, if worn. 

These bearings may also become noisy if the 
bearing seat on the clutch sleeve is allowed to get 
out of line, or if the clutch shaft is out of line. 

Cause: This sometimes results from hasty instal¬ 
lation or from bad alignment of the throw-out yoke. 

Remedy: Strai^ten the bearings on the sleeve 
and set the clutch-pedal yoke to bear evenly on 
the throw-out bearing. 

If clutch will not pull when engaged, or drags when 
disengaged after having correctly made adjustment. 

Cause: Clutch shaft, flywheel, or other bearings 
may be out of line, or drive disk may be in wrong 
(the clutch shaft may have been sprung when 
assembling and replacing transmission), 

Actual failure of the clutch to operate, or excessive 
noise when the clutch pedal is pushed out, indicating 
that the clutch spring or some of the operating 
members are worn or broken, and necessitating a 
removal of the clutch. 

Ordinarily a washing and adjustment of the clutch 
will place all parts in good condition. Unless it is 
positively indicated that a removal is necessary, 
cleaning and adjustment should always take place 
before tearing the clutch down. 

To Remove Clutch and Disassemble 
This is necessitated by worn clutch rings, by 
actual failure of the clutch to operate, or by con¬ 
tinued presence of oil after repeated cleanings. 

In order to remove clutch, it is necessary first to 
remove transmission and disconnect clutch pedal. 

1. Punch the remounting *‘line-up^’ marks on the 
cover and flywheel, so that the cover may be 
replaced exactly as removed. If the cover should 
be replaced wrong, or shifted in remounting, the 
clutch will not operate properly. 

2. Throw the clutch *'out^^ and lock out the spring, 
by placing two blocks of wood (space blockj, 
as shown m Fig. 25 (see also Fig. 30B) between 
the cover and tne throw-out yoke. 

Note: It is best to use two wood blocks as shown in Fig. 25 

because one block is liable to slip out when used in (X) type 
clutches and allow bearing to go through hole in cover. 

3. Remove clutch-cover bolts and draw out clutch. 

Note: If all working members are in good condition and are 
not worn excessively, new friction rings should be slipped in 
place and the clutch iwould be reassembled. 

It may, however, be necessary to completely dismantle clutch, 
in order to replace the spring or some other worn member. 
The average tolerance in wear of parts ia .016^^ 

4. To remove spring, the assembly can be placed 
in an arbor press or drill press, and pressure 
of the spring removed from the levers, after which 
the adjustment screws (A) may oe removed 
allowing complete disassembling. 


Fig. 30A. Details of 
a simple clutch com¬ 
pressor which can be 
easily constructed on 
the bench and used 
for disassembling and 
assembling a clutch. 

Fig. SOB. The clutch 
sor in use. An arbor or 
may be used in a similar i 
hold the clutch in the “out 

To Reassemble Clutch 

1 . Reassemble clutch, using the compressor shown in Fi^s. 
30A, ilOB, or use an arbor, or drill press. 

2 . Place the space block in position, and remove the clutch 
from the compressor. 

3. Place the friction ring (1), then the clutch-driven plate (2) 
in the flywheel, followed by the other friction ring (3) and 
m shown in a.ssembly (Fig. 23, page 846). Then insert 
the three dowel pins in their holes in the flywheel. Next 
put in the thrust ring (4) (see note). 

4. Then put the clutch assembly in place. 

5. Replace the clutch cover holts, making sure that the cover 
is in the same position a.s when removed. 

6 . Replace the traasmission, drive shaft, etc. 

7. Check up adjustment of pedals and clutch as outlined, and 
see that clutch brake is working all right. 

8 . Grease all parts, and replace all fittings. 

Note: The thrust ring, or pressure plate (4) must slide freely 
on the three dowel pins (P) in the flywheel. Do not file slots 
if ring sticks. See that pins are turned so that flat sides are 
parallel with slots in ring. 

Line up flywheel bearing and driven plate with dutch shaft 

before tightening clutch cover cap screws. 

Tighten cap screws before pulling out shaft. 

Place a small amount of hard oil on sleeve before assembling 
transmission to engine. Do not let transmission hang in 
clutch assembly. 

Inspection and Repair of Clutch Brake 

The puipose of the clutch brake is to stop the 
spinning of the clutch and to prevent gears clashing 
when shifting. To examine see below: 



1 . Press the clutch pedal down fully. The clutch brake with 
the “X” type clutches is fastened onto the forward side of 
transmission and if the clutch has been assembled with the 
correct length sleeve for the housing on which it is used, the 
end of the sleeve will come in contact with the brake, if the 
clutch pedal is set so that it does not strike the floor board 
when fully depressed. 

2 . Examine the brake (see Fig. 30C showing the clutch-brake 
ring), and see whether it actually touches the end of sleeve 
or not. If it does not touch, it is due to incorrect adjust¬ 
ment of clutch pedal. Adjust clutch pedal as directed above. 

3. If the clutch*brake facing is worn very thin or is glazed, it 
should be removed and a new one should be riveted on in its 
place. Brass tubular rivets should be used, and should be 
countersunk well beneath the surface of the facing (see 
Fig. SOB) (on some transmiMions the clutch-brake facing is 
not rivet^, but floats in a flanged ring). 

The timnsmiision must be removed in order to remove or 
replace clutch-brake facing. 

One common cause of wear of dutch-brake facing is coasting, 
as the dutch brake then not only stops dutch parts from spin¬ 
ning, but also aets aa a brake through the transmissiou. 










ADJUSTING AND REPAIRING CLUTCHES 
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Adjugting Borg & Beck Type “9KP” and 
“lOKP” Clutch 

This clutch differs from those shown in Figs. 23 
to 30E, in that this clutch is termed a “push type,” 
that is to say, the throw-out bearing (8) is pushed 
against the tension of spring (7) in order to release 
clutch, instead of “pulling.” Also note that the 
two friction rings are riveted to the friction disk. 

To adjust types 9KP proceed as follows: 

1. Loosen both adjustment bolts (A). As both 
bolts are screwed into the same ring (5), moving 
one also moves the other. 

2. Throw out clutch by pushing pedal down until 
pad rests on toe board. (As shown in Fig. 30F, 
the spring should then be compressed nearly flat 
against the cover.) Move bolt (A) to the right, 
or clockwise, which tightens the clutch. 

3. Let in clutch and measure distance from rear face 
of release collar (8) to clutch cover (9). This 
should be 1", and a gauge made of wire with a 
1” bend at one end may be used to advantage. 

4. If this space is more than 1", throw out clutch and 
move bolt (A) a little mor^ to the right. If less 
than 1", move bolt (A) to the left. After correct 
setting has been obtained^ tighten both bolts (A). 
This completes clutch adjustment. 

6. The clearance between the clutch pedal (when 
clutch is “in”; now shown “out”) and under side 
of toe-board (El) should now be 1” or more. If 
less than 1”, the clutch jxidal adjustment (G) 
should be changed, shifting the pedal down until 
that clearance is obtained. Now let clutch “in” 
bv pressing the pedal down (position shown in 
illustration) and note distance the release collar 
(8) travels. It should be pushed toward the 
flywheel about which is necessary for a clean 
release. If it does not travel that distance, shift 
pedal up a notch so as to allow little more travel. 

The clutch pedal adjustment has now been set in 
its correct position and should not be touched 
again, because adjusting the clutch automati¬ 
cally returns pedal to its correct position and 
restores clearance under the toe-board. 



If the clutch is to be removed from the flywheel, 
first punch remounting line-up marks on cover and 
flywheel, as clutch will not ojjerate if cover is shifted 
in mounting. 

Before the holding screws are removed, be sure that the 
two adjustment screws (A) are in place and securely tightened. 
Then, after all the holding screws have been relieved about 
Wt the levers will strike the cover (9) and retain collar (8) 
and spring (7) in place. To remove spring, the assembly can 
be placed in an arbor or drill press and the pressure of the 
spring removed from the levers, after which the adjustment 
soiews (A) may be removed, allowing complete disassembling. 

When placing driven plate in flywheel, be sure that the flange 
end of hub is toward the outside. 

To adjust type lOKP clutch, follow the foregoing instructions, 
except that the dimensions differ as follows: Distance in itomi 
3 and 4 should be 1 3/16" instead of 1". 


ADJUSTMENT OF A MULTIPLE-DISK CORK-INSERT LUBRICATED TYPE OF CLUTCH 


This clutch, as an example, is made with seven 
driving and seven driven members. They are pro¬ 
vided with cork inserts and run in oil. 

New corks may be inserted in the disks by the 
vm of a special tool after the corks have been soaked 
in warm water to make them pliable. They are 
trimmed off so as to leave a projection of about 
1/32” on each side, and then they are ground to an 
even surface on the disk grinder. 

A more convenient method for the average repairman is to 
use fine sandpaper. The disks should be trued by rubbing 
them on a flat surface which has a very thick coating of prussian 
blue or lamp black. The cork inserts should not project too 
far over the disk or the clutch will drag; 1/32" is the maximum. 

The clutch spring (S) (Fig. 31) is not adjustable; 
a new and stronger spring is installed if greater ten¬ 
sion is required. The position of ^dd will shift 
toward floorboard after clutch has oeen in service 
a short time, because inserts, when brought under 
pressure of clutch spring, will compress slightly. 

If the pedal is not adjusted, it will cause a con¬ 
tinuous pressure against the clutch and eventually 
produce slipping. There should be clearance 
between the clutch pedal and the upper side of the 
floorboard. This is adjusted by loosening the lock 
nut at the end of the tumbuckle^ 



Fig. 31. Sectional 
view of a multiple- 
disk cork-insert lu¬ 
bricated type of 
clutch. Note ad¬ 
justable foot-pedal. 
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To remove the clutch it is first necessap^ to take 
oj? the gearbox; then the cap screws which attach 
the clutch-plate cover to the drum of the flywheel 
are removed, and the entire clutch assembly may be 
taken out* 

To reassemble the clutch it is necessary to com¬ 
press the clutch spring, which can be accomplished 
by using two 5/16" studs about 3H" long, threaded 
full length. They should be inserted in two opposite 
holes in the clutch dnim. Then take the driven 
clutch member and install the disks on it—a plain 
disk first and then a cork disk, and so on. 

Place the clutch plate over the hub of the driven 
clutch member and insert the spring ove^ the front 
end of the hub of this part. The lugs on the outer 
edge of the driving disk should then be run in line. 
Next coat the gasket on the clutch plate thoroughly 


with sheUao and allow it to dry until it becomes 
sticky. 

The clutch assembly may be entered into the 
clutch drum of the flywheel and the two studs, men¬ 
tioned above, can then be inserted in the drum and 
used to draw the clutch into position. Finally 
install the cap screws which hold the clutch-plate 
cover to the flywheel, and after removing the twe 
studs tighten ^ of the screws finnly. 

It is sometimes necessary to remove the main 
drive gear from the front end of the transmission 
and to use it as a guide, in order to be sure that 
the clutch is in proper alignment with the rear 
bearing in the rear end of the crankshaft which sup¬ 
ports the front end of this main drive gear, other¬ 
wise there may be difficulty in getting the traosmis* 
sion into place. 


HUDSON LUBRICATED MULIIPLE-DISK CORK-INSERT CLUTCH 


The Hudson clutch is of the multiple-disk type 
with cork inserts. It is fully enclosed in the flywheel 
and runs in what is suitably termed clutch oil. The 
cork inserts become saturated with this oil. and 
maintain the velvety action so desirable, while the 
friction between the corks and steel disks is suffi¬ 
ciently great to prevent any tendency to slip. 

Renewing the oil and lubricating the clutch throw- 
out collar are the only attentions necessary. The. 
fact that the cork inserts become saturated with oil 
makes it com{)aratively difficult to abuse this 
clutch, as compared with other types. However, 
its action will be affected if instructions in regard 
to the quality and quantity of lubricant are not 
strictly adhered to. 

Never put more than a half-pint of mixture in at 
one time. Always drain the clutch to remove the 
used oil before filling in any fresh oil (half kerosene 
and half good engine oil). 

Clutch oil consists of one half-pint of kerosene and 
lubricating oil mixed in equal proportions. 

Clutch adjustment should be inspected occasion ^y. 
The adjustments are shown in the wording for Fig, 32. 

Wear on the clutch parts is indicated by the 
pedal stopping farther away from the toe-board 
than usual. If the clutch is burned or abused, so 
that the corks swell up, the pedal will come back 
farther—^nearer to the toe-board. 

Do not slip the clutch when driving, except when 
absolutely necessary, and then only when you know 
it has sufficient lubrication to stand it. If you feel 
that you most do so, owing to lack of confidence in 
your ability to handle the car through congested 
traflic, remember that the lubrication of the throw- 
out collar will need more frequent attention. 

The clutch throw-out sleeve is lubricated by the 
large grease cup. Clashing of gears and hard shift¬ 
ing is usually due to faulty lubrication at this point. 

Note. The usual cause of slipping of the lubri¬ 
cated disk t^e clutch is a weak clutch spring or 
clutch pedal-linkage adjustment, which prevents 
the clutch plates from engaging. If this type of 
clutch draps^ it is probably due to oil being too 
thick* li it grabs it is probably the result of lack 
of oil or improper clutch-spring adjustment. 



THE REG MULTIPLE-DISK DRY-PLATE TYPE OF CLUTCH 

^ This clutch is of the multiple dry-disk type, con- between the lined disks. These disks are designed 

listing of thirteen steel plates, seven of which are to run dry, and the application of oil, regar^ess of 

lined on both sides with asbestos. The remaining the kind, will tend to rum them. Details of troubles 

lis {dates are of plain steel and are placed alternately and adjustments are given on next page« 




ADJUSTING AND REPAIRING CLUTCHES 


Evidence of Trouble 

1, Slipping clutch: This is often caused by lack of 
proper clearance between the clutch opening 
fingers and the release plate. This clearance 
should never be less than 1/16" or more than 
when the clutch is in. This necessitates 
an adjustment of the clutch opening fingers (see 
clutch adjustment below). 

Another cause of slipping clutch is too little 
tension on the clutch springs, contained in 
recesses in the flywheel, as shown in Fig. 35. 
ITie nuts on the engine end should be tightened 
enough to. prevent the clutch from slipping, but 
not enough to make the pedal difficult to oper¬ 
ate. Never tighten the clutch-spring nuts until 
the release fingers have been adjusted to the 
proper clearance. Neither of the adjustments 
mentioned will have any effect if the lining on 
the disks is worn so thin that the clutch casing 
seats on the flywheel, as shown in Fig. 35, at (A) 
and (B). When worn thus, the clutch must be 
removed. 

Continual slipping causes the disks to get 
very hot, warping the stpel disks, as shown in 
Fig. 33, and raising the rivets on the lined disks 
SO that they cause the clutch to chatter, with 
the possibility of grooving the disk and giving 
them a permanent warp. 

2. Noisy clutch—particularly when released: This 
is due to a worn clutch-thrust bearing (see Fig. 
35). A removal of the clutch and replacement 
of the bearing is necessary. 

ORoovee WORK 



Fig. 33 Fig. 34 


Fig. 33. If worn, the facing should be renewed, and the 
rivets countersunk below the surface to prevent grooving the 
steel disks. The steel disks should be renewed if grooved or 
warped. 

Fig. 34. The assembly is facilitated by the use of a simple 
compressor, applied in the manner illustrated. It is cast iron, 
though a similar one could be forgwl from bar stock. The 
main thing is to use a compressor of some sort. 

To Remove Reo Cluteh 

1. Remove the floorboards. 

2. Remove the starter driving chain. 

3. Remove the two battery wires running to the 
starting motor. 

4. After removing the two bolts holding the right 
end of the starter, and the single bolt at the left 
end, remove the starting motor. 

6. Remove the short drive shaft, with its univer- 
sals, that connect the clutch and gearbox. 

6. Remove the brake rods. 

7. Remove the bolts on the clutch cross-shaft and 
spring it up. 

8. Remove the clutch cross-shaft. 

9. Remove thh nuts that hold the clutch-spring 
bolts at the rear of the flywheel. Remove bolts. 

10. Pull the clutch out and remove it from the 
frame. 

11. Place the clutch ring assembly on the bench 
with the clutch tings up. 


12. ^mqve the snap ring, and then remove all fric¬ 
tion rings. (Note how the rings are removed, so 
that they may again be built up in the proper 
sequence.) 

13. Clean all parts with gasoline and scrape out the 
clutch-ring recesses both on the flywheel and 
the clutch hub. 



Fig. 35 Fig. 36 


Fig. 35. Clutch assembly. WTien ♦lie disks are worn out. 
surface (A) touches surface (B). 

Fig. 36. To adjust clutch-openi. ^ hngers, turn the adjust¬ 
ing screw on the clutch pedal until the clearance between the 
fingers and the relea.se plate is about 1/16" when the clutch is in. 
The release plate should then spin freely 

To Repair Reo Cluteh 

If the asbestos faces of the disks are worn, they 
must be leplaced. The split rivfets holding them 
should be opened down below the surface, if the 
facing dov^s not have to be renewed. 

1. To replace facing: Cut off the heads of the old 
rivets, taldng care that the disks are not sprung 
out of shape. 

2. Examine each disk to see that it is not sprung or 
warped out of shape, and note whether the steel 
disks are grooved. If either is the case, the 
disks must be replaced. 

3. Using each disk as a template, drill therivet holes 
in its new facings. Countersink the facings 
slightly for the rivet heads. (The new facings 
can best be obtained from the car makers, and 
this should be done if possible.) 

4. Using solid copper rivets, rivet the new facing to 
the disk. 

5. Examine the ball and roller bearings of the 
clutch for wear and the clutch bushing for loose¬ 
ness. Replace with new ones, if any amount of 
wear is evident. 

6. Use little grease in assembling the bearings, as 
the clutch must be run dry. 

1 . When assembling the clutch: Make certain that 
the rings are inserted in proper relation to each 
other, (An asbestos-faced disk goes in first.) 

2. Slide the clutch back into place. 

3. U^g a clutch-spring compressor, as shown in 

« Fig. 34, replace the nuts on the clutch-spring 

bolts. Do not tighten these nuts yet. 

4. Replace the clutch cross-shaft. 

5. Reconnect the brake rods. 

6. Replace the drive shaft and universals. 

7. Replace starting motor, wires, and driving chaiu 





8S4 


DYKE^S INSTRUCTION No. 72 


To Adjust Reo Clutch . 

1. Adjust the opening fingers on the clutch throw- 
out collar, so that they strike the collar together. 
This is done by loosening the clamp bolts, hold- 
^ them to the cross-shaft, and tapping them 
into alignment. If this is not done the gears 
will not shift readily. 

2. Adjust the clearance of the opening fingers. 
This is done by loosening the lock nut on the 
adjusting set screw, as shown in Fig. 36, and 
turning the screw in to decrease the clearance, 
and cut to increase it. This screw should bo 

ADJUSTMENT OF BUICK 

The Buick “six” clutch is of the multiple-disk dry- 
plate tjrpe, consisting of steel plates operating 
between stwl plates lined with asbestos and which 
are connected alternately to the flywheel and the 
clutch shaft. 

Adjustment: When the facing on the clutch disks 
wears, adjustment can be made by moving the lock 
nut and the adjusting on the clutch-release rod to 
allow more clearance between the clutch-release 
bearing and the plates. When adjustment is 

E roperly made a clearance of 1/32'' should be 
etween the ball-thrust bearing and the rear plate 
against which it operates. 

Lubrication: Neither oil nor grease should be 
put on the clutch disks. The clutch is lubricated by 
two grease cups, one located on the clutch-release 
yoke pin and one on the clutch-release bearing 
retainer, both of which should receive attention at 
least once every 500 miles. A few drops of oil 
applied to the pins on which the disks slide will 
prevent squeaking. 

Clutch and brake pedals require soft cup grease. 
Remove the floor board and give grease cups one or 
two turns. Keep filled with grease. There is one 
cup on each pedal hub. 

The clutch release fork pin requires soft gup 
grease. Remove clutch cover and give grease cup 
one or two turns. 

The clutch release bearing retainer requires soft 
cup ^ase. Give grease cup (outside of transmis¬ 
sion housing) one or two turns. 

The clutch pedal position can be adjusted bv 
means of the set screw at the rear end of the clutch 
housing. 

The proper handling of the clutch pedal and accelerator so 

aa to make the motor "pick up" its load quickly, and at the 
same time prevent it from "racing" when the clutch is released, 
requires practice. 

In chan^g gears, and especially when starting the car from 
a standstill, always let the clutch pedal come back gently. If 
the foot is suddenly removed from the pedal, it will let the clutch 
take hold with a idolent jerk. 

THE STUDEBAKER ‘ 

The Studebaker “Light six” clutch is of the single- 
di^ dry-plate type. 

Operation of clutch: The driven member is a 
single malleable-iron disk placed between two fric¬ 
tion plates. Six coil spring are used to exert pres¬ 
sure on the clutch tog^e plate, acting upon friction 
plates and a malleaDle disk located between the 
toggle plate and flywheel (Fig. 38). 

The clutch is released by the toggle-lever collar 
being pulled back against the three to^le levers 
which operate the toggle plate, thereby raving the 
pressure on the friction surfaces. 

The toule levdr should be adjusted so that, with 
the clut^ pedal released, there is a slight play 
between the ^ds of the levers and the to^e-lev^ 


turned out imtil the clutch release collar spina 
easily on the drive shaft when the clutch is in. 

3. Tighten the nuts on the clutch spring at the 
rear of the flywheel evenly, and until the clutch 
does not slip. These nuts should not be so 
tightened that the clutch pedal works with diffi¬ 
culty. 

Maintenance 

1. If the clutch starts to slip, adjust it at once. 

2. Use no oil on the interior of the clutch, except as 
placed in the two oil openings in the drive shaft. 

3. Do not drive with the foot on the clutch pedal. 
{Motor World.) 

“SIX” CLUTCH (1921) 



20 19 18 17 1615 13 

Fig. 37. The Buick "six" clutch. 


(1) Fly wheel. (11) Clutch-release fork. 

(2) Crank case. (12) Clutch adjusting stud. 

(3) Flywheel driving stud. (13) Clutch-release adjust- 

(4) Clutch-driven plate. ing nut. 

(5) Clutch driving plate. (14) Grease cup. 

(6) Clutch-plate facing. (15) Clutch-release rod. 

(7) Clutch pedal. (16) Transmission case. 

(8) Clutch spring. (17) Clutch gear. 

(9) Clutch-release bearing. (18) Clutch-driven hub. 

(10) Clutch-release bearing (19) Graphited bushings. 

retainer. (20) Crank shaft of angin^. 

UGHT SIX” CLUTCH 

collar. This play must be the same for each lever, 
so that the clutch is released equally at all points. 

To make adjustment, first loosen the lock nuts on 
the toggle-arm adjusting screws. Then turn the 
screws to the left to increase the play between 
the toggle levers and the collar, or to the right to 
decrease it. 

Under no circumstances should the levers be tight 
against the collar when the clutch pedal is release^ 
as the clutch will be partially disengaged, and slip¬ 
ping will result. 

In the case of a new car, or after new friction disks 
have been installed, it may be necessary, after 500 to 
1,000 miles of running, to readjust tbs three levers 
which may bind on the collar as a result of the frio* 
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855 


tion disks nmning into a smooth surface and 
becoming thinner. After the disks have worn 
smooth, no further adjustment will be necessary 
for some time. 

When disks become badly worn it will be neces¬ 
sary to replace them with new ones, which can be 
obtained from a Studebaker dealer or branch. 
These disks require no treatment before or after 
being installed. 


Clutch brake: The braking action on the clutch 
occurs when the grease retamcr nut of the clutch 
throw-out bearing is brought in contact with the 
leather-faced flange, which is a part of the flexible 
coupling spider, keyed to the clutch drive shaft 
(Fig. 38). 

There is no adjustment to the clutch brake, and 
it requires no care except that of replacing the 
leather facing when worn. 
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Noise: In ^arboxes where the shaft ends are 
8U];)ported by single-row ball bearings, with no pro¬ 
vision for end-thrust adjustment, and are noisy, 

replace the bearings. 

Considerable wear in the bearings will change 
the distance between centers of the transmission 
shaft. In such a case replace the bearings. 

Difficulty in shifting gears: There are three 
reasons for this: (1) a sticking or dragging clutch, 
caused by heavy oil; (2) the teeth of the shifting 
gears being burred; (3) -considerable wear in the 
bearings, throwing the shaft out of line, which also 
causes noise. Gears should be shifted without a 
particle of noise. 

Gears do not stay in mesh: This trouble is usually 
the result of weak or broken springs in gear-shifting 
shaft, plimger or lock (see 31, page 8o8). Gear- 
lifting forks (26, page 858) fit into collars on the 
sliding gears, and it is through them that the gears 
are moved to the different positions. 

There are two types of gear-shifting shaft plungers or locks: 
(1) those placed on the top (31, page 858); (2) those placed on 
the side (Fig. 40, pg. 857). A notch is cut in the gear-shift rod 
or shaft (23, page 858) and a plunger and spring engages in the 
notch.* On some transmissions a steel ball is forced into the 
notch by a spring, the purpose being to hold the gear-shift 
rod rigid so tnat gears will not move out of mesh after being 
shift^. The spring can be replaced if the gears fail to stay 
in mesh. 

Worn gears and loose bearings will also cause the 
gears to fail to stay in mesh. 

End play may be discovered by grasping the 
universal joint behind the gearset and attempting 
to move it forward or backward. If looseness is 
foimd, adjustment is needed. If end play is allowed 
to develop, the gears are likely to be stripped. 

To determine the cause of clashing gears: Remove 
the cover plate over the clutch and, with the rear 
wheel jacked and the car in gear, let the clutch in 
and out. If the clutch continues to spin after it has 
been thrown out, look to the clutch brake, or see if 
there is too close an adjustment, or whether heavy 
oil causes the gears to clrag. 

Note. Do not allow a nut or any chips of metal 
to lodge in the transmission case. It will strip 
the gears if caught between the teeth. This also 
spphes to the engine and the differential. 

Do not use waste to wipe out the interior of a 
transmission. It leaves lint. 

Removal and Replacement of a Transmission 

Dowel pins and shims: Dcwel pins* are usually 
provided on either side of the transmission to insure 
its alignment. Sometimes, however, it is necessary 

in squaring up the transmission with the engine to 


insert a thick shim on one side; consequently it is 
important, when removing the gearbox, to notice 
whether there are any shims, and if there are, they 
must be replaced when the unit is put back. 



Fig. 39. Sectional view of a tran.'smis&ion. Note tljo oil 
level line. 

Bearings: The secondary-shaft in this example 
(Fig. 39) is carried on two Hyatt roller bearings. 
The bearing linings are a pressed fit in the case, and 
when they show wear they may be replaced at slight 
expense. The end thrust of this shaft is carried by 
two hardened steel wtxshers, and a slight amount of 
end play is of no consequence. 

Lubrication: The gearbox will usually hold about 
2 qts. of oil, and should not be filled above the center 
line of the secondary-shaft. There are two oil rings 
provided on the mam transmission shaft, and drains 
carry the oil back to the secondary-shaft bearings. 
Additional provision to prevent the oil from washing 
out through the bearings of the main shaft is made 
by thin steel washers which cover the inside of these 
bearings. See also pages 171, 847. 

When replacing ball bearings in a gear-set case or on the 
slwftSp carG niust d 6 taken to see that uic balls or races arc not 
damaged from improper handling. Whore the bearing is to be 
put on a shaft, the force should be applied to the inner race, 
using a piece of pipe and a hammer. If the bearing is to be 
forced into the gearset case, the driving effort should be applied 
to the outer or larger race in such a manner that no strain is 
imposed on the steel balls themselves. 

Transmission-Gear Ratios 

This subject is fully treated on pages 8, 9. See page 9 for 
examples of four-speed transmission. 


STUDEBAKER LIGHT “SIX” TRANSMISSION 


Type of transmission: The transmission is of the 
eelective sliding-^ear type, located at an inter¬ 
mediate position just behind the engine (Fig. 38). 
It consists of three shafts and a series of gears. Two 
of these shafts—the main transmission spline shaft 
and the pinion shaft—are in direct line with each 
other, the end of the main transmission spline shaft 
turning in the end of the pinion shaft. The third 
^aft, operated parallel with the pinion shaft and 
the mam transmission spline shmt, is called the 
counter-shaft. 


Neutral lock: The transmission is equipped with 
a neutral lock mounted in a hand-control base plate, 
and, when locked, it holds the sliding gears in neutral 
poimkm 40) 


Transmission gears: The main transmission 
sphne shaft carries two sliding gears of unequal 
sizes. These gears can be slid into mesh with gears 
of uneqal sizes on the counter-shaft. One of the 
sliding gears can also be moved into engagement 
with an idler gear supported by a transmission case, 
thus obtaining the changes of gear from “low^* to 
‘^reverse.” 


i^ear sniR: »ee Fig. 3, page 630. 

Lubri^tion of transmission: A he&vy transmission oil should 
be m the transmission. In addition, it is advisable to see 
that the transmission case is thoroughly cleaned out eeverid 
times a season, as particles of steel from the gears, cuttings 
from the bearing, etc., all have a tendency to accumulate a^. 
if n^ thoroughly cleaned out, will in time causa extra wear on 
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Fig. 40. Studebaker Light “aix” transmission; rear view 


with the gear-shift assembly. Unscrew the plug at the bottom 
of the transmission. After the oil has been drained out, kero¬ 
sene or gasoline should be flushed over the geMS, and the entire 
case should be washed out with kerosene or gasoline very thor¬ 
oughly. The plu^ should then be replaced: new oil should be 
put in the transmission, and the cover and gear-shift assembly 
replaced, care being exercised to see that an oil-tight joint is 
made between the transmission case and the transmisston-oaee 
cover. 

Amount of oil carried in transmission: When the proper 
amount of oil has been added, it will stand just at the top of 
the oil-flller plug, which is located on the left-hand side of the 
transmission. 

To adjust the pinion shaft (1) (Fig. 38) for wear, 
remove the retainer clamp bolt, and turn the retainer 
nut in the front end of the transmission case in a 
counter-clockwise direction until all end play is just 
removed. 

Adjustment of the main drive shaft (2) (Fig. 38) 
is made by removing the bolts which hold the speed¬ 
ometer drive-gear housing to the transmission case, 
sliding the cover back far enough to give room for a 
spanner wrench. Then turn the bearing retainer 
in a clockwise direction until all end play is just 
removed. 


DODGE DRIVE SYSTEM* 


To Adjust Dodge Clutch 

The Dodge clutch is of the multiple-disk, dry- 
plate type. There are ^ disks held together by a 
heavy spring (6) (Fig A, page 858). The 4 driving 
disks (9) (covered with wire-woven asbestos) are 
supported on 6 pins (3), pressed and riveted into the 
flywheel. Theo driven disks (8) (plain) are carried 
on 3 pins (7) riveted to the clutch spider (4), which is 
keyed on the clutch shaft (32). Flywheel pins (3) 
are located outside, or above the clutch-spider ’,)ins 
(7), so that they can turn independently ot the 
clutch-spider pins when the clutch is disengaged. 

All disks are free to slide upon their supporting 
pins, and are held together by the clutch spring (G) 
when the clutch is “in.’’ 

To tighten the clutch spring: Compress it enough 
to allow the split washer (Fig. 41), which fits into 
one of three grooves cut on the clutch shaft, to he 
moved forward to the next groove. The two halves 
of this washer must fit securely into the groove so 
that the clutch-spring rear retainer fits snugly 
around it. 

Care: Keep the foot off the clutch pedal except 
when using it, otherwise the disk facings and ball- 
i)earing throw-out will wear excessively. Do not 
slip the clutch unnecessarily, iis this causes the 
falbric to become glazed and to slip. Keep the drain 
in the bottom of the clutch housing open. 

Lubricate the ball-bearing clutch release (12) by 
keeping the grease cup located on the toe-board to 
the right of the accelerator pedal well filled, and give 
it one complete turn every 100 miles. Make sure 
that the clutch-release grease tube (34) (Fig. A) is 
tightly connected and unobstructed. 

Removal of Clutch and Gearbox 

(1) Break the universal joint; (2) drop the emer¬ 
gency brake rod; (3) remove the exhaust pipe com¬ 
pletely; (4) block up the engine at the rear, just in 
front of the bell flywheel housing; (5) remove the 
boltn in the rear engine arms (47;; (6) remove the 
bolts holding the bell housing flange (10) to the 
crankcase; f7) drop the foot-brake rod; (8) discon¬ 


nect the flexible grease-cup tube running from the 
floor board to the clutch throw-out; (9) slide the 
unit to the rear and lift it out. 


Disassembly of Dodge Clutch 

(1) Remove the two lockscrews in the clutch 
throw-out yoke (visible from the clutch hand-hole); 
(2) remove the two nuts on the clutch throw-out 
yoke; (3) remove the clutch pedal (38) from its shaft 
and loosen the brake pedal (39); (4) drive out the 
clutch shaft (32) to the left; (5) lift out the clutch 
unit; (6) apply the clutch puller (Fig. 41) to the 
complete clutch disassembly; the puller consists of a 
cross-member with a bolt terminating in a hook 
perpendicularly placed at each extremity; the hooks 
engage pins on the clutch; (7) draw down on the 
puller nuts until the clutch spring is sufficiently 
compressed so that the split locking ring may be 
withdrawn; (8) remove the split locking ring; (9) 
ease up on the puller nuts, and then remove the 
clutch spring; (10) clutch plates may now be taken 
apart. 



To Replace Dodge Clutch 

The facings come already cut and drilled, so it is 
merely a matter of riveting a new facing in place on 
the driving disks (9) (Fi^. A). A tool especially 
designed for this purpose is shown in Fig. 42. The 
punch is made of a valve stem, hardened. In put¬ 
ting in the hollow rivets half of them should face one 
way and alternate ones in the opposite direction. 
This tool may also be used to rivet brake linings. 


1 Applies to 4-oylinder oar, early model 
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1. Clutch release fork. 

2. Clutch pressure plate. 

3. Clutch-driving disk pin. 

4. Clutch spider. 

6. Clutoh-tfiaft front bear¬ 
ing. 

6. Cluteh spring. 

7. Clutch-driven disk pin. 

8. Clutch-driven disk. 

9. dutch-driving disk. 

10. Housingt bolts to crank 

11. Flywhed. 

12. Ball-bearing clutch re¬ 

lease. 

13. Counter-shaft drive gear. 

14. High-speed internal gear. 

16. Counter-shaft low and 

reverse pinions. 

16. Counter-shaft interme¬ 

diate gear. 

17. Counter-shaft. 

18. 81iding-gear shaft, or 

transmission main shaft. 
IB. Univeraal-joint housing. 


20. Universal hollow shaft; 

square drive shaft (49) 
fits inside. 

21. Universal joint. 

22. Sliding-gear shaft rear 

bearing. 

23. Shifting shaft. 

24. Intermediate sliding gear. 

25. Shifting-shaft yoke. 

26. Gemr-ehifting fork. 

27. Gear-shift lever. 

28. Hand-brake lever. 

29. Low and reverse sliding 

gear. ♦ 

30. High-speed sliding gear. 

31. Shifting-shaft plunger. 

32. Clutch shaft. 

33. dutch-shaft rear bearing. 

34. dutch-release grease 

tube. 

36. End of engine crank 
shaft. 

38. Clutch pedal. 

80. Foot-brake pedal. 

40. Speedometer drive shaft. 

41. Hand-brake lever shaft 


42. Speedometer drive gear. 

43. Transmission drain plug. 

44. Clutch drain plate. 

45. Reverse idler pinion. 

46. Reverse idler-pinion 

bracket. 

47. Support arm. 

49. Square end of drive shaft, 
fits into (20). 

60. Torque tube, fits to (19). 

61. Rear-axle housing. 

62. Drive or propeller shaft. 
53. Drive-ehaft roller bear¬ 
ings. 

64. Drive pinion. 

55. Foot-brake operating 

shaft. 

56. Adjusting-ring look 

screws. 

57. Hand-brake operating 

shaft. 

68. Rear-axle drive shafts. 

59. Differential roller bear¬ 

ing. 

60. Differentia! bevel gear. 

61. Differential cross. 


62. Lubricant level plug. 

63. Bevel-driven gear. 

64. Differential bevel pinion. 

66. Bearing adjusting rings. 

67. Drive-shaft bearing ad¬ 

justing rings. 

69. Differential carrier. 

71. Adjusting ring look. 

72. Foot brake operating 

shaft lever. 

73. Hand brake operating 

shaft lever. 

74. Differential bearing ad¬ 

justing ring lock. 

76. Grease retainer. 

77. Wheel roller bearings. 

78. Tire. 

79. Brake toggle joint—see 

page 884. 

80. Rear wheel hub bolt. 

81. Wheel-bearing adjusting 

Slut. 

82. Rear-wheel flange. 

83. Spring. 

M, Brake meohaidinv-^sp 
also page 88^ 
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Dodge Rear Axlc^ 

This will now be considered with special reference 
to Figs. A, B, C, D, and E, on page 858. 

Noisy Rear Axle 

When there is a constant singing or humming 
noise in the rear axle, with the humming increasing 
with speed, and the rear axle mesh seems stiff when 
the clutch is thrown out, it is usually due to the 
adjustment of the drive pinion (54) to the driven 
bevel gear (63) being meshed too tight. 

When there is noise and back-lash, which is more 
noticeable when the clutch is *‘thrown out,” and 
there seems to bo a loose, jerky motion in the rear 
when the clutch is “thrown out,” it is probably due 
to gears (54) and (63) not meshing tight enough. 

Remedy: First see if there is oil on the teeth of the 
gears, by taking out the filler plug and placing your 
finger on the gear. Often heavy grease will not 
throw all the way round. 

Adjustment: Ordinarily the adjustment of the 
drive pinion (54) is sufficient. If not, tlie driven 
bevel gear (63) must also be adjusted. 

Note: On other makes of cars having “helical” gears the. 
same rules apply. 

In the later Dod^e axle, only one adjusting ring is used at 
ftt7) Fig. C, the adjustment of propeller shaft bearings being 
made by hexagonal nuts at forward end of bearing retainer, 
it being necessary to remove the propeller shaft to make this 
adjustment. ^ 

To Atljust Drive Pinion 

The whole drive shaft (52) (1^'ig. C) can be 
adjusted endwise to obtain the exact position of the 
driving jHiiion (54) which is rigidly attaclied to it, 
in relation to the driven bevel gear (63) bolted to 
the differential. Two adjusting rings (67), fitted 
against the two Timken bearings (53), can bo 
screwed forward or backward to obtain the proper 
position of tlie bevel driving pinion (54). These 
rings can be reached by removing the ring lock (71) 
(Fig. D). AH that need l)e done is to back off one 
adjusting ring (67) (Fig. C), and screw the oilier one 
ahead, in whichever direction it is desired to move 
the bevel driving pinion (54). Be sure that each 
is holding its bearing rigidly before replacing lock 
(71). 

Adjustment of Bevel-Driven Gear 

To test if the bevel gear (63) is nmning quiet, 

jack up the rear axle and run the engine, with the 
gears in direct drive, about 20 m.p.h., as indicated 
by the speedometer. 

After adjusting the bevel driving pinion (54) iis 
explained above, and if it is still noisy, remove the 
rear-axle cover plate and the two adjusting ring-lock 
screws (56), and readjust the bevel driven gear (63) 
to the new position of the pinion. 

The large bevel driven gear (63) can be moved 
either to the right or to the left in order to insure 
its quiet engagement with the driving pinion (54), 
by operating the two bearing adjusting rings (66) 
(Fig. C) in a manner similar to those used in adjust¬ 
ing the drive pinion. After adjusting, they are 
locked in place by the adjusting-ring lock screws 
(56) (Figs. C and D). 


Removal of Rear-Axle Shafts 

The rear axle is of the seven-eighths floating 
type,^ permitting the removal of the drive shaft (58) 
(Figs. C and E) without jacking^up the car. 

To remove rear axle shafts^ (98) and flanges (82), 
simply unscrew the nuts on bolts (80), which hold 
the flanges to the hub of the wheel and remove them 
together with the axle shafts. If one axle shaft 
should stick, remove one on the opposite side, and 
drive or push the other one out with a long rod. 

Lubrication of the rear axle: Use 5 pints,* if 
empty, of gear lubricant, or enough to fill the rear 
axle up to the level of the lower plug (62) (Figs. C 
and D). If grease leaks out from the rear wheels, 
the housing is too full. 

To Disassemble Differential 

(1) Remove axle sliafts (58); (2) remove the 
inspection ]4ato; (3) take the caps off the bearings 
ana lift them out; (4) remove the cotter pins and 
nuls on the 4 studs which hold the differential unit 
together, and disassemble. 



Fi«. 411 (upper) Fig. 4.5 (upper) 

Fig. 41 (lower) Fig. 46 Gower) 

Fig. 43. Puller for front of universal joint. 

Fig. 44. To remove the drive pinion (54), a plate is bolted 
to the 4 studs and pressure is applied to the shaft by the screw. 

Fig. 45. To remove the front bearing, adjust collar (C) and 
turn to the left with a screwdriver. A social wrench for this 
purpose can be made of a piece of pipe (F). 

Fig. 46. The drag link cap is filed to give adjustment. 

Dodge Transmission 

The Dodge transmission (page 858) main sliding- 
gear shaft is mounted on ball bearings at either end, 
and looseness means replacement of the bearings. 
The counter-shaft is mounted on bronze bearings. 
If the gearset is kept properly lubricated with clean 
oil, none of these bearings should need replacement 
in a good many thousand miles of driving. Not 
more than 2 quarts of gearset lubricant sliould be 
used in the case. The level should be inspected 
every 1,000 miles and, if it has fallen so low that the 
gears on the main shaft do not dip well into the 
lubricant, the supply should be replenished so that 
they do. The level should be kept 3^” below the 
mam sliding-gear shaft. 


REMOVING, DISASSEMBLING, AND ASSEMBLING TRANSMISSION (MITCHELL “F”) 


Removing the transmission from the car: Remove 
the two bottom floor boards and lift out the front- 
seat cushion as well as the stool on which it rests. 
This will completely expose the transmission. 

Disconnect the rear universal-joint member and, 
placing a jack under the transmission, raise it just 
enougn to take the load off the transmission hanger 
links. Remove the two large hanger link nuts on 
top of the frame cross-member. 


The transmission, still connected to the torsion 
tube, can be lowered to the ground by lowering and 
then removing the jack. Take out the 8 cap screws 
holding the transmission to the torsion tube; the 


1 Applies to 4-cylinder car, early model. Semi-floating type 
used on later 4-cyIinder car. To remove rear axle shafts, first 
remove wheels. 

* 4 pints in semi-floating type of rear axle in the later 4-cylin¬ 
der oars. 
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transmission can then be taken out from under 
the car. 

Disassembling the transmission: With the trans¬ 
mission out of the car, remove the cover and clean 
out the lubricant. Removing the drain plug at the 
bottom of the transmission case will aid in this 
operation. 



Fig. 47. MitoheQ model **'F* transmission used as an 
exampla. 


Drive out the rear main-shaft ball bearing when 
the splined main shaft can be removed through 
the rear opening. In doing this the sliding gears 
will come off the main shaft and can be lifted out 
through the cover opening. 

Care should be taken not to let the sliding gears 
drop as they come off the main shaft, since thev 
may fall on the counternahaft gears and get chipped. 
The small roller bearing supporting the front .end 
Df the splined shaft in the gear and spindle and the 
grease retainer may come out with the shaft, or may 
stay in the gear and spindle. Watch for them to 
see that they do not fall into the bottom of the 
transmission case and become misplaced. 

Remove the pins holding the gear-shifter forks 
on their rods, and the rods can then be pulled out 
through the front of the case and the forks removed 
through the cover. In removing the rods it will be 
necessa^ to piill them out against the action of 
the spring locks which prevent the gears from com¬ 
ing out of mesh. 

Remove the nut holding the universal-joint coup¬ 
ling to the front end of the gear and spindle and 


remove the coupling. Remove the lock holding 
the front-bearing packing nut and unscrew this nut. 

Loosen the lock screws holding the large main 
gear and spindle double-row ball-bearing in place, 
and the gear and spindle complete with its bearings 
can then be removed bv forcing it into the case 
and lifting it out through the cover opening. 

Remove the front and rear counter-shaft bearing 
caps by taking out the cap screws which hold them 
in place. The counter-shaft roller bearings should 
be removed with the caps. The counter-shaft can 
then be moved back, tilted, and taken out of the 
case through the cover opening. 

The gears can be removed from the counter-shaft 
only by the use of an arbor press. Thev should not 
be removed unless it is necessary to replace them. 

The reverse idler gear can be removed by taking 
out the cotter pin in the end of the spindle and 
forcing the spindle into the case which removes the 
gear from it, when the gear and spindle may both 
be lifted out through the cover opening. 

Assembling: "^^en replacing the gear and spin^e 
in the transmission case, do not set up the mmn- 
bearing lock screws tight enough to bind the bearing. 
The^^ should be set up just tight enough to keep the 
bearing from turning in the case. 

When reassembling the transmission and torsion 
tube, be sure that the speedometer drive gear on 
the transmission main shaft meshes with the small 
pinion in the front end of the torsion tube. 

Adjusting the transmission: The only adjust¬ 
ment on the transmission consists of the two screws 
(1 and 2) (Fig. 47) located in the centers of the 
counter-shaft bearing caps. In reassembling the 
transmission, the counter-shaft should be so located 
in the case that the main counter-shaft drive gear is 
in full mesh with the large external gear on the gear 
and spindle. The adjusting screw should then be 
set up so that there is no end play on the counter¬ 
shaft, but allowing the counter-shaft to rotate freely 
without cramping or jamming. 

The tension on the gear-shifting lever can be 
varied, and any tendency, to rattle can be lessened 
by adjusting the splined nut found where the lever 
enters the floor boards. Remove the lock and un¬ 
screw this nut to decrease tension, or screw it down 
to increase tension and remove rattle. The ideal 
adjustment is such that there is little or no rattle 
and the lever does not bind or cramp in shifting gears. 

Lubricating the transmission: The transmission is 
lubricated by filling it to a little above the center 
line of the counternmaf t with a high-grade semi-fluid 
lubricant of about the consistency of 600-W steam- 
engine oil. It will take about 2 quarts of oil to fill 
the transmission case to this point. 


UNIVERSAL JOINTS 


There are two types of universal joints in general 
use: the mechanical angular type, shown in Figs. 48 
and 49 and the flexible-coupling or fabric type 
shown in Fig, 50. 

The Spicer Universal Joint 

A very popular type of universal joint is the 
Spicer, shown in Figs. 48 and 49. This universal 
joint can be used with an angular-drive or straight- 
line drive system, as explained on page 24. 

The forward universal joint is provided with a 
dust cap (D) and a felt washer CW) on the rear end 
of the alem into which the end ?f the drive or pro- 



Fig. 4S. Spioer univenal joint showing the forward, or 
fplined ^ of the drive shaft In ])laoe. ThVright end of tl^ 
fonvaid joint ia oonneoted to the tranendMion anaft. 
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pellernshaft slides. This cap should be turned to 
the right occasionally in order to keep the felt washer 
tight and prevent the leakage of CTease. Both joints 
have flax packing (P) between the two parts of the 
pressed-steel casings. 

This packing can be tightened by loosening the 
casing-adjusting screw (S) and turning the casmg- 
adjusting nut or ring in a right-handed direction. 

If the packing in the front universal joint is 
allowed to leak grease, the ioint will not only suffer 
bom lack of lubrication, but the grease will be 
thrown up on to the emergency brake, rendering 
the brake inoperative. 


sevcL opivc 



Fig. 49. This is the rear universal joint which is connected 
to the rear end of the drive shaft at the right end of the joint, 
and to die bevel-pinion drive shaft at the left end. Note that 
the splines are not used in this rear joint. 


Lubrication: Every 1,000 miles remove the grease- 
hole plugs and fill with heavy gear oil or light cup 
grease. Too much grease will work out; about 
one-third full is the correct quantity. 

Note, An will be found on upper end of the 
propeller shaft tu*'»e (Fig. 48); a corresponding 
will be found on .:he shank or rear end of the for¬ 
ward universal joint. When the propeller shaft and 
the universal joint are assembled, these two 
must be in line ( la shown in Fig. 48), that is, the 
yoke (Y) and journal (X) of the forward universal 
joint must be parallel to corresponding yoke and 
journal of the rear universal joint (Fig. 49), other¬ 
wise the rear transmission bearing will be subjected 
to undue strain and excessive wear, and a jerky 
motion will be given to rear wheels. 

Assembling: When the universal joints have been 
disassembled and are assembled again, care should 
be taken to see that the holes in the flange and the 
inside casings are matched up in such a way as to 
bring the oil hole (which is closed by a threaded plug) 
opposite an open space in the joint, and not oppo¬ 
site one of the lugs, which would prevent the intro¬ 
duction of grease through the hole. By removing 
this plug the user of the car can at any time inject 
additional oil or grease by the use of an ordinary 
grease gun, if the holes are matched. 

Man> of the joints are now fitted with a spring of 
suitable strength to give just the right pressure on 
the packing between the inner and outer casings. 
These reqmre no attention from the operator. (Ad¬ 
dress of mnf^r.: Spicer Mfg. Co., South Plainfield, 
N,J.) 

The Fabric Flexible Universal Joint 

A type of flexible joint, connectiom or coupling, 
as it could be termed, is shown in Fig. 60. This 
joint is generally used with drive shafts of the 
straight line drive, or what is nearly so, as explained 
on page 24. What angular movement there may 
be is the result of tlie flexibility of the flexible disks. 
These joints can be used with angular-drive systems 


(see page 24) where there is not too great an 
angular movement. 

On each end of the driving, or propeller shaft, 
spiders (S) and (SI) are securely attached. An¬ 
other spider (S2) is attached to the transmission 
shaft at the forward or driving end, and still 
another (S3) at the rear end which is attached to 
the drive pinion shaft. 



Fig. 50. The Thermoid-Hao-dy flexible connectioii, or joints 
that are used at each end of the propeller or drive shaft, instead 
of universal joints. 

Three flexible disks, made of thermoid composi¬ 
tion, are placed between the spiders and neld 
securely by means of bolts and corrugated washers. 

Note that with the use of these joints a splined 
shaft, as shown in Fig. 48 is not necessary. 

By removing a few bolts the shaft may be re¬ 
moved. 

Make sure that all bolts are kept tight, otherwise 
the holes in the fabric may tear out. New disks 
can be obtained at supply houses. Lubrication is 
not necessary. 

The popularity of the fabric universal joint (Fig. 
50) is to a large extent attributable to the poor 
lubrication methods used on many of the form-metal 
universal joints. 

The lubrication systems, in some cases, were 
designed correctly enough, out, when assembled in 
the car, they were not within observation of the 
owner or driver and consequently received but 
scant attention. This could result in only one 
thing, and that w as rapid wear with its accompany¬ 
ing knocks and lost motion. Some of the molded 
universal joints have been very much improved 
in this respect, and the Lincoln, for instance, makes 
provision for lubricating the front miiversal from the 
front gear case. 

Disconnecting a Universal Joint and Outch 
Mitchell Model “F” as an Example 

Purpose of imiversal joint: Owing to the fact that 
the transmission is rigidly fastened to the front end 
of the torque tube and swings with it, there exists a 
certain amount of disalignment between the trans¬ 
mission and the clutch. For that reason a rigid 
drive or connection cannot be used, and a universal 
joint is employed. By means of hardened steel 
blocks sliding in hardened steel jaws the universal 
joint is given a flexible action which takes care of 
disalignment. See Fig. 51. 

Removing the clutch and imiversal joint from the 
car: Disconnect the front universal joint member 
by compressing the grease retaining collar spring, 
taking out the half-shells and sliding back the cuff 
or housing. Slide the spring, rear grease-retaining 
collar, and cuff forward on the universal-joint shaft, 
and remove the whole universal-joint assembly. 

Disconnect the clutch pull-rods by removmg the 
clevis pins. Place two wood blocks 1^'' thick 
between the clutch cover and the ends of the clutch 
pull-rods, thus relieving the cover of spring, pres¬ 
sure when the 12 capscrews holding the drive in 
the three anchor pins, and the rings can then be 
readily removed. 
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Remove the nut holding the clutch hub on the 
crank shaft, when the whole clutch assembly can 
be slipped off the end of the crank shaft, the friction 
rings and disk remaining in the flywheel. To re¬ 
move the friction disks, as when renewing them, 
drive in the three anchor pins, and the rings can 
then be readily removed. 


r FLYWHEEL 

FRICTION RINGS 
FRICTION DISC 
THRUST RING 
I ANCHOR PIN 


RETRACTOR COLLAR 
MOUNTING RING 
ADJUSTING SCREW 
CLUTCH SPRING 


CLUTCH HUB 
TRUNION BLOCK PIN 



^CLUTCH PULL ROD 
GREASE CUP 
SHIFTER COLLAR 
^COVER 

ADJUSTING SCREW 


UNIVERSAL JOINT SHAFT 

half collars 


Fig. 61. Mitchell universal joint and clutch. 


Disassembling the clutch: With the clutch 
removed from the car, exert pressure on the retrac¬ 
tor collar and, removing the locking wire and blocks 
from the flange nut, unscrew this nut (left-hand 
thread), and the whole clutch can be disassembled 
as the pressure on the collar is released. 

Adjusting the clutch: To adjust the clutch, loosen 
the two adjusting screws in the slotted holes in the 
clutch cover. Depress the clutch pedal, and^push 
these screws to in a clockwise airection to 
overcome slipping, and counter-clockwise to over¬ 
come dragging. Release the clutch pedal and 
lighten the adjusting screws. 

When the screws have reached the end of their 
slots, a new pair of threaded holes will have entered 
the beginning of the slots. Transfer the screws to 


the new holes, and continue to adjust as occasion 
requires. When these holes, too, have reached 
the end of the slots, all possible adjustment will 
have been taken up and new friction rings should be 
put in the clutch. 

After the clutch has been properly adjusted, it 
would be well to see that the clutch pedal does npt 
strike the under side of the floor board, as this will 
cause the clutch to slip. If such is the case, it can 
be corrected by adjusting the clutch pull-rods until 
the clutch pedal operates freely through the floor 
board. (See also Index for Borg & Beck clutch.) 

Lubricating the clutch and universal joint; The 

f rease cup on the clutch pull-out yoke should be 
lied and turned down completely once a week, or 
every 500 miles. 

Cup grease should be packed into the front and 
rear universal-joint housings through the plugs in 
the half-shells. This can be conveniently done 
with a grease gun, and should be done every 1,000 
rniJes. 


Removing Universal Joint Chevrolet “490” 
as an Example 

For another example of removing a universal joint 
the Chevrolet 490 is shown as illustrated below 
Note the procedure as explained under the illustra¬ 
tion. 



Fig. 52. The Chevrolet *‘490'* metal universal Joint. To 
remove, first remove the axle from under the car, take out the 
five cap screws holding the joint ball-retainer collar, and pull 
the ball joint from the socket. Remove the four clamp screws 
holding the two universal-joint rings together, and separate the 
rings. The nut holding the universal-joint yoke to the trans¬ 
mission shaft can then be removed and the yoke pulled off the 
shaft. 


PARTS OF A REAR AXLE (See Page 863 for Explanation) 



DIFFERENTIAL CARRIER 
dif'lbearing and 

BEARiNGAWUSTEr 
HOUSING CCNEP 
OPENING 


OlFrWENTIALRlNG GEAR 
OIFPEREHTIAL CASE 
OIF'L. BEARING 
ADJUSTER 



ADJUSTER 

Fig. 55. One-piece rear axle housing showing differential 
carrier integral with housing. 



Hg. M. A two-pieoe, or divided rear axle 



CLUTCHES AND TRANSMISSIONS 


LATER EXAMPLES OF CLUTCHES AND TRANSMISSIONS 

Note: These pages, 862A to D, have been added since the preceding pages were prepared. Illustrations following exemplify later 
construction. Although it will be noticed that improverntents and refinements have been made, the fundamental principles of 
operation are similar in many respects. 

Dodge Bros. Eight (1930) Clutch and 
Transmission 

The clutch and transmission are built in a 
unit with the engine, termed a unit-power-plant. 

Figs. 57, 58. The clutch is a single plate, dry type, 
comprising a pressure plate assembly 2, having six clutch 
springs 15, three clutch release lovers 5, Fig. 57, and 39, 
Fig. 58, and a drop forged hardened steel splined hub. 
A spring-cushioned driving disc 23, having composition 
facing 21, riveted to each side, drives the splined steel 
hub and clutch shaft 28, Fig. 57, and 10, Fig. 60. The 
transmission driving gear 16, Fig. 60, is an integral part 
of the clutch shaft. 

There is no clutch adjustment, except 1/8^ should 
be muintiiined between release levers 5, ana clutch re¬ 
lease bearing 10: adjusted through set screws 45 and 47. 
The clutch pedal should have 1to 1 3 ^8^ free move- 
I ment before any resi.stance is felt; adjusted through stop 
screw 34. 

1— Clutch hand hole cover 

2— Clutch pressure plate 
.3 —Clutch pressure plate pad 
4—C'lutf h pressure plate pad screw 
~}—Clutch release lever 

()—CUutch release bearing sleeve pull back spring 
7 —Clutch release bearing lubricant nipple 
<S -(’Iutch relea.se bearing sleeve guide 
if —C3utch release bearing sleeve 

10— Clutch release bearing 

11 —Tran.smis.sion main drive gear bearing retainer 
12—Clutch release fork 
1.5—Clutch housing dust pan screw 

11— Clutch spring cup 
1.")—Clutch spring 
1<»—Clutch back plate 
17--Clutc}i back plate screw 
IS r(’hitch housing du.st pan 


19— Clutch housing 

20— Flywheel 

21— Clutch driving disc facing.s 

22— Clutch driving disc facing rivet 

23— C’lutch driving disc and hub assembly 
24 —Clutch driving disc facing 

25— -Clutch driving disc stop pin 

26— Clutch release lever spring 

27— Transmission main drive gear pilot bushing 

28— Transmission main drive gear or clutch .sha.t 

29— Crankshaft 

30— Flywheel bolt 

31— Brake master cylinder reservoir cover tube 
32 —Brake master cylinder and reservoir 
33—Signal lamp switch 

34 —Clutch and brake pedal stop set screw 

35— Brake master cylinder outlet nipple 

36— Clutch pedal adjusting collar 

37— Clutch and brake pedal stop set screw lock nut 

38— Clutch release fork 

39— Clutch release levers 

40— Clutch driving disc torsion spring 

41— Clutch release lever pin 

42— Clutch pressure plate pad screw 

43— Brake pedal 

44— Clutch pedal 

45— Clutch pedal adjusting collar set screw 

46— <!:51utch pedal adjusting collar set screw lock nut 

47— Clutch pedal adjusting collar set screw 

48— Clutch pedal adjusting collar clamp screw 

49— Clutch and brake pedal pull back spring 
-60—Clutch and brake pedal stop bracket 








the master cylinder 32, actuating the brakes. 

Lubrication of clutch is through nipple 7, with high- 
grade medium fibre grease every 15,(x)0 miles. 
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F^g. 60. The transmission is a selective, sliding gear type built in a unit with the engine. There are three forward speeds 
and one reverse. The gear shift is the S.A.E. standard. The transmission drive gear 16 is an integral part of tiie clutcti 
shaft. The high-speed gear 18 is of the internal tooth type, and the countershaft a88eTril>ly is in constant mesh. The main 
shaH 39 operates on a ball bearing 21 in the rear, and a roller bearing 15 in the front (nionntcd in the main drive gear), and 
the countershaft gears are fitted with bronze bearings 23, and revolve on a stationary couuter.siiaft 27. 

Lubrication of transmission: Fill to level of filler plug on left side with fluid gear lubricant. In winter, in very cold climates, 
this should 1)6 thinned by diluting with one-half pint of colorless kerosene. Once a season the cu-^e should be drained, washed 
with flushing oil, and refilled with fresh lubricant. For the proper grade of lubricant consult a Oudge dealer. 


The names of the parts of the transmission are given belo^ 

1— Gearshift lever 

2— Gearshift lever dust cover snap ring 

3— Gearshift lever dust cover spring washer 

4— Gearshift lever dust cover 

5— Gearshift housing 

6— Gearshift lever spring 

7— Gearshift rail—direct and second 

8— ^Transmission main drive gear bearing retainer gasket 
0—Transmission main drive gear bearing retainer ring 

10— Transmission main drive gear bearing 

11— ^Transmission mainshaft pilot bearing spacer 

12— Clutch release bearing sleeve guide 

13— ^Transmission main drive gear bearing retainer 

14— Transmission main drive gear bearing snap ring shim 
Id-^Transmission mainshaft pilot bearing 

16— Transmission main drive gear and clutch shaft (integral) 

17— ^Transmission main drive gear bearing snap ring 

18— Transmission mainshaft sliding gear—direct and second 

19— Transmission mainshaft sliding gear—first and reverse 

20— 'Transmission mainshaft rear bearing washer 

21 — Transmission mainshaft rear bearing 

22— ^Transmission mainshaft rear bearing retainer ring 

28—^Transmission countershaft gear bushifigs 

24—^Transmission case 

26—TVansmission mainshaft rear bearing retainer 
Note. Trsnnnission above is a selective sliding gear type erapl 
fDodge 1942 6 cyl. D-22 passenger car) has helical gears 
in second, ana helical sliding gear for low and reverse. Steering 


26— Transmission mainshaft rear bearing oil washer 

27— Transmission countershaft 

28— Transmission countershaft gear 

29— Transmission case drain plug 

30— Transmission countershaft and idler shaft lock plate 

31— Transmission reverse idler gear 

32— Transmission reverse idler gear shaft 

33— Transmission reverse idler gear bushing 

34— Gearshift forks 

35— Gearshift rail selector ball 

36— Gearshift rail selector ball spring 

37— Gearshift rail—first and reverse 

38 — Gearshift interlock rail 

39 — ^Transmission mainshaft 

40— Gearshift rail lock plate 

41— Gearshift housing gasket 

42— Transmission mainshaft rear bearing retainer gasket 

43— Speedometer drive gear key 

44— Speedometer drive gear 

45— Transmission brake drum 

46— Speedometer drive pinion 

47— Transmission mainshaft companion flange 

48— Transmission mainshaft companion flange washer 

49 — Transmission mainshaft companion flange nut 
60—Propeller shaft bolt (transmission etfd) 

Dying spur gears, as used on the 1080 Dodge Broa. 8. Later trans- 
in aU speeds, synohronize<l shift on second and liigh, constant-mesh 
column gear shift. Fluid drive special equipment. 
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Studebaker Transmission (Series 
61, 70, 80 and 90)i 

The transmission is of the sliding gear type with 
three forward speeds and one reverse. The S.A.E. 
standard gear shift is used on all Studebaker cars 
with additional shifting lever positions for cars 
equipped with the free-wheeling transmission, briefly 
discussed on page 642B. The free-wheeling trans¬ 
mission is used on the President, Commander and 
Dictator. (The maufacturers claim that there is a sav¬ 
ing on gasoline and oil and longer life of the engine. 

The free-wheeling type of trimsmission is so-called 
because it permits the car to glide freely and cjuietly, 
with low engine speeds, although the transmission is 
in gear and the clutch engaged. 

When the gears are in the free-wheeling position 
the enpne drives the car in the usual manner, but 
after the engine has pulled the oar up to the desired 
speed it may be permitted to idle and rest while the 
car “free wheels” on, unrestricted by having to 
drive the engine at an equivalent speed. The effect 
is much the same as that obtained by disengaging 
the clutch. The transmission accomplishes this 
automatically, quietly and instantly whenever the 
car speed exceeds the speed of the engine. When 
the throttle is closed, the car continues to glide 
freely until its forward speed finally comes down to 
the engine idling speed. 

Free-wheeling is entirely automatic, and begins the instant 
car speed exceeds the speed of the engine. Step on the accel¬ 
erator again, and as soon as the engine speed equals the speed 
of the car, the outer casing again wedges the rollers into the 
narrow ends of the raceways and instantly the engine is pulling 
the car r In other words, the engine can drive the car but the 
wheels cannot drive the engine, except when the transmission 
is in positive or conventional drive positions. 

The free-wheeling feature is included in both the 
second-gear and third-gear positions. If, however, 
*the operator does not desire to make use of the free¬ 
wheeling feature, pressing a small button in the top 
of the shifting lever ball permits the shifting lever to 
be moved slightly farther back than normal for 
second-gear or slightly farther ahead for 

third-gear , . These are the positive or con¬ 

ventional drive positions, as in the usual type of 
transmission, and the transmission operates to drive 


the engine as a brake. This is a particularly im¬ 
portant feature when it is desired to use the engine 
to brake the speed of the car, as in descending a 
steep hill or mountain. 

Fig. 61. Principle of operation: 

Free-wheeling is accomplished bv 
means of an over-running clutch 
or coupling, called the free wheel 
unit. It 18 located as shown by 
arrow point. It is an int^al part 
of the transmission, which in all 
other respects conforms to stand¬ 
ard transmission design. 

Basically, the free-wheel unit 
is made up of two main sections: 
an outer casing and an inner core, 
each independent of the other 
Between this outer casing and in¬ 



ner core are three series of 
four rollers each, which run in 
tapered grooves or raceways. 

The outer casing is driven 
by the engine; the inner core 
drives the propeller shaft, 
which transmits power to the 
rear wheels. When the engine 
is ‘‘pulling,” the three sets of hardened steel rollers are forced 
into the narrowed ends of their respective raceways, exerting 
a positive driving force on the inner ,core, which transmits the 
power to the wheels. 

When the throttle is closed, the engine, of course, immediately 
slows down, and with it the outer casing. The natural forward 
motion or momentum of the oar keeps the inner core spinning, 
carrying the rollers to the wide ends of their tapered raceways. 
This instantly releases the grip which provides the drive. The 
car is freed from the engine and continues to glide forward. Yet 
the clutch is engaged and the gears are in mesh. 

‘Applies to an early model but serves to exemplify the 
principle of operation. 


TYPES OF TRANSMISSIONS ON VARIOUS TYPES OF AUTOMOTIVE VEHICLES2 


How to study transmissions: First read the 
transmisf^ion terminology, page 1068. Then, as the 
reader turns t-o the examples given in the paragraphs 
which follow, classify each example as to the type, 
kind of gears (if helical or spur gears), if constant- 
mesh or sliding gears, or if a combination of both, 
number of speeds, and other details as given in the 
terminology. Reference to the Specifications” of 
pas^ngcr cars, buses, trucks and tractors will give 
additional information. 

Passenger automobiles usually employ the three- 
speed synchro-mesh type of transmission, however, 
there are some trucks and buses also using this 
type. Synchronizers are used in conjunction with 
constant-mesh gears —see next page for typical ex¬ 
amples, Overdrive is often included. 

Trucks of the light and medium duty class 
usually employ a three, four or five-speed trans¬ 
mission —see Insert No, 3 and page 1161E for ex¬ 
amples, Gears may be either spur or helical. 

Trucks of the heavy duty class usually employ 
four or five-speed transmissions using spur gear 
for the lower ratios and helical gears for the 
higher ratios —see Insert No, S and 'page 974 M 
examples. A two or three-speed auxiliary trans¬ 
mission may be added. 


Motorcoaches (buses) — city or transit type 
usually employ three or four-speed transmissions 
with helical gears in the higher ratios. {Exampl^ 
not shown—see Specifications, page 998.) 

Motorcoaches (buses)—inter-city or parlor type 
usually employ four or five-speed transmissions 
with helical gears for the higher ratios. The high 
speed is sometimes an overdrive. {Examj^s not 
shown—see Specifications, page 998.) 

Tractors—wheel-type and track-type: Some are 
special in gear arrangement. Many use a truck type 
transmission with a modified transmission case. 
Some others use transmissions where the input is 
on the upper shaft and the output on the lower 
shaft with sliding gears on the lower shaft. See 
pages 986-989 and Insert No. 4 /<w examples of 
wheel-type tractors and pages 989-994 Insert 
No. 4 A for track-type tractors. 

Gear-shift: The transmission control lever or gear-sbift is 
mounted on the steering column of praoticidly aH passenger 
automobiles, and the conventional vertical type shift lever to 
the right of the driver is employed on most trucks and buses 
at the present time. See Fig. 2 next p. and Fig. 3, Addenda p. 70. 


*This sublect was added to this page as of 1943. *1116 free¬ 
wheeling subject applies to an eany modd but serves to ex¬ 
emplify the principles of operation. 
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Examples of T^ical Passenger Automobile 
Transmissions and Gear-Shift 


Examples of three-speed, synchro-mesh trans¬ 
missions and steering column gear-shift, are shown 
in Figures 1, 2 and 3. 



Fig. 1. Part sectional view of Cadillac synchro-mesh trans- 
mission.^ This transmission has three speeds forward and one 
reverse, helical gears in all speeds, constant-mesh gears for 
high and second-speed, a helical sliding gear for low and re¬ 
verse, and a synchronizing unit operating in second and high¬ 
speed. 

The synchronizing unit consists primarily of two cone-type 
friction clutchen, one for second gear (3) and one for high 
gear (2). Each clutch is comprised of a sliding bronze drum, 
a steel cone on the gear, and a sliding gear coupling. The 
synchronizing drnms are controlled by flat springs mounted in 
slots in the sliding gear coupling. 

When shifting for example, into high speed, the drum (D2) 
is moved to the left into contact with the cone (C2) and held 
there during the synchronizing period. Further movement of 
the ^ift lever brings the external teeth (F2) of the sliding 
coupling (E) into mesh with the internal teeth of main drive 
gear (2) which is integral with clutch shaft (1). Shift into 
second speed is to the right, in a similar manner. See “Gear¬ 
shift procedure” for other sfiotKls. There is no synchronizing 
mechanism for low or reverse gears because shifts into these 
gears are usually ma<le when car is standing still by means of 
a low and reverse sliding gear (5). 

Construction. The transmission eorer is place<l at the bottom 
of the transmission case. The shift rails are at the side, in¬ 
stead of the top of the transmission. A jrropelhr shaft exten¬ 
sion housing (6) is fittetl to the rear of the transmission. 
This permits the use of a shorter propeller shaft, havTng le8.s 
w'Up and r^uiring less clearance under the bo<ly. The trans- 
imssion rnain shaft extension is splitied for the drive line slip 

{ ’oint, which is contained within the extension housing and 
ubricated from the transmission. 



Fig. 2. The Cadillac trasmission control lever (18), also 
termed jnMr-shift lever, is mounted on the steering column as 
shown. This lever is pivoted to a tube which is concentric with 


the steering column inside the jacket. The movement of this 
tube up, down, or in rotation operates two shift levers (19) (20) 
below floor boards which control speeds as explained below. 

Gear-shift procedure*: The clutch must always be disen¬ 
gaged when shifting, same as with former vertical lever. 

Neutral position iS midway between forward and rearward 
and midway between up and down—see Fig. 2A. 

Low-speed gear shift: Disengage clutch, move control lever 
(18) UP from neutral position toward the steering wheel— 
then BACK toward the driver. Moving (18) up engages it 
with lever (20). Moving (18) back, causes lever (20) to slide 
gear (5) forward into niesh with countershaft low gear (13). 
The drive is then through main drive gear (2), countershaft 
drive gear (8), to countershaft low gear (13), through low 
and reverse sliding gear (6) on main shaft (4), to propeller 
shaft, to rear axle and driving wheels. 

Second-speed gear shift: Disengage chitch, move control lever 
DOWN from neutral position, then FORWARD away froni 
the driver. Moving (18) down engages it with lever (19). 
Moving (18) fr>rward causes lever (19) to shift coupling (E) 
toward gear (3) so that drum (D3) rontarts cone (C3) and 
then (F3) engages second-specnl gear (3). 'The drive is then from 
main <irivo gear (2), countershaft drive gear (8) to countershaft 
second-speed gear (10) to main shaft second-speed gear (3) 
and thence to main shaft (4) to propeller shaft and rear axle. 

High-speed gear shift: Disengage clutch, move control lever 
DOWN from neutral positioi\, then BACK toward the driver. 
Moving (18) down engages it with lever (19). Moving (18) 
backward causes lever (19) to shift co\inling (E) towanl gear 
(2) so that drum (D2) contacts cone (C2) and then (F2) en¬ 
gages main drive gear (2). The drive is then “direct” through 
the main shaft (4) to the propeller shaft, and rear axle. 

Reversesfwed gear shift: With car stopped, disengage chitch, 
move control lever Up from neutral position toward the steer¬ 
ing wheel—then P'ORWARl) away from the driver. Moving 
(18) up engages it with lever (20). Gloving (18) forward causes 
lever (20) to slide gear (5) on main shaft to the rear to that if 
engages reverse idler gear (14). 7'he drive is then through main 
drive gear (2), to conntcrslnift drive gear (8), to countershaft 
reverse drive gear (11), to iiller gear (12), through idler gear 
(14), through sliding gear (5) on main shaft to propeller shaft, 
to rear axle and driving gear. 



Fig. 3. Sectional view of Packard synchro-mesh transmis¬ 
sion^. This transmission has three-speetls forward and one re¬ 
verse, constant-mesh helical gears for all forward speeds, a 
sliding spur gear for reverse, and synchronizetl shift on second 
and high-spe^ gears. Low-si^ectl gears (4) (9) are constant-mesh 
helical gears without synclironized shift. The sliding reverse 
gear (6) also acts as the sliding gear clutch (through its in¬ 
ternal teeth meshing with external teeth on low-8j>eecl gear 
hub) for keying the low-speed gear (4) to the main shaft (7). 

Names of parts: (1) clutch shaft integral with main drive 
gear (2); (2) main drive gear in constant-mesh with (12); 
(3) second-speed gear on rnain shaft in constant-mesh with 
(10); (4) low-speed gear on main shaft in constant-mesh with 
(9); (6) low-speed clutch external teeth on hub (4); (8) sliding 
reverse gear also acts (through its internal teeth) as the sliding 
clutch for low-speed gear as mentioned above; (7) main shaft; 
(8) reverse gear; (9) low-speed countershaft gear; (10) second- 
sp^ countershaft gear; (11) countershaft; (12) countershaft 
drive gear; (B) bell cranks operated through linkage from the 
steering column shifter lever; (F, FI) shifter forks pivoted on 
b^ll cranks; (P) poppets engage notches in each bell crank; 
(C) synchro-mesh high-speed clutch; (Cl) synchro-mesh second- 
speed clutch. Movement of gear shift fork (F) to the left En¬ 
gages high-speed, and to the right second-speed. Movement 
of gear shift fork (FI) to the left moves sliding gear to engage 
low-epeed, and to the right reverse. 

The Packard transmission control or gear-shift lever is 
mounted on the steering column and shifting is through a 
system of levers and rods. 

’Compiled from Cadillac literature (1948). This is used on all 
42 series cars, except those equipped with Hydra-Matio Mve. 

^Compiled from Packard literature (1942). 

*See also Addenda page 70. 


Four-speed transmlseions formerly on this page dtiUUd, 
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REAR WHEELS, DIFFERENTIALS AND REAR AXLES FOR PASSEN¬ 
GER CARS : Types; Adjustments, and Repairs^ 

TYPES OF REAR AXLES 


This subject is also treated on pages 15 and 16. 
Types are the ^‘plain live'^ (used on the model “T” 
lord); the “semi-floating/’ which is used most; the 
‘'three-quarter floating/’ and the “full-floating.” 

To find the make and type used on different cars see Index, 
"Specifications of Passenger Cars.” 

The S. A. E. distinctions between the types of 
rear axles are as follows: 

Dead axle: An axle carrying road wheels with no 
provision in the axle itself for driving them. 

Live axle: General name for type of axle with con¬ 
centric driving shaft. See also pages 15, 16. 

Plain live axle: lias shafts supported directly in 
bearings at center and at ends, carrying differential 
and road wheels. (The plain live axle is further 
described on page 15.) 

Semi-floating axle: Has differential carried on 
separate bearings, the inner ends of the shafts being 
carried by the differential side gears, and the outer 
ends supported in bearings. 

Tho 8enii»floaf inK axle shaft carries torsion, bonding moment, 
and shear. It also carnes tension and compression if the wheel 
bearings do not take thrust, and compression if tliey take 
thrust in only one direction. 

Three-quarter floating axle: Inner ends of shafts 
carried as in serni-floating axle. Outer ends sui> 
ported by wheels, which depend on shafts for align¬ 
ment. Only one bearing is used in each wheel hub. 

The three-quarter floating axle shaft carries torsion and tho 
bending inoinent imposed by the wheel on corners and uneven 
road surfaces. It also carries tension and compreasion if tho 
wheel bearings are not arranged to take thrust. 

Full-floating axle: Same as thrcc-(|uarter floating 
axle except that each wheel has two bearings and 
does not depend on the shaft for alignment. The 
wheel may be driven by a flange or jaw clutch. 

The full-floating axle shaft is relieved from all strains except 
torsion, and in one possible construction, of tension and com¬ 
pression. 

Advantages of the semi-floating axle (by Packard Motor Car 
Co.): In the semi-floating axle, the wheel hubs can be inade 
slightly .smaller and, because of tho location of the bearings, 
the stresses in tho rear axle can bo kept lower than in tho full- 
lloating type. 

There is a slight advantage also in the bearings, as the full¬ 
floating type have to use a bearing with a eniallcr ball, since it 
must fit around tho rear-axle tube. In tho semi-floating type, 
tho bearing has a smaller boro, anti therefore larger balls can 
be used, as tho bearing has only to go over the axle shaft. 

Another advantage is that the rear wheels can be more 
readily removed when replacements are necessary, wheels 
being replaced oftener than shafts. Still another advantage 
claimed is that of lubrication, as tho outer bearings can bo 
lubricated from tho inside, and an oil retainer can be placed on 
the outside, while the full-floating type must have a separate 
supply of lubricant for the rear-wheel bearings. 

Rear-axle ratios (see pages 8 and 9). Types of 
drive (see page 6). 

TIMKEN REAR-WIIEEL BEARINGS; 

As an example of the semi and full-floating types 
of rear axles, and the method of attaching the axle 
shafts to the rear wheels^ and of how the bearings are 
placed, we will use the-Timken rear axles and wheels. 


' See Index under "Truck axles." Sec pages 1103-1106 for 
Wheel bearings; adjustment and lubrication. 


Rear-axle housing is made in “one-piece’^ or 
“two-piece” type. Fig. 53, page 862, shows a one- 
ieoe type, and Fig. 56, a two-piece type. The 
alves (H) are termed right and left halves. 

The bevel-gear housing (Fig. 54) is that part 
where the ’oevel gears are enclosed. The differential 
carrier is that part which carries the differential. 
On some it is bolted to the axle housing, as in 
Fig. 19, page 871, and on others it is integral with 
the axle housing, as in Figs. 51, 55. The rear-axle 
tube is shown in Fig. 54, one right, the other left. 
Rear-axle shafts (semi-floating in this example) are 
right and left. The rear-axle housing cover is the 
plate over tlie one-piece housing. The rear-axle 
spring seat may be under or on top of the housing. 
Other iKirts are shown in Figs. 53, 54. 

Removing Rear-Axle Shafts 

On “full-floating” and “three-quarter-floating” 
type of rear axles, the axle shafts can be withdrawn 
witlioiit removing w'heels. 

On most of the “semi-floating type” of rear axles, 

the axle shafts can be withdrawn without removinc 
rear-axle as.seml)ly, but wheels must first be removed 
and then the outer wheel bearing nuts and bearings 
(see pages 15, 16, 864, and 883). 

On a “plain live axle” having a two-piece or 
divided rcar-axlc housing, the complete rear-axle 
assembly must be removed in order to remove the 
rear-axle shafts. See pages 880 and 1006. 

Removing DifTerenlial 

On those types of floating rear axles having a 
“one-piece” housing and a cover plate and where the 
“differential carrier” is integral with the rear-axle 
housing, the diffenmtial can bo removed by removing 
the axle sliaft, then removing the differential bearing 
caps from the carrier integral wuth the axle housing 
(Fig. 55), after which the differential can be with¬ 
drawn at the rear of the housing. 

On those types of rear axles having a one-piece 
housing with “differential carrier” bolted to rear- 
axle housing (Figs. 18, 19, page 871), the differential 
with drive pinion can be removed by withdrawing 
axle shafts, loosening differential carrier, and re¬ 
moving complete assembly (Fig. 19, page 871), 
through the front part of the axle. Then the 
differential can be disassembled and adjusted on 
the removed carrier. 

On those types of rear axles having a “two-piece” 
or divided rear-axle housing which is bolted together 
in the center, the complete rear-axle assembly must 
be removed from the car in order to remove the 
differential, as shown in Figs. 56, page 862 and 41, 
page 880, Fig. 28, page 921. 

ADJUSTMENT AND LUBRICATION^ 

Semi-Floating or Fixed Hub Types 

Timken fixed-hub or se'mi-floating rear axles are 
used on light and medium-weight passenger cars. 
In this type of construction the wheel is keyed to the 


> Applies to early modela. 
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axle drive shaft, the shaft revolving in a bearing 
mounted in the nousing just inside the wheel. See 
Fig. 1, page 864. This bearing should be cleaned, 
greased, and adjusted at least once a year; more 
often if the service is severe. 



Fig. 1. Timken rear-wheel hub ae used with the semi- 
floating rear axle (see also page 883). 

Fig. 2. Timken rear-wheel hub as used with the full-float- 
ing type of axle. 

To clean the bearing, remove the wheel from the 
axle shaft, using a wheel puller if necessary.^ Now 
release the locfing finger (A) which prevents the 
bearing adjusting ring (B) turning, and unscrew this 
ring from the housing, carrying with it the bearing 
cup (C). The ring having been removed, pull out 
tiie axle shaft (E) on which is pressed the nearing 
cone (D), and the rollers. With a stiff brush and 
gasoline or kerosene clean off all old grease from the 
bearing cup, cone, and rollers, and from the end of 
the housing into which the adjusting ring is screwed. 
In order thoroughly to remove all old grease, the 
bearinra should occasionally be placed in a solu¬ 
tion of washing soda and water and brought to a 
boil. 

Lubrication of bearings: After carefully cleaning 
and drying the bearing, cover well with good, clean 
cup grease free from acid and dirt, grit, and other 
solid matter. Also pack the end of the housing 
with grease. 

Adjtistment: Now replace the shaft with the 
bearing cone and rollers and screw on the adjusting 
ring canning the bearing cup. The adjustment of 
the bearing is made by tummg up this ring. 

In adjusting wheel bearing, remember that the 
two drive shafts, rkht and left, come in contact in 
the center of the differential spider (see Fig. 3j page 
865). If the bearing on one side is adjusts m too 
far, while the bearing on the other side is too far out, 
the spline end of the shaft will project throu^ into 
the other side of the differential. This wilieither 
lock the differential or cause the end of the shaft to 
be twisted off. Care must be used, therefore, to 
take up the same amount on both right and left- 
hand bearings. 

Screw up the bearing adjusting ring (B) (Fig. 1) 
until all end play is taken out of the shaft and until 
the shaft turns stiffly when revolved with a wrench 
placed on tbe nut on the shaft end. Then back 
off the ring one notch and lock in this position by 
means of the locking finger. The wheel may now be 
r^laced, care being t&en to tighten up well on 


• 8 m IndM und«r **WbMl pullen.’* 
AppliM to early models. 


the nut on the end of the riiaft and to lock it with a 
cotter pin. 


Full-Floating Type 

Timken full-floating rear axles are used on heavy 
passenger cars. In this axle the entire wei^t of 
the car is carried on the axle housing; each rear 
wheel has two bearing mounted in the hub similar 
to the front wheel (Fig. 2). These bearings should 
be cleaned, re-greased, and adjusted at least once a 
year—more often if the service is severe. 

To remove the bearings, take off the hub cap (not 
shown) jack up the wheel, and pull out the axle 
drive shaft (A). Wipe the grease from the end of 
the housing tube and the lock nuts. Now take off 
the outer lock nut (B) , the thin lock washer (C), and 
the inner lock nut (D). The wheel may now be 
removed. Kneel directly in front of it and, grasp¬ 
ing the rim with both hands, pull toward you. Be 
careful not to allow the outer bearing (E) to fall to 
the floor, which may bend or otherwise damage the 
cage. 

To clean parts: With a stiff brush ana gasoline or 
kerosene, clean all the old grease from both outer 
and inner bearings and from the inside of the wheel 
hub. Occasionally both bearings should be placed 
in a solution of water and washing soda and brought 
to a boil. This cleans off any grease behind the 
rollers which may not have been removed by the 
brush. 

Lubrication of wheel bearings: When the bearings 
have been thoroughly cleaned and dried, replace 
the inner bearing (F) on the axle tube, covering it 
well with good clean grease free from all acid, grit, 
or solid matter. Care should be taken to see that 
there is no dirt on the paddle. Repack the space in 
the hub between the two bearing and cover the 
outer bearing with grease. 

Replacing wheel: Now replace the wheel, and, 
holding it firmly in position, slide the outer bearing 
on the tube end, pressing it firmly into the hub.- 
Screw up the inner lock nut, turning it up tight 
against the bearing so that the wheel binds, at 
the same time revolving the wheel to be sure all 
working surfaces on the bearing come into con¬ 
tact. 


Now back off the nut enough to allow the wheel 
to turn freely, but not enough to give any notice¬ 
able looseness or end play. Replace the lock 
washer and screw up the outer lock nut tightly 
against it. 


Bearing adjustment: Before replacing the axle 
shaft, be sure that your bearing adjustment is right. 
The wheel should be loose enough to oscillate, that 
is, when spun, it should come to a stop and then 
start to turn back in the opposite direction, but not 
loose enough to have any amount of shake. Check 
this adjustment after tightening up the outer lock 
nut, as it is sometimes possible, when using a large 
wrench, to turn the nut so tightly against the inner 
nut as to destroy the adjustment. 


Lubrication of wheel hubs, etc.: Having obtained 
a good bearing adjustment, cover the end of the 
tube and the lock nut with mrease, and slide in 
the drive shaft. Fill the hub cap with greaao 
and screw it on the hub, being oaxeful to get it 
tight 
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Cautions 

1. Don’t jam lock nuts so tight that the wheel binds. A 
wheel shoula oscillate when given a slight spin (in other words, 
come to a stop and turn slowly back in the opposite direction). 

2 Don’t allow the lock nuts to be so loose that you can 
shake the wheel and feel the play in the bearings. 1 oo loose 
an adjustment will damage a bearing just as rapidly as too 
tight an adjustment. 

3. Don’t take rollers, cone, cage, or cup from, one bearing 
and substitute these parts in another bearing even though it 
bears the same number. After a bearing has once been used, 
the parts differ from an unused bearing one to two one-thou¬ 
sandths of an inch—not enough to see, but enough to cause 
trouble and expense if parts are substituted. If a bearing 
must be replaced, because of damage, replace the entire bearings. 


4. Don’t hit the cage with a hammer to drive a bearing on a 
spindle; you will bend the cage and damage the bearings. 

5. Don’t use a screwdriver or other sharp tool back of the 
cage to pry a bearing off a spindle—you will bend the cage. If 
a bearing cone sticks, be sure the tool is placed behind the edges 
of the cone. A slight pressure is sufficient to release the cone 
from the spindle. 

6. Don’t let bearings fall on the floor; you may bend the 
cage wliich keeps the rollers in line. 

7. Don’t use grease or other lubricant that contains acid 
or has acid-forming qualities. ITse only a good grade of lubri¬ 
cant; see pages 1104-1106, "Wheel Bearinya." 

8. Don’t drive cups in hubs or other retainers, nor cones on 
spindles, with a hammer where a pressed fit is required. 


ADJUSTMENT OF TIMKEN BEVEL-GEAR REAR AXLESb 2 .» 


There are three conditions which make adjust¬ 
ment of drive pinion, differential gears, and bear¬ 
ings necessary: (1) noise; (2) excessive backlash in 
gears; (3) loose pinion or differential bearings. 
Noise is the most common condition. Be sure the 
drive-pinion shaft bearings and differential bearings 
are properly adjusted. 

Timken-Detroit fixed-hub or semi-floating rear 
axles are built in two sizes—series 5151 and 5152 
for light cars, and 5301 and 5302 (Fig. 4) for cars of 
mculium weight. Full-floating axles for heavy cars 
are built in one size only—series 5762 (Fig. 5). The 
construction of these axles is shown in detail in Figs. 
4 and 5. The principles of adjustment are the same 
in any case; the figures show the slight differences 
in the details of design. 



1 Timken axles (Figs. 4, 6) could represent either a semi¬ 
floating or a full floating axle because the differential supports 
the inner ends of axle shafts. The next principal feature which 
determines whether it is a semi-floating or full-floating axle is 
found in the type of hub used. See also pages 15 and 863. 

If the semi-floating wheel hub (Fig. 1, page 864) is used, 
it is termed a seini-floating axle. 

If the full-floating wheel hub (Fig. 2, page 864) is used, it is 
termed a full-floating axle. 

* Applies to early models. 

> Rear-axle lubrication (see p. 88T). 


To adjust for elimination of noise, remove the 
clamp holt and lock at (A), and turn the sleeve (B) 
containing both the pinion bearing and the pinion 
shaft one notch to the left. Replace the clamp bolt 
and lock, and run to see if the noise is lessened 01 
increased. If the noise is less, turn the sleeve to 
the left until the quietest point is found; if it ia< 
increased, turn the sleeve to the right until the best 
point is found. Do not forget to replace the clamp 
bolt and lock each time before running to test your 
adjustment. 

To take up excessive backlash, remove the cover 
(F). Now loosen the differential-bearing cap bolt- 
lock wire (G), and disengage the lock (H) from the 
adjusting rings (J) and (K). When this has been 
done, loosen the right-hand adjusting ring (J) and 
tighten the left-hand ring (K), thus forcing the ring 
gear against the pinion. Turn both rings the same 
number of notches until the proper amount of back¬ 
lash, approximately five one-thousandths of an 
inch, has been obtained. After adjusting, be sure 
that the lock is replai^ed and is licld by the wires 
before replacing the cover. 



To adjust the pinion-shaft bearing, loosen look 
nut (C) and then tighten up on adjusting nut (D) 
until the shaft will turn freely but with only very 
slight end play. The end play should 1x3 about 
five one-thousandths of an inch after tightening the 
lock nut. Tighten up the lock nut (C) and peen 
over the washer (E), so as to lock both nuts. 
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If noisy gears result from this adjustment of the 
bearings, eliminate the noise by the adjustment de¬ 
scribed. 

Adjustment of the differential bearing is made 
by tightening up on the adjusting rings (J) and 

(K) after releasing the lock (H). Tighten up on 
these rings until the differential turns freely, but 
without end play. If excessive backlash results from 
tliis adjustment, take up as previously outlined. 

Gears are properly adjusted (1) w^hen the axle is 
quiet; (2) when tne gear teeth engage for tlieir entire 
length; (3) when there is but little backlash be¬ 
tween the gears; (4) when there is no end-play in the 
pinion shaft; (5) when all adjustments are securely 
locked. 

After making adjustments, make sure that all 
locking keys, cotters, wires, etc., are replaced and 
that all bolts and cap screws arc pro{X‘rly drawn 
up. If a car is run to try the effect of any adjust¬ 
ments, all bolts and cap screws must be properly 
tightened. 

Lubrication: The pinion and ring gear and the differential 
gears and their bearings are lubricated by the oil in the axle 
housing. Keep the housing filled to the level of the oil hole in 
the bowl with a good quality of rear-axle lubricant. Sec also 
p. 867. 

To lubricate the drive-pinion bearings, keep the sleeve (B) 
well filled with a good quality of rear-axle lubricant. Lubri¬ 
cant can be introduced into this sleeve through the street ell at 
the side of the carrier casting, and this point should receive 
special attention when the axle is first put into service. Be sure 
that the sleeve is filled to the height of the lip, and put in addi¬ 
tional lubricant from time to time to make up for any leakage. 

Adjustments of Timken 

Bevel-Gear Rear Axles 

The rear axle drive pinion and bearing adjustments (Figs 6, 
7, 7A) are on later types of Titrikcn bevel-gear rear axles than 
those shown in Figs. 4 and 5; however, they also arc early 
models. 

Adjustment of Timken drive-pinion shaft bearing (Fig. 6): 
Remove cap screws (O) and (X) which hold the bearing cage 

(L) . After removing cage, add or remove shim.s (M) until 
properly adjusted, which is about .003^' loose, or the thickne.ss 
of thinnest shim. 

Adjustment of drive pinion gear (Fig. 6) to eliminate noise 
and backlash, is made by luosemng cup screws (O) and turning 

(Bb 

Adjustment of differential bearings is made by tightening 
up on adjusting rings (J; and (K) as explained above. 



Fig. 6. Timken Model 5014, rear-axle drive pinion adjust¬ 
ment. Note oil seal (Q). Adjustment of bearings, by re¬ 
moving shims (M); adjustment of mesh of drive pinion and 
ring gear, by turning (B). 


Adjustment of Timken drive pinion for backlash and elimina¬ 
tion of noise (Fig. 7): Loosen cap screws (A) and turn adjust¬ 
ing ring (B) about 2'' to the left. Tighten (A) and run axle 
to determine whether noise has increased or lessened. If 
lessened, continue adjustment by turning (B) to left until 
quietest point is found. If noise is increased, then adjust (B) 
to right to obtain quietest running position. Tighten (A). 

Adjustment of drive pinion shaft bearing (Fig. 7): Remove 
lock bolt (E) and lock (D), and turn adjusting cap (M). 

Adjustment of differential bearings is made by tightening 
up on adjusting rings (J) and (K), as explained. 

Oil Seal: In Figs. 6 and 7 there is a hydraulic cup leather 
(0) oil seal used on drive-pinion shaft. The seals need no 
attention, ns a special ten.sion spring (Y) keeps the leather cup 
tight. After long use it may be necessary to replace (Q). If 
so, remove lock wire (P) and outer tension spring (Y). This 
releases the ten.sion on the cup leather {Q) which can be re¬ 
moved. To remove axle-shaft oil seal, it is first necessary to 
pull out axle shaft fn>m housing. This oil seal is also usea on 
lixed hub types of axle shafts, as on page 883. 



Fig. 7 (left). Timken Models 5114, 5140, rear-axle drive 
pinion. Note oil seal (Q). Bearing adjustment, by turning 
I.M); mesh of drive pinion and ring gear, by turning (B). 

Fig. 7A (right). Timken Mixlel 0.500, rear-axle drive pinion 
Bearing adjustment, by turning (E); mesh of drive pinion and 
ring gear, by removing or adding shims (F). 

Adjustment of Timken drive pinion shaft bearings (Fig. 7A): 
First straighten luck washer (D). J^oosen lo<*k nut (C) 
Tighten adjustment nut (E) until shaft turns freely without 
Motioeublo end-play. Tighten (C) and peen over (D). 

Adjustment of drive pinion for backlash to eliminate noise 
(Fig. 7A): Move drive pinion in toward ring gear by adding 
shims (F). To move drive pinion in opposite direction, remove 
shims (F) as required. 

Adjustment of differential bearings is made by tightening 
up on adjusting ring (J) and (K), similar to explanation on 
this page. 

The Timken Axle Shafts 
From the differential the power is carried to the 
wheels by the axle shafts. They must be stronj^ 
enough to resist the greatest possible torque umler 
any conditions of travel. Yet they should be as 
light as is consistent with perfect safety. 

Where the shaft enters the differential, it is enlarged, the end 
is splined, and steel is left back of the splines. 
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At its wheel end the shaft of the full-floating axle is enlarged 
to form an integral (not welded) disk or "driving dog" (Fig. 8). 
which fits into the driving plate of the hub and turns the wheel 
(Fig. 2, p. 864). In tne fixed hub or semi-floating tyM of axle 
shaft, the wheel end is keyed (Fig. 8) to the wheel (f^g. 1, p. 
864). 


ADJUSTMENTS OF REAR-AXLE BEVEL GEARS AND BEARINGS (GENERAL) 


The general principles of adjusting differential 
assemblies remain essentially the same as has been 
described in the foregoing, that is: pinion bearings 
are adjusted by shims or by a nut; differential bear¬ 
ings are adjusted by threaded adjusting caps or 
sometimes by shims; the pinion is moved rearward or 
forward by shims to decrease or increase lash and 
obtain the proper tooth contact; the ring gear is 
moved to the right (to decrease lash) or to the left^ 
(to increase lash) to obtain the proper tooth contact/ 
by threaded adjusting caps or sometimes by trans¬ 


ferring shims from one side to the other. The major 
differences are the details in the instructions for 
adjusting, the clearances allowed, and the tools re¬ 
quired. The information regarding proper and im¬ 
proper bevel gear-tooth contact, as described on 
pages 869 and 870, applies to present (1936) bevel 
gears. 

Types of pinion-shaft bearings: There are several bearing 
arrangements used in mounting pinion shafts. There are two 
types of mountings, namely, (/) stub shafts, in which all of the 
bearings are to the front of the pinion, as shown in Fig. 7A: (iS) 
straddle-mounted shafts, in which there are bearings on both 
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Bides of (straddling) the pinion, as shown in Figs. 6 and 7. 
There are several kinds of bearing combinations used, the most 
common of which are: (1) two tapered roller bearings on a stub 
shaft to withstand both radial and thrust loads, as shown in 
^g. 7A; (£) straddle mounting with two tapered roller bearings 
in front of the pinion to take tlirust and some of the radial load 
and a straight roller bearing to rear of pinion to take most of 
the radial load; (3) stub mounting with a double-row ball bear¬ 
ing to take thrust loads and a straight roller bearing to take 
radial loads* as shown in Fig. 8A; (4) stub mounting with a 
double row, wide spaced, ball bearing; (3) stub mounting with 
two single-row angular contact ball bearings. 

Types of differential bearings: Practicallv all differential 
assemblies are mounted with a bearing on each side of the ring 
gear, as shown in Figs. 4 and 5 and other illustrations of rear 
axles in this book. There are two kinds of bearings in most 
common use for this purpose, namely, (i) tapered roller bear¬ 
ings, us in Figs. 4 and 5, and (3) angular-contact ball bearings, 
as in Fig. 8A. 



Fig. 8A. Differential mounted on angular contact ball bear¬ 
ings; pinion mounted on ball bearings and a straight roller bear¬ 
ing. Typo of gearing is spiral bevel. At the left, is shown the 
front part of the torque tube and the radius rods, {Buick 
Series ‘'40” 1936.) 

Adjustments 

The detailed instructions vary to some extent on 
different cars, particularly for different types of 
bearings. Therefore, manufacturer’s instructions 
should be followed* Pinion-setting viicrmnelcr 
gauges are often used for determining ‘‘depth” of 
pinion contact as described in some manufacturer's 
instructions; but when not available, adjustment by 
observing the tooth contact is satisfactory. 

Tooth contact can be determined by painting the gears with 
white lead or red lead and rotating the gears, vdiich will scrape 
off the paint at the points of contact. Before attempting 
adjustment, thoroughly analyze the contact, as explained on 
pages 869 and 870, so as to determine what adjustments arc 
necessary. See also “Ring gear backlash adjustment, using a 
dial indicator.” 

Adjustment procedure: The following instructions are not 
applicable in all caae^ but represent a typical example of adjust¬ 
ing an angular contact ball-bearing differential assembly, as 
shown in Fig. 8A. 

Pinion-bearing adjustment: No adjustment is required of 
the pinion bearings shown in Fig. 8A. 

Differential side bearing adjustment: (a) Remove adjusting 
nut locks (4, 5) Fig. 8A. (6) Back off right bearing-cap screws 

(not shown) 11/2 turns and tap cap lightly with hammer to 
free bearing races (S) and adjusting nut (3). (c) Mark position 

of both adjusting nuts (5, 6). (d) Watch outer race of right 

bearing turn with adjusting nut, as nut is slowly backed off, 
and stop when race stops turning. Mark this new position of 
the adjusting nut and return to original position. Repeat, 
backing off adjustment n\iU and again stop when bearing race 
stops turning with nut. This should be same as before, and 
the number of notches between original position and “free” 
position of nut are the “notches tigbv' of the bearing. Correct 


adjvstment is not less than one nor more than two notches tight* 
(e) If the bearing race did not turn when backing off the adjust¬ 
ing nut, the bearings have “lapped” free, or one of the bearings 
has “locked” and turned on the hub of differential case. Before 
investigating further, determine how loose the baring was by 
drawing up the adjusting nut until outer race just starts to 
turn with the nut. (/) Equalize the adjustment between right 
and left bearings, that is, it race started to turn with first move¬ 
ment of nut “in” but did not turn when backing “out” the 
nut, tighten right nut one notch and tighten left nut one notch— 
total two notches tight, {g) Draw down cup screws lightly and 
tap both caps with hammer to permit seating of bearings, then 
tighten down cap screws. Note: When differential side bear¬ 
ing adjustment is found to be less than one notch tight, investi¬ 
gate the cause. Look for side bearing loose on hub of differ¬ 
ential case or ball bearing failure. {Buick Shop Manual, 1936.) 

Pinion adjustment: To move the pinion toward the ring 
gear, instal shims at (I). To move the pinion away from ring 
gear, remove shims from (f). 

Ring-gear backlash adjustment (using a dial indicator): ([a) 
Thoroughly wash all oil from gear teeth of gear and pinion with 
clean gasoline. (6) Inspect adjustment of differential side bear¬ 
ing, as instructed above, {e) Clamp dial indicator, which is 
graduated in .001”, to axle-hoiising rim so that indicator button 
bears against the working surface or a ring gear tooth near the 
outer edge of the gear and to indicate movement in the direc¬ 
tion that the gear rotates, (f/) Lightly rock the gear back and 
forth to take up all clearance between teeth of gear and pinion, 
using care that the indicator is so adjusted to give accurate 
reading. This is the direct reading of backlash and should not 
be Itusa than .006" or more than .010" for new gears, with slight 
increase over .010” for gears which are worn. 

To decrease backlash, the ring gear should be moved to the 
right by backing off the right adjusting nut (3) and tightening 
the adjustnig nut (6) the same number of notches. To increase 
backlash, back off {6) and tighten (S) the same number of 
Dfitches. 

Diagnosis of Rear-Axle Noise 
When diagnosing rear-axle noise, be certain that 
the noise is not caused by the tiros, engine, fan, or 
transmission. The next three paragraphs are taken 
from the 1936 Buick Shop Manual: 

Tire noise changes with different road surface 
conditions, but rear-axle noise does not. Rear- 
axle noise usually ceases when coasting with gears 
in neutral at speeds under 30 miles per hour. Tire 
noise continues, but with lower tone, as car speed is 
reduced. Axle noise alwfws changes when com- 
jjaring “puW and “coasL” Tires which have the sur¬ 
faces of the non-skid divisions worn with one end 
higher than the other are usually noisy. This is 
particularly true with low tire pressure. Pressures 
uj) to 60 lb. may be used for comparable test pur¬ 
poses. Front tires are as likely to sound like rear- 
a.xle noise as are rear tires. 

Transmission ^d engine noises occasionally are confused 
with rear-axle noise. To best isolate these noises, first observe 
approximate car speed and condition where supposed rear-axle 
noise is most pronounced; then, with the car m a quiet place 
to avoid interfennjj noises, and car stationary, hold out the 
clutch with transmission in high gear and run engine up and 
down slowly through engine speeds corresponding to car speeds 
at which axle noise was most pronounced and observe for sound 
similar to a.xle noise. Next shift gears to neutral and again 
run engine at similar speed, while slowly letting clutch engage 
to observe for idling noises of transmission. 

Noises which cannot he isolated as above are likely to be found 
in rear axle. (8ee also p. 873.) 

Rear-axle lubrication: Use only lubricants recommended by 
the car manufacturer. The S.A.E. viscosity numbers generally 
u.sed, under normal operating conditions, for transmission and 
differential gears, pinions, worm drives, and roller and ball 
bearings used in connection therewith, are S.A.E. 140 for 
summer and S.A.E. 90 for winter. See page 1062B. V^ere 
manufacturers specify extreme pressure i EP) fubricante, such as 
for hypoid and other gears with a high tooth pressure and 
temperatures, it is important that only such lubricants should 
be used in order to prevent scoring the tooth surfaces. When 
adding EP lubricants,^ it should be the same kind; otherwise 
flush it out thoroughly. See also pages 1104-1106 for lubrica¬ 
tion of front and rear wheel bearings. 

It is important to drain and flush the axle at certain mileage 
intervals, as given by the manufacturer. Some manufacturers 
specify that, after draining, flush with flushing oil (not kero¬ 
sene). Remove plug in back of housing and drain with suc¬ 
tion gun, or remove capscrews at lowest point in differential 
housing and blow out with low-pressure air. 


1 There are two types of EP lubricants: '^powerful extreme pressure lubricants,^* having very high load-carrying capacities; and 
"mild extreme preeeure lubricants,” which have a higher load-carrying capacity than straight mineral oils but less oaiMtoity tbae 
that of powerfm £P lubrioanU. Consult car manufacturers* recommendations, as there is a akfinits use/or each type. 
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TIMKEN ROLLER BEARINGS 


The subject of bearings is treated on page 19. 
An explanation of the Timken roller bearing which 
takes a thrust or radial load is given below. 

The different places on a car where roller or ball 
bearings are generally used are the front wheels, 
the transmission, the pinion drive shaft, the dif* 
ferential, and the rear wheels. 

^e parts of a Timken roller bearing are shown 
in iUustration below (Fig. 9), and are as follows: 
(11 the cup or outer race; (2) the roller bearings; 
(3) the cone or inner race. (Note: On the later 
designs of Timken bearings, the nibs are omitted from 
the ends of the rollers and a wingless steel cage is used.) 



Fiff. 9. Timken tapered-cone type of roller bearinf. Used 
for \meel bearings, axle bearings, and different parts of the car. 
The part to the left is called the cup or outer race in which 
the rollers revolve. Note that the cone, or inner race, is the 
part underneath the rollers. This part fits onto the shaft and 
the oup fits into the bearing space. 

The cone should have a floating-fit on all non¬ 
rotating shafts, such as front*wheel spindles and 
full-floating rear-axle sleeves. 

The cones should have a press fit on all rotating 
shafts, such as semi-floating rear-axle drive shafts, 
pinion shafts, worm shafts, belt-pulley shafts, ana 


transmission shafts: except where it is necessary to 
move the cone on toe shaft to make adjustment, in 
which case the cone should have a light-press fit. 
(Be sure that all cones are seated firmly against the 
shoulders on the shafts.) 

Cups: The ideal mounting for all Timken cups 
is a press fit in such mountings as wheel hubs, pinion 
housings, differential housings, belt pulleys, worm- 
shaft housings, and transmissions. Where the cup 
must be moved to make adjustment, it should have 
a light press fit. (Be sure that all cups are seated 
solidly against the shoulders in their mountings.) 

On motmtings where shim adjustment is used, 

the cups are usually pressed into a retainer or cup- 
holder which, when installed, is bolted to the hous¬ 
ing with shims between the flange of the retainer 
imd the housing. Adjustment on such mountings 
is made by moving the retainer farther into the 
housing until all end play is taken out of the bear¬ 
ings. 

This can be done by removing the retainer and 
taking out one or more shims. If adjustment is 
made too tight, causing a bind in the bearings, one 
or more shims should be added. 

The subject of direct mounting and indirect 
mounting of bearings on a worm shaft is explained 
under the discussion of truck rear axles (Timken), 
as is also the subject of how to compute the worm- 
gear ratio. 

The adjustment and lubrication of the front and 
rear wheel bearings, transmission, and differential 
are given in the explanations of the different Timken 
axles and wheels in this instruction, and also in the 
instruction dealing with front wheels and under 
the truck rear-axle subject. 


ADJUSTMENT OF COLUMBIA THREE-QUARTER FLOATING REAR AXLE 


The Columbia rear axle, illustrated below, is the 
model 60,000 Columbia three-quarter floating type 
of rear axle, as used on passenger cars weighing 
3,200 to 4,000 lbs., equipped for road service. 
Some of the cars using this axle are the Cole, King, 
Premier, National, Du Pont, Kenworthy, and Ogren. 

To remove axle shafts: Unscrew the six acorn 
nuts on the axle flange and pull out the shafts 
(Fig. 10). 

To remove the differential assembly: Having 
first taken out the axle shafts^ remove the ten cap 
screws on the face of the earner, as indicated on 2, 
Fig. 10, remove the cam brackets which extend over 
the face of the carrier and which come off freely after 
the cap screws are out, and the carrier will then fall 
out of the housing. All brake connections may 
remain intact during this operation. 

To adjust drive pinion bearings: This is required 
only when the drive pinion shaft is loose, that is, 
when you can move the drive pinion shaft forward or 
backward. This can be determined by pmng 
be^mn lock nuts and carrier (Fig. 10). This 
adjustment is made with the two nuts (Fig. 10) 
where it reads; *^Never loosen these two nuts unless 
end-play has developed.” 

To adjust drive pinion: Remove the locking plate 
(2, Fig. 10) on the neck of the carrier, held in posi¬ 
tion by two screws and lock washers, loosening the 
locking bolt next to this plate which clamps the pin- 
thn aJiuater in the neck of the carrier. Insert a 


flat tool, usually a blunt screwdriver, into the 
notches on the pinion adjustment and turn either to 
right or left as you wish the pinion closer to or farther 
away from the ring or master gear. 

Turn the pinion adjustment to the right, if you 
desire to move the drive pinion forward (toward 
front of vehicle), or to the left, if you desire to move 
the drive pinion backwards and thus bring the 
back faces of the drive pinion and ring gear to proper 
position. Move the adjustment only one or two 
notches (not complete turns) in one direction or the 
other until the quietest running position has been 
secured. Replace the locking plate and tighten 
the locking bolt. 

Adjustment for noise; Put the pinion closer for 
“drive noise,” and farther away for “coasting 
noise,” see “Gear Contact.” 

To adjust ring gear; Do not make this adjustment 
unless aDsolutely necessary and after having tried 
the other adjustments. The thrust of the drive 
pinion always forces the ring gear toward the left 
recur wheel (left as when seated in car); consequently 
the adjustment is usually towards the right-hand 
rear wheel in practically every case, owing to excess 
wear on the left-hand differential bearing. This 
adjustment is made by turning the left-hand dif¬ 
ferential bearing adjustment (A) (Fig. 10). Some¬ 
times the adjustment may have to be made on the 
right-hand adjustment (A) (Fig. 10); this should 
not be done however, unless you can pry against 
the ring gear and it shows a slight end play toward 
the right. « 
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tpCKUiG bolt 
PINI^ LOCKiNG 



Fig. 10. General specifications of the Columbia rear axle: For passenger cars: capacity 3,200-4,000 pounds, equipped for 
road without passeiigcrs; three-quarter floating type; one-piece rear-axle housing, with full-length reinforcing tubes; heavy-duty 
tapered roller bearings; alloy steel spiral bevel gears, case hardened and heat treated; adjustment provided for pinion and differ¬ 
ential; alloy steel pinion shaft and drive shafts scientifically heat treated; sixteen-inch adjustable internal ana external brakes. 
See pa^e 891 for description of the brakes. Lubrication: Use Whitmore’s No. 9 in summer, and Whitmore’s No. 33 in winter, or 
Mobiloil “C,” or Polarine “A,” or Enarco medium. 


Note. To reach the differential bearing adjusters 
(A) (Fig. 10), it is first necessary to remove the lock¬ 
ing wires and to loosen two cap screws and remove 
the caps (not shown in the illustration). 

If it has been finally determined that the ring gear 
must be moved to secure proper gear contact, the 

whole assembly must be moved, dv releasing the 
adjuster locks on each side and then backing off one 
of the adjusters (A) a notch or two in the direction 
you wish to move the ring gear, following this by 
sinewing in (toward the ring gear) on the adjuster 


(A) on the opposite bearing. Thus you are moving 
the whole assembly and maintaining the bearing 
adjustment. 

The differential ring gear is always placed on the 
left side of the differentia (left side as when seated in 
the car), because the crank shaft and propeller shaft 
revolve clockwise, and thus drive the rear wheels 
forward. See Fig. 10, and also Fig. 3, page 6. 
Owing to this fact, the thrust is always to the left 
side of the differential, and thus there is more wear 
on the left bearing. 


BEVEL GEAR CONTACT 


Proper gear contact and properly lubricated gears 

will assure the efficient transmission of the engine^s 
power to the rear driving wheels, providing that the 
differential and pinion bearings are performing their 
functions properly. 

In order to understand more clearly the meaning 
of ‘^gear contact,’’ the following terms are illustrated 
and described. 

Terms Used in Describing Gear Contact 

Pitch line: A line drawn near the middle of the 
^ooth (see Fig. 11). 



Fig. 11. Desoriptive terms as used in connection with gear 

Ceetk. 

Working depth: That part of a tooth which is 
opposite the end of the tooth with which it meshes, 
lee (W) (Figs. 12 and 11). 


Clearance: The distance from the working depth 
to the bottom of the tooth (see Figs. 12 and 11), 

Face: That part of a tooth which lies between 
the pitch line and the end of the tooth (see Fig. 11). 

Flank: That part of a tooth which lies between 
the pitch line and the working depth (see Fig. 11). 

Toe: The inside or smaller half of a tooth (see 
Fig. 11). 

Heel: The outside or larger half of a tooth (see 
Fig. 11). 

Backlash: The difference between the thickness 
of a tooth and the space into which it meshes (the 
play) (Fig. 12). 



Fig. 12 Fig. 13 

Fig. 12. Explanation of backlash, clearance, a^d werldnc 
depth (W). 

Fig. 13. Full-face contact (shown in nlaeln. 
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Fig, 14. Flank contact (shown in black). 

F^. 15. Partial face contact (shown in black). 



Fig. 16. Toe contact (shown in black). 
Fig. 17. Heel contact (shown in black). 


Gear Contact as Applied to Columbia 
Rear-Axle Gears^ 

The complete driving iiSvSembly is adjusted, locked 
and tested at the Columbia plant, then tested and 
readjusted if necessary by the manufacturer, under 
the vehicle; consequently it is not often necessary 
for the user to adjust any of these parts, except pos- 
ubly the bearings. 

The pinion shaft and gear revolve in a fixed carrier 
and may only be moved directly forward or back¬ 
ward. The ring gear also revolves in the same 
dxed carrier and may only l)e moved directly towar 1 
one rear wheel or the other. The bearings hold 
these parts from moving in other directions, con¬ 
sequently, proper gear contact may be secured by 
moving the pinion or ring giair in the proper direc¬ 
tions, as the axis of oacli sliould remain fixed. 

Familiarize yourself with the names of the gear- 
tooth faces (Fig. 11), so that you may understand 
the other illustrations (Figs. 12 to 17j. 

Backlash: All contacting gears must havifa cer¬ 
tain amount of play or space between the teeth, that 
is, the tooth of one gear must never entirely fill the 
space between two teeth of the mating gears (s(^o 
Fig. 12). This avoids excess wear, breakage, noise, 
or decreased efficiency. Too Inuch “backlash’' is 


just as destructive as too little. The practical 
limits of “backlash” to which gear inanufacturers 
work are .005” minimum to .015” maximum (five to 
fifteen one-thousandths of an inch). There may be 
slight variations from these figures. 

The desired gear contact imder load is a full-face 
contact along the entire length of each contacting 
tooth (see Fig. 13). If the gear cutting, heatrtreat- 
ing, and mounting has been perfect, the proper 
“backlash” is shown when gear teetjh show good 
contact^—running from 75 per cent to full-fa(;e 
contact of tooth. 

Flank contact (Fig. 14) is caused by the pinion 
gear being adjusted too far back (toward the rear of 
the vehicle). This condition often decreases the 
“backlash” and usually causes a grinding noise. 

Partial face contact (Fig, 15) is caused by the 
pinion gear being adjusted too far forward (toward 
the front of the vehicle). This condition increases 
the “backlash” and may cause tooth chipping. 

Toe contact (Fig. 10) is caused by moving the ring 
gear too far toward the right rear wheel. This also 
decreases the “backhish,” and may cause tooth 
chipping or breakage. 

Heel contact (Fig. 17) is caused by moving the 
ring gear too far toward the left rear wheel and 
increasing the “backlash” to undesirable limits. 

Never adjust gears until you know the existing 
tooth contact. To determine tliis, remove the rear 
cover plate and thoroughly clean the pinion and ring 
gear of oil. Mix ptiwclered red lead with light oil to 
the <R)iisistcncy of pasl(i and paint a number of the 
teeth on the ring gear. 

Jacik up the car (both wheels) and run in high gear 
for a few minutes, then throw into reverse and run 
for a minute or so, applying the brakes at intervals 
to make close tooth contact, then examine the teeth 
on the ring gear and the ])aint will clearly show the 
tooth contact existing. 

'riien remove the inspection plug (oil-filler plug) 
and actually view the contact when possible, by 
throwing light on the pinion gear while the cover 
plate is removed. If not correct, cautiously proceed 
to adjust the pinion gear or ring gear, as iircviously 
exf^ained. 


ADJUSTMENT OF SAIJSBURY REAR AXf.E; THREE-QUARTER FLOATING TYPE 


The trade name or term applied to this construc¬ 
tion would bo “Pressed Steel Type,” and is three- 
quarter floating in design. 

To remove the axle shafts: Tliis can be accom¬ 
plished without the use of the jack, as the full 
weight of the car can still be left on the wheels, or 
with the axle shafts removed, since there is no 
possibility for the wheels to come off. Remove 
the wheel-drive flange (F) (Fig. 18) by unscrewing 
nuts (N). The flange with the axle shaft can then 
be pulled out. 

To remove the wheel for any purpose, such as 
for replacing the wheel bearing, this can be done 
after the flange and axle shaft are removed. The 
wheel, with the hub and bearing, is held in place on 
the axle tube by lock nuts and washers. With 
these removed, the wheel with hub and bearing can 
be pul}ed off. 


* From Columbia Axle Co.'a Manual, by wrmiiiou. 

1922. 


To remove the bearing from the hub, first remove 
the spring wire, and the bearing lock nut can then 
be unscrewed and the bearing removed. 

The differential gear carrier (Fig. 19) as a unit 
can be removed from the axle proper, after first 
disconnecting the propeller shaft and universal 
joint, by removing tlie carrier screws which bolt it 
to the housing. First, however, the axle shafts 
must be pulled out. 

In order that the spiral bevel ring gear (G) 
(Fig. 18) and ^ive pinion (P) may operate correctly, 
t hey must be in perfect alignment, that is, the differ¬ 
ential axis must be in the same plane as the pinion 
axis; at the same time there must be a correct 
amount of back lash between the pinion and the 
gear. To that end two means of adjustment are 
provided. 

The differential ov wh^ch the ring gear (G) (Fig. 
18) is mounted may be moved tewarf* ®»ther side^ 
as required, by turnmg one of the adjusting nuit ^ 
to the left, and tummg ihe other to the right an 




Fi)i IS Suli.sbury r<iir axh*; (hn'o-ciuarter floating type. 


equal amount, aftor the locking fiuj^uis (B) liave 
been removed, and the screws (Cj in the bearii^p, 
ea])s liave been loosiaied. 

The drive pinion (P) may be moved forward or 
backward turning the adjusting sleeve (D) in 
which the pinion sluift is mounted. Moving th<; 
pinion-shaft adjusting sleeve or the differential 
adjusting rings one notch is equivalent to approxi¬ 
mately four one-thousandths (.004") inch at the 
point of contact between the pinion and ring 
gear. 

The amount of back lash necessary to insure 
quietness of action is ordinarily between ten one- 
thousandths (.010") and twenty one-thousandths 
(.020") of an inch^ depending upon the cut of the 
gears and the variation which takes place in their 
manufacture. The proper amount of back l;ush or 
clearance should be arrived at, however, only after 
it is known that the ends of the teeth on the pinion 
are flush with either the inner or outer ends of the 
K^eth on the ring gear. 

To arrive at the proper running position of these 
gears, in order that their teeth may have a full lirui 
contact and at the same time operate with quietness, 
see explanation given on pages 870, 874. 


Brakes on Salisbury Rear Axle 

There are four points of adjustment on each set of brakes 

'Fig. 20). The adjusting sitcws (E) and (H) are the means of 
providing the proper clearance at the rear of the internal and 
external bands when rcicasi'd, and should be adjusted to allow 
an opening between the brake drum and the linings on tlie 
brake bands of not more than 1/32". 

The adjusting nuts (K) which control the setting of the lower 
halves of the external bands are next to receive attention in 
the proper order of adjustment. The jam nuts must be 
'ooseneef and the adjusting nuts regulated to give a maximum 
clearance of 1/32" around the lower halves of the banas. 
Should the linings touch the, drums at any point, as » result of 
‘heir not being a true circle, a screwdriver should be inserted 


and the bund forcc<l away. When the adjusting nuta ar«» 
properly regulated, the.v should be relocked by the jam nuts. 



Fig. 19 Differential gear carrier unit. The words ‘dif' 
fereutial gear carrier,” or ‘‘gear carrier,” refer to the unit it 
which the gears are carried. On this axle, note *hat the eniir# 
unit is removable. 
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Fig. 20 


The clearance between the top halves of the external bands 

should be regulated to a maximum of 1/16^' by means of the 
nuts (J). This difference in clearance of 1/32" between the 
upper and lower halves is rendered necessary by the action of 
the bell cranks, which tend to tighten the upper half to the 
drum sooner than the lower half is tightened. 

When the brakes are released, the pedal should be close to 
the floor board and the centers of the eyes of all levers on the 
cross-sliafts in the frame should be from 1 " to 1 to the rear 
of the shafts. The levers carried on the brake spiders should 
be as far back as allowable with the rods furnished, and these 
rods should not bo shortened when the brake linings wear. 
This would disturb the proper setting' of the brake levers and 
would prevent proper brake action. All adjustments should 
be made at the bands where the wear occurs. 


ADJUSTMENTS OF THE OLDSMOBILE MODEL “47” REAR AXLE 


The rear axle used on the Oldsmobile model ‘‘47” 
car is a three-quarter floating tjrpe, in which the dif¬ 
ferential is carried on separate bearings, and the 
umer ends of the axle shafts are supported by the 
differential side gears. The outer ends of the axle 
ahafts aresupported by the wheels which are mounted 
on large roller bearings and revolve on a race or 
bearing fastened to the axle housing. With this 
vype of constniction it w ill readily be seen that the 
fnve shafts are subjected only to the driving tor- 
dion, and the bending moment imposed by the 
wheel on comers land uneven roads. The axle 
housing supports all the load of the rear end of 
the car. 

Torsion tube and third member: The drive pinion 
shaft is mounted in a set of two bearings (see Fig. 


21). At the pinion end is a large radial bearing, in 
which the shoulder of the pinion rides. This is the 
pinion bearing and serves to give the alignment to 
the shaft and pinion. A little farther up the shaft 
is mounted a aoublo radial bearing which takes all 
thrust imposed upon the propeller shaft by the ac¬ 
tion of the pinion in the ring gear. All of these 
bearings and the adjusting mechanism are incased 
in a strong housing to which is attached a long tube 
entirely enclosing the propeller shaft. The tube 
assumes the torque imposetl on the axle. 

The differential assembly is mounted on two large 

S att roller bearings, designated in Fig. 21, iis (M). 

e side thnist on tliis bearing that is naturally set 
up by the wheels on uneven roads is taken up by 
the differential thrust bearings (F) and (I). 


LOCK BOLTTT 
COVER PLATE T 


PINION ADJUffHNd 
SLEEVE 'D* 


Fig. 21 A. Oldsmobile (Model 30 ) 
t referred to in text. 'Hiis 




rear axle not i 

axle is of the semi-floating _ 
equipped throughout with New 
parture ball bearings. The housing 
18 of the one-piece or **banjo" type. 

To remove axle shaft, pull the wheel 
from the tapered end of the shaft; re¬ 
move four screws holding the brake 
BupxKirt disk; the axle shaft can then 
be removed from the housing. 

To adiust drive pimon (see Figs. 21B 
and 21A), remove adjustment lock (M) 
and turn pinion adjusting sleeve (D). 

To adjust ri^ gear, turn adjusting 
Bupa (H) and (&)• 



ADJUSTING CUP’I 


DIFFERENTIAL 
IT BEARING “V 


OIFFEREHTIAL HOUSINGV 


FLt. 21. OldamobUe (model 47) rear axle as referred to in text. 
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The axle shafts are driven directly by the two 
differential gears, through which the splined ends 
of the shafts pass, being securely fastened by large 
castle nuts and special washers. The outer ends 
of the shafts are tapered and keyed into the hubs 
of the wheels, the hubs being held from slipping off 
the shaft by a nut, which is held in place by a star 
washer, one lip of which is bent up against the nut. 
This star washer has a spline which fits the keyway 
and keeps it from turning. 

Adjustment Instructions 

Adjustment of axle or differential gears: First 
find out under what conditions the noise appears, 
and investigate to see whether the axle is properly 
filled with heavy or semi-fluid oil. The capacity is 
one quart up to the level of the filling or inspection 
plug. 

1. Noise occurs on straight pull ahead: The diffi¬ 
culty generally results from the teeth of the pinion 

ear (A) bottoming in the ring gear (B). This may 
e relieved by loosening the lock bolt at (E) and 
then opening the cover plate at (C), in the third 
member housing, and turning the pinion adjusting 
sleeve (D) outward two notches, or more if neces¬ 
sary, a notch at a time. Do not touch the adjust¬ 
ment of the differential-bearing cup. 

2. Noise occurs on straight coast ahead: The 
difficulty is generally the result of the teeth of the 
pinion gear (A) not meshing deep enough in the ring 
gear (B). This may be overcome by loosening the 
lock bolt at (E), and then opening cover plate at (C) 
in the third member housing and tuniing the pinion 
adjusting sleeve (D) inw'ard two notches or more, if 
necessary, a notch at a time. Do not touch the 
adjustment of the differential-bearing cup. 

3. Noise occurs on turning comer to right or left: 
This is generally the result of end play at the dif¬ 
ferential thrust oearing (F) or (I). Open the cover 
plates (G) and (J), and then loosen or back off the 
adjusting cup (K), four or five notches toward the 
outer end of axle. Then tighten or turn the adjust¬ 
ing cup (H) against the differential housing (L) 
until all back lash has been take up between the 
pinion (A) and the ring gear (B). Now back off or 
loosen cup (H) by turning out tlirce notches toward 
the end of the axle. Now tighten the adjusting cup 
(K) by turning toward the center until it is snug, 
with the wheels revolving. 

4. Adjusting after installing new ring gear: With 
the two halves of the axle disassembled from each 
other, screw both the adjusting cups (H) and (K) 
toward th) outer end of the axle housing, or until 
the distance from the inner edges of the cups (H) 
and (K) to the 1/16" metal stop rings (M) for the 
Hyatt bearing is 34"- With the adjusting cups in 
this position, no difficulty will be experienced in 
assembling the two halves of the c:ise with the dif¬ 
ferential and axle shafts assembled. Firmly bolt 
both halves together and then assemble the third 
member in position and tighten. The axle is now 
ready for adjustments as in paragraphs 1, 2, or 3. 
above. 

5. Installing new pinions: In installing a new 
pinion gear (A) where it luis not been necessary to re¬ 
move the pinion shaft, leave the adjustment of the 
ring gear as it is. and adjust as explained above in 
paragraphs 1 ana 2, as may be necessary, depending 
on whether the noise occurs on coasting or on 
Straight pull ahead. 

6. Installing new pinion when necessary and to 
remove pinion shaft from third member: Keaa* 


semble so that the rear side of the radial bearing (N) 
in which the pinion (A) revolves is set approximately 
7/32" from the extreme end of the shoulder on 
the flange of the third member. The backs or ends 
(see Fig. 28, page 874) of the teeth on the ring and 
pinion should be flush when assembled. To get 
this, measure from the face of the pinion-housing 
flange on the gear case at (P) to the bottom of the 
teeth at the outside diameter of ring gear (Q) (Fig. 
28). ^ Adjust the pinion so that a like dimension is 
obtained from the face of the pinion housing to the 
flange to the point of the tooth at the outside diam¬ 
eter (R) (Fi^*. 28). 

Following are a number of suggestions relative 
to adjustments and insjiection. Read carefully. 

When axle is tom down: Inspect all bearings and 
parts very carefully when removed, and when reas¬ 
sembling use only the parts which are in good condi¬ 
tion. 

Single-row ball bearings may have a slight angu¬ 
lar movement, or a rock as the action of a ball joint, 
but must not have any radial looseness or movement 
up and down. 

Clean bearings thoroughly with gasoline, and 
make sure that the races and balls are in good condi¬ 
tion and free from all foreign matter. The bearing 
should spin freely and quietly. 

Roller bearings should be washed in gasoline, and 
races and rollers should be inspected for defects or 
foreign matter. These bearings should not have 
more than .003" movement radially. 

The thrust bearings at the end of the differential 
should also bo clean^ and inspected. 

The life of the gears in a way depends on the 
bearings, and a worn or defective part replaced is 
money well spent. 

The gear housing must be free from all chips, dirt, 
etc., for a little foreign matter here will ruin the 
entire unit in a very short time. 

When assembling, make sure that every part is 
in its place and securely locked. 

Preliminary adjustment of gears: The backs or 
ends of the teeth on the ring and pinion should be 
flush when assembled (see Fig. 28). To get this, 
measure from the face of the pinion-housing flange 
on the gear case to the bottom of the teeth at the 
outside diameter of the ring gear. Adjust the pin¬ 
ion so that a like dimension is obtained from the face 
of the pinion-housing flange to the point of the 
tooth at the outside diameter. 

Adjust the differential to the left, so that the 
pinion can enter freely, and then assemble the third 
member to the axle. 

Shellac the point between the two halves of the 
gear housing and make sure that the faces at the 
I)inion-flaiige connection are flush. If they are not, 
there will be a leakage of oil. 

Adjustment of gears: Move the differential to 
the right or left, as required, to get from .()05"to 
.(X)8" back lash (Fig. 31, page 874). 

Through the oil-fillor hole in the gear housing, 
paint both sides of the four teeth in the three eqdally 
sjiaced locations on the ring gear. Use thin whitf 
lead. 

By turning the bevel gear around several times 
the lead will be wiped off of the gear tooth, showing 
where the contact or load is taken on the tooth. 
The contact to work for ig as shown in Fig. 2.3 or a 
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contact showing slightly heavier on the toe than on 
the heel, but over the full length on the tooth. 

Fig. 24 'jhows a heavier contact at the heel of the 
tooth. This denotes too much back lash between 
ring and pinion, and will eventually break off the 
heel. To overcome this, move the differential 
toward the pinion, but be sure to have some back 
lash. 

If the contact still shows heavy at the heel, 
change gears, as some part of the axle is out of align¬ 
ment. 

Fig. 25 shows a heavy contact at the toe or small 
end of the tooth. This is not bad, but the load 
should not be centered here as it will eventually 
break off the toe. To correct, move the differential 
away from the pinion, but under no circumstances 
should a gear be run wdth heavy contact at the heel 
resulting from too much back lash. 

Fig. 27 show's contact at the top of the tooth, and 
Fig. 26 shows it on the flank. Either of these will 
cause noisy gears. To overcome, adjust the pinion 
toward the center line of the axle for Fig. 27, to get 
full-depth contact, as shown in Fig. 2.3. Noise 
almost always can be eliminated bj^ the adjustment 
of the pinion. 

Testing after Adjusting the Mesh of Gears 

After this has been accom]dished, install the 
axle under the car, connect to power plant, and, 
with wheels off the floor, start the engine. Apply 
the brakes slightly, adjusting these so that there 
is an equal amount of friction at both wheels. 
Watch the tooth contact through the filler hole in 
the gear housing. If correct results have not beem 
obtained, paint the gears again and readjust the 
gears as mentioned previously. The car may be run 
not to exceed one mile without oil as a check on 
the adjustment. 

If further adjustment is necessary, it should bo 
made, as the gears must have contact over the full 
length of the tooth to carry the load. Oil wiU not 
dejwlen the noise, but is a lubricant. 

Gear Contact as Explained in the Oldsmobihr 
Instruction Book 



Fig. 26 Fig. 27 


Fig. 2fy Shows heavy contact on the Iflank of the gear 
tooth. Gears set up in this way are noisy. To correct, pull 
the pinion out until contact conies to the full working depth of 
the gear tooth without leaving the lowest point of contact. 
See Fig. 2.'!. 

Fig. 27. Shows heavy contact on face of gear tooth. Geara 
set up in this way are also noisy. To correct, move the pinion in 
until the contact reaches the lowest point on the gear ^ooth. 
Sec Fig. 23. 


PULL PINION OUT 
IN THIS DIRECTION 


MOVE PINION IN 
TOWARDS GEARm 
THIS DIREQION 



Fig. 28. Sec text for explanation. 

Fig. 20. The heel of the gear tooth i.s the largo end, and 
tlic toe is the small end. 

WORKING DEPTH 

CLEARANCff 6ACKLA5M 

Fig. 30 Fig. 31 


The following illustrations and legends w'ill make 
clear the meaning of terms used in connection with 
these explanations. 


Fix' 30 Showing the working depth, face, flank, and 
cleaiance. 

Fig. 31. liaeklash. 




Fig. 23 JFIg. 24 Fig. 26 


Fig. 23. Shows correct contact. Gears set up this way 
give best results for noise and wear. 

Fig. 24. Shows heavy contact on heel of tooth. Gears set 
up this way will eventually break off at the heel. To correct, 
move the ring gear toward the pinion, but make sure that there 
is back lash, as gears cannot run tight. 

Fig. 25b Shows heavy contact on toe of tooth. • Gears set 
up tms way wiU eventually break off at the toe. To correct, 
move the nng gear away from the pinion. 


Putting the Rear Axle Together 
(Oldsmohilc “47”) 

When putting the axle together make an inspeC' 
tion of the following points: 

1. Before the ring gear is mounted on the differen¬ 
tial, inspect the ring-gear seat of the differential 
(•.•use to dotenninc whet her it runs true with the 
liearing hubs. If it runs out more than .002", 
face it off in a lathe to make it run true. 

2. When riveting ring gear on the case, make car 
tain that it is riveted tight. Ring gear should 
not run out more than .008", using the bearing 
hubs of the differentials as centers. 

3. When driving the pinion on the shaft, see to it 
that it does not ride the key; also that it is 
driven on tight. The pinion must not run out 
more than .004" on the shaft. 

4. Inspect all bearings for wear: Bearings which 
are pitted or chipped should be replaced by new 
ones. Ball bearings and straight roller bearings 
should not have more than .003" play between 
the mner and outer races. ^ 
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5. Outer races of bearings must be a snug fit in 
bearing holes, and the inner races must also be 
a tight fit on the shafts or differential hubs. 

6. Make sure that all parts which go on the inside 
of the gear housing are thoroughly cleaned. 

Any chips, grit, or other hard substances grind 
out the bearings and gears very quickly. 

7. All studs and nuts must be a good fit in the 
threads so as to hold the gears and bearing^ 
in place. If these are loose, they will let the 
gears vibrate. 

S. When all the parts mentioned above are looked 
after, assemble the parts in the axle. 

Paint four teeth on the ring gear in three dif¬ 
ferent places, with a thin coat of white lead, and 
start to adjust the gears until all paint is wiped 
off of the portions shown shaded in Fig. 23. 
Wherever tne paint is wiped off is where the 
contact occurs. 

1). After the axle is adjusted: Put it under the car 
and jack up the rear wheels; paint the teeth 
of the ring gear again, which can be done 
through the oil-level hole; apply the brake load 


while running the car jacked up in this manner, 
and note where contact occurs. If it change 
much from what it was when assembled, it 
shows that there is looseness in the axle, and it 
must be corrected. 

lO. After all this is done, the car may be taken out 
for a one-mile test without grease in the axle 
housing, except on the bearings^ which should 
be packed when assembled. This will tell what 
can be e?mected as far as noise is concerned. 
Grease will not deaden the noise very much, 
it only acts as a lubricant. If you find it advis¬ 
able to make further adjustments to make the 
axle quieter, before filling up the case vath oil 
and turning the car over to a customer, paint 
the gears up again and make certain that you 
have contact as illustrated in Fig. 23. 

Full tooth contact is required to carry the load. 

Unless there is something radically wrong with 
Ae rear axle, it need not be taken apart. However, 
if the gears are worn or damaged they should be 
replaced. In the majority of cases the only work 
necessary on t!ie rear axle consists of replacing the 
lubricant and adjusting the gears. 


ADJUSTIVIENTS OF STUDEBAKER “LIGHT SIX” REAR AXLE 


The rear axle consists of a bevel-drive pinion, and 
ring gear, differential gears, and nvar-axle shafts, all 
of whi('h are enclosed in an oil-tight case. The rest 
of the rear axle is made up of rear wheels, bearings, 
brakes, and tires. 

The rear axle is of the semi-floating type. Axle 
shafts are provided with end-thrust adjustments 
(in ease of wear on the bearings) located at each 
end of the axle housing (Fig. 32). Note that at 
the inner end of each nxlc shaft, is a hardened sto(‘l 


thrust-button. This serves to prevent wear on the 
axle shaft at this point, and also minimizes adjust¬ 
ment of the bearings. 

To remove end play; Any excessive end play in 
the shafts may be taken care of by removing the 
rear wheel (in the tool kit is a iniller provided for 
this purpose); then takeout the clamp bolt (Fig. 
32), and turn the adjusting nut to the right until 
proper adjustment is reached. 


PINION BEARING 
ADJUSTING NUT>, 


AXLS 
SHAFT 
BEARING 
ADJ. NUT 


axle shaft 

BEARING H 


GREASE 

RETAINER 


PINION SPIDER 


PINION 

BEARINGS 


PINION 

DIFFERENTIAL 

©EVELPINION 



IFFERENTIAL 
BEARING 
DIFFERENTIAL 
BEVEL GEAR 
AXLE SHAFT 


Fig. 32. Longitudinal section of Studebaker "Light Six” rear axle 
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Care should be exercised to see that the same dis¬ 
tance is maintained between the outer face of each 
adjusting nut and the end of the rear-axle housing. 
If this is not done, the rear wheels may be shifted 
out of line with the front wheels. 


case. The case is mounted on Timken bearings 
and carries a bevel drivii^ gear on its outer circum¬ 
ference. Axle shafts, which drive the wheels, extend 
through the case and fit into the side bevel gears 
which are bored out and splined to receive them. 


Adjusting bevel-drive pinion and ring gear: If 
wear develops between the bevel-drive pinion and 
ring gear, it will necessitate adjusting the bevel- 
drive gear and pinion closer together (Fig. 32). 
This adjustment may be made by remcwing the 
differential case cover, cleaning out all old grease, 
and loosening the two differential clamp nuts. The 
differential adjustment nuts can now be moved 
either out or in. whichever way the bevel gear is to 
be moved. Wnen one adjusting nut is turned out, 
the other is turned inward the same amount. This 
does not affect the tightness of the Timken bearings, 
but simply moves the whole differential sidewise. 

In reassembling parts, be sure that the bearing 
retainer lock is properly put in place. 

The end-play adjustment of the drive pinion may 
be taken care of by removing the clamping bolt and 
retainer lock, ana turning the bearing cage in a 
counter-clockwise direction, until proper adjust¬ 
ment is reached (Figs. 33 and 32). 

The differential consists, essentially, of a case, 
made in two halves, bolted together, and a spider or 
cross with four arms which are clamped between the 
two halves of the case. A small bevel pinion runs 
on each of the arms of the spider and meshes with a 
side bevel gear carried in each half of the differential 



Fig. 33. Section of roar axle through pinion. 


Care of differential: It is advi8a})le, at least once 
a season, to clean the differential thoroughly. This 
can best be done by removing the cover at the rear 
of the housing and washing it out with gasoline. 
Repack with fresh lubricant (light grease or heavy 
oil), being careful to replace the cover with th(i 
gasket in perfect condition. It should be lubricate* 1 
re^larly through the plug in the cover with a good 
lijdit transmission grease or a very heavy oil. 
Grease can be inserted through the plug hole only 
with a grease gun. This tool is in the regular tool 
kit accompanying the car. 


ADJUSTMENTS OF MITCHELL MODEL “F” REAR AXLE 


The Mitchell rear axle is of the full-floating 
type and carries roller bearings inside and 

outside. 

Note: This could be termed a seven-eighths floating axle; 
see pages 15, 16. 

Removing the rear axle from the car; Run a rope 
under the rear end of the frame, and with a block 
and tackle raise the rear end of the car clear of the 
ground. 

The rear axle will be held up by the rear sprinp, 
so that the caps of the spring saddles on the axles 
can be readily removed.* While the car is raised 
and there is plenty of room to work, disconnect 
the brakes by removing the clevis pins where the 
brake rods join the levers on the axle. 

Lower the transmission as in removing it from 
the car, disconnecting the front universal joint (see 
page 862). The complete universal joint will drop 
with the transmission. 

Lower the car until the wheels rest on the ground 
and the rear springs have dropped far enough so 
that the spring seats clear the axle. Roll the axle 
back on the wheels until it is in back of the spring 
seats, when the car should again be raised until the 
fenders clear the wheels and the axle can be rolled 
out free of the car. It is well to block the car in 
that position to avoid the danger of it dropping. 

Disassembling the rear axle: The following 
instructions are for the complete disassembly of the 
various units which make up the rear axle. In 
making any specific adjustment or repair, only as 
much of the work as may be necessary for the job in 
hand should be done. 


With the rear axle clear of the car, remove the 
transmission from the forward end of the torsion 
tube by taking out the eight cap screws which hold 
it in place. Remove the torsion tube from the rear- 
axle housing by taking out the eight cap screws 
which hold it in place. The grease retainer will 
remain in the torsion tube and the propeller shaft 
can be drawn out at the rear of the tube. It will be 
found convenient to mount the rear axle assembly on 
horses at this point. 

Removing wheels; Take off the nuts holding 
the driving flanges to the rear wheels and pull out 
the flanges together with the drive shafts. Care 
should be taken not to tear the paper gaskets 
between the flanges and the wheels, as these gaskets 
are necessary to prevent the escape of lubricant 
from the wheel hubs. 

If it is desired to remove the flanges from the 
drive shafts, the hub cap should be removed and 
the large nut under it taken off, together with the 
washer under the nut. The flanges may then be 
pressed off the drive shafts in an arbor press. 

Removing wheel bearings: With the shafts and 
flanges out, the nuts on the ends of the rear-axle 
tubes controlling the adjustment of the wheel bear¬ 
ings will be exposed. Remove the nuts and tongue 
washers after taking out the lock springs, when 
the wheels complete with roller bearinj^, grease 
retainers, and brake drums can be pulled off the ends 
ol the rear-axle tubes. 

The grease retainers and bearings can then be 
taken out of the wheels. Unless they are worn or 
damaged, the bearing outer cups should not be 
removed from the hubs, as they pressed in at 
the factory. 
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Removing differential: Remove the cover from 
the back of the differential and clean out the grease 
by scooping it out of the bottom of the rear-axle 
housing and draining the remainder off through 
the drain plug. Remove the lock wire holding 
the differential-bearing cap nuts from turning, ana 

remove these caps together with the differential 

adjustment locks. 


locking nut 
PINION adjusting sleeve 

DRIVE PINION 
DIFFERENTIAL HOU.S'NG 


(TORSION TueE 


pinion; 

AOJ. 

SLEEVE 

LOCK 



DIFFERENTIAL 
ADJUSTMENT LOCK 

DIFFERENTIAL CASE^ 

DIFFERENTIAL >^fNG GEAR' 

HOUSING COVER 

Fig. 34. Mitchell model “J"” rear axle. 


front bearing out of the adjusting sleeve. The set 
screw holding the bearing-sleeve lock nut in place 
can be removed and the nut taken out of the sleeve. 

Removing the rear-axle gears alone: With the 
axle in place under the car, the ring gear together 
with the differential can be removed from the rear- 

axle housing, as described in the foregoing instruc¬ 

tions, after the drive shafts have been taken out. 

To remove the pinion it will be necessary to drop 
the transmission, disconnect the torsion tube where 
it joins the rear-axle housing, and unscrew the 
pinion adjusting sleeve, together with the pinion and 

liearings, through the front of the torsion tube. 



Fig. 35. Mitchell rear wheel hub showing bearings, flange, 
and brake drum. 


Back off both adjustments to give the differential 
end play and, cramping the differential assembly 
slightly to the right, so that the rivet heads will 
clear, lift the assembly out of the axle through the 
rear opening. The differential can be completely 
disassembled by taking out the eight cap screws 
holding the two parts of the split case together. 

The ring gear being riveted to the differential 
case, it should not be removed unless it is necessary 
to replace the gear due to wear or breakage. In 

cutting off the old gear, great care must be taken 
not to spring the flange on the differential case to 
which the gear is riveted. Before mounting the 
new gear, swing the case between centers on a lathe 
and check the face of the flange to see that it runs 
true. If it does not, a light truing cut should be 
taken off the face of the flange. In riveting the 
new gear in place, care should again be taken not 
to spring the flange. To make sure, the case with 
the gears mounted should be again swung in a lathe 
and tested to see that the face of the gear runs true. 

Removing drive pinion: Remove the locking 
plate holding the pinion adjusting sleeve in place, 
and screw this sleeve out through the front of the 
rear-axle housing. The pinion with its shaft and 
bearings will come out with it. 

Remove the locking ring from the pinion-bearing 
lock nut and take off the nut and the grease retaining 
wafiJier. The pinion which is integral with the 
pinion shaft can then be removed from the adjusting 
sleeve, together with the large rear bearing, and the 
bearing can be removed from the pinion shaft. 
The small roller bearing at the rear of tne pinion can 
be removed by taking off the locking rine and sliding 
the bearing off the end of the shaft. T^e the small 


Adjusting the rear-wheel bearings: Examine the 
two bearing cups in the hub to see that they are in 
good condition, and free from dirt or grit. Cover 
them with a thick coat of cup grease, and put the 
inner bearing in place. 

Place the grease retainer in the hub and tap it 
lightly until it is driven in flush with the hub. 

Place the wheel on the end of the axle tube and 
slide it in position, being careful to see that the 
brake drum is centered in the brake bands. Place 
the outer bearing in position, put on the lock washer, 
and then the nut, and draw it up until it is flush with 
the end of the tube. If the wheels revolve freely 
and there is no end play, the adjustment is correct 
and the nut on the end of the tube can be locked 
with the locking ring. 

With both wheels thus mounted, put in the drive 
shafts and flanges, and fasten them with the nuts 
and lock washers to the wheel-flange bolts. 

Adjusting the pinion bearings: In reassembling 
the drive pinion with its bearings and adjusting 
sleeve, put the small front bearing in the adjusting 
sleeve so that the projecting side of the inner race 
is about flush with the end of the sleeve having a 
thread on the outside. This face of the bearing 
is usually marked “Thrust Here.’^ Screw the 
adjusting-sleeve lock nut in the adjusting sleeve so 
that it clears the small bearing by at least Ji". 

Mount the lar^ bearing on the pinion shaft with 
the projecting side of the inner race toward the 
pinion. This surface of the bearing is usually 
marked “Thrust Here.^^ Slide the tubular inner 
spacer on the pinion shaft following the large bear¬ 
ing. 
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Mount the pinion adjusting sleeve with the small 
bearing in place on the pinion shaft, followed by 
the grease-retaining washer and the pinion-bearing 
lock nut, which should be drawn dowm tight and 
locked in place with the locking ring, making sure 
that the adjusting-sleove lock nut is not bearing 
against the small ball bearing when the pinion-shaft 
lock nut is tightened. 

By prying through the openings in the pinion 
adjusting sleeve, screw the adjusting-sleeve lock nut 
back against the small bearing until there is no end 
play between the bearings, but they rotate without 
cramping. Lock the lock nut in place with the 
small set screw'. Tliis is the adjustment for taking 
up W'ear in the pinion bearings. 

The small bearing on the end of the pinion shaft 
can then be mounted in place and locked with its 
locking ring. 

Adjusting the driving gears: With the difTtrenI ial 
bearing caps mounted in place, the ring gear can 
be moved to the right or left by screwing and un¬ 
screwing the serrated adjusting nuts. ^ The pinion 
is moved into mesh by turning the pinion adjusting 
sleeve to the left (as the operator faces the front of 
the car) and vice versa. The ideal adjustment is 
attained w'hen the tw’o gears mesh along the full 
length of the pitch line of their teeth and the back 
faces of the teeth are flush with just a few thou¬ 
sandths back lash. Before locking the adjustment, 
it should be checked by revolving the ring gear a 
few times to be sure that none of the washers have 
moved out of place and give a false adjustment. 

In general, movement of the pinion in and out of 
mesh causes small change in the back lash, but a large 
difference in the pitch-line bearing. If the pinion is 
out of mesh too far, the bearing of the teeth will 
be out toward the point of the ring-gear teeth, above 
the pitch line. If the pinion is too far in mesh, the 
teetn mesh at the root of the ring-gear teeth below 
the pitch line. 

Movement of the ring gear in and out of mesh 
causes comparatively small difference in the pitch** 

/ 
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line bearing, but causes a large change in the 
amount of back lash. With the ring gear too far 
out of mesh, the ring-gear tooth will bear at its 
outer side, showing there is too much back lash. 
With the ring gear in mesh too far, the ring-gear 
tooth w ill mesh at its inner side, showing that there 
is not enough back lash. 

When the gears are properly adjusted and the 
adjustment is checked by rotating them, the adjust¬ 
ment of the pinion should be locked by mounting 
the locking plate, being sure that the finger on the 
lock goes dowm through one of the openings in 
the pinion adjusting sleeve. The ring-gear adjust¬ 
ment should be locked by locking the serrated 
adjusting nuts wdth the locking fingers fastened to 
the bearing caps W'ith set screws. 

Lubricating the rear axle: Once every 

s(‘ason, or every 5,000 miles of running, the lubri¬ 
cant in the differential should be removed and the 
differential should be cleaned out. 


Lubrication of the rear wheels: Once 

every season, or every 5,000 miles. 


AND ASSEMBLY 


The principle of operation of a differential is 
explained on pages 17 and 18. 

The type of differential gear in general use is 
the bevel-gear type with spiral teeth. 

The differential or compensating gear asseml)ly is 
shown in Fig. 3G. 

The differential ring gear (see Fig. 13, page 18, 
tind Fig. 3 page 6) Ls always placed on the left side 
(when seated in the car). 



Fig. 36. Showing the internal parts of a differential and 
how the axle shafts fit into each of the intermediate gears and 
how part (A) is bolted to part (B). Note the pinion shafts 
CDl) to which the differential bevel gears (D) are fitted, and 
rotate on these pinion shafts. 


The bevel pinions (D) are tlu ii moshod with the two inter¬ 
mediate and larger bevel gears (E), the latter being connected 
to the axle shafts. 

The drive pinion (P) Ls connected with the drive shaft, and 
the driving power is thus applied to the large ring gear throi^h 
the differential housing, to the intermediate bevel gears (E), 
to the axle shafts, and thence to the rear wheels. 

The action of the differential, or compensating gears (D) is 
explained^on pages 17 and 18. 

Note in this example and in the ca.se of most all other dif¬ 
ferentials, that the large bevel-ring gear (R) and the drive 
pinion (P) are of the Ijevel type of gears with spiral 

cut teeth instead of straight teeth. 

When replacing a driving pinion (P) with one of a 
different diameter or a dilferent number of teeth, it 
is always necessary to replace the driven ring geai 
(R) also, because the teeth will mesh too tight at 
either the big end of the tooth or the little end of 
the tooth, owing to the fact that the teeth are cut 
at a different angle when not mated. 

When replacing drive pinion (P). it is of course 
necessary to remove the drive shaft on which the 
drive pinion is mounted. 

Replacing driven-ring gear (R): Rin^ gears are 
usually riveted to the differential housing. Thus 
it is necessary to remove the assembly for this 
operation. ' 
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Either the cold or hot rivet can be used. At the faetories 
where they have special power riveting machines, the work is 
done with cold rivets and in one-tenth of tiie time. Tiie 
average blacksmith or repairman, however, will probably find 
it better to heat the rivets, which is often done where there is 
only a hammer to work with. 

In placing a ring gear on a differential, one of 
the greatest causes of noisy ^ears is the fact that 
the differential flange to which the ring gear is 
attached is often out of true and should be carefully 
trued up before fastening the ring gear to it. See 
iiage 873 for adjusting after installing. 


Removing differential. There are two types of 
rear-axle housings, the one-piece type (Figs. 53, 54, 
55, page 862) and the two-piece type (Fig. 56, page 
862). The differential can be removed from axles 
of the one-piece type by removing axle shafts and 
then removing the rear-axle housing cover plate 
(Figs. 53, 55, page 862). On the two-piece type, as 
shown in Fig. 41, page 880, Fig. 39, page 1096, and 
Fig. 28, page 921, the rear-axle assembly must first 
be removed. See also page 863. 


REMOVING THE DIFFERENTIAL (CHEVROLET AS AN EXAMPLE) 


The Chevrolet model “FB” rear axle. Note that 
Ihe axle sliaft is keyed to the hub (Fig. 37) and the 
))t*aring runs between the housing and wheel hub, and 
not on the axle sliaft. The inner ends of axle shafts 
an‘Supi)orted by heavy-duty roller hearings (Fig. 3S). 



Fig. 37. On tiiG "‘FB’’ and “400” the outer bearing is on 
the wluM'l hub ext('nKi()n. On the later Superior model a heavy- 
duty ball-bearing runs directly on the axle shaft and supports 
outer ends of axle shafts (see pages lo, for olassifieH- 

tion of types of rear axles). 


To remove the differential it is first necessary to 
remove the various parts as explained below. 

To remove the rear axle assembly: Place two 
jacks under the rear spring brackets and raise rear 
of car enough to take the weight off the springs. 

Remove the clips and bolts holding the springs to 
the axle and disconnect the brake pull rods, which 
operate between the foot pedals, hand-brake lever, 
and rocker shaft on the propeller-shaft housing. 

Disconnect the brake pull rods from the operating 
levers on the rear-axle housing by removing the yok(‘ 
pins. Slide the axle assembly from imder the car. 

Remove the four propeller-shaft housing bolts, 
clamping the housing to the axle housings, and lift 
the assembly off (see Fig. 38). 

Remove hand hole plate shown in Figs. 38, 39. 
Clamp housing in a vise with hand hole on top. 
Remove the thrust-bearing adjusting cage lock bolt. 

Turn the propeller shaft so that the hole in the 
pinion-shaft adjusting nut is in line with the milled 
slots in the end of the thrust-bearing cage. 

Secure a small steel pin y%' square and 1" long, 
and place it through the slots into the hole in the 
shaft. With a large adjustable wrench gripping 
the splined end of the propeller shaft, turn counter¬ 
clockwise or from left to right. This will cause the 
thrust-bearing adjusting cage to turn with the pro¬ 
peller shaft. Continue to turn until the cage is 
tree, permitting the entire assembly to be removed 
through the dnve-gear end of the housing. Should 


there be any difficulty in unscrewing tlic cage, in.scM t 
a l.irge screwdriver into the sfilit clamp at the point 
wlsere the thrust-bearing adjusting-cage lock bolt 
was removed, and open the jaws of the clamp. 

To remove the propeller shaft, remove the small 
wire passing through the head of the adjusting-nut 
lock s^rew. Remove the lock screw. Unscrew the 
jiinion-shaft adjusting nut as far as it will go. Pull 
out the cotter pin holding the drive-gear nut and 
remove the nut. Slip a flat piece of steel between 
the back of the drive pinhm and the lower end of 
Ihe propeller-shaft housing. With a lead hammer 
or a pier (' of wood hold against tlic end of the pro- 
jiellcr shaft, drive the pinion shaft. 


The bearings and spacing washers can then be taken off the 
shaft. The nnir wliools are keyed on the tapered ends of the 
axle shaft.s and held in place by a castle nut and rotter pin. 
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Hand Hole PUiU< 
Adjutllnc Nul Lock 

Thruftt Boarlnp 
'SpacloB Wa»hor 

Thrust BeaHns AdJustln^J^ 
Oaa* Lock Bolt » 

SpacinRWuehor 
Propallar Shaft 


PlhKMl Bhsfl A4Ju»llns Nul 

thruil BaaHna AdJuitIng Ca<t 
’Pinion Bhafi Thrust Baarlfpl 
Thrust Btaring Lock Nut 
Thrust Bearing Lock tersw 



Bpiral Bavfl Ring Oaar 


Fig 38. Sectional \'ie\v of Cdicvmlet model “FB” rear axle 
and dilTerontial and drive piaioii. To lubricate, use 600VV od. 


r—Thrust Baoring AdJuslIng Cage Lock Bolt 
IP Thrust Bearing BpacIng.Woshor. 

' Spacing Washer Key 

Hand Holo Plato. 




Small Pin 

Shaft Adjusting Nut 


Propeller Shaft 


^Adjusting Nut-Lock Screw 
Thrust Boaring Adjusting Cage 
I Oriva Pinion I Thrust Bearing 

I ^ W'hrust Bearing Lock Nut 

LOrlyo OoarHulj ^Thrust Boarlng Lock Berow 
-P'olon Shaft Soaring^ Spacing Woobor 
Fig. 39. Sectional view of Chevrolet “FB” propeller abaft. 
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To remove the rear 
wheels, remove the hub 
caps. On model ‘TB” also 
remove the hub extension 
by using the hub cap 
wrench and turning 
counter-clockwise. Re¬ 
move the cotter pin hold¬ 
ing the nut on the shaft. 
Loosen the (castle nut, but 
do not remove it entirely. 
With a bar held against 

Fig. 40. Method in remov- the castle nut, as shown in 
ing the Chevrolet rear wheel. Fig. 40, deliver several 
sharp blows on the bar. 
When the wheel is free on its key remove the castle 
nut and the wheel can be pulled off. 

The axle housings (H) (Fig. 41) are in two halves, 
right and left, held together oy a number of clamp* 
ing bolts (CB) (Fig. 38). Remove these bolts and 
slide the axle housing off the shafts. 

In order then to remove the differential, note 
that the differential gear case is in two halves (A) 



and (B) (Fig. 41), h(^d together by clamping bolts 
or screws, vmich when removed permit the cases to 
be separated. 

The two parts (A) and (B) can then be separated, 
after which the axle shafts with the two halves can 
be withdrawn. 

The differential gears (E) are keyed and pinned to 
the axle shafts. After removing the pins, the gears 
(E) can be pressed off the axle shafts. 

fe«li Th«u«l 



Fig. 41. Illustrating how the dififerential case is divided 
into two parts (A) and (B), and which parts must be separatcvl 
in order to remove the differential. The axle shafts are then 
removed from the gears (E). (A two-piece, or divided rear axle 
housing.) 


DISASSEMBLY AND ASSEMBLY OF A MAXWELL “25” REAR AXLE AND DIFFERENTIAL 


The Maxwell “26” rear axle is a three-quarter 
floating type of rear axle, yet the axle housing is a 
divided, or two-piece type of rear axle (see Fig. 50). 

Note: On later models (cars 447204 up) a onc-pioce housing 
rear axle is used. 

Evidence of Trouble 

1. Any excessive grinding or humming indicates 
that the gears are either worn, broken, or poorly 
adjusted. 

2. An intermittent catch, occurring perhaps only 
every 100 miles, indicates that parts of one or 
several teeth are broken, and are catching in 
the gears. 

3. Actual failure of the axle to operate. (Any of 
these necessitates a removal of the axle from 
the car, tearing down and replacement of defec¬ 
tive parts, with readjustment.) 


Fig. 42 Fig. 43 

Fig. 42. The car is readily lifted by a chain block and sling. 
One oan do the work* and the car is held without danger 
of falling. 

Fig. 43. Three horses form a serviceable axle stand, though 
a special stand could readily be made. Never attempt to dis¬ 
mantle or assemble a part on the floor, but get the work up 
where it is accessible and clean. 

To Remove Axle 

1. Block the front wheels. 

2. Raise the rear of the car as shown in Fig. 42. 

3. Disconnect the brake rods at the point of con¬ 
nection to the brakes. 

4 * Remove the clips holding the axle to the springs. 


5. Draw the axle and housing out to the rear. The 
drive shaft slii)8 out from the universal, and 
must be caught to prevent possibility of injury 
to the splinecl end. 

6. Place the axlo on three horses arranged as shown 
in Fig. 43. 

7. Remove the hub caps. 

8. Remove the axle nuts. 

9. Using puller shown in Fig. 44, remove wheels. 



Fig. 44 (upper) Fig. 46 flower) Fig. 46 


Fig. 44. The feature of this rear-wbesl puller is that the 
screw is hardened tool steel, loosely threaded into the cap. 
The end play permits a sharp blow on the screw to loosen the 
sticking wheel. 

Fig. 45. Do not attempt to remove the side bevel gear 
from the axle drive shaft until the split washers have been 
removed in the manner shown. 

Fig. .46. The differential may be most readily assembled 
and adjusted, if caught in the vise in thin ma^er. Two socket 
wrenches are used to do the work. 
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10. Remove the torque tube and drive shaft. Save 
the gasket. 

11. Oatch the grease in a pail. 

12. Remove the nut from one end of the axle truss 
rod. 

13. Remove the differential-housing bolts. 

14. Pull off the differential-housing halves. 

15. Place the differential in a vise as shown in Fig. 
46; pull the cotter pins from the bolt ends and 
remove the differential casing nuts, allowing 
the two halves to come apart. 

16. Remove the split washers from the end by driv¬ 
ing the gear down, as shown in Fig. 4.5. 

17. Remove bearings and all parts; wash and clean 
with gasoline. 

General Repairs 

1. After cleaning, examine all parts for wear. Go 

over the gear teeth, to see if any are broken or 
worn. Also note whether the drive-shaft bevel 
gear has been wearing evenly along the teeth. 
The face of the teeth should be bright all over. 
Any breakage or perceptible wear necessitates a 
replacement of the gear. 

2. Draw the drive shaft from the torque tube. 
Clean and examine the bearings. 

3. If the axle has been disabled by a collision, the 
shaft should be caught between lathe centers, 
tested, and trued up, if bent. 

4. If any serious bend is found in either of the 
shafts, the two halves of the rear-axle housing 
should be bolted together, tested for alignment 
in the lathe, and straightened. 

5. When the largo ring gear on the differential 
must be replaced, its bearing on the differential 
casing should be trued up in the lathe, as shown 
in Fig 47. 

The Reassembly 

1. Replace the shaft bearings, differential housing 
halves, and shaft gears, making certain that the 
split washers are in place. 

2. Replace the differential cross-gears on the dif¬ 
ferential cross and holding shaft in a vise, as 
shown in Fig. 46, and bolt the halves together. 
(Be certain that the thrust washer is in place 
between the ends of the shafts.) 

3. When the halves are bolted together, there 
should be about 1/64" end play between the two 
halves of the shaft. If they are tight, take the 
differential apart and file a little from the end of 
each shaft. 

4. Rebolt the halves, and holding as shown in Fig. 
48, turn the two shafts in opposite directions. 
The axles should turn easily all the way around. 

Note. If sticking is noted in any place, 
catch the assembly in a vise, as shown in Fig. 46, 
and with the tan^ of a file, find by feeling which 
cross-gear is causing the sticking. If new cross¬ 
gears have been installed, try changing the 
sticking gear for a new one from stock. (Or if 
new side gears have been installed, try changing 
the side gear.) 

5. Replace the cotter pins in the differential casing. 
Clip the ends over, away from the cross-gears. 

6. Using horses as shown in Fig. 43, slip the ^Ives 
of the rear-axle casing in place, after packing all 
bearing and gears with non-fluid oil. 



Fig. 47. Breakage of the ring gear usually springs the dif¬ 
ferential housing flange. By catching the entire housing in the 
lathe und trueing it up by the surface (A), the ring gear seat 
(B) may be refaced with a light cut. 

Fig. 4S. In testing the adjustment of the differential gears, 

grasp the assembly in this manner, and turn the axles in oppo¬ 
site directions. They should turn freely all around. 


7. Bolt the halves together. (Do not j)ull one nut 
up tight until the others are snug.) 

8. Now get the torque tube and drive shaft ready 
for assembly. The shaft should turn freely in 
the housing. All bearings should be packed in 
grease. 

Note. If a new drive-shaft pinion has been 
fitted, make certain that the bent ends of the 
cotter pin in the end of the drive shaft do not 
interfere with the thrust bushing (see Fig. 49) 



Fig. 49. The cotter pin in the drive-shaft pinion lock nut 
should not interfere with the thrust bushing, and the bushing 
collars should be inserted in the manner shown. 


9. Fill the axle housing with a good grade of non¬ 
fluid oil until the ring gear dips well into the oil. 

10. Place first the bronze washer on to the drive- 
pinion thrust bushing, then the steel washer, 
and insert the bushing into the rear-axle housing. 

11. Replace the torque-tube gasket and slip the 
torque tube and drive shaft into the axle. Bolt 
in place. 

12. When all bolts are tight, the drive shaft should 
turn freely under the action of a pipe wrench. 
If any sticking is noticed, additional gaskets 
should be placed between the torque tube and 
the axle. If any slack exists in the gears, the 
gasket should be replaced by one made of thin¬ 
ner paper. 

13. Make certain that the brake levers work freely. 
Oil well. Note whether the brake bands are 
wearing evenly and are in good condition. 
Reline, if necessary. 
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14. Replace the wheels. Fill the hub caps with 
medium cup grease. 

(Note. It is always advisable to grease the 
rear springs with graphite and grease at this 
point.) 

15. Roll the axle beneath the car and, with one man 
guiding the drive shaft^ slip it into the universal. 
The splines may not line up at first, and hence 
it may be necessary to crank the engine slowly 
by hand until the two slide together. 

16. Let the car down on to the axle; bolt the spring 
shackles to the axle; reconnect the brake levers. 

(Note. For the first 200 miles, at leiist. fill 
and screw down the grease cups two or three 
times, to make certain that all bearings have an 
abundance of grease.) 

The points on the differential assembly that should 
be particularly watched are indicated on the illustra¬ 
tion to the right (Fig. 50). 



IOh I 

I n #hci. Buntticc coLu* 


Fi^. 50. A floating typo of lear axle (see page 15 why a 
two-piece or divided rear axle housing). 


TIIE POWRLOK OR “M AND S” DIFFERFNTIAL 


With an ordinary differential as shown on page 
18, when one rear wheel gets into a soft spot it will 
turn or spin. With this differential, nothing of 
the kind happens because the angle of the worms 
(D) and (M) is such that, while the side gears on 
axle shafts (A) and (B) can drive the worms, the 
worms cannot drive the gears on axle shafts (A) 
and (B). As a consequence, the differential is 
locked, or the axle is like a solid axle, so far as the 
movement of the wheel in relation to the differential 
is concerned. 

WTien both wheels are firm on the ground and can 
travel freely, the differential is enabled to act in 
the usual manner when turning corners, etc., by 
reason of the fact that the gears on the axle shaft 
(A) and (B) can drive the worms. 

This device (Fig. 51) prevents skidding to a gi’cut 
extent and insures positive traction at all times. 


Drive Gear 


XntennedUU 
(D) 

■id* Gear Of 
DlffcrentiiU 
Integral With 
Axleshaff ^B> 

^xl* Shaft Xk) 



Sid* Gear Of 
Differential 
Integral With (BD 
Axleabaft (A) 


OIL LEAKAGE FROM REAR AXLE; ADJUSTING FRANKLIN REAR AXLE 


Preventing the grease or oil in the differential 
housing from making its way to the brake bands and 
thus causing inefficient braking was a big problem 
to manufacturers some years ago, but the difficulty 
has been overcome largely in ^1 the present types. 
In all the axle housings on the market, some pre¬ 
caution is taken to prevent this leaking, usually, by 
means of a felt washer^ termed an *^oil retaineror 
^^CTease retainer,” and in nine cases out of ten when 
aleak occurs despite this, the condition is caused by 
placing too much oil or ^ease in the housing, or by 
using too light a grade of oil. Some axles use a 
heavy oil and others a light grease. 

Methods of preventing oil leakage can be observed 
by referring to the various illustrations of rear axles. 
Note felt washers in rear axles on pages 883, 877, 
875, 871, 869, 864, 858. 

As an example of ^ method of preventing oil 
leakage, the Franklin rear-^e system will be used. 

The Franklin series **9-B” has a semi-floating 
axle. Adjustments are possible on the wheel bear- 
in^j, bevel gear and pinion, and the differential car¬ 
rying bearings. The felt washers on the axle are 
Jiso taken tip h’om time to time (Fig. 52, next page). 


To take up the pinion-shaft packing, loosen the 
lock for the washer retainer and screw in the retainer 
until the packing fits snugly around the shaft. To 
replace the packing it is necessary to disconnect the 
drive line and remove the universal-joint flange. 

The axle-shaft felt washer is taken up by remov¬ 
ing the wheel with the special wheel puller. The felt 
wiisher on the inside of the wheel hub is replaced. 
The retainer that holds the other felt washer into 
the end of the axle housing can be removed by taking 
out the three small screws. If this felt washer shows 
wear, it should be replaced. 

If oil comes out of the axle at the drive-pinion 
shaft or at the wheels, examine the level of oil in the 
gear case. This should be within 2" of the filler 
hole. Examine also the packing on the pinion shaft 
and the felt washers on the axle shafts. 


Bearing and Pinion Adjustment 

The bearings for tbe rear-axle drive shaft should 
be adjusted so that there is ver 3 r little rock or play. 
The fact that the rock is perceptible is not necessar¬ 
ily an indication that the wheels are too loose. To 
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adiust the bearinps, screw their retainers up tight 
and then loosen them two notches each. See that 
each axle shaft extends the same distance from the 
housing. Take the measurements for this from 
the faces of the bearings to the ends of the axle 
housing. When the adjustment is completed, see 
that the bearing-retainer locking device is securely 
screwed into position. 



Fig. 52. Sectional view of the Fianklin model “OB” rear 
wheel, showing the location of the felt washers. 


The bevel gears on the Franklin are positively 
adjusted by shims. There are no screw adjust¬ 
ments except the one that takes up bearing wear on 
the pinion shaft (Fig, 53). 

To mesh the pinion deeper into the bevel-drive 
geaij withdraw the pinion unit and remove one of 
the thin shims between the pinion housing and the 
rear-axle housing. The meshing of the gear and 
pinion may be inspected through the large plug 
hole in the left front side of the gear case. 
edges of the gear teeth should be approximately 
flush. 

To move the bevel gear sideways, take out the 
drive shafts and the bevel-gear unit, after which the 
unit can be shimmed in the necessary direction. 


Pinion-Shaft»End Play 

If the bearings of the drive-pinion unit permit 
the pinion shaft to have end play, the axle is prone 
to become noisy, particularly when the brake is 
applied and when the car is coasting. To take up 
this end plaj^, disconnect the rear universal joint 
and take off its flange. Then remove the housing, 
and after loosening the lock nut, make the adjust¬ 
ment with the nut. These bearings are very sen¬ 
sitive to adjustment and must not be made too tight. 
This adjustment is sometimes more easily made if 
the pinion unit is taken out and put in a vise. 



Fig, 53. Sectional view of the Frarikhii model “OB” rear 
axle, showing the points of adjustment. 


Truss-Rod Adjustment 

The truss rod under the gear case should be 
examined every 1,000 miles, and should be adjusted 
so that it sounds taut when struck. Keep it 
adjusted this way, but avoid pulling it up too tight, 
as the strain is likely to cause the gear case to leak oil. 

The wheel-hub bolts should be tightened after 
the first 1,000 miles of running, and after that can be 
tightened every 5,000 miles. {Motor World.) 


TIIMKEN-DETROIT REAR WHEELS WITH OIL SEALS 


Later types of semi-floating or •‘fixed hub” types of rear 
wheels than those shown on page 804. are Fig. 54 which has a 
single bearing, and Fig. 65 which nos two bearings, Tiio 
numbers are 5014, 6140, 6142, and 5143. 

A feature of these types is the hydraulic compression cup 
leather (Q) which, when properly assembled, is absolutely 
oil-tight. The oil seal is also used on the Timken rear-axle 
drive pinion shaft (see page 910). See also tlie shim adjust¬ 
ments o! bearings. 

To clean and lubricate (Fig. 54): Remove wheel from axle 
shaft. Remove cap screws ^) which hold the bearing cage 
^ in place. Now remove the cage, carrying with it the cup 
(J). Pidl out axle shaft (L) on which is pressed the roller 
Dearing. Clean, as ©n page S64. Cover bearing wiUi cup 
grease. Pack end of housing with grease. Replace shaft (L) 
with bearing cone and rollers and cage (I) carrying bearingjiup. 

A<yustment of bearings: Add or remove shims (K). Screw 
up (H) until shims (K) are tight and sliaft turns freely when 
revolved with a wrench placed on nut (N), Whrti this condi¬ 
tion is attained, add one of the thinnest shims to one of the 
bearing cages: this will give approximately .006" eml-play. 
Replace wheel and tighten nut (N), and lock with cotter pin. 

When making adjustment it is advisable to remove the oil 
seal by removing looking washer (P), cup leather (Q), and 
Qlrizig (R)* 

Applies to early models. 


To clean (Fig. 66): Remove wheel from axle shaft. Now 
remove cap screws (H) which hold the outer wheel-bearing 
cage (A) and the inner wheel-bearing cage (B) place. Pull 
out a^ shaft (L), carrying with it the bearing cages, cones, 
and cups. This assembly Hb removed in one unjt. Now place 
the axle shaft in a vise and remove tlie two short cap screws (C). 
The outer cage (A) and the inner cage (B) can now be taken 
apart. 

Adjustment of bearings; Add or subtract shims as the case 
may be, beinp careful not to get the bearings too tight. Proper 
atljustment is .005” loose, or the thickness of the thinnest 
shim. Clean as on page 864 
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INSTRUCTION No. 74 
BRAKES: Types; Care and Adjustments 


TYPES OF BRAKES 


There are two kinds of brakes generally used on 
automobiles: (1) the external brake; (2) the 
internal brake. See also pages 12, 13. 

The external brake is usually a contracting band 
brake consisting of a steel band, lined with an 
asbestos fabric that is placed around the circum¬ 
ference of the brake drum which is mounted on the 
rear wheel hubs, as shown in Fig. 1, 



Fig. 1. An external 
contracting brake where 
a brake bandlever draws 
or contracts a brake 
band around the brake 
drum. 


The operation of the external brake band is usually 
by means of the brake-band lever connected with the 
foot-brake pedal. There are different methods 
employed for connecting this lever, and although 
the construction may vary, the principle or purpose 
—of contracting the band around the brake drum— 
is the same. The purjiose of the spring is to return 
the brake band to a free position when the brake¬ 
band lever is in normal position. 

The internal brake is of two general types: (1) 
those using expanding brake shoes (Fig. 2); (2) 
those using an expanding brake band (Fig. ,3). 



JFig. 2. (Left) An internal expanding brake ^^herp brake 
shoes are expanded within the brake drum by a cam. 

Fig. 3. (Right) An internal expanding brake where a brake 
ban(ri.<j expanded within the brake drum by a cam. Note the 
external contracting brake (similar to Fig. 1) on the outside of 
the brake drum. 

The internal brake using expanding metal brake 
shoes is shown in Fig. 2. Note the shoes are hinged. 
Brake shoes are generally lined with brake lining. 

Metal>to-metal brakes are seldom used on pleasure cars. 
Some rnotorcoaches and large busses use metal-to-metal brakes. 

Operation of this internal shoe type of brake (Fig. 
2) is by means of a cam which is usually connected 


with the hand-brake lever (on two-wheel brakes). 
When this lever is operated, the cam separates the 
two ends of the brake shoes, causing the shoes to 
expand inside of the brake drum. The spring returns 
the shoes to a free position when the lever and cam 
are in normaf position. 

The internal brake using an expanding brake band 

is shown in Fig. 3. The internal brake band is made* 
of steel, lined with an asbestos-fabric brake lining. 

Operation of this internal brake band (Fig. 3) is 
by means of a cam similar in action, as explained iu 
Fig. 2. 

Another method of operating the internal brake 
band i.s by means of a toggle joint action (Fig. 1). 



Fig. 4. .\n internal ex¬ 

panding brake where n 
Drake band in expanded 
within the brake drum by a 
toggle joint. Note the ex¬ 
ternal contracting brake 
(.similar to Fig. 1) on the 
outside of the nrake drum 


It will thus be observed that the external brake 
is of the contracting band type and is operated by a 
lever or fulcrum action. 

The internal brake is either a shoe or a band of 
the Expanding type, and can be ojierated by a cam 
action or a toggle-joint action. 

With this in mind, the chxssitication of almost 
any type of brake can be determined instantly. 


Brake Drums 


Brake drums can be divided into two classifica¬ 
tions: (1) the single; (2) the double brake drum. 


On most makes of cars the brake drums are 
mounted on the innei* part of the hub.s of the wheels, 
and are single brake drums. 



Fig. 5. The Loco 
mobilo, model “48," 
tiu un example, uses 
double brake drums 
for the rear brakes. 
Air space (12) be¬ 
tween the drums 
keep-s them com¬ 
paratively cool. An 
external contracting 
brake band operates 
on the outside of 
drum (1); internal 
expanding brake 
shoes (4) operate io- 
side of drum (2>. 


LOCATION AND OPERATION OF BRAKES 


Brakes can be located in three places: (1) on the 
rear wheels, termed two-wheel, or rear-wheel 
brakes; (2) on the transmission ,shaft, termed 
transmission or propeller-shaft brake ; (3) on all four 
wheels, termed four-wheel brakes (see ^so page 13). 

(1) Two-wheel brakes usually have a single-brake 
drum on each rear wheel with an external brake on 
outside of drum and internal brake on the inside. 

The external brake is usually operated by a foot 
pedal, and is called the foot brake. 


The internal brake is usually operated by a hand 
lever, and is called the hand brake —formerly 
known as the emergency brake. See pages 12 and 
13. 

(2) Sometimes a brake pulley with a contracting 
type of band brake is mounted on the external part 
of the transmission shaft and operated by the hand 
lever. It is sometimes called the transmission or 
propeller-shaft brake, but the correct name i.^^ the 
hand brake. 
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(3) The four-wheel brake is discussed farther on, 
therefore we shall confine our attention here to a 
two-wheel or rear-wheel type. 

Brake Connections 

The foot-brake pedal and hand-brake lever are 

usually connected with the external and internal 
brakes in the rear-wheel brake drums by means of 
brake rods and sometimes by flexible wire cables. 

Brake Rods 

Examples of how connections are m^c with brake 
rods on two-wheel brakes are shown in Figs. 6,7. 



Fig. G. Brake connections where rods connect the foot- 
brake pedal and hand-brake lever with external and internal 
bands. The foot pedal operates the external brakes, and (lie 
hand lever operates the internal brakes. Note that an internal 
brake bund with a toggle action is shown. 

I’ig. 7. Brake connections where rods connect the foot- 
brake pedal and hand-brake lever with an external band and 
internal brake shoes. The foot pedal operates the external 
brakes and the hand lever operates the internal brakes. Note 
that the clevises (11) are used for “distance" or “pedal 
and lever adju.stmentH," whereas (7) and (IG) are used for 
“brake-band clwirance" adjustment. Note that the internal 
brake shoe has a cam action. 



(1) P’oot-brake pedal 

(2) Hand-brake lever 

(3) Hand-brake forward rod 

(4) Brake shafts 

(5) Pull-back springs 

(6) Hand-brake rear rod 

7) Foot-brake adjustment 

8) Brake bnings 

0) Hand-brake shoes 
(10) Brake drum 


(11) Foot-brake forward rod 

(12) Foot-brake equalizer 

13) Foot-brake rear rod 

14) Foot and hand-brake 
adjusting clevises 

15) Foot-br^e band lever 
10) Foot-brake centering nut 

(17) Hand-brake operating cam 

(18) Anti-rattlor springs 


The adjustment of the external contracting brake (Fig. 7), 
which is tne foot brake, is similar to the adjustment explained 
on page 889 (Fig. 10). 

The adjustment of the hand brake (Fig. 7) can be tried by 
pulling the wheels by hand to determine that equal braking 
effort is applied to both rear wheels when the hand-brake lever 
is partly set, and that both lock at the same time with the 
wheels jacked up. 

Adjustment is made at clevis (14A). The two clevises (14) 
are mounted on a tube within a tube. The clevis (14A) at¬ 
taches to the inner tube and operates the cam (17); clevis 
(14B) is attached to the outer tube and operates the external 
brake lever (15). When the brake lever is released there 
should be no dragging of the brake shoes on the drum. 


Brake Cables 

Flexible cable is generally used in conjunction 
with rods and levers. The connection from the 
frame of the car to the wheel, however, consists of a 
specially designed flexible casing in which a flexible 
cable operates, thus transmitting brake-pedal pres¬ 
sure and taking care of the relative movement be¬ 
tween wheels and frame. 


FOUR-WHEEL HK.\KE CONTROL 


There are four methods of control: (1) me¬ 
chanical; (2) hydraulic; (3) air; (4) vacuum, . 


Mechuiiieal IVIelhod of Control 

The mechanical operated method employs levers, 
rods, or cables for control. 

The foot-brake pedal operates the four brakes 
simultaneously; the hand-brake lever operates either 
the rear-wheel brakes only, all four Drakes, or a 
brake on the transmission shaft, termed the ^‘trans¬ 
mission brake.” 

An example of a ^^mechanical” method of a fotir- 
wheel brake control system is shown in Fig. 7A. 

Principle of operation:^ The foot-brake pedal rod 
pushes (urectly against the left end of a rugged drop- 
forged rotary equalizer (Fig. 7B) which is pivoted 
unaer the center of the frame member. 

Tbe four cablea oonnecting to the wheel brakes are attached 
to the rotary equalizer, each located at the same radial distance 
from the pivot pin. The angles at which the cables are attached 
to the equalizer are such that anv rotary movement of the 
equalizer will produce the same distance of movement in each 
of the four cables. This holds true throughout their entire 
range of movement. Since the connections are close to tbe 
pivot and the section of the drop-forged rotary equalizer is large, 
any possibility of distortion, even under loads of severkl times 
that which it is possible to apply to the pedal, is eliminated. 

The hand brake shown in Fig. 7A is employed on the Hudson 
and Terraplane cars, and is located to the left of the driver, with 
the mounting on the body dash panel. The lever extends 
downward from the pivot on the dash bracket, so that the hand 
^rip is conveniently located just below the instrument panel. 
The hand-brake lever is connected to the right side of the rotary 
equalizer by a cable and aciuatefi all four uheel brakes. 


Adjustment of brake control system: The proper functioning 
of the brake control system is of vital importance. A freely 
operating brake control system permits its return to the stop 
provided, which is a return rest at the rotary equalizer on the 
cha.s.si.s. With the brake control system returning to the maxi¬ 
mum released position, a longer period of operation can be ex- 
)ectod before readjustment is necessary. No backlash should 
>e nre.Hent at the f(X)t-brake pedal or at the operating lever of 
each brake. Never adjust cable length except with shoes ex¬ 
panded tightly into the brake drunis. 

Adjustment of pedal rod: With the rotary ^ualizer against 
the frame bracket stop and the hand lever in the full “off" 
position, adjust the lock nuts on the lower end of tlie pedal 



Fig. 7A. Showing the fundamental operating principle of the 
cable control of the Bendix^ mechanically operated braking 
system. Fig. 7B. Close up view of the Bendix rotary equalizer 
which provides correct proportion of braking effort for each 
wheel and takes the place of the conventional cross-shaft. 

1 Compiled (1935) from Hudson Reference Sheet Xo. 5. 

> Sefe footnotes 1 and 2, next page. 
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push rod so that they are against the pedal push tube when the 
pedal shank is against the rubber bumper on the under side of 
the toe board bracket. Adjust the sleeve on the end of the 
hand-brake cable so that it is just against the roar face of the 
rotary equaliser. Be sure the rotary equalizer is still against 
the frame bracket stop after the above adjustments are made. 

Lubrication: The foot-brake pedal and rotary equalizer bear¬ 
ings, clevis connections, and other frictional parts of the brak¬ 
ing system should be lubricated every l,tX)0 miles of car service 
to insure their free return to the stops provided. 

Lubrication of the cable and conduit control assemblies is as 
follows: Disconnect cable at rotary equalizer at brake oncrating 
lever, clean exposed portion of cable, and then pull cables 
through conduits from the brake end to expose that portion of 
cable which is sheathed by conduit. Clean this portion of 
cable, lubricate freely with Bendix* cable lubricant. Return 
cable into conduit and connect to braken^perating lever, leaving 
rotary equalizer clevises disconnected until brake adjustment 
has been made. Conduit ends must always be firml 3 ' bottomed 
in abutment brackets. 


Hydraulic Method of Control 

By the term “hydraulic” is meant liquid pressure. 

It is best expressed in Pascal’s law: “The pressure 
exerted upon any portion of a fluid inclosed in a 
vessel is transmitted undiminished equally to all 
surfaces.” Since air can be compressed and liquid 
cannot, liquid is used for the transmission of pres¬ 
sure.^ 



Fig. 8. Showing the fundamental operating principle of the 
Lockheed four-wheel hydraulic brake system by u.se of a 
ma.ster cylinder to originate pre.«wure and the use of four wheel- 
cylinders to deliver ♦.he pressure to the brake shoes against the 
brake drums. 

Principle of operation: The foot-brake pedal (X, Fig. 8) is 
connect^ to piston tP) in the master cylinder (A). When 
foot-brake pedal (X) is depressed.it forces piston (P) downivard, 
thereby exerting pres.sure on the fluid in cylinder (A). Conse¬ 
quently, fluid is forced throi^ copper pipes (B) and non- 
exOamsive flexible ho.se connections (Bl) into the wheel-cylinders 
(C; on each of the four wheels. 

Each wheel-cylinder aontains two opposed pistons. The 
fluid enters the wheel-cylinders between the opposed pistons, 
forcing them outward. The pistons are in eontact with the 
brake shoes; consequently the brake shoes are forced outward 
against the brake drums. 

In accordance with Pascal’s law, the pressure is equal in each 
of the wheel-cylinders and is equal to the pressure in the master 
cylinder. Increasing the force on the brake pedal (X) builds 
up greater hydraulic pressure within master cylinder (A) and 
therefore also builds up greater pressure within wheel-cylinders 


(C), thus causing a greater force to be exerted between brake 
shoes and drums. 

Since the pressure is equal in each of the wheel cylinders, the 
forces are also equal, providing all wheel-cylinders are of the 
same size. The normal operating pressures are approximately 
250 pounds per square inch. 

When the foot pedal is released, the return springs on each 
of the brake shoes force the wheel-cylinder pistons inward, so 
that they return to their original "on” positions. 

The wheel-cylinder pistons thereby force the liquid through 
the copper tubing, returning it to master cylinder (A). The 
fluid entering cylinder (A) force.s piston (P) upward and thereby 
returns pedal (X) to its original or "off” position. The brakes 
are then ready for another application. 

The entire system is filled with a special non-freezing fluid 
(known as "Lockheed hydraulic brake fluid”), and all air is 
expelled. 

In systems using hydraulic foot brakes, the hand-brake lever 
is mechanically connected to either a brake on the propeller 
shaft or directly to the rear wheel brake shoes. 


Air Pressure Melhml of Control 

Air-pressure brakes: The air principle of operat¬ 
ing four-wheel brakes is not as y(*t applied in general 
to pleasure cars. They are used on eornmcrcial 
trucks and trailer equipment, inotorcoachei?, and 
fire apparatus of largo size. St'e also i)age 1081, 978. 

Vacuum IVIelhod of Control 

Vacuum power brakeIn this type, power is sup- 
pliod by vacuum from the engine to a vacuum 
cylinder and piston. The piston actuates cables, 
master hydraulic cylinder, or brake rods as shown in 
Fig. 8A. 



Fig. 8A. B-K vacuum power brake system applied to brake 
rods. 


Vacuum power supplements the foot-pedal power 
on vehicles equipped with foot brakes. It increases 
the power applied to the brake system, thereby de¬ 
creasing the pedal pressure required. On vehicles 
(such as trailers) that are not equipped with foot 
brake, the vacuum power brake can be installed as 
the sole method of brake control. 


CARE AND ADJUSTMENT OF BRAKES^ 


As the safety of a car depends on its brakes, they 
must be kept in the best possible condition. They 
should bind tightly when pressure is applied to them, 
and be free and clear when the pedal or lever is 
released. A brake band or shoe that binds when 
the pressure is released produces friction, and makes 
the car hard-running. 

A common brake trouble is slipping, generally 
the result of oil or grease working out of the rear axle. 
It is also caused by poor adjustment, or worn linings. 
Therefore the first and most important precaution 
is to stop any leak by putting in a washer. Poor 
adjustment may be cured by readjustment. 

In the case of oil or grease working between the 
surface, clean the bnake dnun and lining by washing 
out the oil with gasoline, and then stop the leakage 
of grease out of the rear axle. This is usually done 


by the replacement of a felt washer or “grease re¬ 
tainer” washer (see Fig. 32, page 875, and Fig. 52, 
page 883) on the inside of the hub. The excess oil 
is generally due to too much oil in the differential 
casing, which works out into the brake drums. 

Slipping-caused by worn linings may be remedied 
to'soiue extent by taking up the adjustment, but 
if too much worn for this, they must be replaced. 


1 See page 1088 for Bendix Duo-Servo brake operation and 
adjustments. 

’ 2 See page 1083 for Hydraulic brake operation and adjust¬ 

ments; also, footnote gi^ng information concerning Servicino 
and Farts Catalogue. 

> This section deals with two-wheel brakes. The informa¬ 
tion in general is also applicable to four-wheel brakes (except 
Bendix, Lockheed hydraulic, and Steeldraulic)C 
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Replacing the worn lining is not difficult, as the 
brake lining is held to the steel band or shoe by 
brass tubular rivets. 

Because the application of the brake generates 
heat, leather linings would he burned if kept in con¬ 
tact too long. For this reason, the brakes are 
usually lined with an asbestos friction lining. 

If, when applying the brakes, the car has a tend¬ 
ency to skid to one side, this indicates that one 
wheel is free and the other dragging. In such a case 
the brakes are not equalized in adjustment. There¬ 
fore the brake resistance should be equalized. 

The operator can save considerably by applying 
his brakes gradually. For instance, if a stop is to be 
made, instead of dashing uj) to the stop and applying 
the brakes with full force suddenly, simply coast 
to the stop and apply the brakes gradually, or even 
not at all. This, of course, requires practice. 

If a brake squeaks, the lining may be dirty and 
dry, and needs cleaning with a stiff wire brush and 
gasoline. The dirt clogs the pores in the surface of 
the lining and glazes it over, which causes the squeak. 
Brake squeaks are also caused by improper clear¬ 
ance, exposed rivets, or high points between the 
brake drum and the brake band due to a rough, 
scored, or put-of-round drum. Where a one-piece 
application of brake lining is used, noise and squeak 
can often be eliminated by cutting out approximately 
2" of the lining op])osite the rear adjusting screw 
or anchor bolt. In some cases noise can be elimi¬ 
nated by grinding or filing the corners of the lining at 
the ends. Oil anchor pins and all brake mechanism. 

Chatter is usually caused by the brake grabbing 
and releasing. Can usually be c.orrected by adjust¬ 
ment. Look also for improper band or shoe sup¬ 
port, loose parts, loose lining, worn linkage, eccentric 
drum, sticky lining, loose springs, loose wheel bear¬ 
ings, improper angle of bell crank lever which presses 
ends of lining into drum instead of pulling tangen¬ 
tially. Shoe brakes will occasionally chat to if the 
shoes are loose on supporting pins or if the springs 
supporting them are broken. 

Brake drag is usually due to insufficient strength 
of the releasing mechanism, such as the springs; or 
the connections may be adjusted too tight; or there 
may be insufficient clearance at the bands, or rusty 
linkage, or out-of-round drum. 

Lublication of brakes: Asbestos lining requires no 
lubrication because the oils tend to carbonize, owing 
to the high frictional heat, and eventually cau.se the 
linings to glaze. See that the hinges, cams, toggles, 
anchor pins, and lever bearings—in fact, all moving 
parts—are kept supplied with oil and free from rust. 

Inspection of Brakes Before Adjustment 

Points to consider when starting to make adjust¬ 
ments of the brake mechanisms are: Do the brakes 
merely need adjustment, or do they need an overhaul¬ 
ing? If a car has been run for a long time, it is 
advisable to make an inspection as follows. 

1. Inspect the bearings in the rear wheel hubs, to 
see if they are in good condition. If the bearings 
are loose or worn, this will make a difference in 
the adjustment of the brakes, especially when 
adjustment is made with the car jacked up and 
when it is made with the car on the ground under 
its weight. The adjustment can be tested by 
grasping the wheel on each side of the car, when 
jacked up, and ^‘feeling” for looseness. 

2. Inspect the rear wheels to see if they are out of 
line. If they are, it is probably the result of 
having skidded against the curb and having 
slightly bent the axl^ shaft or having thrown the 


wheel out of line. This will affect the brake 
adjustment. Test by spinning the wheel when 
the car is jacked up. 

3. Inspect the parts of the brake mechanism to see 
if they are loose; if so, tighten. Anchor bra(ket.s 
should be firmly riveted as well as any other loose 
parts. 

4. Inspect the joints and parts to see whether they 
are rusted or caked with dirt and grease; if so, 
clean and lubricate. 

5. Inspect anchor- pins and lever pins on the 
brakes for wear; also clevis pins (see Fig. 7, 

)age SS5). Replace pins if worn. Clean and 
ubricate if rusted or dirty. These parts are 
often overlooked. 

6. Inspect springs (see S, Fig. 9, page 889) on the 
brakes. TIi(;y .should release properly and be 
kept free from rust and cleaned and lubricated, 
otherwise the brakes may drag and cause heat 
and wear and noise. When replacing springs, be 
surt^ they are of the same size and tension, espe¬ 
cially on external brakes which separate the oands. 

7. Inspect the brake linings to see if they are coated 
with oil or grease; if so, clean with gasoline after 
removing the wheels with the drums. Find the 
(‘ause of the grease or oil being on the brakes, and 
remedy it. 

8. Inspect the brake linings to see if they are worn. 
If slightly worn, “clearance adjustment’’ will 
take care of the difficulty. If badly worn, a new 
lining will bo needed. Also sec if the lining has 
worn down to such an extent that the rivets have 
cut the brake drum; if so, the wheel must be 
removed and the brake drum smoothed down 
with emery cloth, or, in bad cases, the brake 
drum must be turned or ground true.* If the 
band is not entirely worn down, the brake band 
can be adjust/Cd for clearance. 

Testing the Brake Action^ 

After the conditions enumerated above are 
attended to, and parts are cleaned, replace wheels 
and proceed to test the brake action as follows: 

1. Jack up the rear axle, with the brakes in a com¬ 
plete “off” position. Note the clearance of the 
internal bands around the drum, which should 
be uniform and about 1/64". On the external 
band, this will extend to within only about 3" 
or 4" of the end of the band, where the clearance 
will be greater. 

2. To test the internal brake band for clearance, 

use a thin piece of metal or thicknes.s gauge, 
inserting this between the drum and the band 
from the inner side of the brake support. 

For a more elaborate and sure test, both for liold 
ing power and, what is equally important, the equal 
action (termed “equalizing action’’) of the right and 
left brake bands, proceed as follows: 

1. Block the front wheels securely to prevent the car 
moving forward or back. 

2. Jack up the rear wheels until they are entirely 
clear from floor. 

3. Put all brakes on both sides in complete “off” 
position. 

4. Start engine, run it slowly, and transmit power 
to the rear wheels, as when driving in low gear, 

5. Engage the brakes carefully ^d lightly, and note 
the action of the wheels, which will show clearly 
any inequality between the right and left adjust- 

1 Special drum trueing machines are available for this work. 
* The modern method is to test by means of brake-testers 
(see page 896). 
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ment. Both brakes should stop at the same time 

when the brakes are applied. 

On some cars without equalizers the adjustment 
is made by lengthening or shortening the brake rods, 
by screwing off or on the yoke ends which connect 
to the brake cams or by varying the position of the 
brake-operating lever and slotted clevis on the brake 
cam shaft. Usually there is a hand adjustment oi: 
the contracting brake. 

Sometimes all the overhauling the brakes need 
is a cleaning of the drums and brake lining with 
asoline. If grease or oil works its way to the 
rakes, either too much is being carried in the differ¬ 
ential or tlie felt washers in the axle need replacing. 
Stopping Distances of Cars at Various Speeds 

Minimum and maximum stopping distances from various 
‘^I>ecd8 of a liiir with 4-whcol brakes in good adjustment and 
under the iiKtst favorable conditions, that mav be regarded as 
reasonable distances allowed under motor vehicle regulations: 
15 inph., 22'-28'; 20 mph., 3oMo': 25 mph , r>0'-05'; 30 mph., 
fi7'-80'; 40 mph., 100'-149': 45 mph , 134'-1.S5': 50 mph., 
162'-224^ 60 mph., 224'-314"; 70 mph., 296M10'; SO mph., 
379'-53!y; 90 mph., 47r-674'; 1(K) mph., 573'-823'‘. 

Average Brake Adjustments^ 

There are three adjustments to be considered 
when adjusting brakes: (1) brake-rod adjustment; 
(2) brake-pedal and lever adjustment; (3) brake¬ 
band clearance adjustment. 

Brake-Rod Adjustment 

The first adjustment of brakes should always be 
made in the brake rods rather than in the brake it¬ 
self. Tighten up on these rods so as to get the 
proper travel in the brake pedal or hand lever. 
The adjustment of the brake pedal and hand lever 
is thus made through the rods, bv seeing that the 
foot-brake pedal and hand-brake fever are in ‘^off’^ 
osition and the rods adjusted so that there is no 
inding. This can be tested by jacking up the 
wheels and observing if there is a drag. Adjust¬ 
ment can be made by a threaded adjustment at the 
front end of the rod, by screwing in one direction to 
lengthen and in the opposite direction to shorten 
the pull. The lever (see 15, Fig. 7) on the external 
brake should be in toward the band, in order to 
allow for full leverage. 

Dragging of the brakes may be caused by too 
short an adjustment of the rods. 

Before adjusting the brake bands, see that the 

f »ull-back springs are operating properly and 
engthen the rods. 

If the brakes will not hold, be certain that the 
brake lining has not become saturated with oil or 
grease; if so, wash with gasoline. 

When the proper brake action cannot be obtained 
by further adjustment of the brake rods, then ad¬ 
just the brakes themselves. 


Clearance adjustment of the external brakes is 
very important. If the band touches the brakes at 
different points of its circumference, the brake will 
drag at that point, which of course consumes extni 
power and causes wear on the lining. The purpose 
of adjusting this clearance is to relieve the drag, or 
to take up on an excess of clearance due to wear ( f 
the lining. 

The proper clearance on most brakes is about 
1/64" to 1/16" all round, more or less ac^cording to 
the kind and make of lining. Follow brake-lining 
manufacturer’s'instructions. Usually this clearance 
can be taken up as follows: 

1. By adjusting the lever, as at (A) (Fig. 10). 

2. By adjusting the rear clearance of the band, as at 
(D) (Fig. 10). 

3. By adjusting the lower half of the band for clear¬ 
ance, as at (E) and (F) (Fig. 10). 

4. By adjusting the upper half of the band fui 

clearance, as at (G) (Kig. 10). 

This is ordinarily sufficient. Th(' drum, revolving 
in a forward direction, Inis a tendency to draw the 
top half of the band to the drum, therefore don’t give 
it less clearance than the bottom, if anything, sliglit^ 
ly more. 

A thickness gauge is handy to place between the 
brake lining and the drum when adjusting clearance. 

After adjusting the bralces, notice if the wheels 
turn freely when the foot-brake pedal and hand¬ 
brake lever are in the ^'off" position. If the wheels 
do not turn freely, or if they drag, the brakes are 
adjusted too tightly. 

Many repairmen, with the wheels on the ground, 
and after making adjustment, move the car back¬ 
ward and forward to see if the band drags. If this 
is done, be sure that both brakes are adjusted 
equally, as sometimes the weight of the car on the 
wheels will alter the adjustment. (The modern 
method of testing is with brake-testing machines.) 

In adjusting the brake bands, be sure to take up 
the same amount on both right and left-hand brakes. 

If care is not exercised in making the adjustment, 
one brake may set before the other, thus destroying 
the braking effect and causing one wluxil to lock 
and slide over the ground, wearing off the trcstl of 
the tire very raimlly. Also be carelul not to set 
the bands up so tightly that they drag and will not 
relcrisc when the foot is removed from the pedal. 

Brake equalization test: Select a dry smooth road. Drive 
at 20 miles an hour. Throw out clutch and apply brakes so as 
to lock wheels. After the car has stoppetl, note where eaeh 
wheel began to grip the surface of the road. 

If the marks of each wheel begin at the same place, your 
brakes are equalized. If one mark is longer than the other, 
your brakes are not equal in action and an adjustment should 
immediately be made (Uaybestos "Silver Edge"). 


Brake-pedal adjustment should be made so that 
when the brakes are fully applied the distance from 
floor board is from about 1^" to 2". 

Adjustments of External Brakes’ 

The foot brake usually connects with the external 
brakes and reouircs more adjustment, because it is 
used most. They are also exposed to dirt and water 
and require more frequent cleaning. The hand 
brake is mostly used for locking the wheels when 
standing and at intervals in conjunction with the 
foot brake on steep hills; therefore it requires less 
attention. 


If the brakes seem to be too tight after the car 
has just been washed, it is due to the fact that the 
brake lining, w hich is composed of a combination of 
closely woven wire and asbestos, has swelled 
slightly from the water. In a very short time this 
condition w ill disappear. 

An example of an external brake band improperly 
adjusted and the points of adjustment are shown in 
Figs. 8D and 8E. 


3 See footnote, p. 886, relative to adjustments of the Bendlz 
and the Lockheed hydraulic brakes. 


Usually, ordinary external brake adjustment for 
clearance is all that is reauired, and this can be 
done without removing the wheel. 


* The transmission brake is very similar to rear-wheel ex¬ 
ternal brakes and are adjusted in somewhat similar manner. 
. On the shoe type of external transmission brake, the adjustment 
is usually made at the top. 


* Excerpts from NBS fNational Bureau of Standards) Letter Circular LC617. The stopping distances shown, include the reaction 
time or distance traveled from the time that emergency is seen until brakes are fully applied. Applicable to private automobiles 
buses and trucks. ’ 
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aowii by udjiuiting nuts B and C and try again. Spring £ 
might be compressed fully and this would prevent the brake 
holding in forward direction. (Excerpts and illustrations from 
Johns-Manville Brake Reliner'a Manual.) 

Adjustments of Internal Brakes 

The internal brakes are of the ‘*toggle”-acting 
type or of the ^‘cam”-actuated type, as previously 
explained. 

As an example of adjusting clearance in the 
“toggle**-acting type of internal band brake, see 
Figs. 11 and 12, page 890. In order to make this 
adjustment, it is necessary to remove the rear 
wheels. Refer to page 890, and note the adjust¬ 
ments as there exidaincd. See also, Fig. 18, p. 892. 

As an example of adjusting clearance in the 
“cam”-acting type of internal brake, see Fig. 14, 
page 891, also Figs. 19 and 9, pages 892, 889. 

Ordinarily, the only adjustment required for the 
internal brake is to adjust the pull rods or clevis, 
otherwise remove wheels anfl make adjustment on 
the brake itself. 

AN EXAMPLE OF REAR WHEEI. (TWO-WIIEEI.) BRAKE ADJIJSTMENI 

The foot brake, also termed the service brake, 
contracts on the brake drum. The hand brake, 
also termed the emergency brake, expands :\gainst 
inside of the brake drum. By studying Fig. 9, the 
functions of these brakes will be understood. Both 
brake bands are faced with brake linings. 

The adjustment for clearance of the external 
brake band (B) is made at the nut (C) below th(' 
spring for clearance of the lower half of the brak(‘ 
band, and by nut (D) for the clearance of the upper 
half of the brake band. 

The adjusting screws (E) and (F) arc additional 
adjustments for procuring an even spacing or clear¬ 
ance all around the circumference of the drum. This 
(4earance should be about 1/32", or not over 1/10". 

The internal brake is operated by a cam (H) 

which expands a steel band lined with brake lining. 

The usual adjustment is made by shortening the 
brake rod at the tunibuckle. 

41i(‘ spring (S) serves two purposes: The adjust¬ 
ment nuts are locked by the spring and at the same 
time, it helps release the band wlien the pressure is 
taken off the brake lever. 



mUPT aXAItUiO LOCK 


Fig. ‘J. The brake u.s used on the Studebaker “Light f^ix” 
car. Note that a lever (L) termed a “brake-bell crank,” 
connects with the external contracting band (B). This lever 
(L) is connected with the foot-brake pedal through the clevises 
and brake rods. 


Fig. 8D. External brake band improperly adjusted. 

Fig. 8E. Points of adjustment on external brake band. A. 
lever; should be close to band when in off position and should 
be in same relative position on each brake when adjustment is 
completed; B adjusts lower band; this adjustment should be 
made before making final adjustment of C (about 1/64” 
cleurunee); C adjusts upper band (about 1/64” clearance); D, 
jiiiclior screw for adjusting clearance betw’een lining and brake 
drum (about 1/64”); E, spring. 

The band should now have equal clearance all around drum 
c.vcept for a short space near enas of the bands, which are bent 
slightly away from the drum as shown (^Fig. 8E). The bands 
.should grip drum evenly all around and at the same instant, 
•>r progressively from the anchorage on the upper baud. 

If brakes fail to hold in stopping car in forward motion of 
car, try brake in the reverse and if it is excellent, the trouble is 
that the pressure is too high on lower band. Bring upper one 


ADJUSTMENT OF BRAKES OF TIMKEN REAR AXLE 

The adjustments described in what follows arc 
of the brakes as used on the Timken semi-floating 
or fixed hub type of rear axles, and on the full-lloating 
rear axle as shown on pages 865, 866. 

The external brake (Fig. 10) is the type used on 
both, but the internal brake is of two types, shown 
in Figs. 11 and 12. The one shown in Fig. 11 is the 
type used on the semi-floating, or fixed-hub axles, 
and the one shown in Fig. 12 is the "toggle^-operatecl 
expanding band type of internal brake used on 
the full-floating axles. 

The internal brake shown in Fig. 14 is the "cam"- 
operated expanding band type of internal brake 
formerly us^. A later type of Timken brake is 
shown in Fig. 16. 


External Brake Adjustments (Timken) 

To adjust the external brakes, jack up both rear 

wheels, and put the brakes in the complete "off" 

position. 


Fig. 10. External band brake (Timken) 
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Adjust the stop screw (B) (Fig. 10) so as to 
allow the lever (A) to come down as far as possible 
and still have a clearance of about 1/16" with the 
operating mechanism. 

Now remove the cotter pin (C) and turn the ad¬ 
justing screw (D) until the clearance between the 
brake lining and the drum at this point (rear) is not 
more than 1/32". Be sure that the brake drum 
clears at all points; if necessary turn the adjusting 
screw out sliglitly. Replace the cotter pin. 

Now adjust the lower half of the band by turning 
nuts (E) and (F) until about 1/32" clearance is 
obtained at this point also. 

After locking thes(^ nuts firmly, make a similar 
adjustment of the upper half by turning nut (G). 
Be sure that this nut is properly seated in the 
groove into which it fits, thus locking adjustment. 

When these adjustments are complete, there 
should be a maximum clearance between the brake 
lining and the drum of about 1/32'' at all points, but 
they should not be in contact at any place. Read¬ 
just until this condition is obtained. 

Internal Brake Adjiislinenl.s: Timken 
Toggle Type 

In order to adjust the internal brake, it is nec(‘s- 
sary to remove the rear whec'l, carrying with it the 
brake drum. Jack up both rear wIumJs, pul (he 
brakes in complete ‘^off" position; remove wheels. 

To adjust the fixed-hub type of axle brake (see 
Fig. 11); First remove the cotter pin (A) and 
tighten up adjusting screw (B) until a maximum 
clearance of 1/32" is obtained between the brake 
lining and the drum at this point, d'his clearance 
should be the least possible amount—only enough 
so drum will not rub at any point when revolved. 

Having obtained the i)ropcr clearance, replace the 
cotter pin (A). Next remove the head pin (D) and 
disengage screw (E), freeing both ends of brake band. 

Adjust the four set screws (F) to give the least 
possible clearance between the brake lining'and 
the drum—-1/32" should be the maximum. 


When this adjustment has been made, be certain 
that each set screw is firmly locked with lock nut. 

Now adjust the screw (E) to give not over 1/32" 
clearance between the lining and the drum at the 
(wo ends of the band and replace the pin (D). 

After making.all these adjustments, there should 
be a maximum clearance all around the drum of 
1/32"—if not, readjust until this result is obtained. 

To adjust the internal brake on the full-floating 
type of axle, see Fig. 12. 

Adjustment is made in a similar manner. Some 
of these axles are provided with a triangular plate 
in the brake drum which can be removed for adjust¬ 
ing the brake. In this case it is not necessary to 
take off the wheel. 

Adjust the screw (B) to give the proi)er clearance 
at this i)oint; obtain the correct clearance over the 
rest of the brake band by adjustment of screws (D) 
after loosening the clamp bolt (C). 

After making these adjustments, be sure that 
the cotter pin (A) has been replaced and that the 
(Jamp bolt (C) lias been tightened up firmly. 

Now loosen the clamp bolts (E) and adjust screws 
(F) until the forward edge of head-pin (G) is in line 
with the rear ('dges of pins (HH). Tighten up bolts 
(E) and rej)la(*e the wheeJ. 

In replacing the wheel on the full-floating type of 
axle, be sure that you get a correct 
bearing adjustment described on 
pag(} 8()4 under "Wheel bearings." 

Dummy Drum for Adjusting the 
Internal Brake 

In garages or service stations 
when internal brake adjustments 
are frequently made, a dummy drum 
(Fig. 13) can be used to advantage. 

The same result ean be obtained by 
a "eut-and-try" method, removing 
and replacing the wheel several 
times, but the use of a dummy will 
prove a great time saver. 




Fig. H Fig. 12 


Fig. 11. iDternal toggle type of brake (Timken), as used on the fixed hub or semi-floating axle, as discussed on page 866. 
Fig. 12. Internal toggle type of brake (Tiinkon), as used on the full-floating type of axle, as discussed on pal^e 865. 
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Internal Brake Adjustments: Timken 
Cam Type 

Adjustment of the Timken-cam type of internal 
brake: A cam type of internal brake has been used 
on several axles formerly produced (see Fig. 14). 



Fig. 11. Timken cam actuated infernal brake 


To adjust this brake for slight wear of the brake¬ 
band lining, tliis can ordinarily be taken up .satis- 
faetorily without getting into the brake proper. 

Tliis is dom* by loosening nut 
(Q) (Fig. 15) and moving lev(‘r 

(J) forward one notch in nitclit't 

(K) , and then tightening nut (Q). 
Perhaps two notches forward 
may be rexpiired. 

For more band-lining wear than 
can be taken up by this method, 

put jacks under the rear axles, be¬ 
ing careful to have them press up 
against (he housing proper (or, 
on some Timken axle.s, against 
the pads made for tliLs purpose), 
but uev(‘r against the truss rods. 
Raise both rear wheels olf (he ground. 

Next, i)ut all (ho brakes on both sidi's of (he axle 
in a complete “olT” position. 

Now, if the adjustment is merely to take up for 
wear of the brake lining in sin viee, it is necessary 


only to (1) remove the wheel which also removes the 
brake drum; (2) remove the cotter pin (B), give 
screw (A) two turns to the right (i.c., in a clockwise 
direction), and replace pin (B); (3) loosen screws 
(C,C) give cam plates (D,D) one half-turn outward 
(i.c., to the left or counter-clockwise), and tighten 
screws (C,C). 

Put the wheel back on and try the brake in the 
“off** position for a bare yet sure clearance, so that 
it will not drag. Try it ip the “on** position for 
holding power. 

If greater clearance is required, remove the w heel 
and partially reverse the adjustments detailed just 
above. 

If still more holding power is desired and there is 
some clearance yet to spare in the “off** position, 
remove the wlieel and rei)eat the adjustments to a 
par(i;d exteid . 

Timken Types ‘‘5510” and “5710” of Brake 

Both the external and internal brakes on the 1022 
series axles arc the same as (liose made on the cor- 
n sponding axh'S of (he former scrie.s, exc(‘pt on the 
new seri(‘s “5510** and “5710” for heavy ears. 

On th(\sc axles the internal brake is of a new type, 
as shown in Fig. 10, and requires no adjustment 
beyond (hat which can be oldained in the brakc-jAill 
rods. The adjus( ment of the external brake is simi¬ 
lar (o that explained on page 889,800. 



Fi|?. 10. Timken types “5510” and “5710” of brukc. 



ADJUSTMENT OF BRAKES OF COIAJIMBIA REAR AXLE 


External Brake Adjuslmenl on Models “10000,” 
“30000,” “50000” ami ^‘51000” Columbia 
Rear-Axle Brakes 

To adjust the external brakes on these models, 
jack up Doth rear wheels, and put the brakes in the 
complete “off** position with lever (A) back against 
stop (B). 

Lever adjustment: Lever (A) must set back 
against stop (B)—Icngtla'ii pull rods if nccessar}' 
to get this condition. 

Rear clearance adjustment: Remove cotter pin 
(C) and lock (E), and turn ndiust ing screws (D) until 
the clearance netweon the brake lining and tiie drum 
at this point does not exceed 1/32". Make sure 
that the drum clears at all points. 

Lower half of band clearance adjustment: 

Replace lock (E) and cotter pin (C); next, adjust 
the lower half of the band by turning nuts (F) and 
(G) until the lining clears the drum evenly all around, 
not to exceed 1/32"; then lock nuts (F) and (G). 

Adjust the upper half of the band by turning nut 


(H) until the lining clears the drum evenly all 
around, not to exceed 1/32”. 



Fig. 17. External brake as used on the Columbia rear axles. 
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Be sure that nut (H) is properly seated in the 
groove into which it fits, as this locks the adjustment. 

When these adjustments are made, there should 
he a maximum clearance of 1/32" between the brake 
lining and the drum at all points. The lining must 
not touch the drum at any place. Readjust until this 
condition is obtained, and test with a thickness gauge. 

Internal Brake Adjustments on Models 
“50000,” and “51000” Columbia Rear- 
Axle Brakes 

To adjust the internal brakes on these models 
which are of the “toggle-acting type,” and are pro¬ 
vided wdth adjustment at four points proceed as 
follows: 

As a time saver, and to get the best results in 
adjusting this type of brake, a dummy drum should 
be used. The openings in the drum permit a view 
of the parts to be adjusted, insuring a much closer 
and more accurate adjustment than could bo 
obtained without its use. 



Fig. 18. Internal "toggle joint actuated" type of brake as 
used on the Columbia rear axles. 


First, remove the rear wheels; then adjust the 
pull rods until the brake-shaft lever on the axle to 
which these rods connect is set back at same angle 
as external brake-tube levers when contracting lever 
(A) is back against stop (B) (see Fig. 17 and instruc¬ 
tions for external brake adjustment above). 

Next, remove cotter pin (A) and lo(*k (B) (Fig. 
18). Put on the dummy drum, bringing the open¬ 
ing in the drum directly over adjusting screw (C); 
turn adjusting screw (C) until the clearance between 
t he brake lining and the drum at this point does not 
exceed 1/32", or the lejist possible amount obtain¬ 
able, so that the drum will not rub at any point when 
revolved. Having obtained the proper clearance, 
replace lock (B) and cotter pin (A). 

Next, bring the openings in the drum directly over 
the internal brake supports (D), These supports 
have a small projection that fits into slots in the 
brake band. Be sure these are in place. Loosen 
the nuts on bolts (E) just enough to allow supports 
(D) to move freely. Adjust supports (D) so that 
the clearance between the bralce lining and the 
drum does not exceed 1/32", or the least possible 
amount that can be obtained, so that the dnim will 
not rub the band at any point when the drum is 
revolved. In adjusting supports (D), use a bar 


as a lever for prying, working through the opening 
in the drum; with the bar resting on the drum-catch 
support, with the end of the bar at (F), move sup¬ 
ports (D) up or down. This action moves the brake 
band until the proper clearance is obtained. Tlien 
hold the supports in place until the nuts on the 
outside of bolts (E) are drawn up tight, and remove 
the drum to see that it turns freely and that the clear¬ 
ance between the brake lining and the drum is the 
same all around. Clearance must not exceed 1/32". 

To get the proper clearance at the points, remove 
pin (G) and adjust screw' (H) until a maximum 
clearance of 1/32" is obtained; then replace pin (G). 

After adjusting point (H), always check supports 
(D), making sure that this adjustment has not 
moved the band away from supports (D). If these 
s\ipports do not set up tight to the band, readjust 
supports (D). After making all these adjustments 
there should be a maximum clearanee all the way 
around the drum of 1/32"; if not, adjust until this 
result is obtained. 

Important: Never adjust the pull rods without 
afterwards adjusting supports (D), as the adjusting 
of the pull rods pulls the band away from supports 
(D) causing rattles and also wear of the supports. 
To eliminate ratth'S, adjust su])porte (D) up tight 
to the band in relejise jK)sition. 

In adjusting the brakes a thickness gauge should 
be used to measure the proper clearance between 
the brake lining and the drum. Dummy drums (*an 
be secured for models "10000," "300(X)," "50000.” 
and "51000" from The Columbia Axle Co., Cleve¬ 
land, Ohio. Asbestos brake lining in width is 
u.sed. 

Internal Brake Adjustm<‘nt on Models “l(M)00” 
an<l “30000” Columbia Rear-\xle Brakes 

The intcnial brakes on these motlels are the “cam- 
operated type,” and only one adjustment for "clear¬ 
ance" is provided. S(‘e Fig. 10 



Fir, 19. Internal "cam-actuated" type brake, as used on 
Columbia rear axles. 

To adjust, remove cotter jiin (A) and lock (B), 
and turn the adjusting screw (C) until the clearance 
between the brake lining and the drum at this point 
does not exceed 1/32". 

Adjustment for wear, which is the only adjust¬ 
ment usually required, is made by shortening the 
pull rods from the cam lever forward tb the chassis. 
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OVERHAULING BRAKE3 


There are three things which must be particularly 
noticed in taking care of brakes and putting them 
in condition: 

1. There must be no grease on the shoes. 

2. The fabric must be in the best of condition. 

3. The brake linkage must apply the brakes when 

the pedal is depressed. 

The grease which penetrates to the brake lining 
usually works its way from the differential, and can 
be stopped by renewing the washer in the wheel hub. 

To remove grease, first remove the wheel, then 
inspect the brake lining and see if it comes under 
the condition mentioned in No. 1 or No. 2 in the list 
above. 

If a coating of grease is over the surface of the 
fabric, there will be two methods of procedure. 
7'he first method for removing grease is by the appli¬ 
cation of gasoline. This removes the grcfise from 
the outer surface very well, but not from below th(‘. 
surface of the fabric. A blow'-pipe torch can be 
used in this instance, w^hich can be gently applied as 
showui in Fig. 20, tliis page, care being taken not to 

Fig. 20. Removing grea.se 
from under fabric brake lining 
on a two-pioee internal expand¬ 
ing brake shoe. 

.\fter the heat huH been «lir(‘et - 
ed again.st tlie surface of the 
brake for a .short length of time, 
it will be noted that the grea.se 
will literally fry out of the fab¬ 
ric, lea\'ing it upon the surface 
in the form of u black carbo¬ 
naceous deposit In this .state it 
19 readily removed by a cloth 
steeped in gasoline. 'I’he .surface of the brake will now be in 
good condition if tlie lining has not been worn out. 

Whore oil or grease causes a glaze on the lining, 
wnip coarse emery paper jiround a half-round fil(‘ 
and roughen the surface. 

If the brake lining is badly worn down, so far that 
the fabric lining is too thin 1o be of service, or if the 
lining is excessively oil soaked, a new brake lining 
must be applied. 

If the brake lining has worn down to the rivet 
heads, it should be renewed, unless the rivtds can 
be Slink lower bv a Jound-nosed punch, the otlier 
end of the rivet being placed over a small hole in a 
piece of metal on an anvil or vise. 77icn the nvet.s 
can be set up tighter. 


char the fabric.^ 



possible, t*^en proceed as follows: Place it inside 
the band (Fig. 23), holding it firmly against the 
band and cut the lining from to longer than 
the band, dei>ending upon the diameter of the band 



rig. 21. Method of cutting rivets on worn band. 

Fig. 22. Punch the cut rivets out. 

Fig 2.1. Method of determining length of lining for an 
external contracl’ng band type of brake. 


Fifth, rivet one end flush with band (Fig. 24-1), 
after having countersunk holes in the lining for the 
rivets. The position of rivet holes are located from 
holes in the brake band. 

Sixth, place lining firmly in band all around, then 
dnuv out center portion of lining from band (wdiieh 
will make a loop as shown in Fig. 24), allowing the 
unrivtded end of lining to slide along band tow'ard 
the loop until it is just possible to force the lining 
back against the band w'ith the loose end held from 
sliding. 

Seventh, having foimu this position exi)eriinental- 
ly, locate other end rivet holes from holes in band. 
In.sert rivets and head over on outside of band. 




Figs. 24, 25 . liiiiing external et)Utractiiig brake band; one- 
piece application. Thi.s same method applies to attachment of 
external band lining where more than one strip of lining is u.sed. 


Relining External Conlracling Brake Bauds 

To reline the external brake: First, jack up the 
rear wheels. J)iseoiiiiect the levers, etc., from the 
brake bands and remove the wheels and bands, being 
careful to keep all parts sepanite, so that they ran 
be replaced with eaae. 

Second, wash all parts in gasoline or kerosene to 
remove the grease and dirt. 

Third, remove the old brake lining,^ by placing the 
band in a vise and cut the rivets with a chisel (Fig. 
21); then open up the benc.h vise about ]'2'f setting 
the bands so that the old rivets come oyer the of)en- 
ing one at a time. Drive them out with a nail set 
(Fig. 22). As the heads will most likely be worn 
off, it is easier to drive them from the lining side 
through to the band side. The old lining can then 
be easily removed from the band. 

Fourth, measuring brake lining:* It is best to 
secure tlie lining from the automobile dealer or 
manufacturer ready to apply, but if this is nui 


1 The practice of cleaning grease-soaked brake lining with 
gasoline or burning it out is not approved by brake-lining manu¬ 
facturers because they state it is rarely a permanent remedy 
and should be re.sorted to only in case of emergency. One 
manufacturer states: "Grease increases the effectiveneas of 
braking action when drum is cold, and greatly reduces braking 
power with warm drum. If pre.sence of grease is discovered, 
almost immediately it may be washed off with gasoline, but 
otherwise it is advisable to reline, inasmuch as burning out the 

reaae with a torch is rarely a i^ermanent remedy and usually 
arms the lining.” Another manufacturer states: "Once a 
lining of the woven or folded type becomes covereti with grea.se 
it is dillicult to obtain euualization of the brakes; however, if 
the leakage is noticed in time it can be washed from the lining 
with gasoline, after which a strong water solution of washing soda 
or lye should be used to remove the remaining oil from the 
gasoline. Some apply a heilting torch and burn the grease out, 
but this generally carbonizes the oil and eventually causes a 
glaze. Aloulded linings are more readily cleaned of grea.se.” 

2 Brake-rellning machines are now used extensively for this 
work. 

s Most accessory dealers or jobbers possess data books of 
brake-lining measurements (also clutch facings) from eai ly to 
late model cars. Brake-lining data books are supplied by al¬ 
most all brake-lining manufacturers and will be forwarded 
upon request to the Brake Lining Manufacturers’ Association, 
Inc., New York City, N.Y. When writing, be sure to state 
the name or brand of brakelining in which you are interested. 
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Eighth, force lining straight against band with 
hammer (Fig. 25). Ninth, place band over a block 
of wood or vise and use holes in band as a template. 
Drill holes for the rivets. It is important that the 
holes be in tlie correct position. Tenth, countersink^ 
holes so that the rivet heads will be below surface of 
lining. Use a countersinking tool (Fig. 26). 



Fig- 26. A brake lining counter-sink. 


Eleventh, place remainder of rivets through lining 
so head of rivet will rest in countersunk hole in lining 
and head over rivets on outside of band. 

Twelfth, taper ends of lining by grinding on emery 
wheel, or file; rountl up with brake drum and re¬ 
assemble. (Note: Fabric lining need not be tapered 
but all moulded lining should be.) 

The foregoing procedure illustrates a one-piece 
brake-band-lining application. The same method 
applies to attachment of external brake-band lining 
where more than one strip of lining is used. 



Fig. 26A. External brake band showing a one-piece applica¬ 
tion of brake lining. 

Fig. 26B. External brake band sljowing a two-piece applica¬ 
tion of brake lining! 


lining over band (Fig. 27X), thus insuring a tight 
fit. Eighth, now put in remainder of the rivets. 
Ninth, round band up with drum and reassemble. 

A procedure applicable to internal brake shoes 
where one-piece lining is used is as follows: 

Procedure; Use brake lining longer than necessary 
for complete job. Rivet one end flush with one 
end of brake shoe. Insert free end of lining in vise. 
Rest other end of brake shoe against vise and press 
down, thus stretching brake lining tight over snoe 
band. Drill holes, countersink, and rivet around the 
shoe, and cut off surplus brake lining. 


Fig 27.4. Internal brake shoe. Two-piece application ol 
brake lining. 

Fig. 27B. Internal brake bund showing a two-piece applica¬ 
tion of brake lining ^ 

Another method, applicable to internal brake 
shoes or bands where two-piece or one-piece lining 
is used, is to locate, drill, and countersink tho rivet 
holes in the center of the lining first and rivet the 
lining to the shoe at this point. After this, the 
lining is pulled tightly around shoe, and the remain¬ 
ing holes locateil and the rivets inserted, working 
from the center of the lining toward the end in each 
case. 

Where moulded lining is attached to an internal 
brake shoe, it should be damped or held firmly to the 
shoe and the center holes prepared first, spotting the 
holes from the holes in the shoe. Place rivets at center; 
then the nuuaindcr of holes and rivets can then he 
placed. Be can'ful to have the material fit closely 
to shoe. This can be (lone by working toward each 
end from the center rivets. 




Relining Internal Expanding Brake Bands 
or .Shoes 

This method of procedure is applicable to internal 
brakes where one continuous strip of lining is used, 
termed, one-piece application. 


If the brake is of the metal-to-metal type, it is a 
matter of adjustment, no lining being used. This 
type is not u.scd very much on pleasure oars but is 
found on some inotorcoaches and some trucks of 
large size. 


Follow “First, Second, and Third” procedures 
under “Relining External Brake Bands,” Fourth, 
place lining around band holding it firmly in place. 
Fif^, mark lining and cut it from to shorter 
than band (depending on the diameter of brake). 
Sixth,rivet ends of lining in place (endsflush*). To 
do this it is necessaiy to pull lining off the band at 
bottom, sideways (Fig. 27). Seventh, now force 



Fig. 27. Showing how lining is riveted (flush) at ends when 
raised from band at bottom; one-piece application. 


Buming-in is a rncthoil employed by some me¬ 
chanics to seat a brake-band lining quickly, and 
consists of dragging brakes until they arc very hot. 
This practice should be coiulorniied. If the Drake 
is properly adjusted or applied, the lining will 
quickly wear in with very few applications. 


Biveling Brake-Band Lining^ 

Do not clinch the rivets against the brake drum. 
Drill and countersink the rivet head into the lining. 

To place the rivets, see Fig. 27C. This shows a 
way of using a holt held in a vise with the head of 
bolt resting on arm of vise to give a solid foundation. 

Insert a rivet through the lining and band, as 
shown, the head of the rivet resting on the bolt. 


»Brake-drilling, oounterflinking, and riveting machines are 
now ^ed extensively for this work. * On internal brakes, edges 
of lining should not project over ends of bancUor shoe. • Illus¬ 
trations from Johns-Manville Brake Re-Liner'a Manual. 
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Fig. 27C. One method of 
riveting. Note that the 
illustration shows the internal 
brake curved up and the ex¬ 
ternal brake curved down. 
The rivet head goes next to the 
fabric, and the riveting is 
always done on the band side. 


Draw rivet snug with a rivet set, or a short piece of 
small gas pipe. Two or three blows with a hammer 
will be enough to draw the rivet head and the lining 
tight and in place. Too much pounding will tend to 
draw the rivet deeper in the lining and perhaps 
weaken it to the point of breaking through. 

To rivet: Holding the band in the same pxisition, 
the projecting end of the rivet is pcened down with 
the ball pocn of hammer till a good head is formed 
and the rivet draws tight. 

Brake IJning^ 

Most of the brakes now in use are fitted externjdly 
and internally with steel l^ands or shoes faced with 
an asbestos friction brake lining. 

There are four general kinds of brake lining, i.e., 
woven (from asbestos and brass wire yarn), folded 
and compressed, moulded, and heavy duty. 

The advantages, features, and the use of ('ach 
different kind of brake lining according to the claims 
made V3y the manufacturer, will not be generally 
discussed here. It is suggested that the repairman 
obtain literature from the brake-lining manufac¬ 
turers which will e^mlain the construction as well as 
the service their different kinds of brake linings are 
suitable for. 

It might be w'ell to point out that heavy-duty 
brake Uning, which is generally woven but may be of 
any of the foregoing types, is suitable for high 
temperatures and heavy service. Should heavy- 
duty linings i;ut the brake drums, a standard lining 
must be u.scd or the drums replaced with more suit¬ 
able types. Drums for severe service arc supplied 
by several manufacturers for many popular trucks 
and bus.ses. 

A later development is the moulded brake lining. 
It is suitable for internal brakes and .severe .service 
and its advantage is that the friction is very uniform, 
giving a smooth, quiet operation to the braki'. It is 
usually made in segments to fit the particular brake 
for which it is designed, and must be correct in ite 
width, thickness, and radius. It cannot be applied 
to all cars, as the brake may be unsuited to its use. 

The sizes are usually measured in thickness and 
width, and are sold so much per foot. 

The thicknesses run 1/8", 5/32", 3/16", 1/4", 
5/16", and 3/8". The widths run from 1", 1 1/8", 
1 1/4", 1 1/2", 1 3/4", on up to 6" wide. 

The Ford model T used 1 1/8" X 5/32". The late mod«l T 
used 1 3/4"><3/16" on brake only and 1.3/16"X3/16" on other 
two bands. The model A, 1 1/2"X3/16". 




Brake Lining Rivets 

Rivets most in use are flat head made of solia 
aluminum (Fig. 28), without burrs, or are made of 
tubular brass (Fig. 29), the tuVjular brass rivet 
having the preference. 

The Ford Model T u.scd split or clinch rivets 
(Fig. 30). 

Rivets—How Used 


When solid or tubular rivets are used, the head 
of the rivet is placed next to the brake-lining fabric 
and is countersunk into it, and the rivet is bradded 
on the steel lining of the brake, as shown in Fig. 31. 
Countersinking the rivet head beneath the brake¬ 
lining surface reduces the tendency to cut or score 
the drum. 


^ , 








Fij?. 31. Showing how the flat-hoad solid or tubular rivet 
IS used with the head countersunk into the lining. 


When split rivets are used, the head of the rivet 
is jilaced next to the steel band and the projecting 
ends of the rivets arc turned into the brake lining 
or fabric as in Fig. 31 A. 

Many mechanics do not punch holes in the lining, 
but drive the .split rivets through the lining. Place 
the lining and the band over a wooden block clamped 
in a vi.se, and drive the rivets through a hole in band 
and through the lining into the wood. Then put 
the rivet head on the bolt clamped in a vise, and 
turn over the jirojecting ends of the rivet into the 
lining, as shown in Fig. 31A 



Fig. 31A. Showing how the s])lit rivet is used with the h<‘inl 
next to the .steel band. 


The Ilaybcstos Co., in its publication, Silver 
Edge, advises not to use split rivets, the proper 
method being that of drilling, countersinking, and 
riveting, with the flat head of the rivet about 1/32" 
below the surface of the lining (Fig. 31), using a 
flat-head tubular or solid rivet that will not split 
the lining and will hold until the lining is worn to 
half its original thickness. 

There is only one efficient way to refine a brake and 
that is to remove the band so that you may be sure 
of what you are doing. The questionable practice 
of attempting to reline the brakes with split rivets 
without removing them from the drum is a rather 
poor gamble, because about every third rivet docs not 
split. Both prongs turn the same way, enlarge the 
hole through the lining, and have no binding effect. 

The general condemnation of split rivets arises 
from the fact that, as usually applied to a band that 
has been removed from the drum, the prongs are 
turned lengthwise of the fining, so that they parallel 
the warp threads. When the prongs are jammed 
into the fining they cut the cross-threads, or filling, 
which hold the warp threads together. 

Experience has proved that split rivets, except for 
Ford Model T cars, can never be .substituted for 
tubular or solid rivets properly applied. 

The Johns-Manville Brake Re-Liner s Manual 
gives .the following information concerning rivets: 
“The most satisfactory rivet for attaching friction 
lining is a flat head, brass, tubular rivet. 

* See Index under "Brake-lining sizes.” as used on various 
cars. See also footnote 3, page 893. 
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“Tubular rivets are divided into two types, i.e., 
full tubular or semitubular. “Full tubular” means 
that the entire shank is drilled to the head. Generally 
speaking, full-tubular rivets are used for clutch fac¬ 
ings. Semi tubular rivets are better for brake-reliiiing 
work as they are considerably stronger than the full- 
tubular rivets. With semitubular rivets, however, it 
is necessary that the rivets be reasonably -correct 
as to length. 

“To arrive at the correct length of rivet, take the 
combined thickness of the brake lining and brake 
band or shoe and to this add the diameter of the 
rivet body. (Only the net thickness of the lining 
after counterl)oring is considered.) This is the 
minimum length to be used and it is also possible 
to use the next longer length. 


“All rivets up to 7/16” long the 3/8” heads arr? 
satisfactory; and on rivets 8/16” or longer, wc 
recommend that the 7/16” or 1/2” heads be speci¬ 
fied. 

“Depths of countersinking. On lining up to and 
including 3/16” in thickness, the lining should be 
countersunk 1/2 of the total thickness; on lining 
thicker than 3/16” and moulded lining, the lining can 
be countersunk two-thirds of the lining thickness, 
leaving one-third for the holding. 

“Not all aluminum rivets are satisfactory, as some 
are quite hard and will tend to cut the brake drums 
if permitted to come in contact with them. 

“Where end lining rivets are used to hold band 
clips or fittings, us(* solid rivets at these points 
instead of tubular.” 


BRAKE SERVICE SHOP EQUIPMENT AND INFORMATION 


The essential equipment for a modern brake- 
service shop would consist of the items following. 
The more equipment a shop has, the better the 
service U) the customer. « 

Brake-tester 

Brake-drum trueing machine 

Brake relining machine 

Special tools 

Stock of rivets and brake lining 

Brake-testers: The old method of testing the 
adjustment and equalization of brakes was by sliding 
the wheels on the pavement. The modern and 
M*ientific method is by means of brake-testers with 
which brakes can readily be checked for defects, then 
ndjusted and equalized, and again rechecked while 
the car is on the testing machine. Other inore 
simple types of brake-testers test each individual 
brake. 

There are several brake-testers on the market, all 
of which have some means of indicating the r(‘sist- 
ance to rotation of the wheels when the brake i.*-* 
applied, all of which are more dei)endablc and s^>eedy 
than the old method. A road test, however, is 
usually made as a final check. 

Brake-drum refacing and trueing machines: 

Brake drums which arc scored, concave and out-of- 
round cause grabbing, s(pieaking, and undue wear 
of the brake lining. IVIachines are made in the form 
of lathes for turning the drums true without remov¬ 
ing the drums from the wheels. In addition to turn¬ 
ing, some of the machines have attachments for 
honing to a polish after turning, and others grind. 

Quoting from Thermoid Rr/frence Book on 
Brakes: “It is not advisable to true up drums if an 
excessive amount of material must l)c taken off. 
Drums are generally made to a minimum of thick¬ 
ness and any exce.s.sive lightening of the wall of the 
drum will be followed by trouble with the druin 
going out of round again after very short service. 

“After trueing up brake drums, it is necessary to 
use over-size lining on the brake bands or shoes to 
take up the space formerly occupied by the removed 
metal. In practice it is found that lining 1/32” 
heavier than original equipment lining may be used. 
Using the fullest size lining possible on a job will 
give the car owmer maximum servi(^e from the brake, 
and allow the maximum number of readjustments 
before relining.” 

Some types of brake testers will detect out-of- 
lound drums. A dial tester reading in thousandths 
and equipped with a magnet to hohl it in any con¬ 


venient position can be used. King gauges and 
feelers or thi(;kness ga\igcs can also be used. A 
device known as the Wiidcll truc-vision brake and 
drum gauge is especially designed for this work; 
made by Wadell Engineering Co., Newark, N.J. 

Brake relining machines: Machines which wdll 
locate and punch out the old rivets from the lining 
and band, drill and countersink the new lining, and 
head over or clinch the new rivets are available, 
either as indivulual machines o])erated by foot power 
for these different operations or in the form of a 
combination motor-driven machine. 

Special tools for handling the minor brake service 
work consist of rear ami front axle jacks, or a 
combination roller jack, wheel-pullers with adapters, 
dummy brake drums, ring gauges, brake and drum 
gauge, brake-shoe bench anvils, vise (about 4” 
swivel base), brake-lining cMitter, brake-lining 
stretcher, bolt-cutter, wire cleaning brushes, hand 
drill, pliers, putty knives, paint (black), paint brush, 
.sledge hamin(‘.r (10 or 12 lbs.), files, and a good 
a.s.sortmcnt of wrenches, including socket WTenches, 
StilLson wrenches, large monkey wrench, and open 
end WTenches. An air line is handy for blowing out 
and cleaning. Special tools are also required for 
servicing Bendix brakes and the Lockheed hydraulic* 
brake (see footnote, pag(^ <SS0, relative to the.se). 

Stock of brake lining: The various sizes of brake 
lining in popular demand to be carried in stock as 
.sugge.sted by Multibestos Company are as follows; 

1 l/2”xrv32”; I 1/2”X3/I6”; 1 3/4”X3/16”; 
2”X3/1G”; 2 1/4”X3/16”; 2 l/2”x;3/lfi”. These 
sizes are for passenger cars mostly, although the 2”, 

2 1/4” and 2 1/2” sizes can b(i used on some of the 
smaller trucks. 

Popular sizcis for niotorcoaf-hew, trucks arul taxicalw as sun- 
by thft Mu'tibestos ('r)iiipany arc 2 l/4"X 1/4", 2 1/2" 
X1/4", 3"X 1/4", 3 l/2"X 1/4", 4"x 1/4". It is not always ad¬ 
visable to carry liniuK for this service as most of thcwe are con 
trolled by fleet owners w-ho operate tbeir own repair shops. If, 
however, a service station can secure this type of ousiness, then 
a sufficient assortment of sizes should be carried to take care 
(»f the particular needs. 

The kind of brake lining to carry in stock depenJs up«in the 
kind of cars in the community which will need brake servicini; 
and also conditions of service to which they are subjected. 'Fhc 
brake lining manufacturer's recommendation should be followed 

Wvet cabinet provides a single receptacle sub¬ 
divided for each rivet number, and is a necessity. 
Such a cabinet with a complete assortment of 
various sizes of rivets can be obtained from the 
brake lining manufacturers. 

General Informa lion 

Repairmen who contemplate entering the brake- 
servicing businessi or those already in business who 
wish information concerning complete equipment 
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and modern servicing methods for brake-service 
stations, should get in touch with concerns who 
supply brake-lining and brake testing equipment 
(see Sup'plernentary Index for latter). Some of the 
l)rakc-lining manufacturers supply instructive brake- 
service bulletins or manuals to those who use their 
product. 

For brake-lining and clutch-facing sizes for vari¬ 
ous makes and models of cars such as data books, 

see footnote 3, page 893. 

For service information on Bendix brakes and 
Lockheed hydraulic brakes, see pages 10S3-1090. 

Literature which will give brake-lining false clutch-facing) 
information can be obtained by writing to the following brake¬ 
lining companies: American llrakeblok Corp., Detroit, Mich.; 
Asbestos Alfg. Co., Huntington, Ind.; Firestone Tire and Itub- 
ber Co., Brake Twining Division, Akron, Ohio; Gatke (%)rp , 
Chicago, 111.; Johns-Mansville, New York, N.Y.; Keasbey & 
Mattison Co., Ambler, Ba.; Marshall Asbestos Corp., Sub¬ 
sidiary of Bendix Aviation Corp., Troy, N.Y. (no clutch facing); 
Thermoid, Trenton, N.J. (send 50 cents in stamps for large 
Thermoid liecornmendniion Chart)', United States Asbestos 
Division of Baybestos-Manhattan, Inc., Manheim, Pa.; Wag¬ 
ner Klectrio Corp.', Automotive Parts Division, St. Louis, Mo ; 
World Bestos Corp., Patterson, N.J. 

In giving the few names of manufacturers above, it is not the 
writer’s intention to imply that these are the only manufac¬ 
turers, or that they are selected in preference to others, as there 
are many other concerns who are making high-grade nroducts; 
see automobile trade magazines or inquire of your jobber. 

Wheel Alignmcnl 

Wheel alignment is necessary and is a profitable 
line of work, especially when added to the brake 
.service shop. 


Correct wheel alighment not only insures safe and 
easy steering but prevents undue tire wear. 

Misalignment of any one factor, or any factors 
collectively, iiainely, camber (wheel slant), kingpin 
incHnatUm (inward tilt of kingpin), caster (back¬ 
ward tilt of kingpin), turning radius (proper relation 
of Avheels on a ciirviO, toe-in (wheel gather), tracking 
(relation between front and rear wheels and frame), 
causes the wheels to roll improperly, so that either 
difficult steering, erratic steering, exetissive tire 
wear, or a combination of these results will be pro¬ 
duced. 

None of the.se problems are new; yet I hey have 
assunuRl a new importance and a dirfererit method 
for corrc'ction with the advent of the i)rcscnt-day 
balloon tires, foin-wheel brakes, high speeds, anti 
kiK'e-action units. 3’he ear imuiiifacturcrs design 
their front-axle assembly to meet the conditions and 
deliv(‘r new cars in perfei't alignment; but accidents, 
bumping curbs too haid, im])roi)erly mated tires, 
etc., may cause misalignment. 

The importance of these factors and methods of 
correiding inisalig!iinent i.s (‘xplained under tlic sub- 
j(M*t,s of Wheel Alignment Principles and Porreefing 
Misali/piment of Wheeh (see Supplementary Index). 


l‘|{INC:iPLfc:S OF TIIF FAKLY FLIXriHIC AND VACULM IU< VKFS 


Altliougli tlie construction of electric and vacuum brak< s 
lui8 undergone con.siderable improvement, the following infor¬ 
mation dcacrib(5a the early principles. 

'I'hc vacuum 

brake ia uh<hI to a considerable extent on large paasjuiger cars, 
iiiotorcoachea, trucks, and trailers. .See akso pages lOSl and 
F.lectric brakes arc extensively used on tr.'ulersh 

The Electric Brake 

Construction: The Hartford braking motor (Fig. 32) is 
show'll with reiiuction gearing. Tho armature shaft carries a 
worm gear which drives at a reduction of 100 to 1. 

This worm gear in turn operates a drum through an internal 
gear at a reduction of 4 to 1, giving a total reduction of 400 to I. 

.\ steel brake pulling eablo, which i.s wound on the <lnim, 
transmits tho pull of tho motor to tho brake iiicch.anism 


CONTnotvtfi wmiNo 



Fig. 32. The Hartford electric brake, consisting of a brak¬ 
ing motor operated from a storage battery and controlled by 
a lever controller on the steering column. 


Principle: Ity utilizing th(' suction in the intake manifold to 
exhaust the air from a cylinder (B) currying a piston, the 
piston 1.S forced to move, aiul in its motion applies tlm brakes 
through the usual braking system. The extent to which the 
brakes are applied depeniLs, of course, upon the siu'tion of the 
cylinder, and this is controlled by the driver through a throttle 
valve operated either by a peilal or a hand lever. 

The general layout of the system when installed on a car is 
shown in Fig. 33. It will be noted that the forwaril (*nd of the 



Fig. 33. The vacuum brake. 


s\u’ti«tii tube is attached to the intake manifold at its junction 
(I) with the carburetor pipe, this being the point of most con¬ 
stant suction. From here it lead.s to the tnrottle valve (C), 
located convenient to the driver’s foot. 

The construction and principle involve<l is similar to the air¬ 
brake cylinder used on railway trains, having a pressed-steel 
shell, a cast-steel head, and carrying a pre.ssed-steel pi.ston 
with leather packing. This piston has a diameter of 7'\ an 
area of 38*2 sq. in., and a stroke of 4", the entire braking cylin- 
iler assembly weighing about lU lbs. 


The controller is movt^ by degrees, which applies the brake 
gradually; or suddenly, if moved to the extreme limit. 

The point of decreased 'speed before coming to a full stop is 
illustrated by tho fact that a car, moving at the rate of 60 miles 
an hour, or 73 1/3 feet a second, can within 35 feet, or in one 
half-second’s time, be slowed down to 15 miles an hour or 22 
feet a second, and can bo brought to a dead stop within the 
next 10 feet. Tho current required is 40 amperes for two-fifths 
of a second, at a pressure of 6 volts. 

The Vacuum Brake 

This brake is known as the Prest-O-Vacuum brake, and is 
shown connected with the rear brakes in Fig. 33. 

*For literature on modern electric, and vacuum potver hrakea- 


The suction in the manifold (I) varies from 8 to 12 lbs. per 
sq. in. When tho throttle valve (C) is opened wide, at lca.st 
10 lbs. per sq. in. suction is applietl to tho piston in the braking 
cylinder. Hence the area of the piston being 38^2 sq. in., a 
suction, or, to be more exact, a pressure, of 10 times 08 *2 or 
.385 lbs., is applied to the piston. 

The piston, therefore, is moved under a direct pull of 385 lbs., 
and this in turn is compoundtxl through the toggle-joint con¬ 
nections to give a pull of 4,(X)0 lbs. on the brake rods. This is 
an extreme example of what the system can do, as a pull of 
4.000 lbs. is seldom required, unless on large trucks. It is evi¬ 
dent that the pull applied to the brakes may be graded from 
0 to 4,000 lbs. at the option of the driver, tho pull depending 
only upon the opening of the throttle valve. 

-pee ’‘M.'VNITAT.” nientioned on page 091A of this book. 
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STEERING GEARS: Principles, Types, Adjustments and Lubrication; Re¬ 
moving and Replacing Steering Gears 


STEEKINi; 

Definitions: The steerbig system (Fig. 1) indiulos 
all part/S required to steer the vehicle, and consists 
of the steering gear, the steering-gca»- connecting rod, 
the steering-knuckle gear rod arm, the steering- 
knuckle tic-rod, the steering-knuckle arms, and the 
steering knuckles, together with tlnar necessary 
]>earings, bushings, pins, etc. 



Fig. 1. The met'hani.srn of a conventional steering system. 


Nomenclature: Other terms are frequently used 
to describe the parts of the steering system. In this 
jiaragraph, tlie nomenclature recommended by the 
S.A.E. is shown in italics; and other commonly 
used terms for the same parts are shown in light- 
face type. StecrinQ-knuckle pivot, king pin, steering- 
knuckle pin. Steering-knuckle tie-rod, tie-rod. Sieer- 
ing-kmickle gear rod arm, steering arm. Steering- 
gear connecting rod, drag link, drag rod. Steering- 
gear arm. Pitman arm, ball arm, steering arm. 
Steering-wheel tube {or shaft), steering tube, steering 
shaft. Steering-column tube (stationary), jacket, 
column jacket, jacket tube. All of these terms will 
appear in the following text. 

The steering gear includes only t hose parts required 
to transform the rotary motion of the steering 
wheel to backward and forward motion of the steer¬ 
ing-gear arm (Pitman arm). It include.s such j)arts 
as the steering wheel, the steering-wheel shaft, the 
steering worm (or cam), the steering-worm sector 
(or roller, or worm gear, or nut, or cam stud and 
lever), the sU^ering-gear arm (Pitman arm), the 
steering-column tube (stationary tube or jacket 
which surrounds the steering-wheel shaft), together 
with the necessary bearings, bushings, cases, adjust¬ 
ments, etc. Sometimes the steering-gear assembly 
includes control devices such as horn button, hand 
spark and throttle controls, or light switch controls. 
The lighting switch is sometimes mounted on the 
bottom of the steering ^car. A complete steering- 
gear assembly is shown in Fig. 2. 


Note. The aubjecte on pages 898-910 have been revised, 
aud consequently there may be sume discrepancies between 
the index and text. See Supplementary Judex. 


GEAKS 



Fig. 2. Complete steering-gear assembly. I’sed on Modelr 
PI and P2 Plynioutli. VV'orru and ioiler types with two taperet 
rv>ller thrvist bcannga (16, 19) and small-diaineter straight 
roller bearing.^ (R) on the roller tooth assembly (39). Names of 
parts follow. 

1— Ilorn-button spring 

2— Horn-button contact wasln'r 

3— Horn-button plate 

4— Horn-butt(»n retainer 
.5—Steering-wheel nut 

0 - -Steering-wheel nut insulator 

7— Steering-wheel key 

8— Steering-gear column jacket bushing 
9 - -Steering-gear tube 

10— -Steering gear column jacket 

11— Horn-button cable 

12— Steering-gear column jacket oil-hole cover 
12 -Steering-gear column jacket clamp 

11—Stccring-gear housing 

15—-Steering-gear worm thrust bearing cap—upper 
10— Steering-gear worm thrust bearing cage and roller.s 
17—Steering-gear tu])e and worm 
IS—Steering-gear housing oil tiller plug 

19— Steoring-gc'ar wc^rm thrust bearing cage and rollers 

20— Steering-gear worm thrust bearing cup —lower 

21— Steering-gear worm thrust bearing adjusting shims 

22— Steering wheel 
22—Horn button 

24— Horn-button contact cup 

25— Steering-gear housing cover 

20—Steering-gear hou.sing cover gasket 

27— Steering-gear shaft adjusting screw 

28— Steering-gear shaft adjusting screw lock nut 

29— Horn-button plate lock wire 

20—Steering-gear shaft and roller tooth assembly 

31— Steering-gear shaft thrust washer 

32— Steering-gear shaft thrust washer shims 

33— Horn-button retainer plate spring 

34— Steering-gear housing or shaft busliings 

35— Horn-button cable contact 
.30—Steering-gear shaft oil seal 

37— Steering-gear arm nut 

38— Steering-gear column jacket clamp bolt 

39— Steering-gear shaft and roller tooth assembly 

40— Steering-gear housing 

41— Steering-gear arm 

42— Steering-gear grease retainer tube and cover 
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Requirements of a steering gear to render satis¬ 
factory service are: (1) should permit easy steering, 
that is, the front wheels should be turned by a light 
pull on the steering wheel; (2) should permit auick 
steering, that is, sharp turns should be made without 
requiring too much turning of the steering wheel; 
(3) shoiud be irreversible, that is, wh^ the front 
wheels strike obstructions in the road, a very light 
hold on the steering wheel should prevent any turn¬ 
ing of the wheels to right or left; (4) should prevent 
the transmission of road shocks to the steering 
wheel, thereby preventing fatigue of the driver; (5) 
should hold the front wheels on a steady course, that 
is, should resist ^‘wandering’^ from side to side. 

The accomplishment of all the desirable require¬ 
ments often calls for conflicting features of me¬ 
chanical design. Examples: (1) Easy steering is 
aided by having a large gear reduction in the steering 
gear; (2) quick steering is aided by having a small 
gear reduction in the steering gear; (3) irreversible 
tendencies are aided by having a large gear reduc¬ 
tion ; (4) large gear reductions tend to eliminate road 
shocks; (5) large gear reductions tend to resist 
wandering. Reducing the amount of friction in steer¬ 
ing gears is of marked advantage in promoting easy 
^steering, but sometimes a very slight amount of 
friction tends to overcome wandering. 

A consideration of the many conflicting factors 
accounts for the differences in the detailed me¬ 
chanical design of various makes and models of 

WORM AND THREE-TOOTH 

The worm and three-tooth sector type of steering 
gear is shown in Fig. 3. This steering geaF is used 
on a number of automotive vehi(;les. 

Principle and Construction 

Rotation ofd-he steering wheel causes rotation of 
the steering-wheel tube to which it is keyed. This 


steering gears. Different makes and models of 
passenger cars, trucks, and motorcoaches present 
different steering problems; and each must be 
studied by the designing engineer to obtain a cor¬ 
rect type of unit to suit the individual model of 
vehicle. It is for this reason that the steering gears 
on vehicles should not be changed without approval 
of the veWcle manufacturer. The problems en¬ 
countered in very heavy or in very fast vehicles are 
exceptionally difficult. 

Types of Steering Gears 

The earlier models of steering gears were of six 
types, as listed on page 11. 

The adoption of balloon tires, the increased speed 
of automotive vehicles, independent front-wheel 
suspension, and the demands for steering gears which 
arc safer and easier to operate than those shown on 
page 11 have rt suited in a number of improvements 
m the construction of steering gears. 

The types of steering gears used on 1936 model 
automotive vehicles are: 

1. Worm and three-tooth sector. 

2. Worm and roller. 

3. Cam and lever. 

I’he makes of steering gears used on various 
moflels of vehicles are given in the ‘'Specifications” 
(.sec Index). 

SECTOR STEERING GEAR 

causes rotation of the worm. The worm has a 
left-hand thread; therefore, turning the steering 
wheel to the right (clockwise) causes the sector 
teeth to move downward (counterclockwise, as seen 
in Fig. 3), and consequently the steering-gear arm 
will move to tlie rear (tu the right as seen in Fig. 3). 

* Applies to 1030 model. 



Fift. 3. Oemmer worm and thrao-tooth sector steering gear. The worm thrust bearings are of the roller type. 
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By examining Fig. 1, it will be seen that rearward 
movement of steering-gear arm will cause the steer¬ 
ing knuckles to turn to the right. Turning the steer¬ 
ing wheel to the right will therefore cause the front 
wheels to turn to the right. In the same manner, 
turning the steering wheel to the left causes the 
sector teeth to move upward, the steering-gear arm 
to move forward, and the steering knuckles to turn 
to the left. 

Worm thrust: When the steering wheel is turned 
to the right, the reaction of the sector teeth, which 
are being forced downward, causes them to exert 
an upward thrust on the worm. This thrust is 
withstooil by the upper roller thrust bearing. In 
the same manner, Avhen the steering wheel is turned 
to the left, the downward thrust on the worm is 
withstood by the lower roller thrust bearing. The 
use of roller thrust bearings instead of plain thrust 
bearings reduces the amount of friction in the steer¬ 
ing gear, thereby promoting easy steering. 

Adjustments and Lubrication (Gcinmer) 

The Gemmer Manufacturing Co., Detroit, Mich., 
issue the following instructions for their Models 120, 
135, and 140 steering gears, as illustrated in Fig. 3. 

Means of mechanically eliminating all play within 
the mechanism have been provided. There is no 
need of being forced to choose between a stiffly 
operating unit and one having lost motion, since 
none of the adjustments are indexed (they do not 
have fixed |>ositions) but can be set at the will of 
the adjuster at the most desirable point. 

Adjustment of worm thrust: In this type of gear, 
there is provided an automatic, take-up device be¬ 
tween the upr>er worm thrust bearing and housing 
cap (see Fig. 3). Its purix)se is to obviate the need 
for adjustment, except perhaps after consiuerable 
usage. 

Before altering this adjustment, be sure that cause 
of trouble is not from some other looseness, such as 
in ball sockets, or end play in sector shaft (see Pig. 
3). Then make the following test : Turn hand wheel 
about one turn to right from straight-ahead driving 
position. Secure in this position to prevent any 
oscillation when front wheels are shaken violently. 
This can be done by tying one spoke to a left side 
door colunm and holding the wheel against it as a 
brace. Grip column with other hand just below 
wheel hub with side of finger, barely touching lower 
end of hand wheel hub. Now have helper shake 
front wheels hard sidewise. This will enable any 
end play in worm bearings to be felt at wheel hub. 
If end play is less than ten-thousandtlis of an inch, 
no adjustment is required. If end play exceeds 
ten-thousandths of one inch, remove one shim from 
under housing cap (see Fig. 3), proceeding as follows: 

Loosen jacket clamp bolt and move jacket clamp 
up about above lower end of jacket. 

Ijoosen instrument-board gear bracket clamp from 
gear jacket. 

Work jacket down until lower end is against 
housing cap. 

Remove housing cap screws and work jacket up 
until stopped by bottom of steering-wheel recess. 

You should no^ have aboit room between 
top of housing and housing cap to remove shim. 
Use a knife to separate top slum, passing blade all 
the way around Between shimSj care being taken 
not to mutilate the remaining shims. Now cut shim 
near one hole on an angle and remove. Reverse 
operations to reassemble, cai e being taken to locate 


jacket so top end will clear bottom of wheel I’ecess, 
thus preventing friction at this point.^ Locate 
jacket clamp as near the bottom end of jacket as 
possible. 

Note: A screw type of worm thrust bearing adjustment in- 
Btead of shims is provided on some models of Uemmer steering 
gears. The adjustment screw with its jam nut is at the top of 
the housingslightly above the position of the oil filler plug (G) 
in Fig. 3. The upper part of the housing is fitted with a mamp 
and a housing clamp bolt instead of a housing cap as shown in 
Fig. 3. To adjust the worm thrust: Turn steering wheel as far 
as it will go in either direction and back up turn or to point 
where there i'' lash in the steering gear arm. This leaves the 
worm bearings free of side thrust. Loosen the jam nut of the 
adjustment screw and back off the adjustment screw. ^ turn. 
Tighten tlie housing clamp bolt very tight, then back off just 
enough to allow itsTock washer to be partially collapsed. Now 
tighten the adjustment screw as tightly as possible with a 6'' 
wrench, then back up 1/6 of a turn. Hold in this position and 
lock the adjustment screw jam nut. Now tighten the housing 
clamp bolt very securely. Turn hand wheel as far as it will go 
in both directions and test for stiffness. With the exception of 
this difference in method of taking up thrust-baring wear, the 
other adjustments are the same as described in the following 
instructions for the shim type gear. 

Make other adjustments in following order: 

First: Alignment of gear column: Important that 
front wheels of car be jacked up and the drag link 
removed from sto(‘ring gear hall arm in order to 
effect a satisfactory stccritig-gcar adjustment. 
Wheels should swing throughout their turning 
radius without tight spots, and not jiull more than 
10 lb. on drag link in both directions. 

Loosen the frame bracket bolts just enough to al¬ 
low ^car to shift in frame to line up at angle de¬ 
termined by height setting of instrument-board gear 
bracket, and retighten frame boKvS. Now loosen 
the instrument-board gear bracket and allow it to 
shift to match gcar-colurnn position, and rctighten. 
This will correct any possil)lc misalignment of gear 
column. 

Second: Adjustment of end play in cross-shaft: 

See that housing cover nuta (A) and jam nut (E) 
(Fig. 3) are tightened SE(>UIIELY. '^I’urn hand 
wheel as far as it will go in either direction and back 
1/8 turn. Gripping steering-gear arm at hub (B) 
(Fig. 3), the shaft should rotate freely without a 
particle of end play. Adjust as required by means 
of adjustment screw (C) (Fig. 3) at side of housing 
next to engine. Bo sure to lock SECURELY with 
lock nut (D) (Fig. 3) and rcinspect end play and 
freedom. 

Third: Adjustment for proper mesh of sector 
teeth in worm: Turn hand wheel to the mid-j>osition 
of its complete travel or turning limita. (Drag link 
previously disconnected.) Most hand wheels have 
a trade-mark or large depression on the underneath 
side of the spoke that should now point straight 
upward toward roof of car, or straight down, which¬ 
ever location is nearest to the mid-position. Place 
this marked spoke in correct position and shake ball 
end of steering-gear arm to determine amount of 
lost motion. Loosen housing-cover nuts (A) (Fig. 
3) ONE-QUARTER turn and eccentric sleeve jam 
nut (E) (Fig. 3) one-half turn. Turn the eccentric 
adjusting sleeve (F) (Fig. 3) clockwise very gradual¬ 
ly, checking at each movement the amount of lost 
motion still existing at the ball arm. Adjust to 
point where lash can just be felt at ball end of steer¬ 
ing-gear arm, being sure to finish movement of ec¬ 
centric adjustment sleeve (F) in clockwise direction. 
Turn hand wheel throughout full travel to test foi 
free operation. If too tight, turn eccentric adjust¬ 
ing sleeve (F) counterclo^wise to free and readjust 
as above more carefully. Tighten eccentric adjust* 
ing sleeve jam nut (E) SECURELY FIRST and fol¬ 
low likewise with housing-cover nuts (A). Very im¬ 
portant. ^ 
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The worm is made in such manner that close mesh 
v/ith sector teeth is provided at the mid-position or 
}>lace corresponding to the straight-ahead driving 
range, with gradual relief toward the ends. Since 
any normal wear is most pronounced at mid-posi¬ 
tion, this provision allows for subsequent adjustment 
without fear of binding toward the extreme positions. 

When the sector teeth are properly centralized 
in relation to the worm thread, there should be an 
eoual amount of lash in the rnesh of these parts at 
1/3 turn of hand wheel each side of mid-position pre¬ 
viously described. If this is not the case, correct as 
follows: 



Fig. 5 (right). Proper adjustment. Meah closed up by 
turning eccentric aleeve (F) clockwise. No laah at center 
position. Equal amount of laah 1 /W turn on each side of center. 


Fourth: Centralization of tooth contact: The 

foregoing adjustments will suffice in practically 
every instance. Occasionally, howeVer, even after 
the three adjustments have been carefully made and 
checked, there may still be an unequal amount of 
lash between sector teeth and worm at points 1/3 
turn from mid-position of worm. To comj)ensate 
for any inequalities in lash, and to get proper tooth 
contact, an eccentric rivet adjustment is provided 
(see M, Figs. 3, 4, 5, 6, 7). By means of this adjust¬ 
ment, the sector shaft can be shifted to either si(ie 
of the worm mid-position. 



Fig. 7 (rifht). More beckUih at extreme right turn. Turn 
vM) olookwiae to oorreot. 


In making this adjustment, the check must start 
with the sector shaft teeth meshed at the mid-posi¬ 
tion of the worm (see Fig. 5). 

The mid-position is found by turning the column 
or hand wheel to the mid-position of its complete 
travel or turning limits and locating marked* spoke 
as previously described. 

Turn column 1/3 revolution to the right and shake 
the steering-gear arm to note the amount of play 
or lash at this point. 

Now turn column 2/3 revolution to the left (which 
is in reality 1 /3 revolution to left of center) and shake 
arm. Lash at this position should be same as when 
turned to right of center. 

If there is more lash at left, turn eccentric rivet 
(M) slightly in a counterclockwise direction (see 

Fig. 6). 

If the lash is more at right, turn eccentric rivet 
(M) in a clockwise direction (see Fig. 7). 

After these positions have been equalized, adjust 
for proper rnesh of shaft teeth in worm as described 
under heading ^‘Adjustment for Proper Mesh of 
Shaft Teeth in Worm.’* 

After making final adjustment, SECURELY tight¬ 
en eccentric sleeve jam nut (E), then follow by tight¬ 
ening housing-cover nuts (A). li is inrportant that 
the eccentric sleeve jamb nut (E) be tightened first 
(.see Fig. 3). 

Lubrication: Remove oil filler plug (G) (Fig. 3) 
in steering-gear housing; also vent hole cover. 

Fill with approved lubricant until it comes out of 
oil vent. 

Replace plug (G) and vent cover to prevent dirt 
from entering housing. 

Avoid use of graphitey white leady or heavy solUlified 
oil. 

If these adjustment instructions are followed care¬ 
fully and correct lubrication used, proper function¬ 
ing of the steering mechanism will result. Do not 
deviate from these instructions to correct any er¬ 
ratic action of the front wheels, as evidenced by 
shimmy or steering-wheel fight, but instead see that 
tires are properly inflated and front axle checked for 
correct toe-in, camber, and caster specifications. 
Shock-absorber tension or adjustment should be at 
the recommended standard. Tie-rod and drag-link 
sockets or connections must also of necessity be 
adjusted to correct tension and freedom. 

Approved extreme pressure lubricants having an 
S.A.E. visct)sity numljer of llO-KK) are recom¬ 
mended. 

Adjustments and Lubrication (Saginaw) 

The Saginaw worm and three-tooth sector steering 
ge^r operates on the same general principle as for¬ 
merly described. 

The Saginaw Steering Gear Division, General 
Motors Corp>oration, Saginaw, Mich., issue the fol¬ 
lowing instructions for their Models 21 and 22 steer¬ 
ing gears, as illustrated in Fig. 8. 

The steering gear has three adjustments: (first) 
end play in sector shaft; (second; end play in worm 
shaft; (third) backlash between worm and sector. 

First: To remove sector shaft end play: 

1. Disconnect drag link, then rotate steering 
wheel to the left until gear stops, then turn to the 
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right approximately turn. Pitman arm will be 
in position (M). 

2. Loosen nut (A). (Engine side of gear.) 

3. Turn screw (B) to the rigdit sufficiently to re¬ 
move end play from the sector shaft. 

, 4. Tighten lock nut (A) securely. 

5. Connect drag link. 

Second: To remove worm shaft end play: 

1. Disconnect drag link. 

2. Loosen clamp at instrument panel. 

3. Loosen housing clamp bolt (H). 

4. See that clamp bolt (J) is pulled up as tightly 
as possible. 

5. Rotate column jacket to the right, by gripping 
clamp (K) with a wrench, os far as jX)ssible without 
stiffening the action of the steermg wheel while 
turning through its entire range. The column 
jacket must be turned to the right only, as the 
adjusting screw must be in positive contact with the 
bearing when adjustment is completed. 

6. Tighten housing clamp bolt (H). 

7. Loosen clamp bolt (J). 

8. Rotate column jacket to the left until horn 
wire (G) is at bottom. 

9. Tighten clamp bolt (J). 

10. Tighten clamp at instrument panel. 

11. Connect drag link. 

Third: To remove backlash between worm and 
sector: 

Note: Third adjustment not to be made until 
after first and second adjustments. 

1. Locate wheels exactly in straight-ahead posi¬ 
tion. (Pitman arm will be in position [L]—very 
important.) 


2. Disconnect drag link from Pitman arm and 
move arm fore and aft to determine amount of back¬ 
lash. 

3. Loosen cover stud nuts (C) turn only. 

4. Loosen nut (D) H turn only. 

5. With one wrench on eccentric bolt (E) and one 
on eccentric sleeve (F), turn (E) and (F) in opposite 
directions equally, in gradual stages, noting result 
by moving Pitman arm at each step and using care 
at last stage to turn (E) and (F) just sufficiently to 
remove backlash and no further; if (E) and (F) are 
turned more than necessary, damage to gear will 
result. 

Note: In most cases, turn of eccentrics (E) 
and (F) should be sufficient. 

6. Rotate steering wheel to right and left to see 
if there are any tight spots. If so, it will be neces¬ 
sary to loosen the adjustment only enough to allow 
wheel to be turned through these spots without 
excessive binding. 

7. Tighten nuts (C) and (D) securely and connect 
drag link. 

8. Check backlash at steering wheel. In straight¬ 
ahead position, the wheel should not be tight but 
should have no backlash, unless high spots are en¬ 
countered, as noted under No. 6. 

Note: When properly adjusted, gear should be 
without backlash in straight-ahead position. 

Lubrication: The steering gear is lubricated at the 
factory with a special steering-gear lubricant de¬ 
veloped for both summer and winter oj>eration. 
Seasonal change of lubricant and draining of gear 
case is not necessary. 

Gear should be kept filled with the foregoing 
lubricant or a suiteble substitute. 



Fig. 8. Saginair worm «nd three-tooth sector steering gesr. The worm thrust bearings are of the roller type. 
See SuppUmeniaty Index for '"Steering Troubles^' and "Steering Remedies" former! y on this page. 
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WORM AND ROLLER STEERING GEAR 


The worm and double-roller type of steering gear 
is shown in Fig. 9. This steering gear^ is extensively 
used on automotive vehicles. 

Principle and Construction 

The general principle of operation of this type of 
steering gear is the same as described for the worm 
and thSee-tooth sector typ>e. The main difference 
is that a two-tooth (double) roller, mounted on 
small-diameter straight roller bearings or on ball 
l/carings, performs the function of the sector. As 
the worm is turned by the steering wheel, the roller 
Teeth revolve in the opposite direction, thereby 
(istablishing rolling contact between roller teeth and 
worm threads instead of the sliding contact which 
exists between sector teeth and worm threads. The 
purpose of rolling contact is to reduce the amount of 
friction in the steering gear. 

Variations in construction of the worm and roller 
type of steering gear is most noticeable in the manner 
of mounting the roller. In Fig. 9 the roller is 
mounted on ball bearings, but many steering gears 
have the rollers mount^ on small-diameter roller 
bearings, as shown in Fig. 2. Some steering gears 
used a straddle-mounted roller shaft, that is, an 
inner roller bearing is placed on the shaft at the 
end a^jjainst wliich the roller shaft adjustment screw 
(see Fig. 9) bears. 

Adjustments and Lubrication (Gemmer) 

The Gemmer Manufacturing Company issue the 
following instructions for their Models 300 and 330 
double-roller ball-bearing steering gears, as illus¬ 
trated in Fig. 9. 

Means for mechanically eliminating all play within 
the mechanism have been provided. There is no 
need of being forced to choose between a stiffly 
oi)erating unit and one having lost motion since all 


of the adjustments can be set at the will of the 
adjuster at the most desirable point. 

In this type of gear, the major adjustments are ac¬ 
complished with the use of shims. The need for 
adjustment, however, should present itself only 
after consiaerable usage. 

Before altering any adjustments, jack up front 
wheels of car and make sure that cause of complaint 
is not from some other looseness, such as ball sockets 
and so forth. Then make the following test: 

First: Inspection for proper worm bearing adjust¬ 
ment: Turn hand wheel about one turn to right 
from straight-ahead driving petition. Secure in 
this position to prevent any oscillation when front 
wheels are shaken violently. This can be done by 
tying one spoke to a left side door column and hold¬ 
ing the wheel against it as a brace. Grip column 
with other hand just below hand wheel hub, with 
side of finger barely touching lower end of hand 
wheel hub. Now have helper shake front wheels 
hard sidewise. This will enable any end play in 
worm bearings to be felt at wheel hub. If any end 
play exists, worm bearings need adjusting. Be 
sure end play is felt, and do not be confused with 
play or give in jacket bushings. Worm bearing 
adjustment should be correct before further inspec¬ 
tion of gear is made. 

Worrn bmring adjv^tment: loosen four worm 
cover screws 1/8" (Fig. 9). I"se a knife to separate 
the top shim, passing blade all the way around be¬ 
tween shims, care being taken not to mutilate the 
remaining shims. Remove only one shim at a time 
l)et\veen inspections, to remove end play. Care 
should be taken not to set up stiffness in worm 
l^earings. 

* Applies to 1936 model. 
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It is important the drag link be removed from 
steering-gear ball arm in order to effect a satisfac¬ 
tory inspection of other adjustments and alignment 
of gear in car. Now revolve hand wheel to deter¬ 
mine if any stiffness exists. If so. too many shims 
have been removed or gear is misaligned in car. 

Second: Correction of gear misalignment: Loosen 
the frame bracket bolts just enough to allow gear 
to shift in frame to line up at angle determined by 
height setting of instruinent-lx)ard gear bracket, 
and retighten frame bracket bolts. Now loosen 
instrument-board gear bracket and allow it to shift 
to match gear-column position, and re tighten. This 
will correct any tx«sible misalignment of gear 
column. 

Third: Inspection for end play of roller shaft: 
Turn hand wheel as far as it will go in either direc¬ 
tion and back 1/8 turn. Gripping ball arm at hub, 
roller shaft should rotate freely without particle of 
end play. If anv end play existiJ, adjust as required 
by means of roller-shaft adjustment screw (Fig. 9) 
at back of housing. Be sure to lock SECURELY with 
lock nut (Fig. 9), and reinspect for end play and free 
rotation throughout whole gear movement. 

Fourth: Inspection for proper mesh of shaft roller 
in worm: (Never make inspection for proper mesh 
without first correcting roller shaft and column 
adjustments.) Turn hand wheel to the mid-position 
of its complete travel or turning limits. (Drag link 
pre\iously disconnected.) Most hand wheels have 
a trade-mark or large depression on the underneath 
side of the spoke that should now point straight up¬ 
ward toward roof of car, or straight down, whichever 
location is nearest to the mid-position. Place this 
marked spoke in correct jwsition and shake ball 
arm to determine amount of lost motion. If this 
lost motion exceeds 1/32", roller shaft adjustment 
should be made—in which case, gear must be re¬ 
moved from car. 

ImportaxU note: Before drag link is again con¬ 
nected to steering-gear ball arm, swing front wheels 
throughout their turning radius to determine if any 
tight spots exist. There should not be more than 
10 lb. pull on drag link either fore or aft throughout 
entire turning radius. 

Fifth: When gear is removed from car: Holding 
gear in vise and with column to right of vise, remove 
roller shaft (Fig. 9), care being taken that all roller 
shaft shims remain in roller shaft, so none will drop 
into housing l)ehind worm, which may cause inter¬ 
ference with proper gear operations. Remove jacket 
(Fig. 9) from gear housing and replace hand wheel 
on column. If proper worm bearing adjustment has 
not l)etm accomplished, reatljust as per previous 
instructions. .Note that roller shaft thrust washer 
(Fig. 9) is assembled with chamfered side next to 
roller shaft thrust face. 

Sixth: Roller shaft mesh in worm: Adjustment 
for closer mesh of the shaft roller with the worm— 
or, in other words, elimination of excessive play at 
this point—is accomplished by the removal of shims 
which are in place behind the roller-shaft thrust 
washer. The position of roller contact with worm 
is offset from the center line of worm-; hence when a 
shim is removed, the roller is moved into closer mesh 
with the worm. 

Select, through trial, the proper amount of shims 
to produce not more than .006" play measured at 
enci of ball arm, and without heavy drag on hand 
wheel. Remove only one shim from roller shaft 
(Fig. 9) and insert roller shaft in housing. Then 
turn h^d wheel nearly to left stop. Now hold 


roller shaft in place, with thumb pressure on head 
end of roller shaft, and revolve hand wheel to the 
right until shaft roller is in center of worm. (Do 
not reverse turn to left.) Still holding roller shaft 
in place, grip splined end of roller shaft with other 
hand and try to rotate it. If any play exists, remove 
another shim and repeat operation until play felt by 
hand in center of gear is removed. 

When proper amount of shims have been selected, 
turn hand wheel clovSe to either stop and reassemble 
roller shaft cover (Fig. 9): tighten screws securely. 
(Drive ball arm on roller shaft.) Now loosen 
roller-shaft adjustment-screw lock nut (Fig. 9) and 

S hten roller-shaft adjustment screw (Fig. 9) until 
end play in roller shaft has lieen removed, when 
gear shaft is rotated in this lash position near end of 
worm. Ix>ck roller-shaft adjustment-screw lock 
nut (Fig. 9) and reinspect gear for freedom of opera¬ 
tion throughout and absence of end play in roller- 
shaft adjustment. 

Seventh: Reassemble gear in tea: When re¬ 
assembling jacket on gear, use nothing but castor 
oil on jacket bushing. Read again Imjmiani note 
and Correction of gear ynisnlignrnent. 

Lubrication instructions are the same as those 
previously given for the GernrncT worm and three- 
tooth sector steering gear. 

Other Gemmer worm and roller steering gears: 

Models 300-330, small-diameter roller bearing tyfx^; 
Models 330-370, straddle-mounted shaft, small- 
diameter roller-bearing tyix^ and Mo(l(‘Is ik30 370, 
straddle-mounted shaft, ball-bearing type, have 
identically the same instructions for adjustment and 
lubrication iis described for the Models 3(K)-330 
ball-bearing type. 

Adjustmeeis and Lubrication (Saginaw) 

The Saginaw worm and roller steering gear 
operates on the same general principle as formerly 
described. 

The Saginaw Steering Gear Division, General 
Motors Corporation, issue the following instructions 
for their Model 320 steering gear, as illustrated in 
Fig. 10. 

First: When adjusting steering gear, disconnect 
steering connecting rod (drag link) from the Pitman 
arm, being careful to note adjustment of connecting 
rod; also loosen clamp at instrument panel. 

Second: To remove Pitman shaft end play: 

1. Loosen nut (A), engine side of gear. 

2. Turn screw (B), right hand, sufficiently to just 
remove end play from Pitman shaft. 

3. Tighten lock nut (A) securely. 

4. Turn the gear to each extreme position, so 
that it does not quit^ touch the axle stops (with Pit^ 
man arm approximately in ixisition (Mj), and check 
by moving the Pitman arm to see that the adjust¬ 
ment has not caused excessive binding of the Pitman 
shaft. 

Third: To remove worm end play—Types I and II: 
TYPE I 

1. Loosen housing clamp bolt (C). 

2. See that clamp bolt (P) is pulled Up tightly. 

3. Rotate column jacket to the right by gripping 
clamp (D) with a wrench until a slight load is felt 
on the steering wheel when turning—with the gear 
near extreme positions. The column jacket must 
be turned to tne right only, ds the adjusting screw 
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must be in positive contact with the bearing when 
adjustment is completed. 

4. Tighten housing clamp bolt (C). 

5. Loosen clamp bolt (P). 

6. Rotate column jacket to the left until horn 
wire (K) is at bottom. 

7. Tighten clamp bolt (P). 

TYPE II 

1. Loosen housing clamp bolt (C). 

2. Rotate adjusting nut (L) to the right with a 
wrench until a slight load is felt on the steering 
wheel when turning—with the gear near extreme 
p)sition. Use care when doing this to turn adjust¬ 
ing nut (L) downward only, as it must be in positive 
(contact with the bearing races when the adjustment 
is completed. 

d. Tighten housing damp bolt (C). 

When worm end play adjustment is completed 
in Types 1 and 11, the load on the worm bearings 
should not (exceed 11/4 lb. when measured at the rim 
of the stecri ng wheel with a spring scale. This check 
should be inade with the gear turned to extreme 
jiositions, just off the stops, with Pitman arm ap¬ 
proximately in ])osition (M). 

Fourth: To remove backlash between worm and 
roller; 

1. Center the steering gear vso that steering w’heel 
is in its straight-ahead driving position with ai> 
proximately the same numl)er of wheel turns to 
the right and left of this posit ion. 

2. Ijoosen frame mounting bolts (E), 1/4 turn only. 

3. Loosen nut fF), 1/2 turn only. 


4. With one wrench on eccentric bolt (G) and one 
on eccentric sleeve (H) turn (G) in clockwise direc¬ 
tion, and at the same time turn (H) in the opposite 
direction by gradual stages, noting results by moving 
Pitman arm at each step, and using care at the last 
stage to turn (G) and (H) just sufficiently to remove 
backlash and have a slight load when turning 
steering wheel through center. Tighter adjustment 
will cause damage to gear. 

Note : In most cases 1/8 turn of eccentrics (G) and 
(H) should be sufficient. 

5. Rotate steering wheel to right and left to see 
if there are any tight spots. If so, it will be neces¬ 
sary to loosen the eccentric adjustment only enough 
to allow wUecl to be turned through these spots 
without excessive binding. 

G. Tighten all bolts (E) and nut (F) securely. 
With the gear properly adjusted as instructed 
above, the load required to turn the gear through 
center position should not exceed 2 1/4 lb. when 
measured with a spring scale at the staring-wheel 
rim. 

7. Check backlash with the gear in the straight¬ 
ahead position by feeling the Pitman arm. There 
should be no movement of the Pitman arm in the 
straight-ahead position unless tight sjxits arc en¬ 
countered as noted under (5). 

8. Connect steering connecting rod. 

Lubrication of Model 320 Saginaw steering gear: 
the steering gear is lubricated at the Jactory wdth a 
special steering gear lubricant developed for both 
sumuKT and winter operation. Sea.sonal change of 
lubricant and draining of gear case is not necessary. 

Gear should be kept filled with the foregoing 
lubricant or a suitable .substitute. 



Fig. 10. Saginaw worm and roller steering gear. The worm thrust bearings are of the roller type and the steering-aear 
roller (Q) is mounted on ball bearings. 

See Supplementary Ind^ for “Wheel Wobble,” "Hard Steering,” “Tire Wear,” etc. formerly on this page. 
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CAM AND LEVER STEERING GEAR 


The cam and lever type of steering gear is shown 
in Figs. 11 and 13. These steering gears^ are widely 
used on automotive vehicles particularly on heavy- 
duty trucks and motorcoaches. They are known 
as Ross Cam and Lever steering gears manufactured 
exclusively by the Ross Gear and Tool Company, 
Lafayette, Indiana. 

Principle and Construction 

Rotation of the steering wheel causes rotation of 
the steering tube and the cam. The cam is of a 
type known as a cylindrical cam, that is, its actuat¬ 
ing surface consists of a groove cut into a ^linder, 
and the cam follower (the tapered stud) fits into this 
groove. The groove is helical (screwnshaped), and 
turning the storing wheel to the right (clockwise) 
causes the stud and its lever to move downward 
(clockwise as seen in Fig. 11). This causes clockwise 
rotation of lever shaft and steering-gear arm (2) 
thereby pulling the steering-gear connecting rod to 
the rear and causing the front wheels to turn to the 
right. 

On right-hand-drive cars (as used in some foreign countries), 
the steering gear and steering-gear connecting rod are on the 
right side of the car. In this case, the cam groove is right 
handed, so that turning the steering wheel to the right causes 
stud and lever to move upward, pushing the steering-gear con¬ 
necting rod forward and causing the front wheels to turn to 
the right. 

Cam thrust is withstoml by ball l)carings in a 
similar manner as descril)e<l for the worm thrust of 
the three-tooth sector steering gear. 


The pitch of the cam is not constant but is less 
at the canter than it is at the ends, that is, the groove 
at the point midway between the top and the bottom 
of the cam is cut at a smaller angle than at the ends 
of the cam. Therefore the groove surface which is 
in contact with the stud, when the wheels are in 
straight-ahead position, is very nearly flat (Fi^. 11 
shows the steering gear in approximately straight¬ 
ahead position). The purpose of this construction 
is to obtain a large gear reduction when the front 
wheels are in straignt-ahead position, and conse- 
(^uently to reduce rotwl shock, promote easy steer¬ 
ing, and prevent wandering. As the front wheels 
are turned, the stud comes into contact with cam 
surfaces having a greater pitch, thereby effecting a 
smaller gear reduction and promoting quick steering. 
Constructing the cam with a non-constant pitch 
therefore tends to achieve the advantages of both 
large amd small gear ratios. 

The pitch is sometimes made constant to suit the oonditions 
required by some car manufacturers. 

Lubrication and Adjustments (Ross 
Integral Stud) 

The Ross Gear and Tool Company issue the fol¬ 
lowing instructions for their Models S-14 and S-21 
cam and lever steering gears with integral stud, as 
illustrated in Fig. 11. Do not tighten the steering 


‘ Applies to 1936 models. 



Fig. 11. Rom cam and leror stoering gear with integral etod. The cam thrust bearings are of t^e ball thrust type. 
See SuvpUmentary Index for "Caster, Camber, Toe-In, King-Pin Inclination" formerly on this page. 
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gear to dampen out steering troubles. Adjust the 
steering gear only to remove play in it. 

Lubrication: Through pipe plug hole (1), fill hous¬ 
ing slowly with steering-gear lubricant until it be¬ 
gins to run out of vent hole (8). Do not use ordinary 
grease. Some of the steering-gear lubricants ap¬ 
proved by the Ross Gear and Tool Co. for both 
summer and winter use are: Cities Service Steering 
Gear Compound Elco No. 10, Gulf Chassis 

Lubricant, Kendall No. 400 OK Gear Lube, Mobil- 
grease No. 2, Sinclair C 160 EP Lubricant, Sunoco 
Special Steering Gear Lubricant, Veedol No. 400 
Steering Gear Lubricant, Whitmore No. 70. Other 
lubricants are approved for summer or winter use 
only. 

Repeat every 5,000 miles. It may be necessary 
to do this oftener in some cases. 

Before adjusting, free the steering gear of all load, 
preferably by disconnecting drag link from steering- 
gear arm (2). 

Loosen instrument-board bracket clamp on steer¬ 
ing-gear jacket tube. 

First: Adjust ball thrust bearings to take up end 
play of cam: 

1. Before making this adjustment loosen the 
housing-side plate adjusting screw (9,10) to free the 
stud in the cam groove. 

2. Adjust to a barely perceptible drag so that the 
steering wheel can be turned freely (with the thumb 
and forefinger lightly gripping the rim). 

3. Unscrew the four clamp screws (3) and move 
up housing upper cover (4) as far as ix)ssible—about 

—to p(*rmit removal of shims (combination of 
.003", .010", and .030" shims are used in between 
paper gaskets). 

4. Clip and remove a .003" shim or more as re- 
qiiircd. Reassemble clamp screws and tighten. 
Draw screws down tight. 

5. Test adjustment as in paragraph 2 and, if 
necessary, remove or replace shims until adjustment 
is correct. 

Second: Adjust lever shaft stud in cam groove 
for backlash: 

6. Backlash at this point shows up as end play 
of lever shaft; also as backlash of steering wheel. 

7. Note that the groove is purposely cut deeper 
in the ends of the cam than in the mid-position. 
This produces a high range through mid-position 
and makes the groove ixarrower throu^ this ran^e 
(see Fig. 12). ^is permits take-up of backlash m 
the mid-position, aft^ normal wear of the groove, 
without causing a bind in the ends. 

8. Adjust to this mid-position high range. 

9. Do not adjust in the end positions. Play in 
the end positions is not objectionable. 

10. Tighten side cover adjusting screw (10) until 
a very slight drag is felt through the mid-position 
high range when turning the steering wheel slowly 
from one extreme to the other. 

11. Important. The j^ar must not bind anv 
place. Only a venr alight drag should be felt. A 
closer adjustment will not correct any steering condi¬ 
tion, but will damage and wear the parts and impair 
operation. 



12. When the proper adjustment has been made, 
tighten the lock nut (9) and then give the gear a 
final test. 

13. Make sure steering-gear ball arm (2) is tight 
on the splined shaft and that the lock washer and 
nut (7) are tight also. 

Third: Colunm alignment: 

14. Tighten instrument-board bracket clamp. 
Turn steering wheel to see if any stiffness exists. 
If so^ the gear has been adjusted too tight or the 
steering column is out of alignment. The steering 
column must not be sprung in any direction. 

15. If misalignment exists, correct according to 
methods provided by car manufacturer. 

Fourth: Steering-gear connection with front 
wheels: 

16. Turn the steering wheel as far to the right as 
possible, then rotate the wheel in the opposite direc¬ 
tion as far as possible and note the total number of 
turns. Turn the wheel back just onedialf of this 
total movement, thus placing the stud lever in the 
mid-position. Place the front wheels in position 
for straight-ahead driving. It should then oe pos¬ 
sible to connect the drag link to the ball on the end 
of the steering-gear arm without moving the gcAr to 
any appreciable extent. If this cannot be done, re¬ 
move the arm from the steering gear and place it on 
the splined shaft in the proper position. Otherwise 
it will not permit the front wheels to swing equally 
to the left and right. 


Lubrication and Adjustments (Ross 
Twin Lever) 

The twin-lever steering gear operates on the same 
^neral principle as the integral-stud gear showm in 
Fig. 11 except that two levers with integral stu^ 
are used as shown in Fig. 12A. The result has been 
to produce a higher overall gear ratio, particularly 
on sharp turns, thereby promoting easy parking. 

Lubrication and adjustments are the same as for 
the Ross integr^ stud Models S-14 and S-21 
(previously explained). 


0SS MuppUmenkury JfuUt for '*Wlioel Bssringa anil Stsering Knuckle Bearinga** formerly on this page. 
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Fig. 12A. Ross cam and lever steering gear with twin lever. 
The cam thrust bearings are of the ball thrust type. 

Lubrication and Adjust men t.s (Ross Roller 
Bearing Stud) 

Roller motmted stud cam and kwcr steering gear 
is of essentially the same construction as shown in 
Fig. 11 except that, instead of the stud being integral 
with the lever, it is mounted on roller bearings, as 
shown in Fig. 13. This construction permits rolling 
contact between stud and earn surfaces, thereby re¬ 


ducing the friction in the steering gear. The other 
main difference is in the adjusting plug and the 
means of adjusting the ball thrust bearings of the 
cam. 

The Ross Gear and Tool Company issue the fol¬ 
lowing instructions for their cam and lever steering 
gears with roller bearing mounted stud as illus¬ 
trated in Fig. 13. Do not tighten the steering gear 
to dampen out steering troubles. Adjust the steer¬ 
ing gear only to remove play in it. 

Lubrication: Same as for integral stud type. 

Before adjusting, free the steering gear of all load, 
preferably by disconnecting drag link from steering- 
gear arm (2). 

If the jacket tube is held in the adjusting plug b^ 
means of a clamp bolt, loosen the bolt. If there is 
no clamp bolt, the tube has a tight press fit in the 
)lug, and the instrument-board bracket clamp must 
)e loosened so that the tube will turn when the 
adjusting plug Is turned. 

First: Adjust ball thrust bearings to take up end 
play of cam: 

1. Before making this adjustment, loosen the 
housing-side plate adjusting screw (9, 10) to free 
the stud in the cam grcKive. 

Note: The following instructions apply to the shimless type 
of thrust bearings, as illustrated in Fig. 13. For shim type 
of adjustment on the larger si*e of steering gears (Fig. 14) see 
paragraphs 2rt-2c. 

2. Back off lock stTcw (4, 5) and turn down ad¬ 
justing plug (6) to adjust to a l)arcly perceptible 



Fir 13. Rost c«m And lever eteering gear with roller bearing mounted stud. The cam thrust bearings are of the ball thrust 
npe. The atud ia mounted on tapered roller bearings. 


See SuppUtngrUary Index for "Wheel Bearings and Steering Knuckle Bearings" formerly on this page. 
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drag so that the steering wheel can be turned freely 
(with the thumb and forefinger lightly gripping the 
rim). Tighten lock screw and nut (6, 4). 

Second: Adjust lever shaft stud in cam groove 
for backlash: Same instructions as for the integral 
study type (paragraphs G-13). 

Third: Adjust stud-roller bearing unit: 

14. The foregoing adjustments will suffice in near¬ 
ly every instance. In some cases it may be neces¬ 
sary to adjust the stud-roller bearing unit in the 
lever shaft. 

15. There should be no perceptible end play of 
the stud. The stud should turn with a slight drag 
with the fingers gripping the nut. A new replact*- 
ment bearing unit should be set a little tighter. 

16. To adjust: (a) Straighten out prong of locking 
washer, (h) Tighten nut as required, while holding 
stud from turning (either by spanner wrench on 
washer or by clamping stud). Caution: Do not 
nick or burr bearing surface, (c) Tap each end of 
stud lightly to test adjustment, (d) Ix)ck adjust¬ 
ment by bending a prong of locking washer against 
side of nut. Bend the prong that is at right angle 
to a side of the nut. Do not use a washer twice 
unless the prongs used before have been removed. 
(c) Wash bearings in gasoline and give final test. 

Fourth: Column alignment: 

17. Tighten instrument-board bracket clamp on 
steering column or adjusting-plug clamp bolt (see 
Before ailjustwg). Turn steijring wheel to see if any 
8tiiTne.ss exists. If so, the gear has been adjusted 
too tight or the steering column is out of aligiunent. 
The steering column must not be sprung in any 
direction. 

18. If misalignment exists, correct according to 
methods provided by car manufacturer. 

Fifth: Steering gear connection with front 
wheels: The same instructions as given for the 
integral-stud type Ross gear in paragraph 16, page 
907, will apply here. 

First (a): Thrust bearing adjustment of shim 
type: 

All adjustments are the same as described for the 
shimless type of roller-bearing stud except paragraph 
2, which is replaced by the following: 

2a. Adjust so that there is a very slight drag, but 
not so much that the steering wheel cannot be 
turned from extreme to extreme by lightly gripping 
the rim with only the thumb and forefinger. 



Fig. 14. Adjustment of Hoas thrust bearings by adjustment 
plug and RhiitiH. 


26. Back off lock screw to release lock key from 
adjusting plug. Unscrew adjusting plug to permit 
removal of shims. (.003" and .(X)7" shims are used.) 

2c. Clip and remove a .003" shim, or more as 
reffuired, and screw adjusting plug down tight 
against shims (use a 3' wrench). 

2d. Always test as directed in Paragraph 2a and, 
if necessary, remove or replace shims until adjust¬ 
ment is correct. 

2e. When sure of adjustment, set lock key in plar^ 
and tighten lock screw. 


Adjustment of Earlier Types of Ross Cam 
and Lever Steering Gears 

Some of the earlier integral stud ty]x?s of Ross 
gears were provided with adjustments of worm 
thrust as shown in Fig. 13, and adjustment instruc¬ 
tions arc identical to those described for the roller- 
mounted stud type except that the instructions 
under 'Wdjmi atud-rolUr hmring unit'" do not apply. 

Some integral stud geare are equipped with ad¬ 
justments as shown in Fig. 14, and identically the 
same instructions for cam-thrust adjustments as 
given in [)aragraphs 2a~2e are to be followed. 

Some still earlier models of integral stud gears 
were not jmivided with adjusting screw (10) (Figs. 
11 and 13), and adjustment t>f lever shaft .stud in 
cam groove was acconqdished by nunoval of shims 
between the side cover and the gear housing. If 
this type of gear is encountered, obtain service 
Bulletiti No. from Ross Gear and Tool Go., 
Lafayette, Indiana. 


REMOVING AND REPLACING STEERING GEARS 


Removing Steering Gears 

Detailed instructions to remove steering gears 
vary with different makes of cars. It is l)e8t to 
obtain instructions from the car manufacturer. If 
thev cannot be obtained, an examination of the car 
will usually enable the mechanic to determine a 
method of removal. 

Some general instructions that can be applied to 
most cars are: 

1. Remove floor boards. 

2. Disconnect horn wire from bottom of steering 
' gear (also light wires if lighting switch is on steering 

gear). 

3. Remove horn button. It is best to obtain 
car-manufacturer’s instructions, as it is often im¬ 


possible to determine the correct method by exam¬ 
ination. 

4. Remove steering-wheel nut. Hold steering 
wheel securely. Don't put the strain on the steering 
gear. 

5. Remove steering wheel from steering-wheel 
tube. Sometimes a stxicial steering-wheel puller 
is required, and sometimes a gear puller can be usckI. 

6. Loosen or disconnect dash bracket. 

7. Disconnect steering-gear connecting rod (drag 
link) from the steering-gear arm (Pitman arm). 

8. Remove steering-gear arm with a puller. 
Many steering gears have a mark on the steering- 
gear arm which lines up with a correspondinji mark 
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on the shaft so that they can be reassembled in the 
propel position. If they are not marked, it is often 
advisable to place very light punch marks on arm 
and shaft before removing. On some steering gears 
there are four extra-wide serrations on the shaft 
(see W on Figs. 3 and 9), so that a positive location 
is assured. 

9. Disconnect the bolts which hold the steering 
gear to the frame. 

10. F\ill steering gear down and forward. 

On some cars, it may be necessary to remove some 
other parts in order to remove tne steering gear. 
This can usually be determined by examination. 

Replacing Ste€»ring Gears 

The steering gear is replaced by reversing the 
order of operations by which it was removed. 

The position of the steering wheel can be adjusted 
on some steering gears, owing to serrations on the 
steering-wheel hub and the steering-wheel tube. The 
purpose is to permit full vision of the instrument 
panel when the steering gear is in mid-position and 
the front wheels are straight ahead. On some cars, 


one spoke is straight up in this position, and on some 
other cars one spoke is straight down. On some 
cars, the steering-wheel hub is keyed to the steering- 
wheel tube, andf consequently only one position is 
possible. 

The height of the steering column is adjustable 

on some cars. The detailed procedure varies, there¬ 
fore car-rnanufaciurer^a inatriLcliona should be ob¬ 
tained whenever possible. Some general instructions 
follow (the order in which they should be performed 
may vary on some cars). 

1. Loosen bolts which hold steering gear to frame. 

2. Adjust dash bracket to bring steering column 
to desired height (spacers or shims are necessary to 
accomplish this adjustment on some cars). 

3. Temporarily tighten dash bracket to hold the 
column in the desired position. 

4. Tighten bolts to frame. 

5. Loosen dash bracket and allow it to shift to a 
natural position without binding on the steering 
column. 

6. Tighten dash braf*ket. 


Note: For a complete understanding of the principles and mainienahce of the various parts which affect 
the steering of the vehide, the reader ahouQ, continue this instruction by reading imges 1095 to 1114- •^ee pages 
11CK)“1103 Steering Troubles and Remedies. 


LATER MODEL STEERING GEARS' 


Gemmer Models 305 and 335 Worm and Roller 
Steering Gears 

The worm and double-roller type of steering gear 
shown in Fig. 15 is the Gemmer model 305. ^e 
model 335 is similar, except there are ball bearings 
on the double-roller shaft (C) instead of small diam¬ 
eter straight roller bearings as shown, and is some¬ 
what larger for heavier duty. 

The difference between the models 3(X) and 330 
is discussed on pages 903 and 904 and the models 
305 and 335 is mainly in the acljustment for clofscr 


mesh of the shaft roller with the worm, or elimina¬ 
tion of backlash at this point. In the models 300 
and 330 this is accomplished by removal of shims 
after having removed the steering gear from the car 
as discussed on page 904. With models 306 and 
335 this adjustment can be made Iw an outside 
roller shaft adjustment screw (B)^ Fig. 15, thus 
eliminating the nece.ssity of removing the steering 
gear from the car and dissasembling it. When screw 
is tightened, the roller is moved into closer mesh 
with the worm. 


* Applies to 1937 itickIcIm. 



Fig. 15. Genmidr model 305 worn and roller iteeriog gear* The model 335 is similar with exceptions as stated m text. 


M 


Note: See pages 865-867 for **J2ear Axle Drive Pinion and Bearing Adluitmente** formerly on thisibage. 
Typee of Fron^AxU Steering Knucktee SUiott ( Aekerinan, EUioU, Reveree Elliott, Lemoine, etc.)** 


See page 1107 for 
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Instructions for adjustment of the models 305 
and 335 are identical with those for models 300 and 
330j as explained on pages 903 and 904 with the fol¬ 
lowing exceptions on page 904: Omit paragraphs 
‘Third’^ ^nd ^‘Flfth/’ Instead of paragraphs 
“Fourth'* and “Sixth," use the following instruc¬ 
tions. 

Inspection for proper mesh of shaft roller in 
worm: Never make inspection for proper mesh, 
without first correcting column adjustment and gear 
alignment. Turn hand wheel to the mid-position of 
its complete travel or turning limits. (Drag link 
previously disconnectexl.) Most hand wheels have 
a trade marke or large depression on the underneath 
side of the spoke that should now point straight up¬ 
ward toward roof of car. or straight down, whichever 
location is nearest to tne inid-position. Place this 
marked spoke in correct position and shake ball arm 
to determine amount of lost motion. If this lost 
motion exceeds one-thirty-secxmd of an inch, roller 
shaft adjustment should Ixj made. 

Roller shaft mesh in worm: Adjustment for closer 
mesh of the shaft roller with the worm or, in other 
words, elimination of excessive play at this point, is 
accomplished by outside roller shaft adjustment 
screw. The position of roller contact with worm is 
offset from the center line of worm, hence when screw 
is tightened the roUer is moved into closer mesh with 
the worm. 

To adjustj remove roller shaft adjustment screw 
lock nut (B), Fig. 15, slide off lock plate far enough 
to clear lock boss on roller shaft cover. Now be 
sure hand wheel is located in mid-position of wheel 
turns, or straight ahead driving position, and that 
drag link is disconnected. Tighten roller shaft ad¬ 
justment screw just enough to remove backlash be¬ 
tween roller shaft roller tooth and worm. Check 
this by amount of play felt at end of ball arm. It 
is l)etter to leave a slight amount of play at this point 
than to tighten too much. 

When tightened beyond the point of taking up 
lash, serious results wdl occur that are a detriment 
to continued good steering gear results. 

Now slide lock plate in position against roller shaft 
cover and in locked position. Replace roller shaft 
adjustment screw lock nut and tighten. 


Lubrication: Same as for models 300 and 330. 

The steering gear ratio of model 305 is 16.4 to 1 
and 18.2 to 1. i6.4 to 1 ratio has 4 to 4.25 turns of 
hand steering wheel for 88® total travel of pitman 
arm; the 18.2 to 1 ratio has 4.50 turns of hand 
steering wheel for 84° total travel of pitman arm. 

The steering gear ratio of model 335 is 18.4 to 1; 
4 5/8 to 4 7/8 turns of hand steering wheel for 90° 
total travel of pitman arm. 

Saginaw Model 250 Worm and Three-Tooth 
Sector Steering Gear 

The Saginaw model 250 worm and three-tooth 
sector type of steering gear (also termed “worm and 
worm-gear" type) is shown in Fig. 16. 

The worm is mounted on the steering tube be¬ 
tween two taper roller bearings adjustable for en<l 
play by means of an adjustment screw (D) located 
in the lower end cover assembly of the housing. 

The worm gear rotates on two cast bronze bush¬ 
ings, one in the housing and the other in the side 
cover. The bushing in the housing floats, per 
mitting the shaft to rotate in the bushing and the 
bushing to rotate in the housing. An oil seal of the 
cork type is installed in the housing at the outer end 
of the sector shaft (S). 

To adjust follow these instructions exactly: 

1. Disconnect steering connerting rod from pitman 
arm, being careful to note the adjustment and the 
location of the springs in relation to the ball seats. 
Tighten pitman arm with an 18" wrench. Loosen 
steering post bracket to make certain it is not sprung 
due to misalignment. If misaligned, shim to cor¬ 
rect, and tighten bracket. 

2. To remove warm gear end play: 

(a) Be sure that frame mounting bolts are tight. 

(b) Tighten four round head screws (T) that hold 
side cover to housing. 

(c) Loosen jam nut (A). 

(d) Turn screw (B) right-hand sufficiently to just 
remove end play from worm gear. (This screw 
should not be tiglitcned with a wrench.) 


on,SEAL BUSHING 


Fig. 16. Saginaw model 
250 worm and three-tooth 
sector steering gear (also 
termed “worm and worm- 
gear" tyi>e). 
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(e) Turn screw (B) down tight by hand to seat 
thi^t washer, back off, about 30®, and then tighten 
until thrust screw is just tight against worm gear. 

(/) Tighten lock nut (A) securely. 

(g) Turn the gear to each extreme, but not against 
the stops, and cneck by moving the pitman arm to 
see that the adjustment has not caused excessive 
binding of the worm gear. 

3. To remove worm shaft end play: 

.(a) Loosen jam nut (C). 

(b) Tighten adjusting screw (D) until a slight 
load is felt on the steering wheel when turning— 
with the gear near extreme end positions. I'se care 
when making this adjustment, as it is very im¬ 
portant that screw (D) is not backed out permitting 
the worm bearings to get out of line. 

(c) When this adjustment is completed the load 
on the worm l)earings should not exceed 1 3/8 lb. 
when measured at the rim of the steering wheel with 
a spring scale. This check must be made with the 
gear turned to the extreme ends just off the stops. 

4. To remtwe backlash between worm and w<ynn 
gear: 

(a) Tighten three round head screws (S) holding 
end cover to housing. 

(b) Center the steering gear. (It wdll be neces¬ 
sary to have proper marking on steering w'heel or 
hub to do this operation.) After the gear is cen¬ 
tered, move pitman arm back and forth to determine 
the amount of lash between the worm and worm 
gear. 

(c) Loosen the lash adjuster lock screw (E). 

(d) With a soft hammer tap lightly on lash ad¬ 
juster (F) to turn it in the direction of the arrow 
(R). This adjuster should not be moved more than 
1/16'' at a time with relation to screw (E). 

(e) Rotate steering wheel to right and left to see 
if there are any tight sf)ots. If so, it will be neces¬ 
sary to tap adjuster back only enough to allow the 


wheel to turned through these spots without 
excessive binding. 

(f) Tighten lock screw (E) securely. With the 
gear properly adjusted as instructed above, the load 
required to turn the gear through center position 
should not exceed 2 l/2 lbs. when measured with a 
spring scale at the steering wheel rim. 

(g) Check backlash with the gear in straight-ahead 
sition by feeling the pitman arm. There should 
no movement of the pitman arm in this position 

unless high spots are encountered as noted under (e). 

(h) Connect steering connecting rod. 

The steering gear ratio of model 250 is 16 to 1: 
3.77 turns of hand steering wheel for 85® total travel 
of pitman arm. 

Saginaw Models 420 and 450 Worm and Roller 
Steering Gears 

The worm and roller type, models 420 and 4.50 
Saginaw steering gears are not illustrated. The 
general principle of construction is quite similar to 
the model 250, except that a roller (as shown in Fig. 
10, p. 905 of the model 320) is employed instead of 
a worm gear. 

Adjustment instructions of the model 2.50 will 
apply for the models 420 and 4.50 with the exception 
of the instructions for removing worm gear end 
play, under item (e). This should read: ^Turn 
screw (B) down tight by hand and back off 5 to 15 
degrees." 

The steering gear ratio of model 420 is 19 to 1. 
4.48 turns of hand steering wheel for 85° total travel 
of pitman arm. 

The steering gear ratio of model 450 is 24 to 1. 
5.66 turns of hand steering wheel for 8.5° total travel 
of pitman arm. 

Lubrication instructions for models 2.50, 420 and 
4.50 are the same as for models 21 and 22 as given on 
page 902. 



I 


over 






Full-Floating Rear Axle 



Hi-Tork Rear Wheel Brakes 



Shoe anchors are diametrically opposite each other. 
On a forward stop the large-diameter piston pushes 
the upper end the forwim shoe against the drum 
and a smaller-diameter piston pushes a lever which 
places the^ bottom end of the rear shoe against the 
drum. This puts both shoes in their natural position 
to be fully energi^ from drum rotation and enables 
both shoes to divide the load equally. 







INSTRUCTION No. 76 

COMMERCIAL CARS: Trucks; Types and Construction; Transmissions; 
Truck Engines; Governors; Truck Chains; Dump Bodies and 
Hoists; Trailers; Truck Axles; Worm-Gear Ratio; 

Taxicab; Motor Bus; Truck Specifications 

Commercial cars in'clude those cars principally There were 22,001,393 passenger cars (including 

used for commercial purposes, such as trucks, taxi- taxicabs and busses) and commercial cars (includ- 

cabs, and motor bus. ' ing trucks and road tractors) registered in the 

It is interesting to note that the automobile XJ.S. in 1926, a gain of approximately 10.3 per 

truck and delivery-wagon manufacturers have cent over 1925. Thus the importance of the 

increased at a very rapid rate, even greater in pro- automotive industry and its potential needs is 
portion than the manufacturers of the passenger car. plain. 

TRUCKS: GENERAL EXPLANATIONS 

Truck engines arc called upon for a larger per¬ 
centage of their developed power at practically all 
times. Therefore the moving parts are more gener¬ 
ous in size, and are designed to witlistand greater 
strains. The engine must operai^ for long periods 
of time under a great many unfavorable conditions, 
such as heat and dust. This calls for more adequate 
for one to master the truck constnirtion cooling facilities and generous water radiatingswf ace. 

and operation, refer to the subjects of 

engines, carburetion. ignition, lubrication, operating 
a car, etc., discussed dsewhere 


Truck Engines 

The general principle of the gasoline engine as 
generally employed on trucks, are the 

same as those used on picjisure cars 

with minor ex¬ 
ceptions 


Governor: A number of tsucks use gover¬ 
nors. 

Truck Drive Methods 
The driving methods are: 

1. Double-chain drive. 

2. Propeller-shaft drive (used most). 

3. Two-wheel drive. 

4. Four-wheel drive. 


The main difference between a passenger-car 
engine and a truck engine is explained below. 

Passenger-car engines must be constructed as 
lightly as possible consistent with strength, so that 
the total weight of the car can be kept at a minimum. 
It is rarely ever called upon for its maximum power 
at any sp^, and only asmall percentage of develoi>ed 
power is required under normal driving conditions. 
The result is that the resistance offered the power 
impulses is small in proportion to the developed 
power of the motor. Therefore in design, the 
weight and strength of the reciprocating parts are 
in proportion to the resistoce offered the power 
impulses in average service. Consequently the 
engine is lightly constructed throughout, accelerates 
giuokly, and attains a high speed. 


Types of Trucks 

Trucks are classified as to their carrying capacity, 

and are usually rated as J4-ton, ?4-ton, 1-ton, 1}^ 
ton, 2-ton, 2^'2”ton, 3} *^ton, and 5-ton capacity. 



Fig. 1. Top or plan view of a truck chassis using a double¬ 
chain drive. Note that the rear axle is a “dead” type of axle, 
and the difTerential is mounted on the jack-shaft (see pages 
Sand 15). 


Note. Pages 911 to 956 in this Instruction have not been revived for several years. Pages 956-961 dealing with Tmck Classification 
and Typee of Drivee were revised in 1943. For other later truck information, such as: Four and Sii-u heel Drive^ see pages 962,963: 
Truck apedficoHone, set pages 964-973. See alto, pages 974-976, and Insert No 3. 
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F^g. 2. Top or plan view of «truck chassis using a propellaf* 
thalt and worm-gear drive. Note that the rear axle is a live** 
type of rear axle. The differential is mounted on the axle shafts. 


We shall classify commercial cars in three divi¬ 
sions: motor deli very, trucks, and taxicabs. 

When the 1 aod Ij/i-ion trucks are fitted 

with pneumatic tires, they are called *‘motor 
deliver” or “speed wagons,*’ etc. 


The motor delivery is usually an automobile of 
the passenger-car class, with a special delivery body 
as illustrated in Fig. 3. 


The truck is constructed along the same lines, 
exc^t that the chassis, engine, rae. and all parts 
are heavier, and the chain or worm drive is usually 
employed. 

Truck Gear Shifts and Gear Ratio 

The gear shift is usually the S. A. E. standard 
three-speed ^page 29) for light-duty trucks, such as 
1-ton capacity and under, and the S. A. E. standard 
four-speed truck gear shift (Fig. 4) for heavy-duty 
trucks of 2-ton capacity and over. 



Fig. 4. Standard 4H9peed S.A.E. truck-gear shift position, 
be location of the reverse position is optional (eee also page 20). 



Fig. 3, Dodge light delivery. 


The spedfleations of a light motor delivery are 
similar to those of the standard passenger car, except 
that various parts have been strengthened. 

The gasoline tank is beneath the driver’s seat, 
and the steering wheel has been set at a higher 
angle to give a greater loading space. 


Maximum load 
Tires . 


Loading space. 
Wheelbase.... 

Clutch. 

Gear ratio.... 
Body. 


1,000 to 1,500 lbs. 

.33'" X 4 " 

.72" X 43" 

.114" 

.dry plate 

.4 to 1 

.steet 54"high 


Gear ratio: Three speeds forward are usually 
provided on light-duty or high-speed trucks under 
^ton capacity. Many of the manufacturers are 
adding a d-speed transmission, however. 

Heavy-duty trucks of 2-ton capacity and over, 
aro usually equipped with a 4-8peed transmis¬ 
sion, the ratio of the fourth spe^ being 1, or 
direct drive from the engine to the rear ajde. On 
some trucks, the fourth speed is higher than the 
direct drive. 


Details of Three Models 


Capacity. Ibe. 

.... 2.000 

4.000 

7.000 


128 

148 

168 

Tires, front. 

... 34x3 

36x4 

36x5 

Tires, rear. 

... 34x4 

36x6 

40x5 

Bore. 

... 3H 


4U 

Stroke. 

5 

5H 

5)4 

Horse power. 

... 19.61 

27M 

32.40 

Speed, r.p.m. 

... 1,700 

1,300 

1,200 

Speed, m.p.h. 

Gear, ratio in high gear.... 

22 

... 7H-1 

17 

SW 

9 to 14 
10)i-l 


Operating a Truck 

It would be merely a repetition to go into details 
here regarding the operation of a truck, because it 
involves identically the same principles as explained 
in connection with the operation of a pleasure car. 


FORD ONE-TON TRUCK (Model TT) 


The engine, ^th its ignition and carburetion, 
cooling and lubrication systems, is the same as the 
model “T” (see Ford instruction). 

The clutch is the standard Ford multiple disk in 
oil, delivering the drive to a two-speed planetary 
geiueet in ^t with the engine. From here the 
final (irive is by means of a propeller shaft and 
overhead worm, instead of a bevel pinion gear. 

From die worm die drive transmission passes 
thioui^ the bevel-gear differential and semi-fioating 
rear aue to the rear whe^. 

The Ford truck is rated at 1-ton capacity and haa 
W' X Spneumatic dree in front and z 


in the rear. It can be specially equipped with solid 
tires on die rear wheels. 

The wheel base is 124“ instead of 100“« 
of the truck diassis, with solid tires in rear, 1^5 
lbs.; with demountable rims for pneumado tires, 
1,340 lbs. 

The spriims are of the same principle as those 
used in tne Ford passenger ear, eximtuig iMt tlmy 
are made heavier in the rear to withstand a great 
load. This is a transverse type, having an arol i in 
the center. 


The wheels are of the wood ardlliry type. 
Brakesi steering gear, control syetemi eto#, am die 
same as on the model 

Note. iootoots page 0IL 
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Flff. 5. The rV>rd worm gear rear axle and heavier springs 
are the features in which the Ford truck differs chiefly from 
the Ford passenger car. Pneumatic tirea are standard equip¬ 
ment. S<wd tires can be obtained specially. 

The principal chanp:e8 are in the rear worm drive, 
and heavier rear spring and tire equipment. 

Tail and side lights are oil or electric. The frame 
is larger and heavier. 

To obtain details of construction, adjustments, 
etc., other than of the rear axle, see the Ford instruc¬ 
tion. 


pute worm-gear ratio’^ and also page 8 for the 
meaning of ‘'Gear ratio,” 

The rear axle reduction of the worm and gear of 
the special gearing is 5 1/6 to 1 on high; 14 to 1 on 
low; and 21 to 1 on reverse speed. 

This rear axle is of the **plaiii ttre type** construction, because 
the inner bearings are on the axle snaCt and the axle shaft 
supports the differentiaL 

Ford Truck Specifications Condensed 

Engine: Four-cylinder; cylinders oast in block; bore, 3 
stroke, 4"; horsepower, 20. 

Frame: Heavy pressed steel 

Transmission: Spedal Ford planetary t3T>e: multiple steel 
disk clutch operating in oil. 

Gear ratio; Choice of standard gearing (7>i to 1) or s. ecial 
gearing (5 1/6 to 1). 

Final drive; Worm-gear type. 

Starter: Ford starting and lighting system—optional. 

Wheel base: 124 inches. 

Wheel equipment: Demountable rims, pneumatic tires 
front 30" x a clincher, rear 32" x 4 »-8. cord. (I^lid tires 

for rear wheels optional.) 

Capacity: One ton. Price S370 for chassis; with open body 
and cab, $490. (Elect, starter, etc., $70 extra.) 

Speed: With standard gearing, a speed of not more than 
15 m.p.h. is recommended, and with the special gearing, a 
speed of not more than 22 m.p.h. is recommended. 



Fig. 6. Dimensions of the Ford truck chassis, from which one can estimate the dimensions for suitable bodies for various purposes. 


The Ford truck chassis includes a hood for the 
motor, front fenders, stepping boards, headlights, 
tail light, bom, and a set of tools. The starting 
and lighting system is optional. 

The Ford truck may be purchased either with 
standard or special gearing. The standard gearing 
gives the truck a maximum of power. The lyecial 
gearing increases the speed of the truck from five to 
seven miles an hour, converting it into a fast delivery 
oar, 

The rear axle reduction of the worm and gear of 
the standard gearhig is 7^4 to 1 on high gear. The 
worm gear has 29 teeth, and the worm has 4 threads 
out on it; consequently the ratio is 29-s-4ae7.25. 
Oh low gear the total reduction is 19.9 to 1, and 

on reverse 28 to 1. aea page 956; **How to com- 


Disassembling Rear Axle and DiiTerential 
(Ford Truck) 

First, remove the entire rear system from the car, 

which is done as follows: 

1. Jack up the frame of the truck to raise the rear. If a 
hoist is available, itwill serve the purpose very well. 

2. Disconnect the universal (see Ford instruction). 

3. Disconnect the front end of the radius rods. 

4. Disconnect the brake rods. 

If the rear spring shackles are now disas¬ 
sembled, thereby freeing the rear sv’stom from 
the frame, the entire rear system may be rolled 
from the truck. 

6. Raise the rear system and support the axle hous¬ 
ing near each end, A pair of car^nter’s horses 
wm be handy for supports. 




914 


DYKE^S INSTRUCTION No. 76 




.f SH^rr ROt.LCR BtARING 

HUB FELT-— 

ASKLl SHAFT OUST CAP 
REAR AXLE BRAKE HOUSmG 
REAR HUB BOLT NUT 

SPRING PERCH - 

SPRANG PERCH NUT 

brake shoe- 

BRAKE SHOE LINING 
REAR HUB BRAKE DRUM 
SPRING PERCH COTTER 

rear ^^mEEL 

REAP HUB - 

REAR HUB BOLT 
REAR HUB FLANGE 
REAR HUB CAP -- 

axle shaft nut 


AXLt SHArT COTTtR 
AXLE SMATT WASHER 
sRAKi: expahoephnk 


axle brake housing plate Cleft) 
brake expander - 

BRAKE EXPANDER BUSHING 
BRAHE expander link pin 


-BRAKE EXPANDER BOLT COTTER 
- BRAKE EXPANDER PIN 
BRAKE EXPANDER ADJUSTMENT COLLAR 

Fig. 7. Ford truck rear axle—lonRitudinal view. 


AXLCHOU^NG ^ 

GASKET CUPFCR) 

AXLE HOUSHO BQtT fUT 

axle HOUSING 
BOLT cotter 


ANORM 
•WORM GEAR 
DIFFERENTIAL PINION SNMT 
AXLE HOUSING OttBKT) 
DIFFERENTIAL PINtON 
DIFFERENTIAL OEAll 



^.rSKSM 


AXLE MOUSlf« 

--ETuBvaeiO 


d. Unscrew the drive-shaft tube-flange screws. 

7. Remove the rear-axle housing cap. 

8. Take out the bolts which join the two hiilves of 
the axle housing. 

9. Remove the rear wheels, after which the two 
halves of the axle housing may be pulled apart, 
tiereby exposing the differential to view. 

The differential gear case may now be disas¬ 
sembled. 

To remove the worm, proceed as follows: 

1. Take out the drive shaft to worm coupling pins. 

2. Remove the front-worm roller bearing with its 
retainer and felt. These can be slipped over 
the coupling. 

3. Now drive the coupling from the drive shaft 
after which the worm should be forced from the 
coupling. 

4. Unscrew the worm-thrust bearing-retainer nut, 
after which the retaining washer, thrust bearing, 
and rear-worm roller bearing can be taken off. 

The differential gears fit on splines cut on the 
axle shaft. They are held in place by means of two 
half-rings which fit into a groove cut in axle shaft. 


To remove, force them toward the wheel end of 
shaft, and drive out the two half-rings. Then force 
the gear off the differential end of the shaft. 

Reassembling 

In reassembling the system, take care to replace 
parts correctly and to use new paper liners. 

Lubrication of the rear axle is accomplished by 
the use of a good semi-fluid oil, and it is only neces¬ 
sary to see that an adequate supply is in the axle 
housing. A new truck should have its axle lubri¬ 
cant changed after 600 miles, again after 1,000 
miles, and thereafter whenever the condition of the 
lubricant demands it. Two grease cups insure 
the lubrication of the axle-shaft roller bearings. 
These cups should be filled with cup grease and 
should be given one complete turn every 100 miles. 

After reassembling a rear axle, the truck should 
be jacked up; the differential should be filled with 
oil, and then run for 10 minutes to allow the lubri¬ 
cant to reach all parts. 

Adjustments: As on the Ford passenger car, 
there are no adjustments on the rear axle. When 
the parts are worn they are replaced, the parts 
costing less than the repair. 


%XU HOObINO CAP 
GASKET 


WORM THPWST- 

BEARIHG retaikcr 


WORM COTTER ' ^ 
axle housing cap 
ARE MOUSitIG CAP SCREW 
WORM THRUST BEARING 

retainer nut 

WORM THRUST bearing 
RETAINER Pm 


' VWSRM THPUSl bearing PUOX 
WORM TmRUST bearing collar 
pWORM thrust BALL BSE RCRATQR assembly ^ 
WORM POLLER 0EAWINO ASSCMBLV 



DRIVE shaft tube flange SCREW 
DRIVC SHAFT FELT 
DRIVE SHAFT FELT COKTAIMER 
UNIVERSAL JOINT H0USIM6 PLUG - 
UNIVERSAL JOINT KNUCKLE PIN •— 

UNIVLRSAL JOINT 6USMINO-1 

drive shaft GREASE CUP- 
UNIVERSAL JOINT - 





HOUSING RIVET / 


UNIVERSAL 
JOINT KNUCKLt 
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_ JOINTHOUSIHO 

DRIVE SHAFT 
DRIVE SHAFT TUBE 
DRIVE SHAFT TUBE FLANGE 
DRIVE SHAFT TUBE FLANGE RIN/TT 
DRIVE SHAFT TO WORM COUPLING 
DRIVE SHAFT TOVVORM COUPLING PIN 
WORM ROLLER BEARING RETAINER 
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DIFFERENTIAL GEAR CASE 
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Fig. B Ford truck rear axl«—orow-aeotlon ahowing worm and worm i 
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G.M.C. MODEL “K41” TWO-TON TRUCK 


Specifications 

Thia model is built in two lengths: type “A,” 146" wheel 
base; type “B," 168" wheel base. 

Load capacity: 4,000 pounds, with additional maximum 
allowance of 1,600 pounds for body equipment. 

Engine: C.M.C. design and manufacture; foiu'-cylinder 
*'L" head, water cooled; boro 4"; stroke 5J^". 

Horse power: By S.A.E. formula, 25.6; actual horse power 
at governed speed, 37. 

Cylinder and crank case: Cast in unit; cylinders, removable 
sleeve type. 

Lubrication: Positive pressure system from gear pump, forc¬ 
ing oil with constant pressure to afl bearings of engine; chassis 
lubrication by pressure-gun system. 

Governor: Fly-ball type of special manufacture. 

Carburetor and fuel supply: G.M.C. two-jet type of car¬ 
buretor witn special heated intake manifold; fuel by gravity 
from sheet-steel tank of 20 gallons capacity. 

Cooling: Combination pump-driven and thermo-siphon; 
pump capacity approximately 20 gallons per minute. 

Radiator: Continuous fin, tubular, built-up type; capacity 
7 H gallons. 

Ignition: High-tension magneto with impulse-starter coup¬ 
ling. 

Clutch: Multiple-disk dry-plate type of special manufacture. 

Transmission: G.M.C. selective two-range transmission, 
each range having four forward speeds and one reverse; in 
unit with the engine; provisions for tire pump and power takeoff. 


Rear axle: Wofrm drive, full floating, with gear ratio of 7.26 
to 1; drive through radius rods from rear axle to frame. 

Frame: Pressed open-hearth steel, heat treated. 

Brakes: Service and emergency, both internal exjMinding; 
interchangeable brake rods, meamng that when the foot-brake 
linings become worn, the pedal may be connected to the hand¬ 
brake linings, which are usually m good condition, because 
the hand brake is not used as much as the foot brake. The 
hand-brake lever is then connected with the old foot-brake 
lining which are sufficient to hold the truck, as the hand brake 
is only used to lock the truck when stopped. 

Wheels: Metal, hollow-spoke type. 

Tires: Solid, 36" x4" front; 36" x7" rear. Pneumatic, 
non-skid cords, 36" x 6" front and 40" x 8" rear, supplied at 
extra cost. 

Maximum body length: A, llHft.; B. 13Hft. 

Road Clearance: Hear axle, 9 H". solid tiros; 12" pneumatic 
tires. 

Turning radius: Type "A," 28H ft.; type "B,” 31 ft. 

Weight of chassis: Type “A," 5,245 pounds; t3rpe “B,” 
5,285 pounds. 

Controls: Left-hand steering and center control; spark and 
throttle levers located on segment with connections outside of 
steering column; foot throttle operated by driver’s ri^t foot; 
ignition and light switches, oil gauge, ammeter, and choker 
throttle located in instrument case on dash. 

Equipment: Electric headlamps mounted on radiator side 
members, electric tail lamp, generator and storage battery, 
horn, tool kit, and jack. 




Fig. 0. 


Top and aide view of G.M.C. 2-ton truck chassis, equipped with solid tires, giving the principal dimensions. The load 
4,000 lbs. In addition to the body for which 1,500 ibe. Is allowed. When the load of 4,000 lbs. is removed, the frame 

Applies to early model. 
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The main features in which the G.M.C truck 
differs from other trucks is in the two-range trans^ 
mission and the engine cylinders fitted with sleeves. 


Engine 

Engine: 4-cylinder “L-^^t3rpe; detachable head. 
Removable cast-iron cylinder sleeves (or barrels) 
pressed into the cylinder block are used. These 
sleeves can be removed when worn and new ones 
substituted. Thus if a cylinder is scored, or if the 
cylinder wall is damarod, it is not necessary to 
re-bore; pull out the sleeve and substitute a new 
one. 



To ren ove the sleeves, the cylinder head is 
removed aad the oil pan is rcraovecfso as to remove 
the piston and connecting rod. The sleeve is with¬ 
drawn and replaced by a special assembly tool 
(Figs. 11 and 12), explained as follows: 


To Remove Cylinder Sleeve 

^ To remove the sleeve, first take off the cylinder 
)iead and oil pan, and withdraw the piston and con- 
iecting-rod assembly from the cylinder to be 
^placed.. 



ria It 


Fig. 12 


Refer to Fig. 11 for an assembly of the tool in 
place for withdrawing the damaged sleeve. First, 
insert the lone bolt (7) in the bottom plate (6) and 
place this in tne sleeve (1) as shown by illustration. 
jPut the upper part (5) over the cylinder so that its 
edges clear the top of the sleeve, as shown, and slip 
the spacer nut (8) over the bolt and, by turning ^e 
nut (9), pull the bottom plate (6) up to the position 
shown. Part (5) is used on all three sizes of G.M.C. 
engines, and has been so designed that there is a 
position on each cylinder where it will clear the studs 
so that it is not necessary to remove the cylinder- 
head studs. 

Make sure that the bottom plate (6) is well 
centered on the bottom end of the sleeve, and then 
tighten the nut (9) until there is a good strain on it. 
Then strike the top of the boll, (7) a good sharp blow 
with a hammer, wnich should break the sleeve loose 
from its seat, and then, by turning the nut (9), pull 
the sleeve up until the top end of it comes in contact 
with part (5). Then remove the tool plate, etc., and 
bv prying under the bottom edge of the flange on 
tne top of the sleeve at two opposite points it will 
be possible to pull it the rest of the way out. 


To Replace Cylinder Sleeve 

Before replacing the sleeve, clean out the old 
gasket (3) in the corner of the recess at the top of 
the cylinder block for the flange of the sleeve, and 
put in a new gasket (Fig. 12). Also, remove the 
cork gasket (4) from the groove in the cylinder 
and clean the groove out thoroughly and put in a 
new cork ring, taking care not to break it when put¬ 
ting it in. If the cork is soaked in warm water, it 
will be easier to handle it. 

To insert a new sleeve first paint lightly the 
entire outside of it with a mixture of red lead and 
machine oil. Then push it down into place as far 
as it will go by hand, and tap it dowm with a lead 
hammer or wooden block until the replacing tool 
can be put on as shown in Figs. 12 and 13. 

Plate (6) should be inserted in the sleeve as shown, 
and in its center should be dropped plug (10). Slip 
the bolt (11) through part (5) as shown, and screw 
on the nut (8) so that the bolt is just flush with the 
bottom of the nut. Then place part (5) over the 
top of the sleeve in such a position that two opposite 
cylinder-head studs will project through the holes 
in part (5) so that the cylinder-head nuts can be put 
on to hold part (5) down on the cylinder head. 
Tighten up the cylinder-head stud nuts Q2) and 
(hen screw down bolt (11) (Figs. 12,13) and push the 



11. RemoVtug the oylioder sleeve. 
It thr cylioder •leer*. 


Fig. IS 
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sleeve down in place. The process of pushing down 
can be assisted bv tapping the top of bolt (11) with 
a lead hammer from time to time as it is screwed 
down. Make sure that the top of the sleeve flange 
goes down until flush with the top of the cylinder 
head, so that the cylinder-heaci gasket can be 
properly seated. 

G.M.C. Manifold and Jackets 

Exhaust gas from the manifold is employed to 
heat the in-going fuel and air. Fig. 14 shows a 
section through the center of the intake and exhaust 
manifolds, governor-throttle body, and carburetor. 



Fig. 14. G. M. C. combined inlet and exhauat manifold. 


Principle: Exhaust gas leaving the cylinders at (A) enters 
the exhaust manifold where the major portion of it goes out 
through (B) to the rnufQcr. Stmie portion of it, however, takes 
tho course indicated by the arroNNS and strikes the wall of the 
intake mamfold at (C). Some of the gas goes down back of 
the governor-throttle body ns indicated at (D), and passes on 
through (E) to the heat jacket (F, F, F) surrounding the upper 
part of the carburetor. 

From this point, it goes down through the tube (G) and 
circulates through the space around the low-speed jet at (H) 
and passes out into the atmosphere at (J). 


Adjustment: In very warm weather it may be found that 
this system provides too much heat, and that an excessive 
amount of beat reduces the power considerably. 

In order to control the amount of heat used, two adjustments 
are provided. Tho first of these is the shutter (1). When 
open, it allows tho exliaust gas to escape at instead of cir¬ 
culating through (H) and goin^^ out at (J[). This prevents pre¬ 
heating of the fuel and of the in-going air at the low-speed jet. 

Should there still be too much heat with the shutter (1) open, 
the damper (2) may be partially or entirely closed. As will be 
seen from the drawring, this damper may be used to close off 
the passage from the tmottle-body jacket (E) into the carbure¬ 
tor jacket (P). 

This damper is provided with a lock nut on the outside to 
hold it in any position desired. The (T) handle on the damper 
is parallel to the butterfly valve on the inside, so that the posi¬ 
tion of the handle on the outside indicates the position of the 
valve inside. 

Electric System 

The Remy generator with third-brush regulation 
and thermostat control with cut-out on the top of 
the generator is used. See page 362 for explanation 
of this type of generator. 

Ignition: The ignition is by means of an Eisemann 
high-tension magneto entirely independent of the 
electric system. An impulse starter is used. The 
timing order is 1, 3, 4, 2. The breaker gap on the 
magneto is .012. 

To check the ignition timing: Turn the engine 
over by hand until No. 1 piston is at the top of its 
compression stroke. In this position, the setting 
mark (see page 269; ^'Eisemann magneto type G4^0 
on the rotating distributor disk should be just under 
the set-screw pointer at the top of the magneto 
frame. If it is not in this position, the timing is 
incorrect and the coupling should be re-set. 

To re-set the coupling, leave the engine on top of 
dead center of No. 1, as described above, and loosen 
the two clamping screws on the fon^ard end of the 
imi)ulse coupling. \\'hcn these screws have been 
loosened, turn th^e magneto backward until the set¬ 
ting mark (R) (Fig. 2, page 269) is under the setting 
point. Then retighten the clamping screws on the 
magneto coupling. When tightening the acljlisting 
screw, make sure that the loose intermediate insulat¬ 
ing disk of the coupling is not pinched endwise. It 
should have 1/5C" end play. 



Pi«. 15. Wiring diagram of Q. M. C. truck. 
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G,M.C. Two-Range Truck Transmission 

When a truck is operating under difficult road 
conditions, it is desirable to have a large gear reduc¬ 
tion. When a truck is operating under good road 
conditions, it is desirable to have a small gear 
reduction. 

In practical trucking, it is often necessary to 
operate the same truck part of the time under good 
road conditions, and part of the time under poor 
road conditions. Consequently it would be desir¬ 
able to have a truck with two different transmissions, 
either of which could be used at the driver’s option. 

In order to accomplish this result, it is only neces¬ 
sary to take a standard transmission and have an 
extra pair of gears between the main shaft and the 
counter shaft. This is called the two-range trans¬ 
mission. 




If the gear-shift lever is put in first speed, the 
transmission will be in the position shown in Fig. 17. 



Fig. 17. Low—first. 


Fig. 18. Low—second. 


The gear ratio effected will be: 

Ist speed: 7.25 (rear axle) x ii x fg =>40.08. 

Shifting the gear lever to second speed, we get the 
position sliown in Fig. 18. Here the ratio is: 

2d speed: 7.25 x fi x 29.01. 

Shifting to third speed, we get the position shown 
in Fig. 19, with the ratio: 

Sd speed: 7.25 x fj x 19.07. 



A sectional view of the transmi.ssion i.s shown in 
Fig. 16. To the left of the lines (A and A) the 
transmission is the same as a standard 4-speed 
transmission. However the gear (7), instcml of 
being fastened s<did on the countershaft, is permitted 
to rotate freely upon it except when it is engaged 
by the sliding clutch (22). To the standard trans¬ 
mission, the gears (8) and (9) have been added. 
The gear (9) is free to rotate on the coutitershaft 
unless engaged by the clutch (22). 

Thus it is seen that the transmission can be opera¬ 
ted either through the gears (6) and ^7) or through 
the gears (8) and (9), simply bv moving the clutch 
(22). This clutch is operated by a range lever 
which can be moved by the driver. 


By shifting to reverse, we introduce a double 
i(ll<*r gear (18) and (1.5) (Fig. 20) between gears 13 
and .32. The ratio here is: 

Reverse: 7.25 x }i x H x f|»58.89. 


Transmission in High Range 

Let us now put the range lever in high position, 
thus disengaging gear 33 from the eountersnaft and 
engaging gear ^ (Fig. 21) (shown as gear 7 in Fig. 
16) with the countershaft. 

With the gear-shift lever in first speed (Fig. 21) 
the ratio will be: 

Ist speed: (Fig. 21) 7.25 x x -29.39. 


Gear Ratios With the par-shift lever in second speed (Fig. 22), 

The various gear ratios obtainable will now be **^^^*® will bo: 
taken up. In Figs. 17 to 24, the two-range trans- 2d speed (Fig. 22): 7.25 x if x !|-17.91. 

mission for 2-ton trucks is shown diagrammatically. 

The numbers of the pars refer to the number of 
teeth on the gear. Thus gear 12 has 12 teeth; gear 
33 has 33 ^th, etc. The dotted arrow shows 
the course of the power transmission. The rear axle 
of the 2-ton G.M.C. truck has a ratio of 7.25. 

Transmission in Low Range 

Let us put the range lever in low position. This 
will engage gear 33 (Fig. 17) Oshown as gear 9 in Fig. 21. Hish-4int. 

Pig. 16) with the OOUnt^Wiaft. Fig. 22. High—«eooiid. 

TImm pagM apply to early models; see SvteiftccUioni of later trucks ntarting on p. 964. 
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With the gear-shift lever in third speed (Fig. 23), 
the ratio will be: 

8d speed: (Pig. 23) 7.26 x ?? x 11.42. 



Fig. 23 Fig. 24 


Fig. 23. High—third. 

Fig. 24. High—reverse. 

In 4th speed we have the direct drive again, and 
consequently the ratio is 7.25. 

In reverse (Fig. 24) the ratio is: 

Reverse: 7.25 x || x If x |i-35.27. 

Summing up the ratios, we have: 


Speed 

1 Ratio 

High : 

Range 

Low 

Range 

l8t. 

29.31» 

49.08 

2nd.... 

17.91 

29.91 

3d. 

11.42 

19.07 

4th... . 

7 25 

7 25 

Rev. 

35 27 

58.89 


In moving a heavy load, a good method would be 
to start in low range, 1st spe^; shift to 2d speed; 
shift to 3d speed; move the range lever to high 
range; shift to 4th speed. 

G.M.C. Rear-A^le Adjustments 

A general assembly of the rear axle showing the 
driving mechanism is illustrated in Fig. 25. Power 
is supplied by the propeller shaft to turn the wonn 
which is shown above, having teeth in contact with 
the worm wheel. 



Fig. 25. G.M.C. 2-ton truck rear axle 


The worm wheel is mounted on the differential, 
and the hubs of the latter turn on roller bearings. 
This entire assembly of the worm, worm wheel, and 
the differential, is a separate assembly in the dif¬ 
ferential carrier, and may be removed as a unit by 
first pulling out the axle drive shafts and then remov¬ 
ing uie bolts which attach it to the top of the axle 
housing. 

The axle driving shafts (7) are splined on the 
inner ends, and fit in corresponding splines in the 
hubs of the differential. The outer ends of these 


shafts transmit power to the wheels by means of 
steel flanges (6) splined and shrunk on the ends, 
which flanges are attached to the wheels by means of 
studs (5) in the end of the hub. 

All gears run in an oil bath, the worm wheel acting 
as a carrier or pump which picks up the oil and 
carries it to the worm, which, because of the high 
speed at which it runs, throws some of it off on the 
worm housing from where it runs down through 
troughs to the front and rear worm bearings. From 
the outer ends of these bearings oil returns through 
the bearings. The differential housing should be 
kept filled with oil up to the level of the filler plug 
on the back of the housing. 

The differential is of the bevel-gear type, using 
four pinions and two bevel gears, all of which are 
hardened. 

The axle shafts are of the full-floating type made 
of chrome nickel steel heat-treated, and have no 
work other than to transmit power to the rear 
wheels. 

The wheel bearings are carried on a heavy heat- 
treated nickel steel tube pressed in the axle housing 
and securely locked in place by the screw shown in 
Fig. 25. 

Adjustment of Worm Shaft Bearings 

Since Timken taper roller bearings are used, it is 
possible and necessary to have them properly 
adjusted. They should at all times allow a slight 
play between the worm and worm wheel, especially 
when the axle is cold, in order to allow for the expan¬ 
sion which occurs as a result of warming up when 
in operation. 

The amount of this play may be determined by 
turning i he propeller shaft by hand. If turning this 
shaft indicates too much or too little backlash, the 
bearings should be readjusted by means of the cup 
(V) Fig. 26. First, loosen the clamp bolt (D). 
N>xt, remove the lock (B), then turn the adjust¬ 
ing cup (V), which has a right-hand thread, to the 
right until any end play in the shaft is entirely 
removed. 

It is now necessary to readjust to get the proper 
amount of play to allow for heat expansion. To do 
this, back out the adjusting cup (V) tliree notches, 
or one quarter-turn, which is equ^ to .016" end 
play. Replace the lock and bolt in their position. 

Should oil leak out around the end of the worm 
shaft, the stuffing-box packing at this point may be 
tightened by screwing in the packing gland (H). 
Caution: Don't try to stop oil leaks by tightening 
adjusting bearing cup (V). 

Adjustment of Differential Bearings 

To adjust the differential bearings it is necessary 
to remove the complete carrier assembly from the 
axle. 

To do this, first disconnect the universal joint 
from its fian^ on the worm shaft. Next, take off 
the hub stud nuts and remove both axle driving 
shafts (Fig. 25). When tlie bolts have been taken 
out of the carrier flange, the carrier assembly may 
be lifted out of the housing. Make all adjustments 
on the left-hand bearing only. (Fig. 25). Do not 
touch the rig^t-hand differential bearing, as this 
will disturb the proper meshing of the worm and 
gear. (In determining Bight and Left, always face 
the direction in which the car travels forward.) 
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Loosen the cap bolts (F) (Fig, 26). Remove the 
cap screw (1) and the lock (2) ^ig. 26). I^m the 
beaxing adjuster (3) to the rignt, which will push 
the bearing cup (4) titter against the bearag, 
tlius removing ena play. In making this adjust¬ 
ment, care should be exercised not to draw these 
bearings too tight, as it is necessary here also to 
allow for heat expansion resulting from wanning up. 



Fig. 26 


When the adjuster (3) has been screwed up to take 
out all end play, it should bo backed off so that there 
is a barely appreciable amount of end play, and 
should then be locked in this position. 


It will be foundi especially dtiring warm weather, 
that the differential worm housing will become quite 
warm, but this is to be expected since considerable 
power is transmitted through these gears and bear¬ 
ings and, consequently, temperatures up to 180^ 
are to be expected. 

Adjustment of Rear-Wheel Bearings 

The rear-wheel bearings can be adjusted by 
jacking up the wheels until they are free from the 
floor. By using a bar between the floor and the 
bottom of the wheel, it can be determined whether 
the wheel has any play or not. (These wheels are 
so heavy that it is difficult to determine this without 
the use of a bar.) 

The wheel bearings should be so adjusted that 
there is a barely perceptible shake in the bearing. 

If it is found that the bearings require readju^- 
ment, first take off the driving flange nuts (5) (Fig. 
25) and remove the driving flange (6) together with 
the axle shaft (7). Next, using the special wrench in 
the tool kit, remove the nut (8), and then take off 
the washer (9). Again using the special wrench, 
tighten up the nut (10) until the reouired adjust¬ 
ment of the bearing is obtained. Then replace 
the washer (9), and tighten up the lock nut (8) 
solidly. 

It is a good practice to examine the wheel bearings 
in the hubs at least every 6,000 miles, at which time 
the hubs and bearings should be thoroughly washed 
out and refilled with the proper lubricant, which is a 
light grease free from acid. Additional grease may be 
introduced at any time by removing the axle shafts. 


G.M.C. ONE-TON TRUCK MODEL “K-16” 


Specifications 

Load capacity: 2,000 lb«., with additional maximum allow¬ 
ance of 900 lbs. for body equipment. 

Road speed: 25 miles per hour. 

Engine: G.M.C. design and manufacture; four-cylinder 
“L’'-head, water cooled; bore 3]^", stroke 5H". 

Horse power: By S.A.E. formula, 19.6; acttikl horse power 
at governed speed, 32.5. 

Cjdinder and crank case: Cast in unit; cylinders, removable 
sleeve type. 

Lubrication: Positive-pressure system from gear pump, 
forcing oil with constant pressure to all bearings of engine; 
chassis lubrication by pressure-gun system. 

Governor: Fly-ball type of their own manufacture. 

Carburetor and fuel supdy: G.M.C. two-jet type of car¬ 
buretor with special heated intake manifold; fuel feed from 
sheet-steel tank of 12 gallons capacity. 

Cooling: Combination pump-driven and thermo-siphon; 
pump capacity approximately 15 gallons per minute. 

Radiator: Continuous fin, tubular type with core and steel 
separate; capacity 5 H gnUons. 

Ignition; High-tension magneto. 

Clutch: Multiple-disk dry-plate type of their own manu- 
factiire. 

Transmission: G.M.C. selective type, three speeds forward 
and one reverse; in unit with engine; provisions for tire pump 
and power takeoff. 

Rear axle: Three-quarter floating bevel pinion drive with 
six-to-one gear ratio; drive through radius rods from rear 
axle to frame. 

Frame: Pressed steel, reinforced. 

Brakes: Two sets, external contracting for service, internal 
e^anding for emergency; iaterchangei^le brake rods (see 
“Brakes," page 915). 

Wheds: Steel felloe with twelve interlocking wooden spokes. 

Tires: 34'' x 5" non-skid cord all around. 

Wheel tiase: 132". 

Road clearance: Rear axle Sfi". 

Turning radius: 23 ft. 

Weight of chassis: 3«250 lbs. 


Controls: Left-hand steering and center control; spark and 
throttle levers located on segment with connections outside of 
steering column; foot throttle operated by driver’s right foot; 
road speed controlled by governor; lights and ignition switches, 
ammeter, oil gauge, and choker lover located in instrument case 
on dash. 

Equipment: Electric starting and lighting system of special 
design and manufacture, tool kit, horn, jack, and extra rim. 

The most popular light-dul^ truck of the G.M.C. 
line is the one-ton model. The engine is identical 
in design (though smaller in construction) with the 
two-ton model. The transmission has three speeds 
ahead and one reverse, the gear-shift positions being 
S.A.E. standard (page 29). The rear axle is of the 
three-quarter floating type and has bevel-gear drive. 

To Remove Axle Shafts 

1. Remove the six nuts (6) (Fig. 27). 

2. Pull the shaft with the flange out of the wheel. 
This may bo done without jacking up the truck. 

To Remove Rear Wheel 

1. Remove the axle shafts as described above. 

2. Straighten the bent-over ears on the lock of 
nut (7) (Fig. 27). 

3. Unscrew nut (7); it has a left-hand thread on 
the right wheel ana a right-hand thread on tiie left 
wheel. 

4. Pull the wheel off. 

When replacing the wheel* special care should be 
taken to see that the felts and retainers are in 
the proper position. Nut (7) should be drawn up 
tight against the bearing, as this bearing is non^ 
adjustable. Bend over the ears of the lo^ to pre¬ 
vent nut (7) from turning. 


Applies to early model. 
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1. Felt washer retainer. 5. Paper gasket. 

2. Oil shedder. 6. Hub flange nut. 

3. Grease recess. 7. Wheel bearing nut, 

4. Drain pipe. 

A paper gasket at (5) and felt washers and retain¬ 
ers for them at (1) should prevent leakage of the 
wheel-bearing lubricant. Any grease which may 
leak past at (1) will be carried out by the oil shedder 
(2) into the recess (3) in the brake spider, from where 
it should drip on the ground from the end of the 
drain pipe (4). It should be impossible for any 
wheel-bearing leakage to get on either the internal 
or external brakes. 

To Remove the Rear System from the Truck 

1. Jack up the frame, thus taking the load off 
the springs. 

2. Unbolt the spring clii>s from the rear-axle 
housing. 

3. Block up the propeller shaft near the rear 
universal joint. 

4. Disconnect the brake rods from the rear axle. 

6. Disconnect the driving flange (9) (Fig. 28) 
from the rear universal joint. 

Pull the entire rear system from the truck. 

To Remove Driving Pinion Assembly 

1. Remove the rear system as described above. 

2. Remove the axle shafts and rear wheels as 
described above. 

3. Remove the clevis pin from the front end of 
the left-hand internal brake rocker (inside the 
brake shoe!, and then take off the truss rod (Fig. 27) 
nut behind it. 

4. Replace the axle shafts in order to keep the 
differential bearings (1) and (2) (Fig. 28) from drop¬ 
ping out of place. If the bearinjjs should drop 
down, they may be replaced by mserting a rod 
through the axle housing and raising them into 
place, so that the rear-awe shaft will slip through 
them. 

5. Remove the two cap screws and four nuts 
which hold the pinion housing (3) (Fig. 28) to the 
differential houamg. 

6. Remove the bolts (4) which hold together 
differential housings (5) and (6). 



(1) Differential bearing, left. 

(2) Differential bearing, right. 

(3) Pinion housing 

(4) Differential housing bolt. 

(5) Differential housing, right half. 

(6) Differential housing, left half. 

(7) Rear pinion bearing nut. 

(8) Pinion bearing nut lock. 

(9) Driving flange. 

(10) Bearing clamp bolt. 

(11) Packing-nut spring lock. 

(12) Pinion-shaft packing nut. 

(13) Front-bearing lock nut screw. 

(14) Front-bearing lock nut. 

(15) Pinion shaft. 

(16) Front bearing. 

(17) Adjusting cage. 

(18) Inner packing ring. 

(19) Differential thrust-bearing adjusting nut, right. 

(20) Differential thrust-bearing atijusting nut, left. 

(21) Differential thrust bearing, right. 

(22) Differential thrust bearing, left. 

(23) Adjusting cage lock. 

(24) Pinion. 

(25) Ring gear. 

(26) Rear pinion bearing. 

7. Jar the housings apart with a lead hammer, 
and keep the differential assembly to the left while 
spreading the two halves of the nousing. Do not 
attempt to remove the driving pinion until the 
ring gear is at least to the left of the face of 
the right-hand housing (5), 

8. At this point, remove the pinion-housing 
assembly (3) with all its parts. 

To Disassemble the Pinion Assembly 

1. Hold the assembly in a vise by clamping the 
driving flange (9) (Fig.‘28). 

2. Turn down the ears on the rear-bearing nuf 
lock (8), and remove nut (7). 
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3. Remove the cotter pin and nut that hold the 
driving flange (9). 

4. Hold the assembly in the vise by the housing 
flange (3). 

5. Remove the driving flange (9). 

6. Loosen the bearing clamp bolt (10). 

7. Remove the spring lock (11) from the pmion- 
shaft packing nut (12). 

8. Remove the front-bearing lock nut screw (13) 
(the small screw at the rear of the bearing cage). 

9. Remove the front-bearing lock nut (14) with 
a small punch and hammer. 

10. Use a hardwood block and hammer to drive 
the pinion shaft (15) and bearing (16) to the rear 
out of the cage (17). 

If the adjusting cage (17) is to be removed from 
the housing, both should be pimch-marked and 
the number of exposed threads noted, so that it may 
be returned to the same position. 

The inner packing ring (18) for the pinion shaft 
is tap-fit in the cage. To remove it, use a hardwood 
block and drive from the inside of the cage. 

Both bearings are press-fit on the shaft. When 
removing, be sure the strain comes on the inner race 
of the bearing. 

Use a new nut lock (7), if available, when reas¬ 
sembling the rear bearing. If the old lock is used, 
break off all ears that were used previously. 

In replacing the drive flange (9) fit nut (12) and 
the packing round it first, and insert the packing and 
flange together. The pinion is integral with the shaft. 

To Remove Differential Assembly 

1. Remove the drive-pinion assembly, as men¬ 
tioned above. 

2. Remove both axle shafts, as described above. 

3. Spread the axle housing entirely apart and 
remove the differential assembly. Do not disturb 
the differential thrust-bearing adjusting nuts (19) 
and (20) unless necessary (Fig. 28). 

4. Remove the Hyatt bearings (1) and (2) and 
the thrust bearings (21) and (22^ 

5. Insert the drive shafts in the axle housing when 
the thrust bearings are replaced, to prevent them 
from dropping out of position. If the thrust bear¬ 
ings drop out of position while assembling, they 
may be lifted into piosition by inserting a rod 
throuidi the center of the housing. 

When replacing a ring gear, care should be taken 
to see that the rivet heaos are not over high on 
either side of the gear. Rivets should be driven hot. 


To Adjust Bevel Gears 

1. Place the differential assembly in the left dif¬ 
ferential hoiking f6) (Fig. 28), gmding the thrust 
bearing (22) into place by means of an iron rod. 

2. Bolt the entire pinion assembly (3) to the left 
differential housing (6), thus holding the (flfferential 
in place. 

3. Remove bearing-clamp bolt (10) and adjusting 
cage lock (23). 

4. Turn adjusting ca^e (17) to adjust pinion (24), 
so that the face ot the pinion is flush with the face of 
ring gear (25). 

5. Remove the plate in the differential housing 
above the thrust-bearing adjusting nut (20). 

6. Unlock the adjusting nut (20). 

7. Through the plate in the housing, turn adjust¬ 
ing nut (20) until the ring gear meshes pro^rly 
with the pinion. 

8. The mechanic should be able to spin the ring 
gear freely, and there should be a clearance of about 
.002" in the *‘high spots." Do not allow too much 
backlash (play). 

9. Lock adjusting nut (20). 

10. Lock adjusting cage (17) with lock (23) and 
bearing-clamp bolt (10). 

11. Remove pinion assembly (3) from differential 
housing (6). 

12. Place pinion assembly (3) in the right half 
of the differential housing (5), inserting rear-pinion 
bearing (26) into its recess. 

13. Assemble the right half of the differential 
housing (5) to the left half (6), guiding the thrust 
bearing (21) into position by means of an iron rod. 

14. Draw up the adjusting nut (19) tightly. 

1.5. Bolt the pinion housing (3) to the differential 
housing. 

16. Back off the adjusting nut (19) until the dif¬ 
ferential assembly turns freely. 

Note. For correct gear-tooth contacts, read 
pages 869, 874. 

To prevent leaka^, the pinion shaft is provided 
with a stuffing box into which screws the nut (12) 
which is locked in place by the snap ring (11). A 
g)ecial Mogul packing is provided for this purpose. 
The packing nut (12) should not be drawn in tighter 
than just sufficient to prevent leakage. Do not 
attempt to prevent leakage by tightening adjusting 
cage (17). 


SPECIFICATIONS OF 11/2 AND 2-TON AUTOCARS 


Types “XXI-F” and “XXI-G”^ 

Aides: Front, I-beam steel; rear, **Autocar’' full-floating, 
doublS'Teduction gear drive, compcjund bevel and spur gear, 
vheel and axle barings, tapered roller type. 

Bodies: Standard bodies always available; blueprints of 
ecial body designs furnished upon request. 

Brakes: On rear wheels; service brake external, emergenoy 
internal. 

Capacity: 11,000 lbs. over aU—chassis, body, and load 
Carbureton Plain tube, antomatio float feed. 


t The only difference between types **XXI-F* and "XXl-G** 
is that th^ormer has a 07'' wheel base, and the latter a 120" 
wheel base. 


Clutch: "Autocar*' triple dry-plate clutch. 

Color: Chassis, "Autocar" red; body, optional. 

Control: Steering gear and hand levers at right side; throttle 
control in steering wheel and accelerator p^al; clutch and 
service brake in foot pedals. 

Cooling system: Vertical tube radiator, centrifugal water 
pump. 

Equipment: Qas headlights and tank; three oil lamps; horn; 
kit of tools. 

Frame; Heinforoed pressed steel. 

Gasoline capacity: U gallons. 

Ignition: High-tension magneto—fixed spark. 

Engine: Horisontal opposed, bore by 4 Hi" stroke; 
erank shaft mounted on annular ball bearings. 
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Bfigine lubrication: Splash; gear-driven, foroe-feed lubrica¬ 
tor of 1-gallon capacity, delivering oil through eight feed to 
the crank oaee. 

Springs: Front, semi-elliptio; rear, platform springe. 

Tires: Solid; front, 34" z 4"; rear, 34" z 5", or pneumatic, 
34" z 6" front and rear. 

Transmission: Sliding-gear type; three speeds forward, one 
reverse; direct drive on high speed; tapered roller bearings. 

Tread; 68". 

Wheel base: Type “XXI-F,” 97"; type “XXI-G.” 120". 

Wheels: Wood, artillery type. 

The variety of bodies adapted to the Autocar chassis is indi¬ 
cated by the fact that Autocars are doing the hauling for 
concerns in all lines of business. 

This truck differs from other trucks in the type 
of engine and the double reduction of gears in the 
rear axle. 

Engine 

The Autocar and ‘‘G’' engine (Fig. 30) is of 
the two-cylinder opposed type, 4 bore (diameter 


of cylinder^ by 4 stroke flench of piston travel). 
It is coolea by water, circulated by a pump throu^ 
water jackets and radiators. A fan behind the 
radiator assists in cooling the water. 

The crank case is divided horizontally into two 
parts: the upper part contains the timing gears 
and gears for driving the magneto and lubricator; 
the lower part holds the crank shaft and cam shaft. 
To this lower part are bolted the cylinders. For 
access to the crank shaft, the magneto, lubricator, 
and upper part of the crank case can be removed. 

The connecting-rod bearings are lubricated by 
two dippers on each connecting-rod cap dipping 
into the oil in the crank case. The cylinders, pistons, 
and timing gears are lubricated by splash from the 
crank shaft. To maintain the proper level of oil, 
the automatic lubricator pumps oil into the crank 
case when the engine is running. 




Pig. 30. Sido view of the Autocar **P' and “Q" engine. 
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Timing of Magneto (TVpes “F” and *‘G”) 

When either setting the valves or timing the magneto on the 
'‘P" engine, it is in^rtant to use the marks on the face of the 
front ilvwheel as reference points. This arrangement is shown 
in the ulustration (Fig. 31). 

liefore setting the m^neto, open both cylinder priming cocks 
and turn the flywheel in the running direction until the inlet 
valve (front valve) of the cylinder under the magneto, which 
is No. 1 cylinder, opens and closes; continue turning in the 
same direction until the line on the flywheel, marked (A) (Fig. 
31) is directly under the flywheel pointer. This position must 
bo exact. Loosen the nut on the magneto coupling and yoke 
studs, as well as the small screws on the magneto bracket that 
hold the base of the instrument in place. Place a small chisel 
or screwdriver between the magneto coupling and lock nut 
and tap gently to loosen the coupling, so that the armature 
may be turned freely. 


Fig. 31. Magneto ignition liming on the Autocar. 


Remove the breaker-box cover and distributor disk, turn 
th? armature in the running direction, using the small magr>eto 
wrench on the breaker screw, until the platinum points start 
to break or separate. Be sure that the cuatributor brush is on 
No. 1 contact, which is the one nearer the gasoline tank. Hold 
firmly in this position with the small magneto wrench, and 
tighten the coupling nut with the wrench provided for this pur¬ 
pose. 

Verify the adjustment by turning the enpne backward 
slightly and then slowly forward, so that the line on the fly¬ 
wheel, marke<l (A) in tne illustration again coincides with the 
pointer. If when in this position the platinum points are 
starting to open and the distributor is on No. 1 contact, the 
timing with respect to the ignition is correct. 

Replace the distributor-breaker cover and attach the wires. 
The short wire connects the No. 1 cylinder with the No. 1 
contact point on the distributor, and tne long wire, the No. 2 
cylinder with the No. 2 contact point on the di.stnbutor. 

Push the magneto back to the coupling, being sure to see 
that it is locate<l in the center of the magneto bracket. Tighten 
the screws on the bracket at the magneto base and lock with 
the lock nuts. Tighten the yoke bolts and apply the ground 
wire to the breaker-box cover. 


Cam-Shaft Setting (Types “F” and “G”) 

When replacement of a crank-shaft gear, cam-shaft gear, or 
crank shaft in either repair work or rebuilding is required, it is 

recommended that the following procedure be follows in 
determining the correct setting of the cam shaR with respect 
to the crank shaft. 

The rear cam-shaft bearing being assembled in place, turn 
the crank shaft until the crank pins are exactly on outer dcMsd 
center. Check this condition by measuring from the finished 
edge of the case to each of the crank pins. Allow the cam shaft 
to enter the rear bearing a short distance, and turn until the 
inlet cam bemns to act on No. 1 cylinder. In tliis porition turn 
the cam shaft until the acting face of the inlet cam is at right 
angles to the finished surface of the crank case. A small steel 
square should be used to find the correct position. 

Having obtained this adjustment, allow the cam-shaft gear 
to mesh with the crank-shaft gear. It may be necessary to 
rotate the srank shaft slightly in the mnni^ direction in order 
to permit this meshing to take place. The front cam-shaft 
beanog may then be assembled and locked in position. 

It is necessary to provide perceptibU backlash between the 
cam-shaft gear and the crank-shaft gear, otherwise rapid wear 
and a noisy condition will result. If a slight shake cannot be 
detected by the hand, place a .0025^' shim between the cam¬ 
shaft bearings and the crank case. There must also be end 
play from .005" to .015" between the shoulders of the cam 
shaft and the cam-shaft bearings. If such is not the case, 
correct the difficulty by backing off the cam-ebaft gear slightly, 
or filing the ends of the cam-shaft bearings as woumstanoes 
may require. 


When the setting is completed. It is considered good practice 
to mark the gears at points of contact for future reference. 


Valve Setting (Types and ‘‘G”) 

In replacing a front fl]rwheel, installing a new cam-shaft gear, 
crank-shaft gear, or crank shaft, it is necessary to mark on the 
flywheel tboee positions which must be used in oonnectioii ^th 
valve sotting and magneto timing. These points are “Center,'* 
“Exhaust Closed,” ‘Inlet Open,” and a fine used in making 
the spark adjustment. 

To determine the “Center” position, remove the cylinder- 
head plug, and insert through the cylinder-head hole a small 
steel scale, allowing it to rest against the head of the piston. 
Rotate the crank shaft, observing the travel of the steel scale, 
and when dead center is passed continue to turn until some con¬ 
venient scale graduation appears opposite the face of the plug 
counter-bore, which is used as a reference point. 

Note this position on the flywheel rim by making a temporary 
mark at the point indicated by the flywheel pointer. Turn 
the flywheel in the opposite direction until dead center is again 
passed and the scale returns to the graduation previously noted. 
The corrc.spondiug point on the flywheel rim is to be marked as 
Ix'fore. Half-way oetween the two marks on the flywheel 
scribe a line and mark it “Center.” 

Measure ahead on the rim two inches from “Center,” and 
scribe another line. This latter is used as a reference point 
in magneto sotting. 

With the cam shaft properly set and the crank case upper 
section assembled in position, turn the flyw’heel until both 
valve plungcr.s of No. 1 cyUnder have completed their inward 
travel. Adjust the valve-plunger foot screws to the same 
clearance for both inlet nmi exhau.st valves, .015” to .025" 
being a conveniently obtainable interval. 

Turn the flywheel until the cam shaft is acting on both the 
No. 1 cylinder cain.s, the inlet being just ready to open and 
the exhaust just closing. Using from one to two thicknessee 
of newspaper between the adjusting screws of the cam plungers 
and the valve stems on No. 1 side, find the two points, by rout¬ 
ing the flywheel through a slight angle, at which these shims 
may be just pulled out, and mark the corresponding positions 
temporarily on the rim of the flyw heel, referring of course to 
the flywheel pointer. From the mid-point of these marks 
measure 6/16” to each side, and lay off temporary linee. 

The line on the right must not he more than 2 5/16” nor less 
than 1 5/10” from the “Center” line, these limits being required 
owing to the necessary tolorarjco allowed in manufacture of 
the parts. Bho\dd tho limits be exceede<l, shift the cam-shaft 
gear one tooth in the direction which w’ill correct the difficulty. 
Assuming that the point so reached fulfills these conditions, 
scribe a line through it, and the other point 5/8” distant to the 
left. Mark the one on the left “Inlet Open” and the other 
“Exhaust Closed.” 

It is now necessary to set all valve-plunger foot screws to 
the clearance required under operatiri conditions. Rotate 
the flywheel until the cams engage the plungers on the cylinder 
being adjusted, and the flj^hecl p<jintcr is inidwav between 
the "‘Inlet Open” and “Exhaust Closed” line. Adjust the 
valve-plunger foot screws for .005” clearance between the head 
of tho screw and the end of the valve stem, this being the amount 
adopted by the factory as standard. 

Note. When this work is being done with the engine in tbe 
car, use two levers on the crank webs and check with a scriber 
in the spark-plug holes. 


Rear Axle and Gearing 

The rear axle contains a double set of gears (Fig. 
32). A bevel pinion (P) connected with the end of 
the drive shaft (S) meshes with a bevel gear (B) 
on a short jack shaft, and thus drives the latter. 
This in turn drives the differential assembly through 
a pair of spur gears (SGI) and (SG2) 

The inner ends of the two driving axles (A) are 
mounted in this differential assembly and transmit 
the drive from it to the wheels. 

The jack shaft is mounted on adjustable taper 
roller bearings^ and by removing the rear cover it 
can be examined without dismantling the axle 
proper. The bevel pinion is mounted in a cage and 
can be removed by unscrewihg the cap screws in 
the flange of the cage. 
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Fig. 33. Rear wheel ami axle shaft of the Autocar. 


The driving axle shafts (Fig 33) can be removed 
by unscrewing the flange nuts holding the axle or 
hub flange to the whed, and pulling out the axle 
and flange as a unit. 

Pinion-shaft adjustment is made by adding or 
removing paper gaskets between the gear cover 
and the pinion-shaft housing. Looseness in the 
pinion shaft can be tidjusted at (AJ) (Fig. 32). 


Transmission 

The Autocar 13^ and 2-ton trucks are quipped 
with a progressive type of transmission (Big. 34). 

In the transmission there are three shafts: The 
clutch shaft (A), which extends through Uxe front 
of the case, on the outer end of which the clutch is 
mounted; the main shaft (B)^ projecting through 
the rear of the case in line witn the clutch shaft, 
and through which the power is transmitted to the 
driving shaft, and then to the rear axle; and lastly, 
the counter shaft (C), located directly below the 
main shaft. 



Clutch 

The clutch is of the “Autocar” triple plate typo. 

It consists of two cast-iron plates, faced with asoes- 
tos fabric, carried on four keys in the flywheel, and 
one steel plate betw^een them mounted in slots milled 
in the spider on the clutch-shaft end. Those plates, 
when clamped together by means of the eight springs 
contained in the removable plate bolted to the face 
of the fl>'W’heel, produce the friction for driving, 
power being transmitted through the steel plate 
through the spider mounted on the end of the clutch 
shaft. 

The clutch is released by the trunnion block or 
clutch yoke, operated by the clutch pedal, acting 
against four arms carried on the floating ring, and 
bearing against the four keys in theflyw’heel. This 
block is provided with ample ball-thrust bearings to 
compensate for the pressure of the clutch spring. 

Adjustment of the clutch is made at set screw (3) 
after loosening lock nut (5). 


INTERNATIONAL ONE-TON TRUCK. MODEL “21” (FORMERLY MODEL “H”) 


Lubiication: Forcsed lubrication by pump to main bearings 
with overflow to troughs into which the lowcir ends of the 
connecting rods dip, making a splash system to the cylinders 
and crank shaft. Submerged type of plunger pump. 


Specifications 
Maximum capacity: 2,000 lbs. 

Wheel base: 115", regular; 128", special. 

Prams: PreBsed-eteel channel, extra strong, 5" deep, with 
5 oroBs-members and two braces at rear. 


Bngine: Four-cylinder, cast en-blook L-head tvpc; engine 
and transmiMion mounted on sub-frame suspended from three 
points on main frame. 

Bearings: Three orank-shaft bearings; rear, x 
senter, IH" * front, IH" x 

Applies to 


Ignition: High-tension Bosch, magneto on cross-shaft in 
front of engine. 

Cooling: Water-cooled; centrifugal pump; large vertical 
tube radiator and fan; pump on cross-shaft in front of engine, 
total cooUflg Bj'stem capacity is 4 gals. 

Governor: Fly-ball centrifugal type; limits speed to 21.5 
m.p.h. 

Clutch: Dry-plate multiple disk; asbestos lined. 

Transmission: Sliding gear, selective type; direct on high 

Gear reduction: Engine to rear wheels, 6.86 to 1 on high, 
early models. 




m 


DYKE'S INSTRUCTION No. 76 


Ailet: Front. I>beam heat-treated steel drop-forging; rear, 
heat-treated steel dro^forging for carrying the load and live 
axle for transmitting tne power. 

Internal gear drive: Tubular propeller shaft with universal 
joints at each end; power transmitted through differential 
and drive shafts to pimons meshing with interniu gear on each 
rear wheel. 

Control: Left-hand drive, spark and throttle levers on steer¬ 
ing wheel, foot accelerator, service brake, and clutch operated 
by foot ped^; gear change and emergency brake levers in the 
center of driving compartment. 

Brakes: Service and emergency; internal expanding, self- 
adjusting. 


Springs: Half-elliptic, front, 2}4'' x 41 H'*; rear. 2 Vi'' * M'', 
with quarter-elliptic auxiliary springs 2 z 30 

Wheels: Artillery type, 36" diameter, with 3H" front and 
3^" roar pressed-on solid tires. 

Fuel capacity: 17-gallon tank on dash. 

Regular eauipment: Front fenders, oil tail lamp, horn, tools, 
two gas headlamps, and Prest-O-Lite tank. 

Special equipment: Supplied at additional cost: open express 
body: front section and seat; open and enclosed cabs: full- 
lengtn top; side, front, and rear screens for full-length top; 
electric lighting and starting outfit; power tire pump; hub odom 
eter; oil dash lamps; windshield; slcid chains; pneumatic tires 
and oversise solid tires; suitable bodies can be secured for 
every hauling purpose. 
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Engine 

The engine is of the L-head type; bore, 
stroke, 5J4"; firing order, 1, 2, 4, 3. 

The fan is mounted on the rear of the engine 
block. The wrist pins are keyed to the pistons, 
the connecting rods being fitted with phosphor- 
bronze bushings at th^ piston end. The connecting- 
rod bearings are of tin babbitt and are fitted with 
shims to permit adjustment. 

To remove pistons and connecting rods: 

1. Remove the crank-case bolts and drop the crank 

case. 

2. Remove the connecting-rod bearing caps. 

3. Remove the connecting rods with the ])i8ton8 

from underneath the engine. 

A submerged ])lunger type of oil pump in the 
right front corner is driven by a cam on the cam 
shaft and draws oil through a gauze strainer, deliver¬ 
ing (through a tube cast in the crank case) to each 
of the troughs into which the connecting rods dip as 
the crank shaft revolves. The crank-shaft bearing^ 
have large oil pockets above them which receive oil 
splashed up by the connecting rods. The pistons 
are also oiled by splash. 

By unscrewing the cap below the pumj), the screen 
can be taken out for cleaning. 

The centrifugal governor is carried at the front 
end of the crank shaft and acts directly upon a 
sliding sleeve, which moves one end of a pivoted 
lever, to the other end of which is attached a rod 
working in a tubular casing and operating the 
governor throttle. A spring working with the rod. 
and accessible through a cover directly under the 
magneto, allows of slight adjustments of si>eed. 
The seals lockin |5 the screws will disclose any unau¬ 
thorized tampering with these parts. 

Cam-shaft end-thrust play can be taken up with 
the cam-shaft end-thrust adjustment screw (C.S.A.) 
(Fig. 36). A similar adjustment is also shown 
on the model '‘L4" Continental engine (Fig. 55, 
page 937). 


Fuel System 

A 17-gallon gasoline tank is mounted on the dash 
and feeds by gravity to the carburetor. Underneath 
the tank is a combination strainer and reserve valve, 
as shown in Fig. 37. 





Pit. 87. Combination gasoline strainer and reserve valve 
an one-ton International truck 


When the engine is to be started, the valve (D) 
(Fig. 37) is opened, thus allowing the gasoline to 
enter at (A), pass through strainer (S), and through 
outlet (F) to the carburetor. When the level in the 
tank reaches j^int (A), the flow of gasoline to the 
carburetor will cease and the engine will stop, thus 
notifying the driver that he has only about two 
gallons of gasoline left. The valve (C) is then 
opened, permitting the gasoline to enter at the lower 
level (B), and coni^quently using the remaining two 
gallons. Matter which does not pass through the 
strainer will collect in sediment chamber (E), and 
can be emptied through the needle drain valve (G). 

Ensign Carburetor 

. The Ensign type V/i'’ carburetor is used, 

and operates as follows: the fuel enters and passes 
upward through screen (B) (Fig. 38) and downward 
through the float-(H>ntroll(‘d needle valve (D), into 
the float chamber. 



Fig. 3S. Ensign carburetor as used on International truck. 


A, Idling adjustment screw. 

B, Strainer screen. 

D, Float needle valve. 

E, Starting shutter. 

F, Suction tube. 

G, Fuel adjustment sleeve. 


H, Fuel orifice. 

El, Comi>en8ating air tube. 
N, Throttle stop. 

T, Throttle. 

Y, Stop finger. 

X, Suction outlet. 


The float maintains the fuel level 1/32" below 
the top of the suction tube (F), which opens through 
holes (X) at its lower end into tlie centrifugal 
chamber. The suction tube is surrounded by a 
larger tube, into which the fuel enters through small 
fuel hole (H). The effective opening of this hole is 
controlled by a gas-adiusting tube (G), shown in 
solid black, which can be screwed up and down by 
its knurled head. This tube performs the function 
of the usual gas-adjusting needle vaJve. A com¬ 
pensating air tube (K) is connected to the interior 
of the gas-adjusting tube through an automatic 
valve which lifts when the air speed through the 
carburetor becomes high enough, and lowers the 
vacuum in the gas-adjusting tube, preventing the 
formation of too rich a mixture. 

Adjustment is made at the factory. If '.tampered 
with and the engine does not start to operate prop¬ 
erly, readjust as follows: 
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Before startingi be certain that the idling adjust¬ 
ment screw (A) on the bottom of the throttle tube 
is closed: that is, that it is turned clockwise (to 
the right) to seat. Turn the fuel adjusting sleeve 
(O) clockwise to the closed position, then open two 
(2) turns counter-clockwise, which will give a full 
opening to the fuel orifioe (H). Be sure that start¬ 
ing shutter (E) is open witn stop finger (Y) against 
the stop lug when ‘^control’* is down. 


Clutch brake: The flange on the end of the clutch 
shaft is provided with an asbestos facing with 
which a nange on the clutch adjuster (D) can be 
made to engage by pressing the clutch pedal clear 
down. As the clutch adjuster does not revolve, 
it serves as a brake on the clutch. Do not bring 
this brake into action when coasting; simply press 
the clutch pedal lightly, just enough to disengage 
the clutch. 


To start the engine, close the starting shutter 
by pulling up the ^control,’* and open the throttle 
one^uarter to one-half. After the engine starts. 

f msh down thelcontrol about half-way. The hand¬ 
ing of this starting shutter is largely dependent on 
temperature. As soon as the engine warms up 
slightly, push the ^‘contror* all the way down, 
warm tne enme up, running slightly above idling 
speed until the mixing chamber of the carburetor 
is warm, then open the throttle to about one-third 
sngine speed (this must be done with retarded spark). 

Now thin the mixture by turning sleeve (G) 
clockwise until the best engine speed is obtained 
with this throttle setting. Slow down the engine 
and adjust the screw in the throttle stop (N) for 
idling ^sition, then adjust the idling miKturc by 
opening the adjustment 8cre\y (A) counter-clock¬ 
wise to a point where the engine idles evenly and 
without loading up. Too thin an idling mixture wall 
result in a ‘‘flat ^ot,*' or hesitation when accelerat¬ 
ing. The top of the cork float is set 7/16" below 
the top of the bowd, and sliould not be changed. 


Clutch 

The clutch is of the dry-plate disk type as shown 
in Fig. 39. Pressure is applied tlirough the action 
of three springs (A) (Fig. 89), which can be adjusted 
by the spring screw nuts (B). Care should be taken 
to keep them adjusted evenly. 


CtUTCM SPIDER CLUTCH SLIDING aUTCM BRAKEOfSC 

8USHING-7 JOINT RUBBER WASHER-jI 

/ / clutch PRESSURE ' 

/ //SPIDERCK) CIUTCH SHAFT^jl 

/ / / CLUTCH SPIUER ! i! 

////thrust COLLAR ^HAFT ,i 

/ ///I 'I 



COUAR(F) 


KEEP AOJUSTED 
yib' TOVS' OPEN 
WHEN CLl/TCH 
IS ENGAGED 




THRUST BEARJI^IG 
ball RACe CUP 


The clutch spider has oil-soaked wood bushing;s: 
which should not need lubrication, although oill 
will not injure them. The declutching mechanism 
is provided with a grease cup which should be given* 
a turn or two every day. 

To remove clutch: Take off the spring adjust¬ 
ing nuts (B) loosen clamp collar (F), slip the clutch 
pressure spider (K) back, removing the starter 
sprocket spider, if used. Take nut (G) off the 
clutch spider stud. At the other end of the shaft 
remove the joint ring(M) and back out the clutch- 
shifter pivot screws ^). The entire center section 
can now be dropped out, after which the removal of 
a cotter pin in the collar permits the detachment of 
the clutch spider and disl^. 

Transmission 

The transmission has three speeds forward and! 
one reverse. The gear shift is standard S.A.E. 



Fig. 40. Sliowing adjustment of roller bearfogs on trans^ 
mission main shaft with a spanner wrench. 


Adjtisting bearings: Timken roller bearings are 
used throughout, and those on the main shaft are 
adjusted by the spanner nuts just outside the case 
at the front end (Fig. 40). Turning the notched 
plate outside at the rear adjusts botn bearings on 
the square shaft. 

The notched plates turn to the left to tigliten 
the bearings. Be sure that the locking plates are in 
position before leaving; the job, as these hold the 
adjustment. The inside horned nut at the rear 
end is a packing device. The counter-shaft bearings 
are adj^usted at the rear by the same kind of device 
as used on the main shaft. 


Fig. 39. Dry-plate disk clutch used on International one- 
ton truck. 


Great care must be taken not to get the bearings 
adjusted too tight. 


Adjusting: As the asbestos facing wear down, 
the clutch pedal will work back and finally hanjp; up 
against the floor boards, preventing the clutch trem 
engaging. It can be returned to the proper position 
bv screwing the clutch-shaft tube (C) (Fig. 39) out of 
the clutch-pedal adjuster (D) the necessary amount. 
See that the clutch-pe<^ adjuster lock screw (E) 
enters the slot and is wired fast. 


Rear Axle 

The rear axle is of the internal gear type. The 

load is carried on a drop-forged, heat-treated alloy- 
steel solid axle. Power is transmitted from the 
differential 0^^. 42) to the driving pinion shaft. 
The drivii^ pinion meidies with the internal gear, as* 
shown in Fig. 45. 
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Fig. 41. Rear view of differential carrier. Top sectional view is shown in Fig. 42. 
Fig. 42. Sectional view of rear-axle assembly on International one-ton truck. 


Adjusting gears: Remove the drive-shaft packing 
plate (A) and back off lock screw (B) (Fig. 42) on 
each side of the differential housing; the adjusting 
ring (C) is then accessible through openings in 
the housing. These rings adjust the bevel gear 
sidewise, and take up any play in the thrust bearings. 

The bevel-drive pinion is adjusted by (B) (Figs. 
42 and 43). Remove the cap screws locking this 
piece. To back the pinion out, turn (E) to the 
right. To force it in, turn to the left. 



Fig. 43. Fordag the bevel pinion in by rotating the adjust¬ 
ing nng in the left-hand direction. 

Rit tho lock screws back in and draw up, forcing 
the pinion and bearing assembly forward. There 
are tnree tapped holes close together for each screw, 
so that a close adjustment can be made. Pull (E) 
hard against the case with the lock screws. 

The best wa^ to determine whether the adjust¬ 
ment is perfect is to cover the teeth of one gear with 
a light coating of Prussian blue and then, after 
assembling, to turn the gears a few revolutions. 
When the blue is transferred to tho other gear 
uniformly, from end to end of the teeth, the adjust¬ 
ment is right. 

Be careful to have the adjustments securely 
locked before assembling finally, and bo particularly 
nareful that there is no pressure exeiW by the 


adjusting nuts on the thrust bearings. If there is 
you may have to take the axle down again shortly, 
and put in new bearings. 

The notched nut (F) (Fig. 43) adjusts the thrust 
bearings only. 

WTiile an experienced man can adjust the gearing 
without removing it, it is much more readily done 
by getting it out where it can be seen. To ao this, 
jack up the axle, remove the wheels, remove the 
bolts fastening tne bearing retainer to the brake 
anchor, and pull out drive pmion and shai't. Unbolt 
the gear carrier (F) from the housing, when the 
carrier with the assembly gears can be pulled for¬ 
ward. Do not remove the bolts holding the hous¬ 
ing to the axle. 

In replacing the wheels, first be sure that the 
spacer and sleeve are in proper position; then screw 
the axle nut up hard, and lock with the cotter pin. 
This does not apply to old-style axles. 

To Remove Internal Gear from Wheel 

1. Pry out the locking ring (Fig, 44^. 

2. Pry or pull out the internal gear (Fig. 45). 



Fig. 44 Fig. 45 


Fig. 44. Showing how to pry out the gear-locking ring. 

Vig. 45. Showing the ring and the internal gear removed 
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3. Insert the new gear, using partly inserted 
round keys to locate the with reference to the 
key ways. 

4. Drive the gear and keys home with a soft ham¬ 
mer or by using a block of wood to strike against. 


5. See that the locking ring is down in its 
groove and that the cotter pin is inserted in the 
hub rim. 


See illustration, Fig. 42, showing location of the 
internal gear, driving pinion, and drive shaft. 


WHITE 3/4.TON TRUCK 


Specificaticms 

Frame: Pressed alloy steel. 

Axles: Front, one-pieoe drop-forged I-beam alloy steel, 
heat treated; rear, special white tynpei trussed. 

Springs: Semi-elliptic. 

Wheels: Artillery type, fitted with ball bearings 

Tires: Pneumatic, .34" z 5", cord. 

Capacity: 1,500 Ibe. 

Carburetor: White aspirating type, meaning a spray type of 
jet. 

Ignition: High-tension magneto of the Eisemann, Boech, or 
Teagle make. 

Cooling: Water circulation by gear-driven centrifugal pump; 
cellular radiator supported on springs. 

Steering: Ijeft-aide drive; worm and sector type, “fore-and- 
aft” method. 

Brakes: Foot brakes contracting on drums on each rear 
wheel; hand brakes expanding on drums on each rear wheel. 

Drive: Shaft drive final drive by bevel gears. 

Gasoline tank: Capacity 15 gallons; gravity feed to the 
carburetor. 


Chassis dimensions; 

Wheel base: 133 ^ in. 

Gauge: 56 in. 

Length over all: 14 ft. 3 in. 

Width over all: 5 ft. 6 in. 

Dash to rear of frame: 10 ft. lOH in. 

Dash to center of rear axle: 8 ft. 7 in. 

Rear of seat to rear of frame: 7 ft. 1H in* 

Extreme width of frame—34 in. 

Height of top of frame in rear: 32H in. 

Weight of chassis: 3,200 lbs. 

Engine 

The engine is of the 4-cylinder, 8 -valve, L-head 
type; bore 3?4"; stroke, 53^"; cast-iron pistons. 

When the valves arc closed the clearance between 
the valve stem and the tappet should be . 010 " 
(engine cold). 

The clearance on the diameter of all connecting- 
rod bearings should be between .(X)l" iuid .002". 

Crank shaft: I'he White 5 ^ 4-1011 crank shaft is 
noteworthy in that it runs on two ball bearings ( 2 ) 
and (3) (Fig. 47). I'his necessitates a short, stiff 
crank shaft. 



A, Clutch pedsl. 

B, Foot-brake pedal. 

C, Haod-brake lever. 
O Haad-brake rod 


Fig 46. Top and side view of chassis of the ^i-toa White truck. 

B, Foot-brake rod. J, Transmission. M, Foot throttle. 

F, Brake drums. K, liadiua rod. S, Oil Reservoir. 

G, Universal joints. L, Qear-ebift ler'^r. J, Crank-case oil fllkr; 

H, Clutch coupling. 

Appliee tu early model. 
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If it were desired to have a three-bearing crank 
shaft on ball bearingSt it would be impossible to 
slip a ball race on the center bearing of a one-piece 
shaft. In order to obtain a three-bearing support 
with ball bearings, a built-up crank shaft must be 
used, that is, the shaft is made in two pieces; then 
after the center bearing is in place, tlie parts must be 
joined by some means such as disks. Therefore 
with the White crank shah, using two ball bearings, 
the crank shaft is made very heavy in order to with¬ 
stand the power impulses without “whipping” at 
high speeds. 



Fig. 47. Ball-l>caring crank shaft. 


(1) Crank shaft. 

(2) Crank-shaft bearing. 

(3) Crank-shaft bearing 

(4) Crank-shaft oil tube. 

(10) Clutch-shaft ball. 

(11) Cronk-shaft gear. 

(25) Crank-shaft rear bearing- 
ring felt washer 
(23) Crank-shaft rear bearing 
case. 


(27) Connecting ro<l. 

(.31) Connecting-rod bearing 
cap 

(32) Connecting-rod bearing, 

(72) Crank-sliaft bearing oil 
tubes, 

(73) Oil p)ort, rear. 

(79) Oil port, front. 



Fig, 48. Gear -shift po.sition8 of ^-toii White (not a stand¬ 
ard H.A.F.) 


Rear Axle 

The rear drive is through a bevel-gear drive. 
Adjustments are made as on a passenger car. 
The differential gears are of the straight-toothed, 
three-quarter floating type. 


Clutch 

The single-plate type, operating in oil, is similar 

in construction to the \\Tiite S}^Um (clutch, shown 
in Fig. 52, page 935. 

Fill the clutch through the oil plug (7) (Fig. 52) 
with one pint of light engine oil. After the first 
500 miles, and tlnui after each 2,000 miles, drain the 
oil from the clutch and refill W'ith one pint of kero¬ 
sene. Allow the engine to run at a moderate s|>eed 
for one minute, meantime engaging and releasing 
the clut<*h a few times. Then stop the engine ana 
drain the kerosene, and refill with light engine oil. 


Lubrication: Oil is supplied to a gear-driven 
plunger jiump by the reservoir (S) (Fig. 46). The 
pump forces it through sight oil feeds on the dash, 
thence to the oil jxirts (73) and (79) (Fig. 47). 
After dropping on the conical surfaces at the end of 
the crank shaft, it is carried by centrifugal force 
through pjissages in the crank shaft to the connect¬ 
ing-rod bearings (32) (Fig. 47), thence through 
oil tubes (4) (Fig. 47) to the remaining connecting- 
rod bearings. From the connecting-rod bearings, 
the oil is thrown off in a spray, thus lubricating the 
cylinder walls and maintaining the oil level in the 
crank case. 

The ball bearings (2) and (3) (Fig. 47) receive 
lubrication from the splash and from some of the oil 
thrown off by the crank shaft. 

The only purpose of the oil in the crank case is to 
act as a cooling agent, and consequently it should 
not be too full, as explained later under the subject 
of general lubrication. 

Transmission 

The transmission is of the selective type, and has 
four speeds forward and one reverse. Direct drive is 
on the third gear, fourth speed bein^ geared up. 
Third speed is always used when running loaded or 
when running light at ordinary speeds. The only 
time to use fourth speed is when running light on a 
good level road at a high rate of speed. The various 
gear-shift positions are shown in Fig. 48. 

The total gear reductions are: first speed, 18.6; 
second speed, 8.57; third speed, 6.36; fourth speed, 
3.90: reverse, 25.18. 


Clutch Adjustment 

The space between the clutch cover (see Fig. 52 
[5], page 935) and the shoulder of the clutch flange 

(29) can be adjusted to its proper width (between 
}4" and ?8") by deprc&sing the clutch pedal as far 
iis possible and removing the friction-plate ring lock 
(14), while in this position. A section of the notched 
friction-plate ring (12) (which can be turned by 
means of a screw-driver) will appear through the 
opening. To increiise the space above mentioned, 
turn the ring in a clockwise direction, and to de¬ 
crease it, turn coimter-clockwise. 

The clutch foot lever, which can be moved after 
loosening the binder bolt, at its connection to the 
shaft, should be from the floor board when the 
the clutch is thrown in. 

The clutch brake may be adjusted by turning the 
threaded clutch brake-band pull rod so that the 
brake shoe comes into contact with the clutch 
coupling ring only on the extreme outward throw 
of the clutrli. 

Rear Wheels 

The rear wheels (Fig. 49) are listened to the rear 
axle spindles by a square and taper. 

To remove the wheel and spindle, jack up the 
end of the rear axle and loosen the nuts (70) on the 
(wo hra('ket hook bolts. These bolts are located 
on the ends of the axle sleeves near the w heel. The 
outside ends of the hook bolts fit into grooved slots 
in a plate w'hich holds the bearing in position. 
WTien these hook bolts are loosened the *T.“-head 
of the bolts can be turned out of the slot, and the 
wheel and spindle can be pulled off. 
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(6) Spindle bracket R.H. 

(14) Brake ring with lining 

(15) Brake-ring lining 

(25) Foot-brake lining 

(26) Foot-brake band com¬ 
plete 

(27) Foot-brake guide 
(42) Foot-brake guide stud 
\69) Rear wheel hook bolt 

(70) Rear wheel hook bolt 
nut 

(71) Rear wheel 

(72) Rear wheel hub cap 


C73) Brake drum 

(74) Brake-drum bolt 

(76) Rear wheel hub R.H. 
and L.H. 

(77) Rear wheel hub flange 

(78) Rear wheel hub locknut 
(R.H. thread) 

(80) Rear wheel bearing re¬ 
tainer 

(81) Rear wheel bearing re¬ 
tainer felt washer 

(82) Rear wheel bearing re¬ 
tainer felt retainer 

(83) Rear spring clip and 
nut 


(84) Rear^e ipindle (01) Rim tide ring 

(85) Rear-axle spindle nut ^2) Rim clamping ring 

(88) Rear wheel bearing (03) Rim bolt 

(80) Rim (94) Rim bolt nut 

(00) Rim locking ring (05) Rim clamp 

A tight fit of the driving spindle in the rear-wheel 
hub must be maintained at all times in order that 
the driving strain be evenly distributed throughout 
the entire length of the hub. If the spindle is allowed 
to work loose, the hub becomes distorted and 
enlarged, allowing the entire driving strain to be 
taken by the square section of the spindle. This 
condition may result in a fracture. 

The fit of the spindle is obtained by tightening 
the spindle nut (85), and by making sure that the 
spindle nut washer is tight against the wheel 
Imb (76). The fit should be checked occasionally, 
especially during the first 1,060 miles of driving 
with a new truck.. 

Occasionally examine the spring clips which hold the spring 
to the seat and see that they are kept tight. Loose spring. 
cliiM may allow the axle to shift and cause shearing of the 
spring center bolt or a breaking of the spring plates. 

Lubricating Instructions 

Engine: Mace the truck on a level space. Open the crank¬ 
case overflow valve by pulling out the valve stem under the 
radiator. Pour filtered, medium heavy engine oil into the crank 
case through the filler (T) (Fig. 46) on top of the timing-gear 
case until ft is even with, but not above, the level of the over¬ 
flow valve. Pour the same kind of oil into the oil reservoir 
(S) (Rg. 46) until it Is full. 

Transmission: Fill the transmission case with transmission 
oil, through the filling hole on top, up to the level of the oil- 
level plug on the side. After ea<m 1,000 miles, add sufficient 
oil to maintain this level. After each 5,000 miles, drain the case 
through the drain-hole plug in the bottom, cleanse, and refill. 

Rear axle: MU the rear-axle case with transmission oil 
through the filler-cap hole on top of the rear axle housing up 
to the oil-level plug on the side. Examine this case after 
each 1,000 miles, and add enough oil to maintain this level. 
After every 5,000 miles, drain it out through the plug at bot¬ 
tom, cleanse, and refill. 

Grease lubricators: Fill with soft cup grease, using a grease 
gun (18) and (19) (Fig. 53, page 935). 


WHITE 3 TO 3H TON TRUCK 


Specifications 

Firame: Standard I-Beam; channel steel bumper. 

Axles: Front, straight type solid drop-forged alloy steel; 
rear, steel bousing. 

Springs: Semi-elliptie. 

Wheels: Metal, fitted with ball bearings. 

Tires: Front, 36" z 5" solid; rear, 40" x 5" dual solid 
pressed-on type. 

Capacity: 7,000 Ibe. 

Carburetor: White aspirating type (meaning that a spray 
Jet is used). 

Ignition: High-tension magneto of the Eisemann, Bosch, or 
Teagle make. 

Co<rfing: Water circulation by gear-driven centrifugal pump; 
radiator, of the vertical tube type supported on springs. 

Steering: Leftrside drive; worm and sector type, "fore-and- 
aft" method. 

Brakes: Foot brakes contracting on drums on drive shaft; 
hand brakes expanding on drums on each rear wheel. 

Drive: Double reduction-gear drive by shaft to full-floating 
type of rear axle. 

(^asdUne system: Tank 32>4 sals, capacity; feed by vacuum 
system. 

(^hasait dimensions: 

Wheelbase: 174 in. 

Gauge: Front wheels, center to center of tires, 64)^ in,; rear 
wheeb, center to center of wheels, 61 
/«ngth over aUr 22 ft. 3 in. 

Width over all: 6 ft. 2 in. 

Dash to rear of frame: 17 ft. 6 in. 

Bash to center of rear axle: 12ft7Hi>^ 

Rear of eeat to rear of frame: 


Extreme width of frame: 42 3/16 in. 

Height of top of frame in rear: 37 in. 

Weight of chassis: 7,300 lbs. 

Engine 

Engine has four cylinders, eight valves, and is of 
the Lnhead type: bore, stroke, 5^". The 

cylinder head is detachable. 

When the valves are closed, the clearance between 
the valve stems and tappets should be .010'^ when 
the engine is cold. 

ClearaBce on the diameter of all connecting-rod 
bearings should be between .001" and .002". 

The crank shaft has a three-bearing support and 
soft metal bearings. 

Engine Lubrication System 

Pressure feed: The engine and olutoh are lubricated by a 
preesure feed. The oil is taken from the crank-ease sump by 
a gear-t 3 q>e oil pump mounted on the cam shaft, and is forced 
back to the dutch-shaft bearing and forward to the cam-shaft 
bearing, timing-gear bearingil, and main bearings, thence 
through the oil ways in the crank shaft to the connecting-rod 
bearings. 

0& sprey from the bearingsprovidee lubrication for all other 
engine and clutch parts. The oil drsini from the dutdi 
mechanism on to the flywheel, by which it is picked up and 
carried back into the crank case. The oil then drains back to 
the crank-case sump through a droular strainer or screen, 
which effectively eliminates all dirt and sediment. 

Oil level: The amount of oil in the erank-caee sump is shown 
by a float^aotuated oil-level indicator on the left side of the 
engine frame. 


Applies to early model 
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Fig. 50. Chassis views of 31^ton White truck. 

A, Clutch pedal. D, Hand-brake drums. G, Hand-brake rod. L, Gear-shift lever. 

B, Foot-brake pedal. E, Foot-brake bands. J, Transmission. M» Radius tube. 

C, Foot-brake shaft. F, Universal joints. K, Transmission hand hole. 


Pressure: The pressure should not exceed 20 lbs., and under 
ordizkary operating conditions 10 to 15 lbs. is sufficient. The 
oil win, however, show a somewhat higher pressure when cold. 

Adjustment: The oil pressure is adjusted by an oil by-pass 
on the left side of the crank case. Loosen the jamb nut, and 
turn the screw to the right to increase the pressure, or to the 
left to decrease it, after which the lock nut must be tightened 
to maintain the adjustment. 

Note. It is very important that the oil be thoroughly 
warmed when adjustment is made. 

Transmission 

This is of the selective type, with four speeds 
forward and one reverse. The direct drive is on 
the fourth speed, the total gear reduction being 
11.6 on fourth, 19.9 on third, 31.55 on second, 47.85 
on first, and 61.5 on reverse. 


The gear-shift positions are standard, as shown 
in Fig. 4, page 912. 

Rear Axle 

The rear axle is of the double-reduction type and 
is shown in Fig. 51. 

(I) Rear axle housing 

(3) Rear axle housing pipe plug 

(4) Rear axle housing shaft cas'^. 

(7) Hear axle compensating case bearing (313) 

(8) Rear axle compensating case bearing lock nut 

(II) Rear axle housing bevel gear pinion 
(12) Rear axle housing bevel drive gear 
(14) Rear axle housing bevel gear cage 



Fig. 61. **t)ottbl«Hr«duetioB drive to rear wheelt** on White SH-ton track. 
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(17) Hear axle housiiis bevel gear cage bearing (410) 

; IS) Rear axle housing bevel gear cage bearing (810) 

(23) Rear axle housing tube R.H. 

(25) Rear axle housing tube locks 

(28) Rear axle housing tube bearings 

(29) Rear axle housing tube bearings 

(30) Rear axle housing tube bearing lock nut. 

(34) Rear axle housing ti.be spindles 

(35) Rear axle housing tube spindle steel ball, 

(36) Rear axle housing tube spindle bushings 

(37) Rear axle housing tube spindle drive pinion with bearing 
(39) Rear axle housing tube pinion gear bearing nut 

(41) Rear axle housing tube intermediate gears 

(42) Rear axle housing tube intermediate gear roller bearing 
(44) Rear axle housing tube intermediate gear pins 

(47) Rear axle compensating case R.H. 

(52) Rear axle compensating case gear 

(54) Rear axle compensating case spider 

(55) Rear axle compensating case spider pinion 
(60) Rear axle brake operating shaft link 

(65) Rear axle operating shaft adjusting lever 

(69) Rear axle brake support brackets 

(70) Rear axle brake support bracket grease oiler 
(74) Rear axle brake shoes 

(76) Hear axle brake shoe pivot pin 

(78) Rear axle brake shoe lining 

(79) Rear wheels 

(80) Rear wheel tires (40 x 5 Dual) 

(83) Rear wheel hub caps and gaskets 

(84) Rear wheel oil drain plug 

(85) Rear wheel ring gear 

(86) Rear wheel drum covers 

(90) Rear wheel drum and cover plate 

(92) Rear axle compensating case thrust bearing 

(93) Rear axle thrust bearing nut 

The first reduction takes place in the bevel gears 
in t lie center of the axle, the second reduction being 
obtained by means of three gears in the rear wheels. 
The power is deliveretl from the driving shaft bevel 
pinion (11) (Fig 51) and the bevel gear (12) by 
means of the differential gears (52) and (55) to the 
full-floating type driving spindles ^(34). These 
spindles transmit the power to the drive pinion (37). 

This drive pinion meshes with an intermediate 
gear (41), which in turn meshes with the main driv¬ 
ing ring gear (85) which is bolted to and drives the 
rear wheels. All moving parts run immersed in a 
bath of oil. 

Maintenance of Rear System 

To drain the wheels: Jack up one or both rear 
wheels, turn them until the pipe plug (84) (Fig. 51) 
is at top center; remove the plug and replace it 
with a piece of 5^" pipe approximately 7" long; 
then turn the wheel until the pipe is at bottom 
center, and the oil will drain out clear of the wheel 
rim. 

To remove spindles (34) (Fig. 51): Take out the 
wheel ce’iter plugs (83). then carefully remove the 
fcall (35). Screw into tne end of the spindle (34) a 
standard " bolt or rod, and then proceed to remove 
the spindle from the axle tube (23). After the 
splined end of the spindle leaves the differential 
gears (52), the spindle will have to be turned slightly 
so that it will enter the oil-retaining plug (36), 
and tiie driving pinion (37), to permit complete 
removal. 

To remove wheels: Take off the hexagon nuts 

n (F!g. 51); then place set screws (29) (Fig. 53) 
iig holes (A) (Fig. 61). Turn up equally, in 
rotamn (a few turns at a time) on all thi^ screws 
Iqr means of the socket wrench, furnished with the 


eauipment. This is very important as it allows the 
wheel to leave the ball bearmg (28) without injury. 
The removal of the wheels can be greatly assisted 
by placing a four-castered dolly, a plank with rollers, 
or a piece of sheet iron uiitler them, which, by lower¬ 
ing the jack, will take the weight of the wheel and 
permit it to slide off the studs (89) very easily. 

To remove main driving-ring gear (23) (Fig. 51): 
Tills gear comes off with the wheel and can be very 
readily removed by means of wedges or flat chisels. 

Note. When reasaenjblinK the wheel, inspect the ring-gear 
Ka«k*‘t8 and make sure that they are in good condition. Put 
the Kivskets and ring gear on studs before replacing the wheel, 
to avoid injury to the former. 

To remove axle housing tube (23) (Fig, 51): 
Remove the axle tube locks (25), and loosen the nuts 
on the rear spring U-bolts, both of which are abso¬ 
lutely ru'cessary in order to remove the tubes. The 
tube position is maintained by means of a spline in 
the axle housing, which necessitates the tube being 
pulled out straight about 6 inches. 

Note. After the splined end of the tube leaves the^pline of 
the housing, there is nothing to prevent the intermediate gear 
dropping from the horizontal to a vertical position. 

Caution: It is important that the mechanic, for his own 
safety, exercise care in performing this operation. 

To remove brake drums (86) (Fig. 61): After 
removing the tube, stand it on end and tne brake 
dnim will slide off. 

To remove intermediate gear (41) (Fig. 51). 
Remove the bearing (29), by unscrewing the bearing 
lock nuts (30). The bearing and inner bearing 
washers can then be moved along the axle tube a 
sufficient distance to allow the pin (44) to clear it. 
The intermediate gear and bearing (42) will then 
slide out from between the supporting lugs of the 
axle tube. 

To remove driving pinions (37) (Fig. 51): To 
remove the driving pinions, the intermediate gears 
must first be removed; then remove the driving- 
pinion-bcaring lock nuts (39) (Fig. 51), and the 
driving pinions, complete with the ball bearings, 
can be taken out of the tube as an asseinblea 
unit. 

To remove differential and bevel gears (11), (12), 
(52), (55), etc. (Fig. 51): First remove the spindles 
(34), as already instructed, sufficiently to clear the 
differential-housing bearing lock nuts (8) and (93): 
then remove the cap screws (5), and the differential 
housing (4) can be removed from the axle housing 
(1), as a complete assembly. 

To remove driving shaft and bevel pinion (11) 
(Fig. 51): First loosen the binder bolt (6), tnen 
unscrew the retaining sleeve (14), and it can then 
be removed complete with the shaft, the bevel 
pinion and the bearings (17) (18) all a self-contained 
unit. 

Adjustments: The meshing of the bevel driving 
gears can be adjusted by removing the lock nut 
locks and turning the differential-housing bearing 
lock nuts (8) and (93) (Fig. 61) by inserting a 
small bar in lock opening in the differential housmg. 
The locks must then be replaced to lock the bearing 
lock nuts and maintain the adjustment. 

Caution: Care should be exercised in noting the 
position of the bevel gears before removing the dif¬ 
ferential unit. They must be replaced in their 
original position in order to prevent reverse motion 
of the wheels. 
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Outch 

The dutch is of the single*plate typC} operating in 
oil. 



The clutch foot lever, which can be moved after 
removing the rod end pins at the bottom of the 
clutch foot lever should oe from the floor lx)ard 
when the clutch is thrown in. 

The clutch brake may be adjusted by turning the 
threaded clutch brake-band pull-rod, so that the 
brake shoe comes into contact with the clutch 
coupling ring only on the extreme outward throw of 
the clutch. 

Oil for the clutch is furnished by force from the 
engine base. 

Lubricating Instructions 

Engine: Pour fi ered medium-heavy engine oil into the 
4‘rank case sump tjrough the filling hole until the oil-level 
indicator, on the lefi side of the engine frame, shows it to be full. 

Rear axle: The ►'cst lubricant is composed of 60 per cent 
stiHight mineral cyl nder stock of as low a cold test as possible 
and 50 per cent of the oil used for the engine. Fill each rear 
w heel with two quarts through the pipe-plug hole (84) (Fig. 51). 
Likewise put one gallon of the same mixture in the center 
housing through the filling hole (3). Every 6,000 miles, remove 
(he drain plugs (3) and (84), cleanse, and refill. 

Transmission: Fill the transmission case with transmission 
oil through the filling hole on top to the level of the overflow 
plug on tfie left-hand side of the cose. Each 1,000 miles, add 
sufficient oil to maintain this level; and each 5,000 miles, drain 
the case through the drain-plug hole in the bottom, cleanse, 
and refill. 

Grease lubricator: Fill with soft cup grease, using a grease 
gun (18) (19) (Fig. 53). 

Truck Driver’s Tool Equipment 

A good set f)f tools should be carried on every 
truck. A woll-iissorted set is sho;\Ti in the illus¬ 
tration below (Kig. 53). This is the tool equip¬ 
ment as supplied by The White Co. with all of its 
trucks. 


(1) Clutch flywheel 

(2) Clutch flywheel bolt 

(5) Clutch flywheel cover 

(7) Clutch flywheel plug 

(8) Clutch friction plate 

(9) Clutch friction plate hub 

(10) Clutch friction plate hub bolt 

(12) Clutch friction plate ring (notchetl) 

(13) Clutch friction plate ring (plain) 

(14) Clutch friction plate ring look 
(16) Clutch friction plate shoe 

(18) Clutch friction plate spring . 

(19) Clutch toggle spider 

(20) Clutch toggle spider lock nut 

(23) Clutch toggle spider spring 

(24) Clutch toggle spider strap 

(25) Clutch toggle spider wedge 
(29) Clutch pull-out shoe 

(32) Clutch pull-out shoo bearing (No 211) 

(33) Clutch pull-out shoe od cup 
G14) Clutch pull-out shaft 

(36) Clutch pull-out shaft yoke 
(50) Clutch oil tube 

To a^ust clutch: After removing the luind-holc 
cover (K!) (Fig. 50) and turning the clutch until the 
ring lock ^pears, the space between the flywheel 
cover (5) (ng. 62) and the clutch pull-out shoe (29) 
can be adjusted to its proper width (between 
and DV depressing the clutch pedal far as 
possible and removing the friction plate ring lock 
(14), while in this position. A section of the 
notched Motion plate ring (12), (which can be 
turned by means of a screwdriver) will appear 
through the opening. To increase the space men¬ 
tionedabove, vhich adjustment will bring tlie 
clutch brake into action sooner, turn the ring in a 
clockwise direction, and to decrease it, turn it 
coun ter-clock wise. 





Fig. 53. The White truck tool eiiuipment. 


(1) 1 Canvas tool bag 

(2) 1 Jack 

(;{) 1 J.aek handle 

(4) 1 Half-round file 

(5) 1 File handle 

(6) 1 Open-end wrench No. 

30 (11/16" X H") 

(7) 1 Open-end UTench 

(15/16" X un 

(8) 1 Open-end WTench No. 

35 (I )^") 

(9) 1 Open-end adjustable 

wrench (6" long) 

(10) 2 Valve-lift adjusting 

wrenches (11/16") 

(11) 1 Hub wrench (3 V^") 

(12) 1 Hub wrench handle 

(13) 1 Auto wrench (14") 
fl4) 1 Magneto wrenoh 


(15) 1 Cotter-pin extractor 

(16) 1 Hammer 

(17) 1 Oil gun 

(18) 1 Alemite grease gun 

(19) 1 Alemite grease guu 

tubing 

(20) 1 Pliers (8") 

(21) 1 Screwdriver, small (3") 

(22) 1 Screwdriver, large (9") 

(23) 1 Package assorted cotter 

pins 

(24) Not furnished 

(25) Not furnished 

(26) 1 Front wheel puller 

(27) 1 Front wheel-pullei 

screw 

(28) I Spool of wire (No. IS 
(20) 3 Set ecrews (ir-10) 
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INLET VALVE hlFAD 


WATEP fV\^A 


WATER PASSAGE 


CyUNDEP 


PISTON 


BE PfPLACED 


VALVE SPRING 


VALVE CLEARAHCr 


LOCK NUT* 

t^— 

VALVETAPPETOUIOF: 

VALVE TAPPET 



OIL PUMP 
OAYOfin TYPE OIL 
6AU<]f 
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OILIV^I 


PISTON PINGS 


WATER PASSAGE 


PISTON PIN 


OIL PAN 
\OlL LINE 
CONNECTION 

OUTLET PIPE FROM 
OIL PUMP TO OL 
DISTRIBUTING PIPE 

OIL RESERVOIR 


Fig. 54. Front sectional riew of model “L4/* four>C 7 linder **Red Seal*’ Continental engine. Model **L4** la dsBigned 
eepedally for trucks with a carrying capacity of 3}^ tons. 


'"full force’' pressure feed (see Fig. 65); Carburetor, 
vertical outlet, l}4" S.A.E. flange; Ignition, pro¬ 
visions for magneto or engine driven distributor: 
Generator, crank case accommodates any standard 
make; Starter, flv-wheel housing accommodates 
any standard make with Bendix drive; Clutch, 
multiple disk or 12" plate type can be used; Sus¬ 
pension! three-point; Construction, unit power 
plant with enclosed flywheel. 

Lubrication 

The main oil distributii^ line runs the full lei^h 
of, and is cast integral with, the crank case. The 
DfMsage is lined with steel to eliminate seepage. 
From this reservoir, secondary leads, cast in the 
crank case and lined with st^l, run to tne three main 
bearing of the crank shaft and to the gear case. 
Through passages drilled in the crank shaft, oil is 
supplira under pressure to the connecting-rod crank- 
pin bearings. Piston pins are supplied with oU 
throu^ separate lines running up the connecting 
fod from the lower end bearing. The oam-shaR 


operating conditions, the pressure may range from 
7 lbs. to 30 lbs., depending on the viscosity oi the oil 
and the generm condition of the engine. Adjust 
when the oil reservoir is filled with fresh oil and the 
engine is warm. 

After releasing the lock nut, the adjusting screw 
should be turned down to increase the pressure, oi 
up to decrease the pressure, until the correct amount 
is indicated by the gauge on the dash. \^en the 
correct pressure is indicated, be sure to turn the 
adjusting-screw lock nut down until tight. 

Valve Timing—Continental Model 

Inlet opens 10^ after top; closes 20^* after bottom 
Exhaust opens 36*’ before bottom; closes 6^ after 
top. 

The inlet open period is 190^ and the exhaust open 
period is 22r. Firing order is L 3J 4, 2. Greatest 


le lower end bearing. The oam-ehart 

AppliM to An early model; eee 8p«ei/leafihnt 


period is 221. Firing order is 3/4. 2. Greatest 
torque ie at 625 r.p.m. Corouretor flange opening 
ie 114" (8.A.E. floage-eee page 1061). 

of later tntok enginee etarting on p. 954. 
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CyUMOC»? HOLDDOWN 
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rEtr. 
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STPAihCR SCREErt' 


Fig. 55. Longitudinal sectional view showing lubrication system of model four-cylinder *‘Red Seal’’ Continental 

engine. Lubrication of model “L4’' engine is provided with a pressiux^-feed oiling system, or what is termed **full force feed.** 
The gear-tjrpe oil pump is submerged m the oil in the reservoir and is automatic^y primed, and supplies oil positively under a 
pressure varying from 7 Ibe. to 30 lbs. Note that the end play in the cam shaft is adjustable by means of the cam-sh^t end-thr^t 
adjusting screw. 


Continental ^^Red Seal*’ Model Engine 

The model (not illustrated) ia a smaller 

model, desired for truck use. Type; 4-cylinder, 
vertical, L-head, Size: 354'' bore by 5" stroke. 
Power: S.A.E. rating, 22.5 h.p. 

Questions and Answers on Continental 
Engines^ 

Q. 1: What is the difference between engines 
designed for passenger cars and engines de¬ 
signed for trucks or for other heavy duty work? 
Ans.: Passenger-car engines are constructed more 
lightly than commercial truck engines. The 
elimination of unnecessary weight is a most 
important item in passenger-car design, as com¬ 
fort and performance are primary requirements. 
Weight distribution, as it affects the balance of 
the car, is another important item which affects 
directly the performance of the vehicle. Then, 
too, a passenger-car engine is seldom called 
upon for maximum power at any speed, and 
only a small percentage of the developed power 
is used under normal driving conditions. Con¬ 
sequently the resistance offered the power 
impulses is small in proportion to the developed 
power of the engine. In design, the weight and 
strength of the reciprocating parts are m pro¬ 
portion to the resistance offered the power 
impuls^ in average service, with a suitable 
factor of safety to withstand the heavy duty 
often encountered by passenger cars when going 
up hills and through bad rosuls. A motor of 
this type accelerates quickly and is usually 
capable of higher speeds than are developed by 
truck motors of the same bore and stroke. 


paset 03 and 04 for the Contineola) p a umn ga r -oar 
mSlel ‘7R 


Truck engines, on the other hand, are called 
upon for a larger percentage of their developed 
power at practictilly all times. For this reason, 
the moving parts are more generous in size, 
and the engine is otherwise designed to with¬ 
stand greater strains. Performance, accelera¬ 
tion, flexibility, are not the important require¬ 
ments of a commercial vehicle. There must be 
ample power, however. Dependability and 
long life are essenti^. The engine must 
operate at full speed with maximum efficiency, 
day after day, for long periods of time, under a 
great many unfavorable weather and road 
conditions. This calls for more adequate cool¬ 
ing facilities, generous bearing surfaces, and 
more rugged construction throughout. See also 
page 911 of this instruction. 

Q. 2: How is the oil pressure regulated? 

Ans.: The flow of oil from the pump increases or 
decreases in direct proportion to the speed ot 
the engine. Consequently, the oil pressure 
varies accordinglv, as the capacity of tne oiling 
system, accurateiy predetermined for each given 
engine, is a constant and fixed quantity. To 
prevent an excessive oil pressure, an automatic 
relief valve is connected to the oil line. This 
valve is located in the gear-case cover, but is 
adjusted from the outside of the engine. Regu¬ 
lation of this valve is taken care of through a 
screw held in place by a lock nut. The screw 
controls the tension of the coil spring against 
which the ball valve automatically opens in 
proportion to the pressure, and allows the sur¬ 
plus oil to flow over the timing gears, thereby 
maintaining in the oil lines the most effective 
pressure for adequately lubneating all moving 
parts. 















OSS 


DYKE^S INSTRUCTION No, 76 


Q. S: If adjustment of the oil pressure is required, 
when iSbould it be made? 

Ans.: 

when the engine is filled with fresh oil and after 
it has been operating long enough to have 
attained its normal running temperature. 

Q. 4: What are the correct oil pressures 

Ans.: The correct oil pressure to maintain depends 
first upon the type of oiling system used in the 
engine. 

The first, a combination splash and force- 
feed system, usually includes a plunger-type oil 
pump and might be termed a low-pressure 
system. The oil gauge will usually show a 
reading of from 2 lbs. to 7 lbs. 

The second, a full force-feed system, 
usually includes a gear-type oil pump and 
might be termed medium or high pressure. 
Engines so equipped will usually operate under 
a pressure from 10 lbs. to 30 lbs. In every case 
the pressure is influenced to some extent by 
the speed of the vehicle, the viscosity of the oil, 
and the general condition of the engine. 

Q. 6: Can valve guides be replaced and what are 
they made of? Are valve plunger guides 
replaced and what are they made of? 

Ans.: Both valve guides and valve tappet guides 
are made of a refined grey iron. They can 
easily be replaced. 

Q. 6: Are governors used on Continental motors? 

Ans.: Motors designed for passenger-car stTvice am 
not adapted to governor installation. 

Motors d^gned for commercial vehicle work, 
however, have provision for standard t\ jHis of 


engine-driven mechanically operated governors. 
The maximum speed is 1,300 r.p.m., usually 
governed to 1,200 r.p.m. 

Q, 7: What is the bore of the cylinder of the 
in decimals? 

Ans.: The bore is 4.500^' (four inches and five hun¬ 
dred one-thousandths, or 

Q. 8: What is the standard clearance of the piston? 

Ans.: The standard clearance on the ‘^L4” is .004". 

Q. 9: What would the standard piston then meas¬ 
ure at the skirt? 

Ans.: It would measure 4.500'' — .004"*■ 4.496". 

Note that an allowable limit of .002^' is usiiaHy permitted 

for the cylinder bore and the piston, and the standard piston 

will usually measure 4.498^'. 

Q. 10: What sizes of oversize pistons are furnished 
by the Continental Motors Corporation? 

Ans.: .002", .003", .005", .010", .020", .022", .025", 
.027", .080", .035", .040", .045". 

Q. 11: What would they measure, expressed in 
decimals? 

Ans.: If tho standard-size piston is 4.498", the 
.002" oversize would be 4.498"4-.002"= 4.500". 
.003" oversize; 4.498-f-.003= 4.501" 

.005" oversize; 4.498-f-.005= 4.503" 

.010" oversize; 4.498-f .010= 4.508" 

.020" oversize; 4.4984-.020= 4.518" 

.022" oversize; 4.498-f .022=4.520" 

.025" oversize; 4.498-f .025=4.523" 

.027" oversize; 4.498-f.027=4.525" 

.080" oversize; 4.498-f .030=4.528" 

.035" oversize; 4.498-f .035= 4.533" 

.040" oversize; 4.498-f .040= 4.,538" 

.045" oversize; 4.4984 .045=4.543" 


EXAMPLE OF ADJUSTING A TRUCK AND TRACTOR ENGINE 


There are many different makes of truck engines. 
It is impossible to show them all. We will, there¬ 
fore, select the Waukesha as an example of how 
adjustments are made, such as taking up on the 
bearings, etc. 

Althou^ tho construction may vary on different 
engines, the same principle of making these adjust¬ 
ments will apply to many of the other engines on 
the market. 


How to Put Oil in Engine 

Remove the breather cap (A) (Fig. 58). Pour oil 
into the breather until the needle float in gauge (B) 
comes up to within of the top of the ^ass 

Remove the crank-case hand-hole plate (Fig. 62), 
and fill each trough under the connecting rods. 

Use a thinner oil in winter and a heavier one in 
summer. 

fC) <Flg. 58) represent water drains for cleaning 
aeuin^t or rust from the water jacket and circulat- 
i ng wat er pump« and also for draining in winter to 
pteml Ireesina. 


Engine Oiling System Inspection 

Drain the oil—remove the oil pan so that you can 
inspect thoroughly. When the system is running 
properly, a stream of oil is constantly forced through 
holes (A) (Fig. 59). Inspect each oil hole carefully 
and see that they are not clogged or partially clogged 
up. A piece of waste or jdirt may have worked inhj 
one of the holes, preventing the now of oil entirely. 

To test the oil flow: With some oil in the oil pan, 
turn the oil pump shaft with a pair of pliers as 
shown. If the oil discharges through all of tne holes, 
the pump and oil line are working properly. 

Clean the screen (3M) (Fig. 59): This should be 
cleaned often with gasoline, say every three months, 
if the engine is run regularly every day. When 
removing the screen for clean mg. be sure to retain 
the supporting spring inside ana to make sure of 
an oil-tight joint being established between the oil- 

f ump screen-flange gasket and the crank case (see 
'ig. 59). 

The oil pump is located at the lower left side of 
the engine, when standing in rear of it (see I^g.62 
and Fig. 57). It is driven by a camshrdt (see Fig.67). 

The system described above is the oiling system 
of the models ‘*L'' “M/' ‘‘N ” ''R," ‘'S/' ‘U"; 

‘'SU4R," “RU4R,'^ 

Waukedia eogiiie^ 


niuitniflm ihow enginw Are oot in current prnduoiion. WaukeehA Motor Co., WAukeehA, Wi*. (mAnufAoturere) will 
fleod Utmtort on ourront modeli to reAden of Him bonk on request. See SpteificaHom of Uter truck eofinee tterting on p. 984. 



COMMERCIAL CARS: WAUKESHA TRUCK ENGINE 939 



Fig. 56. Front-end sectional view of the Waukesha 4 -cylinder enfine. Lubrication is of the splash system: (F) valve 
spring; (D) valve spring retainer; (C) valve spring cap; (E) lifter adjusting screw; (G) lock nut; (J) valve lifter; (X) valve 
guide; (L) cam on cam shaft; (A) valve cap; (6) copper gasket; (I) valve seat; (H) valve face. Water circulating pump on left. 


Kinds of Oil to Use 

For pleasure cars, thin; for trucks, thicker; for 
tractors (gaaolineh neavy; for tractors (kerosene), 
lieaviest. When kerosene is used, clean the oil pan 
often and put in fresh oil (see page 167). 

To Get at the Gears 

Take off the front gear cover carefully. See that 
no bolts or nuts are mislaid or lost. Al^ be careful, 
in taking off the ball-race on the governor, to see 
t hat none of the bearings drop out. Do not put the 
front gear cover on again until you are absolutely 
sure that every one of the ball bearings is in place, 
and that the paper gasket is in good condition to 
prevent oil leaks. 

Be sure to mark the gears. It is very important 
that the gears bel kept in exactly the same posi¬ 
tion as when you received the engine. Mark each 


gear as shown in Fig. 60, that is, mark the centei 
gear (A) (B) (C), as shown; then mark the same 
letter on the gear that connects at the particular 
point. 

In putting the gears on a^ain, see that the con¬ 
nections are A-A, B-B, C-C, just as marked. 

In marking the gears, put the letter on the cog of 
one gear and on the corresponding space where this 
tooth meshes on the connecting gear, just as shown 
in Fig. 60A. 

Operation of Waukesha Governor 

Two circular weights back in the case behind gear 
(O) (Fig. 61) are held by—and swivel about—the 
two pins marked (K). These weights out at 
speed—moving the part (A) outwara. This action 
^sses the ball-bearmg thrust contained in retainer 
9) outward in proportion. 




Fiff. 57. Secticmal side view of Waukesha 4-c]dinder engine showing operation and interior construction, 
irernor fulcrum and the oil pump, the latter being at the lower flywheel end. 


The lever (D) swivels on the fulcrum (C). The 
movement of (A) causes a movement of rod (R) in 
the direction indicated by the arrow. The move¬ 
ment of rod (R) closes valve (h), which is of the 
butterfly type, and swivels on shaft (S). 

The adjustment for speed is made by turning 
screw (L). Turning (L) in the direction indicated 
by the arrow causes the engine to speed up, while 
turning (L) in the opposite directioiT causes the 
engine to slow down. 


The governor is locked by locking nut (G). It 
is farther possible to lock and seal the whole arrange¬ 
ment bv passing a seal wire through the hole in the 
spring housing, and through the hole in nut (G). 

(F) is a spring, the tension of which governs the 
speed of the engme. The governor is of the throt¬ 
tling type^ and controls the amount of gas to the 
cylinder; it would, therefore, be termed a throttling 
type of governor of the centrifugal type—^but by 
weights, mstead of by balls. 






Fig. 59. Oil pan removed. 


How to Time the Valves 

All Waukesha engines have cylinders numbered 
1-2-3-4, starting at the front, or gear end and reading 
toward the flywheel end. 

Timing Valves by Flywheel Marks 

As a rule, the flywheels are marked as to when 
the valves should open. The following method is 
applied in case the fl 3 rwheel and the timing gears 
are not marked. 

First: Turn the engine over until No. 1 piston is 
on upper dead center (Fig. 63). In order to deter¬ 
mine when the piston is at upper dead center, 
remove the cylindeivhead plug and insert a steel 
rule (R) (Fig. 62), or any marked stick. Rotate 
the crank shaft and watch while the rule (R) comes 
up. When it ceases to rise, the piston will be at 
upper dead center. 

Draw two lines across the back side of the flywheel 
(Fig. 63); next measure off 53® on each side of the 
center line at the lower half of the flywheel. 

Second: On the illustration (Fig. 62) note the 
pointer (A) (also called a trammel; see also page 


66). This pointer points to the exact top center 
of the flywdieel. The arrow on the deaa center 
hne (Fig. 63), shows where pointer (A) points, look¬ 
ing at the back side of tne flywheel. Turn the 
engine over slowly until the arrow (A) points 
directly on line No. 3, as indicated in Fig. 63. 

Third: Remove the idler gear (A. B, C) (Fig. 60). 
See that the push rod (J) (Fig. 62) w in its lowe^ 
possible position. Place a thin piece of paper 
between the push rod (J) and the valve stem fX) 
(Fig. 62). Turn the cam-shaft gear (O) (Fig. 61) 
slowly toward the right until the paper which is 
placed between the push rod (J) and the valve 
stem (X) is held tightly. Be sure that the valve 
stem fX) has not risen any. Also be sure that the 
cam-shaft gear retains its position and that the 
piece of paper is still held tightly between the push 
rod and the valve stem. There should be about 
.003" to .004" clearance for the inlet and .005" to 
.007" on the exhaust. 

Fourth: Place a wooden wedge between the cam¬ 
shaft gear and the case, in order to keep this setting. 
This will give the free use of both hands for replacing 
the idler gear. Replace the idler gear. 
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iH*. 61. Front view of en^ne with gear-rase cover removed, showing I'ears and governor action. The large idler K**ar 
4>etween the two small gears drives the large cam gear and magneto and circulating pump gear. 


Fifth: Give the engine a slight turn (say about one 
half-inch on the flywheel) * now see if the exhaust 
valve (X) has risen any. It should, if the foregoing 
instructions have been carefully carried out. You 
can now rei^ace the gear-ease cover and the cylinder- 
head plug. 

Timing Valves by Position oF Piston 

If it is impossible to get at the Awheel, remove 
the cylinder-head plug, insert a ruler as shown in 


Fig. 62. When the upper dead center has been 
deterniined, mcivsiiro the distance from the top of 
the piston to the top of the cylinder. For example, 
let us say it is 2". Bee arrow marked (D) (Fig. 62). 

Now slowly turn the engine over until the dis¬ 
tance from the top of the piston to the top of the 
cylinder measures 7^", This means that the 
piston has made a drop of at which place the 
exhaust valve (X) should just start to open. In 
order to set the valve and complete the timing, refer 



8^ Detcrmliilaf posMoo of plitoo lor purpoM ol titniaa valvar 
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to paragraphs, “Third,” “Fourth,” and “Fifth,” 
pages 941 and 942. 



Fig. Valve timing diagram of Waukesha engine models 
’‘L-IAT4,” “M-MU4,” and ‘T-PU4.” 

This setting pertains only to models **Lr‘LV4” 
“M-MU4,” and ^T-PU4/* 

For models '^0-0U4-0U4R/’ ^^S-SU4-SU4R/' 
“R.RU4-RU4R” ‘^N-NU4-NU4R,’» the piston 
should drop 4J^" from upper dead center; that is, 
the exhaust valve should open 50° before the piston 
reaches the bottom dead center after the explosion 
has taken place. 


For models and ‘^TU4/' and “BU4/’ 
the piston should drop 4.644" or 4JJ" from upper 
dead center; or the exhaust valve should open 45® 
before the piston reaches the bottom deaa center 
after the explosion has taken place. 

In all cases, in resetting the valves, the ma^eto 
will have to be retimed; for this operation see Fig. 64. 

Example of Setting Time of Spark by Position 
of Piston (Magneto Ignition) 

The engine used in this example is the Waukesha 
4-cylinder truck and. tractor engine, using a high- 
tension magneto for lotion. 

In case the magneto has been removed from the 
engine and its connections have not been previously 
marked, it can be retimed as follows: 

First: Open all the priming cups on top of the 
cylinders and turn the engine over slowly until the 
compression stroke begins in No. 1 cylinder. This 
can be ascertained by holding the thumb tightly 
over the priming cup of this cylinder and observing 
that both the valves remain closed (see Fig. 64). 

When the compression stroke berins on No. 1 
cylinder, stop and remove the cylinder he^ plug; 
now insert a ruler and slowly turn the engine until 
the pistT)n comes to upper dead center, or when the 
ruler ceases its upward movement (see Fig. 62). 

Second: Now measure the distance from the top 
of the piston to the top of the cylinder. For ex¬ 
ample, let us say that the distance measures 2" 
from the top of the piston to the top of the cylinder. 
Turn the crank over until it measures 2W. This 



fSg. S4. Magneto eettiiiff and tupllia 
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means that the piston has made a drop of after 
top, on firing or power stroke, at which point the 
spark should occur. Replace the cylinder-head plug 
to prevent any objects from falling in the cylinder. 

Third: Remove the bolts (C) which connect 
the flanges (A) and (B); then connect the leather 
coupling (0,F,E, D) next to the mapeto. The 
mapeto is driven by a gear in front of the engine, 
which is driven from the crank-shaft gear, with an 
idler gear between. 

Fourth: Set the breaker (or interrupter) cam in 
such a position that the distributor arm (K) will 
come on the No. 1 cylinder high-tension terminal in 
the distributor, and so that the contact screws (H-J) 
of the interrupter are just starting to open. Letter 
(I) represents the opening between tne platinum 
contacts (H and J) with the spark lever in the 
fully retarded position. 

Fifth: Replace the two bolts (C) in the flanges 
fA-B); that is, one on either side of the coupling. 

Sixth; Attach the wire which leads from the spark 
plug on No. 1 cylinder to the terminal marked No. 1 
m uie distributor plate; No. 2 spark-plug wire to 
the terminal marked No. 2; No. 3 spark-plug wire 
to the terminal marked No. 4; and No. 4 spark-plug 
wire to the terminal marked No. 3. 

How to A^ust Loose Connecting Rods and 
Main Bearings of Waukesha Engine 

Connecting rods and main bearings may be 
adjusted without taking the engine out of the 
chassis as shown in Fig. However, this does not 
hold true where it is impossible to work at the engine 
from below. 

The following instructions will give a good idea 
how to proceed in order properly to adjust the con¬ 
necting rods and main bearings not only on this 
engine but other engines. 

First: Drain off the oil by removing the drain or 
pipe plugs from the bottom of the oil pan; then 


place a small lift jack under the pan to keep it from 
dropping before cdl the oil pan bolts that support it 
have been removed. It is advisable to tie up the oil 
float (B) as high as possible, to prevent it from drop¬ 
ping into the oil pan while the latter is being removed 
(this can be done by unscrewing the holder of the oil- 
gauge glass) and thus prevent the possibility of it 
being damaged or bent. This also makes it easier 
when you are ready to replace the oil pan. Open 
all four compression cups on top of the cylinders. 

Second: After removing the pan, scrape off the 
gasket from the bottom edge (J) of the crank case, 
and clean away all dust and dirt so that it will not 
get into the bearing. Clean your hands and tools 
before working on the bearings, and never use cotton 
waste or any rags which might leave shreds behind, as 
these might cause serious trouble to the oiling system. 

Third: When working on bearings, it is a good 
plan to pull out the pistons and clean off the rings 
and piston heads. Always oil the piston rings 
before replacing the piston. 

Fourth: Pull out the cotter pins (A) and unscrew 
the four nuts (H) (always use a socket wrench for 
this operation as open-end wren (‘lies are apt to de¬ 
stroy the nuts); when taking off the cap be careful 
not to lose any shims or liners (F), and keep them 
in place on (K) until ready to remove them. 

On this engine, as well as on most all engines, 
laminated shims are used between the connecting 
rods and their caps, allowing one to adjust the bear¬ 
ings to within .002". Laminated shims vary in 
thickness, and are made up of a series of small shims 
—.002" in thickness—^which are pressed together as 
one piece. In taking the loose play out of the bear¬ 
ings, one can peel these shims off (Fig. 66) to any 
extent required to have a perfect adjustment on the 
bearings. Never peel off any more of the shims at 
one time than is necessary. Take out the shims to 
the extent you think necessary to take up the wear, 
being careful to remove an equal amount of shims on 
each side of the cap. 



Fic-SS. flhofdiiglofiwpsrtof osiikcaM witp 60 moiwnof^^ IHg. 6S. Pedingoff aUndnatedthinXttidMoribtdi&t^ 
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Before replacing; the cap, see that the thin shims 
are placed between two heavy ones, with which the 
connecting rods are always supplied. Replace the 
cap and draw it up as tightly as possible, using all 
four nuts, and drawing them up evenly and firmly. 

Now try turning the engine over by hand in order 
to find out whether you have the bearings too tight 
or not. It should turn easily, as this represents 
only one tight bearing; when this bearing is right, 
loosen it, and proceed to fit the other bearings in 
the same manner. 

After each bearing has been fitted and tested, 

draw up firmly all the nuts and use new cotter pins 
only; never back up the nuts to insert the cotter 
pins. Always draw up to the next notch. Never 
use wire in the connecting-rod nuts, as it will inter¬ 
fere with the oiling system. Have the cotter pins 
well bent apart, so that they cannot back out when 
the engine runs. 

How to Replace Worn or Damaged Main 
Bearings 

First: Take the engine out of the ch^is, and 
before removing the pan, draw off all the oil. Refer 
to page 938 for instructions for removing the oil pan. 


Always fit the rear main bearing cap first, and 
tighten it up as much as TOssible without stripping 
the bolt threads. When the bearing has been prop¬ 
erly fitted, the crank shaft will permit moving with 
one hand. If the shaft cannot be turned with 
one hand, the contact between the bearing surfaces 
is evidently too close, ^d the cap requires shimming. 
On the other hand, if the crank shaft moves too 
easily, some shims must be removed to permit it to 
set closer. 

After removing the cap observe whether the blue 
“spottings” indicate a full bearing the length of the 
cap. If they do not, the bearing will have to he 
scraped. Lay the rear bearing aside, and proceed 
to adjust the center bearing in the same manner. 
Repeat this operation with the front bearing, with 
the two other bearings laid aside. 

When the proper results have been obtained with 
the bearings^ replace the idler gear and be sure that 
the connections (A-A) (B-B) (C-C) correspond, as 
shown in Fig. 60). 

You can now replace the caps and insert the cotter 
pms, or wire. Be sure, when you replace the 
pistons, that the heads and the rin^ are free from 
grit and carbon and also oil each piston ring care¬ 
fully. 


Second: Take out all spark plugs, priming cups, 
etc., on top of the cylinders. Now stand the engine 
on its head, and place props under the engine arms 
to keep it from wobbling while work is being done. 

Third: Remove the oil pan and take out all 
pistons, and be sure that they are all marked so 
that they will be put back mto their re^ective 
places. Remove the gear case as shown in Pig 60. 

It is most important, before removing the crank 
shaft, to mark all the gears in accordance with 
instructions on page 941, otherwise there is a pos¬ 
sibility of getting the engine out of time. 

Take off the flywheel, but be sure that you have 
it marked with the flan^ on the crank shaft, as it is 
very important that the flywheel should be replaced 
in the same position as when you take it off. 

Fourth: Take off the three main bearing caps 
(M) (as illustrated in Fig 65), and remove the crank 
shaft. Stand the crank shaft up on end and place 
it safely aside, as a fall might spring it out of shape, 
and later you would wonder why the bearings co{ila 
not be fitted with the proper alignment. Remove 
the idler gear marked (A-B-C) (Pig. 60). 

Take out the screws to remove the damaged bear¬ 
ing. Clean away all dirt and grit with gasoline; fit 
in one-half of the new bearing in the crank case. 
This operation is the same as described for replacing 
the connecting-rod bearings (page 944). 

After the bearing has been fitted in the crank 
case, replace the crank shatt. Apply Prussian blue 
or lead to the crank-shaft bearmg surface and 
scrape off the ‘‘spottings’* in the same way as in fit¬ 
ting new connecting-rod bearings. Strict attention 
must be paid to see that the new bearing does not 
rest too l^h in the case so as to thro^ the other two 
bearings out of line, nor should the bearing be too 
low. 

Should the bearing be too high, either two 
other bearings will have to be rais^ by shimming 
them up, or the new bearing must be scra^d untu 
the three bearings are on the same level. The crank 
shaft must fit the half of the main bearings in the 
crank oase before you proceed to fit the 

caps. 


Fifth: Oil the bearings well by means of an oil can. 
and turn the enpne over (by usin^ the crank handle) 
several revolutions before replacmg the oil pan. 

Sixth: Are you sure that holes (C) in all four con 
necting-rod bearing caps are facing the direction in 
which the en^ne runs r This is important, because, 
when the engine runs, oil is forced into these holes 
to lubricate the bearing^; if one of these holes 
should face in the opposite direction, that bearing 
would get practically no oil, the bearing would heat 
up, and would soon cut out, resulting in a costly 
repair. 

Seventh: Refer to the oiling system, page 938, 
before replacing the pan. 

How to Replace Worn or Damaged Connecting- 
Rod Bearings 

First: Remove the oil pan, as instructed on page 
938; then take off the cap and pull out the piston, as 
shown in Fig. 65. 

Second: Take out the screws (D, lower illustra¬ 
tion in Fig. 65) in order to remove bearing (E). Be 
sure to fit the bearing half with the large oil hole (S) 
in the cap, and the other half in the connecting 
rod (K). 

The back side of the bearing must have a perfect 
or snug fit in the connecting rod, otherwise it will be 
impossible to ^t a perfect, permanent bearing on 
the crank pin (L). Fitting the back of the bearing 
is practically on the same order as fitting the bearmg 
to the crank pin. Using Prussian blue or red lead 
in the rod and cap will enable you to find the high 
spots between the cf«) and the bearings; these high 
spots must be draw-uled (see Index). 

Third: Put in the screws (D) very firmly, and be 
sure that the heads are lower than the bearing sur¬ 
face so that they do not come in contact with tJie 
crank shaft. Next draw a file across the top of the 
cap and the rod to have the bearing flush with it. 

Fourth: Without replacing the piston in the 
cylinder,"fit the bearing to the crank pin (L); if 
tne bearing is too wide, the ends will have to be 
draw-filed. Be careful not to file off too much. By 
applying Flruanan bhie or red lead to the orank-pin 


Ulustmtioiii show wginM that Are not in current production. Waukeshe Motor Co.. Waukesha, Wia, (manuf^turers), will 
•endliterature on current modeie to readera of this bd^ on requeet. See Spedficattom of later truck engines starting on p. 964. 
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surface, it will enable you to fit the bearing to the 
pin to determine whether a perfect bearing surface 
IS obtained. Remove the rod and observe whether 
the blue or red ‘‘spottings*' indicate a bearing the full 
length of the cap. If they do not, the babbit should 
be scraped until a perfect bearing surface is obtained. 

Adjust the bearing to the crank pin so that it can 
be moved to and fro fteely, but at the same time it 
must not be loose. 


Remove the connecting rod and replace 6ie 

piston^ and give the bearing the same adjustment as 
you did when the piston was out; then turn the 
engine over by hand several times to make sure 
that no binding takes place. 

Do not be afraid of getting the connecting-rod 
bolts too tight, as the shims under the cap will pre¬ 
vent the metai from being drawn into too close con¬ 
tact. 


GOVERNORS 


Governors are sometimes used on trucks, tractors, 
taxicabs, and marine and stationary engines. 

Purpose of the Governor 

There are two reasons for using a governor: one, 
to regulate the vehicle speed, the other, to regulate 
the engine speed. The governor is set at whatever 
speed the car owner desires, is then sealed, and 
the driver can never exceed the speed for which 
tlie governor is set. The engine type of governor 
(Figs. 67,68, and 69) is used to prevent undue racing 
of the engine when changing gears or releasing the 
clutch. The average driver will work his engine at 
high speeds a great deal more than is necessary, 
straining the entire mechanism of the car, and wjist- 
ing both fuel and oil. By governing the engine 
speed, the vehicle speed is also hmited. 

Anything which tends to decrease the speed of 
the engine, namely, going up hill, through a mud- 


hole, or with an added load, in turn causes a decrease 
in the speed of the engine and a consequent decrease 
in the speed of the gases, when immediate^ the 
governor opens the throttle to admit a sufficient 
amount of gas to maintain the speed at which the 
adjustment was made. 

Engine drive—(Figs. 67, 68, and 69): This type of 
governor regulates tlie number of revolutions of the 
engine, and will keep it nmning at a definite, safe 
speed, ropardless of tine load it is pulling, even if the 
throttle is wide open. The regular hand-throttle 
lever or accelerator may be used for lower speeds. 
Should the clutch be suddenly released when the 
engine is pulling a load or running at maximum 
speed, the engine positively cannot race. The 
engine governor also limits the vehicle speed, 
because the engine cannot exceed the set speed. 

Transmission governor drive (seldom u8e<l) is where the rov- 
ernor on the engine is driven by a flexible shaft and gears from 
the transiuissioti or front axle. 


THE SIMPLEX, DUPLEX AND McCANNA GOVERNORS 


The governor (Fi^. 67) is placed between the 
carburetor and the mtake manifold. It operates 
on the centrifugal principle. As the speed increases, 
the weights (W) cause the valve (T), which is of a 
grid construction, to close the gas passage (GO and 
Gl) gradually, thereby cutting off the now of gas 
to the inlet manifold. Therefore it would be 
termed a ^Throttling-type governor, jcentrifugal 
type.” 



Fig. 67. The Duplex governor: (1) locking pin; (2) yoke; 
Q) hand wheel; (4) valve seat; (5) oil entrace; (C) oil cap; 
(7) oil discharge. 

On the Simnlez single-drive governor, the shaft is 
attached to the engine or vehicle in any manner 
desired. 

On the Duplex double-drive govemor^^ one shaft 
ie attached to the engine and the other is attached 
to the vehicle, at the wheel or transmission. 

The difference between Duplex and Simplex is 
that with the former you can control both the engine 
and the vehicle speeds, whereas with the latter, 
either the engine or the vehicle speeds can be con- 

tzoUed. 


I Greater the speed of engine greater the velocity and 
proMurc of mixture against governor throttle plate. 


On high gear, with a truck running at 12 m.p.h., 
the engine may turn over only at 900 r.p.m., but for 
low-gear service the engine may be governed for 
1,4(X) r.p.m. Therefore you would be able to main¬ 
tain 12 m.p.h. even in second gear. 

The ^OYemoT is a telltale on carburetion. If it 
surges, it may result from one of five causes: the 
mixture is too rich: the governor lubrication is bad; 
the ignition is faulty; the governor valve is dirty; 
or the cable drive is not steady and free from back¬ 
lash. 


♦Governors shown on pages 040-949 apply to early models. 
The following excerpts arc taken from Dykt'a Carburetor Book. 

Types of engine speed governors in general uhc on antr)- 
inotive vehielcH are cManiiionly known an: (1) the ineehanieal 
type, and (2) tin- autmnatir type. Both are denignefi to control 
the flow of the air-fuel mixture but by different methods. 

Mechnnirnl type f/ov(rr)orn, driven by belt, gear or some 
other nioan.s, derive their operating force from eentrifugal 
action of rotating Hy hallw or weights connected through a lever 
and linkage to the carburetor, or separate throttle valve. This 
type is generally uneii on induKtri.al engines, heavy duty trucks, 
tractors, etc. 

Automalir type (joverriorif fall into twf) classes—the vacuum 
type and the vel-.x ity or flow type. With these no mechanical 
tiriving tncchanisrn is rj^iuirofl, the operating force being the 
condition existing in the engine intake. They consist essentially 
of a body and throtUe valve mounted between carburetor anil 
intake manifold. With the vacuum type governor the vacuum 
(sub-atmospheric prcssiur) in the intake manifold is the operat¬ 
ing force, and with the velocity or flow type, it is the force gener¬ 
ated by tlie flow or velocit.y of the air-fuel mixture passing 
through the governor which ini])ingos on the g<Jvcrnor throttle 
plate*, teruling to close it and shut off the flow of gas. Opposing 
this action is a calibrated spring, or some other force, and 
proper balance between these two forces is essential. When clos¬ 
ing action t)f governor throttle plate or valve halancee spring 
tension, this is the point of maximum governed speed. 

For literature explaining the o^ration of some of the popular 
makes of governors write: Hoof Products Co., 6643 S. Laramie 
Ave., Chicap, Ill. (velocity type): King-Becley Corp., Ann 
Arbor, Mich, (velocity and mechanical types); Monarch 
Governor Co,, 1832 W. Bethune Ave., Detroit, Mich, (static 
vacuum type); Zenith Carburetor Division, Bendix Aviation 
Corp., 6^ Hart Ave., Detroit, Mich, (velocity type). (Be sine 
to mention Dyke*a Auton^obxle Encyclopedia!) 
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McCaiuia Suctfon Type of Governor 

This governor is mounted on the carburetor (Fig* 
19, page 39). When the engine is turning slowly, 
the full current of gas from the carburetor, as 
controlled by the throttle, is allowed to pass to the 
cylinders. 

As the speed increases, resulting suction causes 

S iston (P) to rise against the pressure of spring (S), 
[lus gradually cutting off the supply of gas through 
the perforations, until, at maximum speed-setting, 
the engine cannot be further accelerated. This is 
termed a ‘‘suction type of governor. 



CARE AND INSTALLATION OF PIERCE CENTRIFUGAL ENGINE^ GOVERNOR 


Mounting governor: Use thin gaskets of blotting 
paper only. Do not use shellac—it will cause the 
governor valve to stick. 

Flexible drive shaft: There should be no bends 
in the shaft within 2" from either end, nor should the 
shaft be bent into a circle of less than a 10" radius. 
Make all bends as easy and large as possible. 

Solid drive shaft: In mounting a solid shaft, be 
sure that the shaft ends properly engage in the 
governor, the right-angle drive, and the engine con¬ 
nection, and see that the lock nuts on the tube are 
tight. Do not screw the tube up tight enough to 
cause the shaft or gears to bind. 

Oiling governor equipment: Before the governor 
is put into active service, see that the case contains 
about 4 oz. of good light oil (light Polarine preferred) 
that is not affected by change in temperature. Put 
in one or two ounces of oil every thousand miles. 
The flexible shaft should bo kept packed with 
Artie No. 3, or a good graphite grease, renewing it 
every 2,000 miles. Oil the gear bearings, the riglit 
angle drives, or the engine connections, each week 
through the oil holes provided. 

Loose connections: When driving gears or 
brackets are used, examine them regularly to see 
that none work loose and that the gears are kept in 
r)erfect alignment and are meshing properly. If a 
belt is used, keep it tight and free from oil or grease, 
to orevent slipping. 



- J'iK- 69. Engine speed controlled by governor (G) driven 
from gear on cam shaft through adapter (F) and solid shaft 
(S-S-N). (O) oil cup; (A) adjusting screw and seal. The 

governor can be driven from any rotating part of the engine. 

Regulating governor speed: Should it be desir¬ 
able to change the speed adjustment, cut the wire 
that seals the adjusting screw and pull off the cap 
that it holds in place. The adjusting screw (A) (Fig. 
70) will then be exposed. Turning this screw to the 


right, or clockwise, decrease the speed; turning to 
the left, or counter-clockwise, increases the speed. 
When proper adjustment has been made, replace 
the cap and seal it, so that the adjustment cannot 
be tampered with or be affected by vibration. 

Note. The governor does not interfere with the 
regular spark or throttle levers, or with the acceler¬ 
ator control bv hand or foot. See paragraph, 
‘‘Engine drive," page 946. 

Operation of Pierce Engine Governor 

The governor valve box (Fig. 67) is mounted 
between the carburetor and the intake manifold, 
and is connected to the driving shaft by means of 
either a solid shaft (SSN) (Fig. 69) or a flexible shaft 
(SH) (Fig. 70), depending on the type of installation. 



Fig. 70. Cross-section of Pierce governor: (C) oonneota 
between flanges on the inlet manifold and carburetor; (Ol) is 
the pusstvge opening for gas; (V) butterfly valve; (P) plunger 
operating the valve bell crank; (S) spring; (A) screw for adjust¬ 
ing the spring tension, (W) oentrifugaTweights; (SR) where 
driving shaft connects. 

Normally the butterfly valve (V) (Pig. 70) is in a 
position that does not obstruct the flow of gas, but 
it closes so as to reduce the valve port area just as 
soon as the vehicle or engine reaches the predeter¬ 
mined speed. The valve is actuated by what is 
known as the flyball or centrifugal principle. On 
the controller shaft are two weights (W) (Fig. 70) 
which are so pivoted that as the velocity of the shaft 
increases they are swung outward, forcing a plunger 
(P) (Fig. 70) forward, which in turn closes tbe but¬ 
terfly valve (V) (Fig. 70). The plunger is forced 
against a spring (S), calibrated to a standard 
pressure, so that as the speed is lessened the weighte 
i*eturn to their original position and the valve is 
again wide open. 

Governor Drive Methods 

Engine governor drive controls the speed of the engine 
regardless of the speed of the car, and is the method usually 
employed. See “Engine drive,” page 946. 

Transmission governor drive controls the speed of the oar by 
connection to the transmission (see page 946). When cur¬ 
ating on low or second gear, the speed of the car will be so low 
that it will not affect the governor: when in high gear the car 
attains sufficient speed to cause the governor to act on the 
engine (seldom used). 


. & Pierce Engine Governor Co., Anderson, Ind. 
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PIERCX: CLUTCH GOVERNOR 


Heretofore the name ''governor” has always been 
associated with devices that automatically control 
the speed of engines, motors, or other power generat¬ 
ing mechanism. 

The clutch governor performs an 

entirely different function. As the name indicates, 
it regulates the action of the clutch, and it docs this 
in a manner that makes the clutch mechanism on 
passenger cars, motor trucks, and tractors prac¬ 
tically automatic. 

Inei^perienced drivers usually have a lot of trouble 
operating the clutch. Watch them and you will 
notice that nearly every one engages the clutch too 
quickly. As a result, they either kill the engine 
or give the car a vicious jerk that wrenches the trans¬ 
mission and rear axle and causes the rear wheels to 
spin. Repeat this performance a few times and 
you have a noisy transmission or differential, badly 
worn tires, and perhaps a broken axle or torque shaft. 

What the clutch governor is: The clutch 

governor is in reality a specially designed dash^t 
(Fig. 71) about 2” m diameter and 6” long. The 
case is attached to a bracket (fastened either to 
the transmission case or to the frame of the car) and 
has a pivoted action. The other end connects to 
an extension on the bottom of the clutch pedal. 
Inside the dash pot is a fluid on which changes in 
temperature have practically no effect. 

As the clutch pedal is pressed down, the piston 
inside the cylinder rises wuth absolutely no resist¬ 
ance, since the fluid passes freely through the pop¬ 
pet valves in the piston head. When the pedal is 
released, the piston starts to travel downward and 
forces the fluid through a bypass. A screw adjust¬ 
ment is provided so that the passage of the fluid can 
■^e regulated to suit each tyj>e of clutch. 

The cylinder W£t]l3 have a series of pockets, and 
the actual travel of the piston against resistance is 
only just before the clutch engages. ^ 

Its effect on the clutch action: The clutch 
governor does what the most expert driver often 
ne^eots to do—it engag^ the clutch gently, without 
Jerk or jar, and always just the same. 

Instructions for Installing 

The governor is not a part of the clutch—nor can it improve 
or damage any make of clutch. It is merely to prevent abuse 
of the clutch—to prevent too sudden engajnng tnrough cither 
carelessness, accident, or ignorance of the driver—and to 
avoid "killing” the motor, spinning the rear wheels, or wrench¬ 
ing the transmission and rear axle members when starting. 

Do not allow the connecuons at either top or bottom of the 
governor to become tight. If these bind ^riien the dutch pedal 
moves forward or backward, the governor will not operate 
properly. 

Before starting to install the governor, take a screwdriver and 
entirely close the needle valve (D) shown in Fig. 71. , When 
this is done, it is almost impossible to force the piston down by 
band. Also loosen lock nut (B) just below the devis (A). 

Adjustments 

After the dutch governor has been installed in accord¬ 

ance with orevlous instructions, see that it is carefully 
adjusted before anyone attempts to drive the car. 




Fig. 71 Fig. 72 


Fig. 71. The clutch governor. 

Fig. 72. Showing the governor piston rod connected to the 
lower clutch pedal or arm. The illustration shows the position 
of the piston as the clutch is engaging. This is where the 
strongest resistance is offered to the piston’s travel, causing it to 
pause a second just as the clutch engages, so there can be 
tendency to “grab.” After the car has started, the clutch pedai 
travels slowly backward until it reaches normal position, and 
the piston is again as shown in Fig. 73. 




Fig. 73. Showing position of piston when clutch is engaged. 

Fig. 74. Showing position of piston when clutch is disen¬ 
gaged for changing gears. 

If the clutch enga^ee too slowly for satisfactory operation on 
the rea^ the needle valve (D) may be opened about one-eighth 
turn. When proper adjustment is obtained, the governor will 
automatically start the car as quickly as possible without spin¬ 
ning the rear wheeb on first spe^ forward—operating the clutch 
under ideal conditions always. 

Do not attempt to change the position of the needle valve 
(D) until ycm are imre that proper adjustment cannot be ob¬ 
tained by lengthening or shortening the piston lod (turning 
knurled dust cap (C) backward or forward), as thb will take care 
of 90 per cent of all adjustments necessary. 

Fluid inside governor: This is a special refrigerating oil on 
which extreme ciianges of temperature have practically no 
enect. Tests show no diffbrenoe in operation at temperatures 
of 98* or 0*. 

Readjusting after service: Should the oar at any time show a 
tendency to Start too sudd^ly, or with a jerk, loosen the lock 
nut (B) below clevis (A) (Fig. 71) and with the fingers turn 
the knurled dust cap (C) to the left from one to three complete 
turns. ^ This will lengthen the piston rod and make the clutch 
slower in engaging. 

If the car is too slow in starting after the clutch pedal is 
released, reverse the adjustment. 

Cha ng inil speed on hills: When properly adjusted, it is pos¬ 
sible to shift from high to lower sxjweds without any jWk, 
unnecessary strain, or loss of momentum. 

Without the clutch governor, if the driver b too slow in 
changing cears, the oar will lose momentum and may even 
start to roll backward. The same wiU be true if the governor 
operates too slowly. Thb can be instantly mmecit^ by follow¬ 
ing instruction for ^'Readjusting after asmoo.'* 


Note. Thb clutch governor has not been in production for several years due to improvements in the devdopment of olutobei* 
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THE MONARCH 

The Monarch governor differs from the Pierce 
and Simplex, in that the speed of the ingoing gas is 
ulilized as the motive power for operating the 
control member. 

There are no connections to any moving parts of 
the engine or vehicle, neither are there revolving 
parts, such as centrifugal weights or balls. 

The location of the governor is between the car¬ 
buretor and the inlet pipe. When installing, the 
adjustment is made when a change in the maximum 
sp^ of engine is desired. 


Monarch Governor (Model “G”) 

Essentially it consists of the spring (1), the rocker 
arm (2), the conoid (3), the butterfly (4), and cone 
(5). The spring is of the conventional compression 
type, and makes possible a wide range of governed 
engine speeds. 

Suitable adjustment is secured by removing the 
cap at the bottom of the spring housing and turning 
the slotted screw provided for this purpose. 

The rocker arm (2) is provided at either end with 
a hardened ball-point bearing that oscillates in a 
hardened steel cup. (Fig. 75.) 

The conoid or governing member (3) in conjunction with 
cone (5) controls the governor action. Held normally in a 
wide-open position by the spring, tlio conoid is acted upon by 
the velocity of the explosive charge pacing from the carburetor 
to the engine. The increase of velocity overcomes the resist¬ 
ance of the spring, and causes the conoid to rise in the tapered 
con. '1osin<r the butterfly to which it is connected; thus the 
epeea ot int- engine is controlled. 

The short over-all length of the Monarch governor is 2?^" 
in the one-inch size. 


* Monarch Governor Co., Detroit, Mich. 
See footnote page 941). 


GOVERNORS* 



Fig. 75. Monarch governor, model “G**: (1) spring; (2) 
rocker arm; (3) i-onoid; (4) butterfly valve; (5) cone; (6) to 
intake manifold of engine; (7) manual throttle control lever; 
(8) manual control lever clutch; (9) to carburetor; (10) bum¬ 
per spring. 

The Monarch Governor (Model “D”) 

The location of the governor is between the car¬ 
buretor and the inlet pipe. When installing, the 
adjustment is made when a change in the maximum 
speed of engine is desired. 

Operation: When the engine is started and the 
throttle is in wide-open position, the speed of the 
gases lifts the disk (A) in the tapered chamber (B) 
to a position the height of which is determined by 
the amount of spring tension, and it is held in that 
position by the speed of the gases while the engine 
18 running. Thus the throttle (F) is held in a cor¬ 
responding position, limiting the supply of gas. 

Anything which tends to decrease the speed of the 
engine, namely, going up hill, through a mud-hole, 
or an additional load, in turn causes a decrease in the 



Fig. 76. MongNb modal **D'’ govaraor. 
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speed of the engine and a consequent decre^e in the 
speed of the gases. In such a case, the disk drops 
immediately and opens the throttle to admit a 
sufficient amount oi gas to maintain the speed at 
which the adjustment was made before the addi¬ 
tional load was added. The same is also true when 
the engine is instantly relieved of its load; the 
speed of the gases increases and raises the disk to 
thf^ position required to maintain its fixed maximum. 
It is therefore evident that, with an adjustment of 


spring tension made to produce a certain engine 
speed, that speed will be maintained regardless of 
load. 

Adjustment 

To adjust the governor to produce any required engine speed, 

remove the lock and lock pin, unscrew the cover (V), push in on 
the linger boss on the spring housing (L), and turn in the diree- 
tion indicated by the arrows “Fasf'^and “Slow” to increase or 
decrease the speed, always being sure that the control lever is 
in a wide-open position when the adjustment is made; and be 
sure that the cover (V), the lock pin, and the lock are in place 
before the truck is put in service. 


TRUCK DRIVE CHAINS 


Chains in general use for the drive system of a 
chain-driven truck are the roller type of chain. 

Roller chains are divided in two types: the 
riveted type, and the detachable, or cotter-pin, type. 

The riveted type is used where there is no occasion 
to take it apart fretpieiitly. 

The detachable or cotter-pin type of roller chM 

is more generally used because of the ease with 
which such chains can be separated at each link for 
the purpose of repair (pee Fig. 77). 



Fig. 77. The Baldwin roller chain of the detachable cotter- 
pin type. 

In the detachable or cotter-pin type the side 
links are riveted to the studs on only one side of the 
chain, while on the other side the links are j)n*s.sed 
moderately hard over the studs and are retained 1)\ 
colter pin.s, as shown in Fig. 77. 



Fig. 78 Fig. 79 

Fig. 78. Connecting hnk. 

Fig. 79. Offset connecting link. 

These are also termed “master links.” 

The i^s of the roller chain of the detachable 
cotter-pin type are as follows: 

A roUer is the round part between the link plates and is that 
part which rolls between the teeth of the sprocket. 

A bushing is the part inside of the roller through which the 
pins are inserted. 

A pin-link plate is the plate on each side of the roller. 

A pin is the part which passes through the bushings in the 
rollers and in which the cotter pins are inserted at one end. 

A pin-link cap is the same as a pin-link plate, except that it 
is the plate on the side where the cutter pins are next to it. 

A connecting link is shown in Fig. 78. It is used to discon¬ 
nect, add to, or take out two pitches or two rollers. 

An offset connecting link is shown in Fig. 70. It is used to 
disconnect, add to, or take out one pitch, or one roller. 

Pitch is the distance from center to center of the 
rivets of roller chains and from center to center of 
the alternate rivets on the block chains (the block 
chain is not shown; with this type a block is used 
instead of a roller). 

Width is the actual distance between the two 
inside plates, or the nominal width of roller. 


Diameter of the roller is the roller’s actual diam¬ 
eter. 

Thus, when ordering chains, the three dimensions 
jiLst mentioned are always given. 

The sizes of roller chains are usually given in two 
w^ays: the manufacturer’s standard, and the Bald¬ 
win standard, as tabulated in the list below. 

Manufacturers* Standard Roller Chains 


MU*. 

Sund»rd 

No 

Baldwin 

No 

Choln 

Pitch 

Inch 

width 

Inch 

DUa. 

Inch 

width 

Ovcf 

Pin* 

Inch . 

Aporor. 
Ultlroatc { 
Strength 

U>s. 1 

Weight 

P«# 

Foot 

Lb« 

2 



H 

.306 

.625 

1.200 ^ 

.294 


lOS 


H 

.400 

87 

4,500 ' 

564 

S 

9 

h 

h 

H 

1 14 

7,500 ! 

l.OO 

4 

27 

. 1 


H 

1 .'50 

12,500 1 

I 89 

5 

38 

IK 

1' 

H 

1 81 

1 

20,000 j 

297 

6 

51 

14 

1 


2 24 

25,000 i 

4.38 

7 

52 

lU 

i 

1 

J 

_ 

.36,000 

4 80 

8 

53 

2 


ih 

2 (18 

42.0^ 

6 90 

10 

1 63 

2H 


lA 

3.18 

95,000 

9.34 


1 ton; pitch V'\ di. 9/10 or width t > 

2 ton; pitch di. or * 4 *' ; wxhh ‘jto . 

.’t ton; pitch 1 ^ 4 "; di. 1 ”; vMdih -*4 to 1 ". 

li ton; pitch 2 "; di. IH"; width }■» to 

Note. The symbol “di.” refers to the tliametcr of the roller, 
and “width” refers to the width of the roller. 

To remove a chain, the master link cotter pin 
(sometimes a wire clip) is removed and the master 
or connecting link is \vithdrawn. 

The detachable chain can be lengthened or 
shortened with ease, whereas with the riveted chain 
the task is not so easy—a special tool must be used. 

Care of Drive Chains 

If ch^s could be protected from dust and be rtm 
in an oil bath, they would last much longer, but no 
method of doing this has yet been successfully 
devised. A case or housing cannot be fitted around 
the chain, because the construction would also re¬ 
quire it to contain the brakes as well as the sprocket, 
and it would also be necessary to surround the axle. 

When a chain becomes too slack, the chain and 
sprocket are bound to suffer in consequence. 

'Vl^en a c h ain is worn, an uneven or jerking 
motion is imparted to the drive system when slowing 
down, coastmg, and suddenly picking up speed, etc. 
Therefore a chain should be w^ lubneatea and kepi 
adjusted. 
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Oeaning and Lubricating Drive Chains 

Tallow gives a chain the best protection against 
dust and grit. It is melted, ana the chain (after 
being cleaned by soaking in kerosene) is laid in the 
h^uid tallow. Then hang it up to dry, and later 
wipe off the surplus grease (see also Index under 
^‘Cleaning chains.” 

The teeth of the sprockets when worn, may be 

remedied in some instances by reversing. 

A new chain will stretch—a link should be 
removed after it is well set. The rivets are <*ut 
with a chisel. Master links should be carried. 

Adjusting chain tension: Slight play is necessary, 
but eaual slack should be in each chain. A chain 
should be loose enough to run easily, without climb¬ 
ing the sprocket tooth. Adjustment is usually 
made by the radius rod, or by large adjusting screws 
provided for the purpose. 

The enlarged section in the middle portion of the 
radius rod is an elongated nut, which is tapped w'ith 
both right and left-hand threads. The rods have 
threads cut on them to correspond. Turning the 
nut in one direction lengthens the rod, and turning 
it in the opposite direction shortens it. I'he 
principle is identically the same as in a turn buckle. 
This, however, is a much stronger construction. 

Chain manufacturers are lialdwin Chain and Mfg. Co., 
Worcester, Moss.; Whitney Co., Hartford, Conn.; 

Diamond Chain Co., Indianapolis, Ind. 


Miscellaneous 

Springs: Inasmuch as the springs of a truck are subjected 
to considerabla strain, they should be kept in gofni condition. 
A method usually errmloyecl is to raise the frame of the ear with 
a jack, as shown in Fig. 80, which causes the leaves of spring 
to separate. Graphite is then inserted betw’een the leave.s and 
is w'ipe<l dry after removing the jacks. The spring-clip nuts 
should be tight. 

When replacing the gearbox on trucks having separate jack- 
shaft brackets (os in the chain-drive Mack), it is advisable to 
test the jackshaft and gearbox alignment (Fig. 81). 



Fig. 80 Fig. 81 


To do this, cut two disks of 1/64" galvanized iron to fit the 
outer bores of the jackshaft brackets, and drill a small hole 
through the center of each. These disks are placed in the 
outer pores of each bracket, and a fine thread is passed through 
the drilled holes and the gearbox in the manner illustrated. 
Measurements from the outside of the bearings to the thread 
show when the alignment is perfect. 



To assist in removing heavy truck wheels, a simple skid can 
be made (Fig. 82) by i^acing a 2" bt)ard on top of a scries o^ 
rollers matle of old shafting or heavy pipe. Chocks are fastened 
to the board to prevent the wheel rt^lling. 


WoodM 



Fig. 83. Removing stubborn truck wheels. 

To remove wheels from a truck axle when stuck oi rusted 
on, see Fig. 83 


DUIVIP BODY AND HOIST 


A dtimp body is used for hauling coal, sand, gravel, 
etc. The body is made to fit on a hinge at the rear 
of the chassis, as shown in Fig. 84, A hydraulic 
hoist, which derives its power from the engine raises 



Fig. 84. Dump body with hydraulic hoist. 


the front end of the body. The operator can raise 
the body and dump its contents in about thirty 
seconds. Hoists which can be operated by hand 
are also in use. 

The principle of operation of the hydraulic hoist is 
shown in Fig. 86. It is ^entiaUy identical in 
principle of construction with that of a hydraulic 
elevator. 

To raise the body: An oil pump (gear type) at the 
base of the cylinder (H) draws oil from the top of the 
cylinder at (1) and forces it in^ the lower part at (2). 
raising the piston, which in turn raises the rod (R) 
to which is attached grooved pulleys, in which 


grooves the cables (C) arc placed. One end of the 
cable is attached to a stationary rod (U), and the 
other end to the body. As the rod (R) is raised, 
the body is also raised. 



Fig. 85. Diagram of hydraulic hoist. 

To hold the body at any desired angle: The oil 
pump is shut off and the valve closed. 

To lower body: The drive of the oil pump is shut 
off and the valve (by-pass valve) is opened by a 
lever (E). The weight of the body forces the piston 
down, driving tlie oil back to the upper part of the 
cylinder. The oil pump is driven from the gears in 
tne transmission by a special and separate arrange¬ 
ment whereby the car is not driven when in opera¬ 
tion. The cylinder is usually filled within of 
the top with ice machine oil. 
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WENCH EQUIPMENT 


A winch TFig. 86) is a drum located under the rear 
end of the frame, supplied with 200 or more feet of 
5^" cable, for unloading and loading heavy material 
and for various other purposes. 

The power for driving the winch (on the 

truck) IS taken from gears in the transmission (T) 
through (D), which is equipped with a separate 
clutch to a ^‘power take-off’’ arive shaft to the gears 
in housing (V), which connects to the winch through 
a spur gear (G). 

The wrinch is controlled by means of the clutch 
foot pedal, after the clutcli in (D) has been engaged. 


The wdnch may be operated while the truck is either 
standing still or in motion, but not when the tr^s- 
mission is on high speed. Diameter of the winch 
drum, 7Ji"; length, 22 total gear reduction 
to winch, 33.2:1. 



TRAILERS 


Trailers are attached to the rear of cars, and are 

now extensively used. They are particularly desir¬ 
able where goods of relatively light weight and great 
bulk have to be carried; also where the hauls arc 
short and the time required for loading is great. In 
the latter case, the truck is equipped with two or 
more trailers, so that one trailer can be hauled while 
the others are being loaded and unloaded. The 
trailer can be adapted to many uses. 


There are three general designs, as follows: The 
four-wheel trailer 


The two-wheel trailer has the loiul balanced on its 
axle. 

The semi-trailer also uses two wheels, but the 
load is not bahinced over its axle; rather, the front 
end of the load rests on the tractor vehicle. 



Trailer attachments: Fig. 88 shows a trailer 
attached to the rear of a car by means of a piece of 
angle iron (A) which is attached to springs (S). 
This is not recommended, as the strain is too great 
on the springs. Fig. 89 shows two methods which 
are better. (C) is one type of coupling. 

Addresses of some of the trailer manufacturers 
are: Highway Trailer Corp., Edgerton, Wis.: 

Lapeer 

Trailer Corp., Fair St., Lapeer, Mich 


INSTRUCTIONS FOR CARE AND ADJUSTMENT OF TIMKEN-DETROIT TRUCK AXLES 


Care of Truck Wheel Bearings 

In ordinary truck service, wheel bearings should 
be removed, cleaned, and readjusted at least four 
times a year. If the service is unusually severe, it 
is advisable to inspect the condition of the lubricant 
and the adjustment of the bearings every two 
months. 

To Remove, Clean, and Readjust Front Wheel 
Bearings 

First of all, remove the hub cap; then put a jack 
under the front axle, and raise the wheel clear of the 
floor. Wipe the ^ease from the end of the spindle, 
and with your pliers remove the cotter pin from in 
front of the outer lock nut. Take oft the outer 
lock nut with a wrench; a thin lock washer comes 
ofl next;, then take off the inner lock nut. 

Now kneel directly in front of the wheel. Grasp 
the rim with both hands and pull directly toward 
you, being careful not to let the outer bearing slip 
m>m the hub and fall to the floor, as this may bend 
or damage the cage so that the bearing will not 


render perfect service when rejdaced. The outer 
bearing having been removed, lift the wheel off the 
spindle, exposing the inner bearing. 

Now, with a stiff brush and gasoline or kerosene, 
clean all old grease from both the inner bearings 
and the inside of the hub. It is not necessary to 
remove the inner bearing from the spindle in order to 
do this, although it inay bo removed if desired. It 
is a ^ood idea occasionally to remove both bearing, 
placing them in a pan containing a mixture of wag¬ 
ing soda and hot water, allowing the water to come 
to a boil, thus cleaning off any grease from behind 
the rollers that the brush and gasoline may have 
failed to remove. ^ 

The bearings having been thoroughly cleaned and 
dried, replace the largest, or inner, bearing on the 
spindle, covering it thoroughly with good, clean 
grease, that is, free from acici, grit, or any solid 
matter. Care should be taken to have no grit or 
dirt on the paddle. 

The inside of the hub should be thoroughly 
cleaned, and the space between the two bewng 
cups should be repacked with clean grease. 


Note. These peges hav€ not hem revietd for several years. See pages 069, 974 for later Informatloii on fratfsrs ond hticibs. Oom* 
mercial trailers are practical because a motor vehicle can pull mure than it can safely carry. ^ 



Now replace the wheel, and, holding it firmly in 
position, slide the smaller or outer bearing on the 
spindle, pressing it firmly into the hub. Next screw 
on the adjusting nut, turning it up tight against the 
outer bearing so that the whend binds, at the same 
time revolving the wheel to be sure that all working 
surfaces come into contact. Then back off the 
adjusting nut enough to allow the wheel to rotate 
freely—but without noticeable cud play. Test the 
adjustment by taking a short bar, placing the end of 
it between the tire and the floor, at the same time 
hcMing one finger on the cage of the outer bearing. 
Now work the bar up and down so that you can 
detect any excessive play or looseness. When vou 
can feel a barely perceptible shake and the wheel 
will oscillate when given a slight spin, your adjust¬ 
ment is right. ^ If there is too much looseness in 
the bearings, tighten up on the lock nut. If, on 
the other hand, the lock nut is set too tight to allow 
the wheel to oscillate, locisen it about a quarter 
turn. 

Now replace the keyed washer which goes 
between the two lock nuts and which prevents the 
inner nut from ttuming. Replace the outer lock nut, 
and screw it up tight; also replace the cotter pin in 


the end of the spindle to prevent the outer nut work¬ 
ing loose. 

Again test the adjustment with a bar as before, 
because, in using a heavy wrench to tighten the 
outer lock nut, it is sometimes possible to jam this 
nut so tightly against the inner nut as to d^troy 
the adjustment. By taking the extra precaution to 
lest the adjustment before replacing the hub cap, 
you can always be sure that your bearing will render 
perfect service. Now cover the end oi the spindle 
and the lock nuts with grease, and put on the hub 
cap, tightening it securely. 

To Adjust Bcuirings in Steering-Knncklc Heads 

To adjust the steering-kuckle bearing when a 
Timken roller bearing is used at this point, simply 
tighten up on the nut on the bottom oi the knuckle 
pin after the cotter pin has been removed (Fig. 91). 
This forces the bushing in the lower yoke of the I- 
beam up against the steering spindle, which in turn 
forces the bearing up into the cup for a proper seat. 

Do not fail to lubricate this bearing thoroughly 
with good quality cup grease through tae cup pro¬ 
vided on the top of the knuckle pin. 



Fig. 91. Timkea truck type front axle with a ataering knuckle roller bearing. 
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To Adjust Rear Wheel Bearings—Full 
Floating Type 

Remove the cap screws around the axle-shaft 
drive plate (Fig. 92), and pull out the axle shaft. 

Put a jack under the housing, raise the wheel off 
the floor, and wipe the grease fron\ the end of the 
housing tube and the lock nuts. Take off the outer 
lock nut; tlien remove the thin lock washer and the 
inner lock nut. As the wheel is, too heavjr to be 
easily lifted off the tub^ the following method can 
be used to remove it. Take a short piece of board 
and cover the upper surface with grease; slide this 
under the wheel, and then lower the jack several 
notches until the wheel rests lightly on the board. 
Remove the outer bearing, being careful not to 
allow it to fall on the floor which may bend or other¬ 
wise damage the cage. The wheel can now be eased 


Now cover the end of the axle tube and the lock 
nuts with grease and replace the drive shaft, being 
careful to tighten up the cap screws in the plate 
securely. 

To Adjust Rear-Wheel Bearing—Fixed-Hub 
Semi-Floating Type 

On this model of axle the rear wheel is keyed to 
the axle shaft. The bearing cone is pressed on the 
shaft, and the cup is mounted in an adjusting ring 
which is screwed into the axle housing. 

Adjustment of bearings is made by turning this 
ring. These bearings should be cleaned and 
repacked with grease once a year. 

To clean or adjust the wheel bearing, remove the 
wheel from the shaft, using a wheel puller if neces- 
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Fig, 92. Timken full-floating type of truck axle. 


off on the greased surface of the board and rolled 
to one side. 

To clean parts: See page 864. 

To lubricate wheel bearings: see page 864. 

Replacing the wheel: See page 864. 

Bearing adjustment: See page 864. 

Test the adjustment by taking a bar, placing the 
end of it between the tire and the floor, at the same 
time holding one finger on the cage of the outer 
bearing. Now work the bar up and down so that 
you can detect any excessive play or looseness. 
When you can feel a barely perceptible shake and 
the wheel will oscillate freely, your adjustment is 
correct. 

Now replace the lock washer and outer lock nut, 
screwing the nut up tight. Before replacing the 
drive shaft test the adjustment again with a bar as 
before, because in using a heavy wrench to tighten 
the outer lock nut'it is sometimes possible to jam 
the nut 30 tightly against the inner nut as to de¬ 
stroy the adjustment. By taking the extra precau¬ 
tion to test the adjustment before replacmg the 
drive shaft and plate, you can always be sure that 
your bearings will rend-^r perfect service. 


sary. Next release the lock (Fig. 93), which pre¬ 
vents the beanng adjusting ring from turning, and 
with a flat tool unscrew this ring from the housing. 

The axle shaft, carrying with it the bearing cone 
and rollers, can now be pulled out of the housing. 

To clean bearings: See page 863. 

To lubricate bearings: See page 863. 

Adjusting bearings: See page 864. 

To Adjust Differential Bearings 

Differeiitial bearings are lubricated by the oil in 
the axle housing. They require no attention in 
connection with lubrication beyond keeping the 
correct amount of the proper lubricant in the nous¬ 
ing and seeing that the oil grooves are kept clean. 

In adjusting the differential bearing, a combina¬ 
tion adjustment is necessary (Fig. 93). First, all 
play must be taken out of the beatings by screwing 
up the adjusting rings on both sides of the differen¬ 
tial, and second, the worm and worm wheel must be 
set in proper alignment by adjusting the differential 
bearings on both sides, end for endj moving the dif¬ 
ferential and worm wheel to one side or the other, 
as required for correct alignment. 
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All ordinary adjustment of these bearings should 
be made on the left-hand bearing (standing at the 
rear and facing toward the front of the truck); never 
disturb the right-hand bearing except when it is 
necessary to take down the entire differential 
assembly. By making the adjustments on the left 
bearing only, the alignment of the worm and wheel 
will not be destroyed. 

To adjust the bearings (Fig. 93), the differential 
carrier must be removed from the housing; take out 
both drive shafts, remove the cap screws holding the 
carrier to the housing, and, having disconnected the 
propeller shaft, lift out the entire carrier assembly. 
In most cases it will be necessary to remove the axle 
from the chassis before the carrier can be pulled out. 
Now release the lock on the left-hand adjusting ring 
and tighten up the bearings by screwing in this ring 


the ring should be backed off is shown in the fol¬ 
lowing table: 

Size of Axle Play in Incheff Number of Notches 

>i-lHton .Oir-.OIS" 3 

2 -3Hton .016"-.020" 4 

5 ton .020" 4 

Lock the adjusting ring in this position with the 
locking finger and replace the packing gland on 
the shaft, tightening up on it sufficiently to prevent 
oil leaking out at this point. 

On the older type of axles (6456—1 J^ton, 6552— 
2}^ton, and 6652—SJ^ton), it is necessary, after 
backing off the cage, to see that the bearing cup is 
properly seated in tne cage. This can be done by 
driving on the rear end of the worm shaft or by 
starting the truck up slowly in low gear. 
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The Timken roller bearings, as used on the worm shafts 

shown in Fig. 04, puM 955. are mounted by what is termed a 
**direct mounting’* or the worm shaft, meaning that the thrust 
at the forward operation is taken on tlie rear worm bearing. 

Owing to the fact that the worm shaft heats faster than the 
differential housing during service, the worm shaft will expand, 
and provision should be made for a certain amount of initial 
looseness in the adjustment. The direct mounting is usad on 
trucks up to 3 ^-ton capacity, and on trucks ranging form 1 
to 3 ^ton capacity, this looseness should be from .011 * to .020*, 


according to the sise of the worm. 

Refer to Fig. 94, and note that a thrust* to the rear would be 
absorbed by the rear roller bearing. 

On ’^indirect” worm-shaft bearing mounting the thrust at 
the forward operation is on the front bearing instead of on the 
rear bearing, meaning that the thrust to the rear is absorbed 
by the front roller bearing, because the tapers of the rollers are 
in the opposite direction to that shown in Fig. 04. The initial 
looseness in adjustment should be .010*. 


TO COMPUTE TIIE GEAR RATIO OF A WORM DRIVE 


The gear ratio of a worm drive is dependent on 
two factors, namely, the number of teeth on the 
worm gear and the number of threads on the worm. 

Elxplanation of One-Thread Worm 

Commencing at point (A), (Fig. 95), trace the thread once 
around the worm. We will pass from (A) to point (B), then to 
point (C), then passing around the other side of the worm, we 
sh^l come te point (D). It will be noticed tlmt by passing 
around the worm once, we have advanced the distance of one 
thread. In other words, there is one continuous thread cut 
on the worm. 



Fig. 95 (left). A one-thread worm. 

Fig. 96 (right). A two-thread worm. 

This being the case, we see that during one revolution of the 
worm the gear tooth (1) (Fig. 95) will mlvance to the iK>8ition 
of gear tooth (2). Therefore in a one-thread worm, one revolu¬ 
tion of the worm causes the worm gear to advance the distance 
of one tooth. If there are 30 teeth in the worm gear, it will 


require 30 revolutions of the worm to cause one revolution of 
the worm gear. Consequently the gear ratio would be 30 to 1. 

Conclusion: In a one-thread worm, the gear ratio equals 
the numlw of teeth on the worm gear. 

Explanation of Two-Thread Worm 

Commencing at point (A) (Fig. 96), trace the thread once 
around the worm. We will pass from (A) to point (B), from (B) 
to point (C), then passing around the other side of the worm, 
we shall come to point (D), It will be noticed that by passing 
around the worm once, we have advance<l the distance of two 
threads. Note that in going from (A) to (D), we did not touch 

int (E). This is because the point (E) is on a separate thread, 
we see that there are two separate and distinct threads cut 
on the worm. This is known as a two-thread worm. 

Examination of Fig. 96 will show that during one revolution 
of the worm, the gear tooth (1) will advance to the position 
of gear tooth (3). Therefore in a two-thread worm, one revolu¬ 
tion of the worm causes the worm gear to advance the distance 
of two teeth. If there are 30 teeth in the worm gear, it will 
refiuire 30 2 =» 15 revolutions of the worm to cause one 

revolution of the worm gear. Consequently the gear ratio 
would be 15 to 1. 

Conclusion: In a two-thread worm, the gear ratio equals 
the number of teeth on the worm gear divid^ by 2. 

General Rule for Determining Gear Ratio 
of Worm Drive 

In the same wav, a three-thread worm causes the worm gear 
to advance 3 teeth during one revolution of the worm; a four- 
thread worm causes a 4-tooth advance during one revolution. 

Therefore we come to the conclusion that the gear ratio of 
a worm drive is equal to the number of teeth on the worm 
gear divided by the number of separate threads cut on the 
worm. 

Example: In the rear axle of a truck, there are 29 teeth on 
the worm gear and 4 separate threads ctit on the worm. What 
is the gear ratio? Ans, 29 -r- 4 = 7.25. 

Trucks are generally equipped with worms of 4, 5 or 6 
separate threads cut upon them. 


FINAL DRIVES OF LIVE AXLES 


Note. Pages preceding this page apply to emly 
models. Pages 956-963 apply to later models^ as of 
1943. 

There are five basic assemblies employed in trans¬ 
mitting power from the engine to the drive wheels 
namely: the clutch, tran.smission, propeller shaft, 
universal joints, and final drive. 

The principle on which these units work has been 
described elsewhere in this book. Tt is the pur¬ 
pose of this discussion to deal with final drives, 

Pinal drive refers to: (1) the methods employed 
to transmit power from the propeller shaft to the 
rear axle shafts and drive wheels, which may be at 
axi angle (usually a right angle) to the propeller 
shaft, and (2), to provide a rSlnction of speed from 
the propeller shaft to the rear axle shafts. 

This may he accomplished by means of gears^. For 
example, see Fig. 56, page 883A and note in this 
^gle reduction live axle, that the rear universal 
joint of the propeller shaft connects to a universal 
joint flange which drives a short enclosed shaft 
integral with a ^ar known as a bevel-drive 
pinion. This pinion meshes with a larger gear 
attached to the differential case, known as a bevel- 
drive gear, sometimes called ‘^differential gear” or 
‘‘ring gear.^' Meshing of these two beveled faced 
gears convey the power through a right angle. (The 
bevel gears in this example are of the hypoid de¬ 


sign. Another example, of a single reduction live 
axlc^ that of a truck with spiral bevel gears is shown 
on Insert No. 3). 

The number of teeth in these gears determine the 
final-drive ratio or sj)eed reduction. Thus, if the bevel- 
drive gear has five times as many teeth as the bevel- 
drive pinion, the ratio obtained is 5 to 1, and the 
propeller shaft would revolve five times as fast as 
the drive wheels. 

Types of Gears For Final Drives 

Types of gears used for final drives of single 
reduction live axles may be: (1) straight tooth 
bevel gears, (2) spiral bevel gears, (3) hypoid design 
of bevel gears, (4) worm and worm-gear. (Gears for 
double reduction and two-speed live axles are dis¬ 
cussed farther on). 

The straight tooth bevel gear is noisy and is 
seldom used. The spiral and hypoid gears are dis¬ 
cussed under Fig. 1. 

The worm and worm-gear was used in the past 
for final drive of heavy duty trucks mainly because 
it allowed a large speed reduction. The double 

iln other conttmetioiif, employinff a dead rear axle, the rear 
wheels may be driven by {lydottbU ehains, (2) dual chain* (see 
p. 961), (3) internal oeare. The Uet mentioned is now seloom 
used—see p. 929 showing one example. This dieoussion, as the 
main heading indicates, deals with final drives of *‘live ’ axlee. 
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reduction and twoHspeed axles have almost en¬ 
tirely supplanted the worm drive. Both permit 

r ter STCed reductions than could be obtained with 
usum spiral bevel gear final drive. To obtain 
as great a speed reduction as could be obtained 
with a worm or double reduction drive, the bevel 
drive gear would have to be extremely large in 
diameter, thus reducing the clearance between the 
axle housing and the ground. 



Fig. 1. Most common of the single reduction axle gears are 
the spiral bevels (left) and the hypoids (right). As may be 
seen noth are similar in app^irance. The main cliiTerence is 
in the position of the drive pinion relative to the drive gear. 
In the spiral bevel qear set tlie pinion engages with the gear 
at the center line. The point of engagement in the hypoid gear 
set is locatecl approximately one and one-half inches below the 
center line. Both types of gears are used where large gear 
reduction is not re<iuired such as in passenger automobiles,buses 
and light trucks and where a comparatively fast truck speed 
is desired.* 



Fig. 2 . To a single reduction gear set there may be added 
a second gear set of spur, hehcal or herringbone gears*. iSuch 
a combination is known as double reduction and is necessary 
when ratios are numerically high. By this design sufficient 
strength may be engineere<l into the drive pinion without 
sacrihee of ground clearance*. 

Types of Final Drives 

There are three basic types of live axle drives, 
namely: (1) single reduction, (2) double reduction, 
(3) two-speed. 

A single reduction live axle refers to an axle 
which has one reduction, i.e., the total gear ratio 
is obtained through a single iDevel-drive pinion and 
a single bevel-drive gear, and is a fixed ratio, 
single-speed axle. See page 883A for an example. 

A double reduction live axle refers to an axle 
where the total pjar ratio is obtained in two stages 
—the gears in the first stage being similar to the 
single reduction mentioned in paraCTaph above— 
the second stage is obtained through spur, helical 
or herringbone gears*. This is also a fixed ratio, 
single-s|)eed axle. See Fig. 2. See also. Fig. 32, page 
925 for another example. 

The two-speed axle is manufactured in two dis¬ 
tinct types. These are discussed under the headings 
of ^^Eat&n Two-Speed Axle'* and ^^Tirnken Two- 
Speed Double Redvetion Axle^*\ and with either it 
is possible to have two selective axle ratios in a 
single truck. These two-speed axles provide an “un¬ 
derdrive" from the usual standard truck axle gear 
ratio. 

A« a matter of information, there is a two-speed passenger 
oar live axle which provides an “overdrive’* from the usual 
standard axle gear ratio, see Addenda page 23. 

Eaton Two-Speed Axle^ 

Purpose: To provide a single truck or bus, with 
both characteristics of speed and pulling ^wer. 
The two-speed axle is actually a combination of 


two axles, and has in it two axle ratios. For this 
reason it is sometimes termed a ^dual’^atio** or 
^^dtud-performance'* axle. With four transmission 
speeds and two axle ratios the truck has eight 
separate total reductions. A five-speed transnoiission 
would provide ten total reductions. 

Advantages: There arc many kinds of hauling 
operations that require speed at certain times but 
at other times, plenty of pulling power. It is to such 
operations that the two-speed axle is well suited. 

The fact that the gear ranges to choose from are 
so numerous, means that the truck may be operated 
efficiently and economically. The low axle ratio 
provides the pvlling power required to negotiate 
rough roads and hills and will permit loaded veliic.Ies 
to be easily pulled out of such spots as pits and 
loading docki. Speed on the highway for fast 
schedmes can be mainUiined by a shift to the high 
axle ratio. 

Construction: Briefly, the single or primary re¬ 
duction, i.e., from the propeller shaft, is obtained 
through a conventional but rugged spiral bevel 
drive pinion (1) (Fig. 3) and spir^ bevel drive gear 
(12). The sliding clutch gear (16) is shifted to mesh 
with the planetapr pinions and the high speed clutch 
plate (14) and with this action the planetary pinions 
are held stationary and the axle is in high axle ratio. 


WTien the sliding clutch gear (16) is shifted to 
mesh with the low speed clutch plate the planetary 
pinions revolve around the sliding clutch gear to 



Fig. 3. Cross section view of the Eaton two-speed or dual- 
ratio rear axle. Names of parts: 

1 . Bevel-drive pinion. 17. Differential bearing. 

2 . Pinion oil s^l. 18. Differential bearing adju- 

3. Pinion-bearing cage. ster lock. 

4. Pinion bearing (taper). 19. Differential bearing 

5. Hlot pinion bearing (roller) adjuster. 

6. Support case. 20. Axle shaft. 

7. Differential case. 21 . Idler pinion pin. 

8 . Side gear thrust washer. 22. Support case thrust 

9. Differential side gear. washer. 

10 . Differential side pinion. 23. Shift fork shaft. 

11 . Differential spider. 24. Shift fork. 

12. Bevel-drive gear. 25. Shift fork plunger. 

13. Oil collector drum, 26. Shift fork cover. 

14. High speed clutch plate. 27. Idler pinion. 

15. Sliding clutch gear. 28. Oil distributor. 

16. Differential carrier 
bearing cap. 

*Compned from literature of the Eaton Mfg. Co. (1943). A 
booklet entiUed: '"Keep 'Em EoUtnp-Lont/er,” dealing with the 
construction, operation and servicing of the Eaton two-speed 
rear axle will be sent to readers cd Dyke's Automobile and 
Gasoline Engine Encyclopedia by writing to Eaton Manufactur¬ 
ing Company, Cleveland, Ohio. 

*See p. 1068 under **Gears** for meaning of spiral, spur, 
helical and herringbone gears. 


Subiecta formerly on this page have been eWsted. 
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drive the differential unit. A secondary reduction 
between the l)evel-drive gear ( 12 ) and the differential 
is introduced, and the axle is in low axle ratio. 

Shifted iiUo high t he planetary gears are stationary 
and only the spiral bevel gears are functioning. 
The planetary g(»ars turn only when the axle is 
shifted Mo Imv and then at slow speed. 

Shifting into high or low axle ratio is made in the 
same manner as a shift in a four-speed trans-- 
mission. Generally, and particularly when the truck 
is moving at higher speeds, the shift to low axle 
ratio can best lx». made by double clutching. To do 
this, release the clutch and pull the shift lever back 
until about half-way to the rearmost position. The 
axle is now in neutral with neither the high nor 
low gears functioning. Hold the lever in this neutral 
position, re-engage tne clutch, then accelerate the 
engine to a point where the speed of the engaging 
meml^ers in the rear axle w’ill be synchronized. Again 
release the clutch and pull the lever all the way 
back, llonengage the clutch and the two-s|)eed axle 
is in low axle ratio. (This shift is made in exactly 
the .same manner lls shifting from direct drive to third 
in a four-six^ed transmission). 



Fig. 3A. PUnetary gearing i.s .so nanie<l from the solar system 
where the Hmuller piaoct.s sucli as tlie earth revolve about the 
sun. In a planct.ary (sear train the central gear i.s called the 
“.'run gear" an«l the small gear.s that revolve urout»(l it, " idnmt 
pinions." 

Since in the Eaton 2-si)ee<l axle the position of the sun gear 
determines whether the axle is in high or fou\ the sun grnr 
has been iiancd sliding clutch gear. The planet pinions are hller 
pinions. ^ 

Timken Two-Speed Double Reduction Axle* 

Timken two-speed double reduction rear axle 

provides a choice of two gear reductions. As shown 
in Fig. 4, the change of gear ratios is accomplished 
by shifting collar (F)^ on the pinion shaft (S)* 
from engagement with one helical pinion of th(*.st*cond 
gear reduction into engagement with the othor 
pinion. 



Fig. 4. Timkeo two-ipeed double reduction gear assembly 
unit. The double reduction and two epeede are obtained as 


follows: First gear reduction is througli spiral l)evel-drive 
pinion (A) and spiral bevel-drive gear (B). Second gear re¬ 
duction is through helical tooth gear (C) and helical tooth gear 
(D) which are in constaiit-inesh. This represents the fast 
si^ed anil is obtained when the splines (E), which are intogi'nl 
with the free rolling fast speetl r)inion (C), is engago<1 wiih 
collar (F) and the short splines (El) which are irdegral with the 
helical pinion shaft (S). Collar (F) is inovcil to engage (C) to 
pinion shaft (S) for fast 8i>ee<l. 

For slow speed, the splines (G) on the free rolling slow speed 
pinion (H) are engaged with collar (F) and the splines (Gl) 
which are integral with the helical pinion shaft (S). Collar (F) 
is moved to engage (H) to pinion shaft for slow speed. The final 
drive in slow speed is from propeller sliaft, to the drive pinion 
shaft integral with beveUlrive pinion (A), to (B), through 
pinion shaft (S) and collar (F), to constant-mesh gears (H) 
and (T), through differential (to which gears D and J are at¬ 
tached), to live axle shafts, to driving wheels. 



Fig. 5. Exploded view of Timken two-speed double re¬ 
duction axle showing full floating type live axle shafts (K), 
two-speed double rivluction gear ashenibly unit (A to J -see 
also Fig. 4), differential ami gear carrier (O), axle honsing (N) 
from which parts shown have been rernovetl, and air brake 
chaiiil>erH (L), the purpose of which are given on page 1080. 
Series (KJOOO, 04000, O.'iOOO, 00000 and 07000. 

Shifting may Im^ done by niiiiuial (control, also by 
remote control power shifting employing vtitoium, 
eompre.ssed air or mechanical hook-ups. 

Where vacuum ])ower is u.sed, the shift in one 
direetion is mtido by a vacuum cylinder, .and in the 
return direction by means of ji spring. This p<3wer 
unit is mounted directly on the differential carrier. 
A control button or cable knob, which operates th(‘ 
vacuum valve, is loetited either on the steta-ing 
column or on the instrument panel. 


‘Compiled from literature of The Tlmken-Detroit Axle Co., 
Detroit, Mich, (1943). ‘Alio termed “cross shaft clutch.' 
‘Alio termed “cross shaft." 


Subjecti formerly on this page have been deleted. 
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TRUCK CLASSIFICATION 


Note. Before proceeding to read these pages^ first 
read page vii in the front of book. 

Truck Classification 

Classification of vehicles^. —^Clas»ifioation of 
single units for separate operation or for operation 
in combinations: 

Motor Truck. —A single self propelled unit carry¬ 
ing its own load. 

Tractor Track. —A single self propelled unit pro¬ 
vided with a fifth-wheel for semi-trailer and with or 
without a body for carrying its own load. 

^^Semi-trailer. —A unit drawn by a tractor truck 
by means of a fifth-wheel connection. 

'^Trailer. —A unit drawn by a truck or tractor 
truck and entirely sustaining its own load. 

^'Other trailing equipment. —Such as pole trailers, 
dollies, cable reels, guns, trailer coaches, bogies, 
drill rigs, etc. 

“Typical examples of these classifications are 
illustrated in Fig. 1.’* 
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Fig. 1. Combinations of vehicles. 




Fig. 2. Combinations of units. 

'Reprinted from the loud and dttiietision litidtations sertioii 
of the nH2 SAE HANDlU)i)K: Society of Automotive 
Kngineer^. Inc., 20 West 39th St., New York City, N. V. 
Printeil in U.S.A. Copyrighted 1942. 


TYPES OF TRUCK 

Truck chassis drives can best be classified by in¬ 
dicating the nxunber of wheels and number of 
wheels driven. Dual wlieels and tires will be con¬ 
sidered as being single for these classifications. 

Four-wheel trucks can be driven by two methods, 
namely; 

(1) Drivina on 2 wheels, i.e., the two retir wheels 
(see Insert No. 3, and page 961, for examples.) 
Termed a J^2*. 

(2) Drinirig on 4 wheels, i.e., the two roar wheels 
and the two frontjwhccls, termed “all-wheel drive^”. 
(See jjage 962 for examples.) Termed a 4 x 4 . 

Six wheel trucks can be driven by several methods 
the more common of which are: 

(1) Driving on 2 wheeh, i.e., of the forward unit of 
th(^ rear axle group, with a traiUng dead axle in the 
n^jir (see Fig. 3, page 960 for an example.) Termed 
a 6x2. 

(2) Driving on 4 wheels, i.e., of the rear axle group*, 
tx'rmed “dual-axle drive’’ (see Fig. 4, page 960 for jm 
t'xample). Termed a 6 x 4 ^ 

(3) Driving on 6 wheels, i.e., the four rear wheels 
and the tw'o front wheels, termed “all-wheel drived” 
(see Fig. 118, page 963 for an example). Termed 
a 6x6. 

Note. By referring to the page of ** Abbreviation8^* in the 
Truck Specificationa under "'WfieeU Driven," additional in¬ 
formation will be found. 


♦Vehicle chassis type. According to terminology of charac¬ 
teristics of military motor vehicles of the Maintenance En¬ 
gineering Unit of the Ordnance Dopartment, and which is 
now coming into general use in the commercial field, this term 
indicates that the vehicle has 4 wheels, 2 of them driving. If 
there are dual wheels and (ires, it is still termed "4r£," be¬ 
cause, as stated in paragraph above, “dual wheels and tires wdll 
be considered aingie in these claasihcations." 

Dual wheels and tires can, however, be indicated by adding 
“df.” For example: "4xl^(gdt )would indicate a vehicle with 


CHASSIS DRIVES 

4 wheels, 2 driving, and with 2 dual wheels and tires; "Gx4(4dt)'* 
w'ouUl indicate a vehicle with 6 wheels, 4 driving, and with 
4 dual w’hecls and tires; "6x6(4dt)" would indicate a vehicle 
with 6 wheels, 6 driving, and with 4 dual wheels and tires. 

Semi-trailer and trailer chassis types are indicated by the 
term "eiV" for vehicles with two wheels or “ 411 “’ with those 
with 4 w’heels and tires. 

*A transfer case is employee! on "aU-icheel drive," or when¬ 
ever a front axle is ilriven. Transfer ctwe can be single speed 
or tw(>-.speeil, and tlnis serves as an auxiliary transmission, and 
is usually located at the rear of the transmission. With a four- 
wlieel <>rive transfer ca^, there are two power output shafts, 
Hn<l with .six-wheel drive, three. The front axle can be tlis- 
engaged when traveling on dry hard surface roads. See page 062. 

The front Uve axle in “all-wheel drive,” has a differential 
and bevel drive gear as in live rear axles. In order that the 
front wheels may be turned for steering at the Siime time 
they are <lriven by the engine, tljcy are driven through univer- 
.sal joints, i.e., the drive is transmitted through a universal 
joint at each end of the live front axle shafts. Because of great 
angular steering movement, and high torque in the from 
axle shafts, the constant velocity type universal joint is the 
tyt>e generally used. Tw^o popular designs are the Hendix- 
Weiss and Hzeppa. QxuAing from Bendix-Weis8 literature: 
“This joint is designed to transmit a constant velo<dty in 
place of the fluctuating velocity of other t\T>^.’’ ^iotiim from 
hzeppa literature: “The term ‘constant velocity’ is applied to 
universal joints to signify that in this type of joint the driving as 
well as the driven shaft end are rotating at the same rate of s|)ee<l 
simultaneously. This is not the case with regular joints of the 
Cardan or pin type . . . this constant velocity universiil joint 
transmits rotation hom one shaft to another without pulfwition 
at any working^ angle.” An iliustration on page xiii, although 
not representative of tl^is type, or the type now generally u.sed 
on front-w'heel drive, wtU give an idea as to how universal joints 
are arranged so as to permit turning of front wheels for 8teerii\g 
at the same time they are being driven by the engine. 

^ere are two methods of driving the 4 wheels of the rear 
axle group on a 6x4 truck, namely: (1) the "dual-axU drive", 
as sltown in Fig. 4, page 000, whereby two indet)cndent pro¬ 
peller shafts are emnloyed, and (2) the "tandemroxle drive" {not 
shown), employing double reduction axles, whereby one oropellcr 
shaft direct from the transmission is connected to the drive 

f anion of Wie forw’ard dri\ing axle, and continues through this 
orward axle to a short profiler shaft, connecting with tlie 
drive pinion of the rear axle, termed "through drive" An 
inleraxle differential is sometimes built into the forward driv¬ 
ing axle. The purpose of this third differential is to divide 
the drive tortjue between the two axles in a similar manner 
as a differential divides the torque between the two wheels 
in a single axle. 


PttU-track truck can be compared in some respects to a track-type tractor. It is propelled and steereil through the same «lriving 
medium, i.e., by tracks instead of wheels, as explained on pp, 984,989. Half-track truck is a type of truck with wht'els in front w hich 
steer, and tracks in the rear which drive. The front wheels on tome half-track trucks are nioimlcHl on front drive axles. Some trucks 

1 '- A... *..ll A-»-.1- A- 1. - 
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International six-wheel trucks are available in 
two of drives, one employing a trailing cLxle 
and dtiving on the two forward wheels of the rear 
axle group (Fig. 3), and the other a dnal^axle drive, 
driving on all four rear wheels (Fig. 4). 

Both the smgie-azle and the dual-axle drive units 
have their particular advantages, depending on the 
t 3 !ne of service and operating conditions under 
which they are used. When the single-axle type of 
drive supplies adequate traction, the extra load¬ 
carrying ability of an additional or trailing axle is 
obviouidy the principal advantage. Under severe 
conditions, however, as in operating through snow, 
deep sand, mud, off the highways, over unimpitJVed 
roads and similar conditions where additional 
traction^ is necessary the dual-axle drive will meet 
every requirement. 

Trailing-Axle Drive 

Example of a six-wheel truck chassis with a rail¬ 
ing-axle drive, driving on the two torward wheels ot 
the rear axle group (6x2) is shown in Fig. 3 
Dual-Axle Drive 

Example of a six-wheel truck chassis with a dual¬ 
axle drive driving on all four rear wheels (6x4) is 
shown in Fie. 4. 


See next page for brief apedficalione of these 
trucks. _ 

K^ompiled from International Harvester Company literature 
by permission (1942). Illustrations are diagrammatio and are 
onlv intended to show the drive principle and does not show 
such equipment as all of the reinforcements, torque rods, oto. 

increased traction is one of the advantages of more than 
one driving axle, depending of course on the conditions under 
which the truck is operated, however, basically, it is under¬ 
stood that more tiros on the ground, greater the traction. 

*Also termed *‘dual-ratio** rear axle. See page 957. A similar 
principle is shown on Addenda p. 24, except tins provides an 
overdrive instead of an underdrive from the usual standard gear 
ratio, and employs vacuum power control 

’Power divider, also termed "torque divider" is composed of 
a third diiferential and power-dividing gears which divide 
the input power e(]ually and is delivered by individual pro¬ 
peller shafts to both rear axles. The third differential com¬ 
pensates for uneven tire w'ear and unequal tire inflation, and 
prevents tire scuffing and "gear fight." The reduction through 
the power divider is 1.107 to 1. The gears are the helical con¬ 
stant-mesh type. The differential lock is special equipment 
anil is for emergency use only, such as when pulling out of 
diflicult spots. It is dcsigne<l so that the operator must hold 
the lever in the locked position. When the hand is removed 
the differential lock automatically disengages. 

••A double reduction single-speed rear axle final rlrive but 
of an early type is shown in Fig. 32, page 925; it will give an 
idea as to the principle of operation. Unlike the two-speed 
rear axle, only one speed is available but of a very low re¬ 
duction. Seo also, '^double reduction live axle" p. 957. 



Rg. 3. A trailing-axle t 3 rpe of truck chassis df!ve. International model DS-216-T. A six-wheel unit, single-axle drive (two wheels 
drirenr—6x£). Driving axle, forward; trailing axle, rear. 

l>rive: Power from engine is transmitted through all' single-plate clutch to the transmission, then through propeller shaft to 
the forward live driving axle. Rear unit or trailing axle, is a deatl axle of seamless steel 4' o.d. tube. 

Rear forward driving axle; Full floating, two-speed or "dual ratio” live axle, with a combiimtion llotchkiss-and-torque-rod type 
final drive. Shifting from one ratio to the other of the two-speed axle*, is by means of rod (A), which leads from the forward live 
axle to a hand shift lev^er in driver’s compartment. 

Front axle: A dead axle, drop-center, I-beam steel drop forging. 



Fig. 4. A dual-axle type of truck ebasfis drive. International model DR-425-F. A sixrwhed unit, dual-axle drive (four wkeds driven 

Drive: Power from engine is transmitted thrdugh a 14' single-plate clutch to the transmission, then to center shaft (C) of the 
power-divider^. From the i;wwer-divider, a propeller shaft (F) leads to the forward live driving axle (F), and another propeller shaft 
(PI), leads through a bearing (B), and profiler shaft (P2) to the rear live driving axle (R), Universal joints, to permit angle drive, 
are^laced at the ends of ea^ propeller shaft, and a nip-joint, to provide end play or ariving thrust, is at one end of each propeller 

Rear asde s^up: Six-wheel unit, dual-drive tsrpe. Connected by heavy equalizing beams, supported by eastings suspen'^'ed 
from semi-elTiptic springs. Torque rods (O), to resist driving and braking torque reaction, are provided on each axle. Forward 
and rear axles of the rear axle group are fuU-fioating, double-reduetion* through spiral-bevel ana herringbone gear drive. Com¬ 
bination Hotchkise-and-torque-rod type final drive. Malleable, banjo-type bousing. Axle r^uotions: 8.06 to 1; 0.03 to 1. 

Front axle: A dead axle, drop center, I-beam steel drop forging. 

Subjects formerly on this page have been dsleUd, 
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Speciflcations of DS-216-T Truck. 


Truumifiioo: Mleotiva aliding gear type with 4 epeede for- 
ward and 1 reverse. With the two-speed driving axle ratios^ 
this gives a total of eight speeds forward and two reverse. 



Brakes: Service—6 wheel hydraulic, self energizing, in¬ 
ternal expanding, two-shoe type with vacuum booster. Hand 
braibe—an external oontraotinc^ band with brake drum (H) 
mounted on rear of transmission; a propeller shaft type. A 
vacuum booster (V) (Fig. 3) assists in applying brake. 

Engine used on DS-216-T truck: International Harvester 
valve-in-head type; 6-cylinder (replaceablecylinders);3'bore 
x 4^" stroke; 241.54 cu. in. piston displacement; A.M.A. 
rating: 27.3 h.p.; maximum brake h.p.: 84 at 3.2()0 r.p.m.; 
maximum torque: 175.6 pound-feet at 800 r.p.m. Four-point 
mounting with rubber-cushioned front and rear supports. Four 
steel-backed, replaceable-shell main bearings. Total projected 
main bearing area: 14.169 sq.in. Exhaust-valve seat inserts. 

TRUCK CHASSIS, 

The cab, desimied for and usually included with 
the chassis, is the driver's compartment, in which 
the controls, instrument panel and driver’s seat are 
located, usually of steel construction, are of three 
general types: (1) conventional type where a hood is 
over the engine as shown in Figs. 5 and 7, (2) cab- 
over-engine type (c. 0 . 6 .) as shown in Fig. 6, (3) cab 
forward type, a compromise between a full c.o.e. and 
conventional type (not shown). 

The body is made in several types, some of which 
are: express^ pick-up^ platform, stake, dump bodies, 
and numerous other desimis. Another tyjie, classed 
jis a light delivery truck, and where the driver’s 
compartment and body are in one unit, is the sedan 
delivery, and the panel body (shown in Fig. 8). 



Fig. 6 (left). A four-wheel truck chassis with two rear 
wheels driven (4x2) (a single-axle drive), and a conventional 
tyj>e cab. This could be an all-wheel drive, i.e., all four wheels 
driven. (4x4). 

Fig. 6 (right). A four-wheel truck chassis \^ith two rear 
wheels driven (4x2) (a single-axle drive), and a cab-over-engine 
(c.o.e.) type cab. Dual rear wheels and tires are shown. If a 


Specifications of DR-426-F Truck. 

Transmission: 5 speeds forward, 2 reverse, with quiet helical 
gear third and fourth speeds, direct drive in fifth speed. 

Carrying capacity (oab, body, equipment and payload)-. 
28,100 lbs. Vehicle gross weight: 42,000 iba. 

Brakes: Service—% wheel, 2-shoe, double anchored, internal- 
expanding, air-operated with slack adjusters on each of the 
six^wheels. Hand brake —Tru-Stop ventilated disc (D), propeller 
shaft type. Tires: 9.75-20 balloons, front and dual rear. 

Engine used on DR-426-F truck: International Harvester 
valve-in-head type; 6 cylinder (replaceable cylinders); 4^" 
bore X 5' stroke; 451 cu. in. piston displacement; A.M.A. rat¬ 
ing: 45.9 h.p.; maximum brake h.p.: 120 at 2,400 r.p.m.; maxi¬ 
mum torque: 331 pound-feet at 800 r.p.m. Three-point mount¬ 
ing with rubber-cushioned front and rear supports. Seven steel- 
backed, replaceable-shell main bearings. Total projected main 
bearing area: 32,36 sq.in. Exhaust-valve seat inserts. See In¬ 
sert No. S for an example of a typical truck engine and 
"Specifications truck" lor detail of engines, other units. 

CAB AND BODY« 

fifth-wheel ” was attached to the rear uf this truck chassis to 
take a semi-trailer, this chassis would then be termed a “tractor 
truck." (4x2). 



Fig. 7 (left). A six-wheel truck chassis with four rear wheels 
driven (6x4) (a dual-axle drive), and a conventional type cab. 
Dual rear wheels and tires are shown. This chassis could 
have two roar wheels driven, i.e., the forward unit of the rear 
axle group co\ild be driven and the rear unit could be a trailing 
dead rear axle. (6x2). 

Fig. 8 (right). A four wheel truck with two rear wheels 
driven (a single-axle drive), with a long panel body. Panel 
body trucks are commonly used by merchants, laundry men, 
dry cleaners, and others for retail delivery purposes. (4x2). 


’Compiled from literature of International Harvester Co. 
by permission (1942). 

*®Dual tires. In order to get sufficient load carrying capacity 
without using extremely large tires, the usual practice is to 
mount side by side (either on the same wheel or by using two 
disc wheels attachea to one hub), two standard commercial 
sizes of tires interchangeable with other trucks or trailers in 
a fleet. 

’^Purpose of fifth-wheel is to support the front end of the 
semi-trailer by means of a plate and pivot arrangement. It 
may be well to mention that semi-trailers usually have are- 
tractable landing gear to support the front end of semi-trailer 
w’hen disconnected from tractor truck. 


DUAL CHAIN DRIVE TRUCK 12 


Eirample of a dual chain drive as employed on a 
Sterling six-wheel truck with four wheels driven 
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(Gx4), is shown in Fig. 9. 

Fig. 9. Top view of Sterling dual chain drive assembly. 
Drive: Power is delivered from the er^ne through a four-.speed 
transmission and three-speed auxiliary transmission (not 
shown—this combination prorides 12 forward and 3 re¬ 
verse speeds), thence through propeller shaft (1) and universal 
joint (2), to Jackshaft assemoly (3), mounted between the two 
dead rear axles. This jackshaft unit is of the double-reduction 
type, that is, the first reduction is obtained througli a set of 
spiral bevel gears, and a second reduction through a set of 
spur gears within the jackshaft unit. A third reduction is ob¬ 
tained through jackshaft sprockets (4) and wheel sprockets (6). 

This assembly employs three differentials which equally 
divide the power to the four rear w'heeb». Each side differentia 
drives one solid and one tubular jackshaft, the solid shaft 
passing through the tubular shaft and both shafts deliver the 
pow’er to the wheels by means of sprockets aiifl chains as showm 
above. The center differential equally dirides the power be¬ 
tween the two side differentials, ana the three differentials 
eliminate all “wheel fight.” Fore and aft ball and socket ty^)e 
radius rods provide means for chain adjustment, and maintain 
the two dead rear axles in alignment. Transverse radius rods 
maintain axles in lateral position. 

Names of other parts: (A) rod leading from hand brake 
lever to the external contractii^ brake band (C) mounted on 
brake pulley at forward end of jackshaft unit. The brake pulley 
is mounted on propeller shaft flange. (B) breather which permits 
air to escape from jackshaft assembly w'hich eliminates pres¬ 
sure, thus leaks at seals are avoided. 


^^Compiled from literature of Sterling Motors Corporation. 
Milwaukee, Wison. by permission (1942). 


See page 1021 for goe-electric truck formerly on this page. 
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FOUR-WHEEL DRIVE TRUCKS 

F.W.D. Four-Wheel Drive Truck the transfer'case (4), thence to the front and rear 


This type of truck delivers engine power not only 
to the rear wheels but to the front wheels as well. 

This makes it particularly adaptable for use in very 
severe service, such as on sandy and mud roads and 
steep grades, as are likely to be encountered in high¬ 
way construction work, oil fields, public utility 
maintenance, snow removal, military maneuvers, 
etc. The minimum size is 1§ tons, and the maxi- 
inum size is 15 tons. 

Drive: Power from the engine (Fig. 115) is trans¬ 
mitted through a Hele-Shaw clutch to tlie main 
transmission, thence tlirough a silent chain to a sub¬ 
transmission, thence t/O the front and rear ‘‘live” 
axles through drive shafts. The front and rear 
axles are similar to other automobile ‘‘live’' rear 
axles, except that it is necessary to have universal 
joints connected with the spindle of the front wheels 
so that the front wheels can be tui'ne<l for steering. 
The steering device (connects with the front wheels, 
not the rear. 



Fig 11.5. View underneath the F.W.D. track, showing 
how the front and rear wheels are driven. 

The locking center differential: A feature of this 
truck is a center ‘‘locking differential” in the sub- 
transmission. Normally this differential is in atdion 
to compensate for the difference in sp^ed between 
the front and rear axles when turning corners. 
Thus, by the center differential action, tire economy 
is assured. Should the truck l>e in a position where 
the rear or front wheels are slipping, the center 
differential can be locked by means of a lever, 
oi)erating a clutch connecting with each drive shaft, 
so that the differential action is thrown out of use 
and all four wheels are driven at the same speed. 
When the truck has been extricated from the .soft 
spot, the locking lever is released, and the dif¬ 
ferential is again in action. If one of the axles is 
Ijermanently damaged or disabled, the i)ropclier 
shaft can lj>e disengaged and the other axle used. 
There are also differentials in the front and roar live 
axles. (The Four Wheel Drive Auto Co., Clinton- 
ville, Wis., manufacturers.) 


Indiana Multi-Drive Truck 

pother example of a four-wheel- or all-wheel- 
drive truck is the Indiana, termed by the manu¬ 
facturers “Multi-Drive.” This truck is made in 
several models, as shown in the specifications on 
page 970. Like other four-wheel-drive trucks, it is 
designed for the hardest types of truck seiwice under 
the worst operating conditions. (The White Com¬ 
pany, Cleveland, Ohio, manufacturers.) 

Drive. See Fig. 116. Power from engine (1), is 
transmitted through a heavy-duty, single plate 
clutch to the main transmission (2), thence through 
a coupling (8) connecter I by two universal joints, to 

Trucks shown on this page 


propelh'r shafts (6, 6) to the front and rear axle 
(7, 8). There are 4 speeds forward and 1 reverse. 
Brakes are hydraulic!, four-wheel, internal expanding 
employing a vacuum booster (13). Mand-brake 
lever (11) operates the propeller-shaft brake (14). 



Fig. 1IG. Top iind .-iicio vu'W of tlic ludiiiun niulti-drtvc trin-k 
.‘Nhomng how tlie front und ic.ir whind.s are driven. Naiin'^ of 
parts arc: (1) engine; (2) main IraiiKmiKsion; (3) coupling; 
(4) transfer ra«o; (6) front propeller .shaft; (6) roar propeller 
.shaft, (7) front axle; (8) r<‘nra.\le, (9) tran.sfor-ca.se cdiange gear 
lever; (10) main traiusmis.sion change gear lever; (11) hand¬ 
brake lever; ( 12 ) olutoh pedal (brake pedal to the side of same 
not shown); (13) vacuum power unit for brakes; (14) propoller- 
.shaft brake. 

The transfer case, Fig. 117, is a gear box r(!(iuired 
to obtain the necessary offset to permit tht! front 
propeller shaft (6) to clear the engine crankcase. 
An additional si)oed rcdutjfion is provided in the 
transfer case, and the selection of direct or low speetl 
is conlrolletl by the transftT-casi! change-gear lover 
(9) in the cal). The main transmission-cliange gear 
lever (10), hand-brake lever (11), and (!lutch and 
brake p(‘duls art! also in the cab. 



Fig. 117. Sectional view of transfer case. 

Axles. I'ho front axle (7) is double reduction, 
full-floating, one-piece housing, equipped with uni¬ 
versal joints at outer ends in dust-proof housing 
which provides for steering. The rear axle (8) is 
double reduction, full-floating, onc-piece housing. 

Specifications 

Specifications of other four-wh^l-drive trucks are in 

the truck ipecifieaiions. See page v70. 

apply to 1937 models. 
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P.W.D. Six-Wheel Drive Truck^ 

Example of a six-wheel truck with six wheels 
driven (6x6), is shown in Fig. 118. 



Fig. 118. Dia^ammatic top view of FWD six-whe<il drive 
truck, model MJ6x6. 

Drive: Power from the engine (E) is transmiitetl through a 
15' single plate dry disc clutch (C), to the transmission (T), 
thence to the auxiliary transmission (X), and back to the upper 
spnxrket and silent chain, to a lower sprocket within tlie transfer 
case (S), thence througli projicllcr .shaft (1) to the live'front 
axle (F), ami propeller shaft (2) to the forwanl live rear axle 
(W), thence through a primary reduction unit of the hirward 
rear axle to intermediate projieller shaft (3), to live rear axle 
(R). This is termcil ''dwd drive tandem axle," also a "du<U drive 
hoi/ie axle" The two rear axles, held in line by means of a 
trunnion axle and springs, are termed a "hogie," 

Front and rear axles tiro full floating;, double 
nnluction. 

Transfer case w shown in Fi^. 110. A feature of 
this device' is the power proixtrttoning differential ix*r- 
fecUid by F,W,D. engineor.s, the purpo.se of which is 
t-o distrilnite power to each axle in direct proportion 
to the load carried on each axle. ForiiK'rly, using an 
ordinary difTereiitial, the same amount of power wils 
distributed to the front axle as to the rear bogie, 
regardless of the weight upon it. 

Consists of a difTorefitial case and differential gear¬ 
ing to which the driving torque is applied and 
divides the power in a manner so that 20% of the 
toroue is ajiiilied to tlu^ front driving axle and 80% 
of the torque is apiilied to the rear bogie with free 
differential action. Several advantages are claimed, 
such as increa.scd drawbar pull through more 
effective utilization of engine power, added hill 
climbing ability, elimination ()f front wheel spin 
which relieves the front driving axle of exce.ssive 
driving torque, increased mileage and all-around 
performance. Wording below the illustration Fig. 
119 explains the action of the differential. 

Transmission: Mounted amid.ship; 5 forward 
speeds and 1 reverse. Back of the transfer case is 
located an auxiliary transmission which is driven 
from the main shaft of the transmission. There is a 
direct and low range in this auxiliary transmission 
which gives 10 speeds forward and 2 reverse when 
shiftcNd. 


'Compiled from FWD literature by permission (1942), The 
model of this truck is MJ6x6, a 10 ton ratetl capacity truck. 
The chassis dry weight not including oil, gas and water is 
18,000 lbs. Gross vehicle weight 45,000 lbs. 



Fig, 119, Transfer case, the purpose of w'hich is to transfer 
the power of the engine from the upper shaft (S) to low’er shaft 
(SI). A silent chain (C) connects the upper sprocket (R) on 
shaft (S) with lower sprocket (Rl). The paivcr flaw and free 
dijl'en ntial actiors in as follows: The differential gearing con.si.sts 
of two .side gears, (D) with 12 teeth, and (Dl) 24 teeth. Gear 
(D) is connected with the front axle, and (Dl) to the two axles 
of the bogie. Four differential pinion gears (P) are used; two 
of these gears have 18 teeth, and two have 24 teeth. The pinion 
gears are mounted on a pinion pin (P2) and are arranged in 
pairs so that an eighteen tooth pinion gear and a twenty-four 
tooth pinion gear have a common hub and are free to turn on 
the pinion pin. This gearing results in a power balance of 5 to I, 
in other words, ‘'>f tb® power is diatributed to the front jack 
shaft of the differential and Vs to the rear jack shaft of the 
tlifferential. No movement between the rlifferential gears take.H 
place exicpt w'here differential action occurs as is the case in 
rounding corners, going over uneven ground, or the like. 

The differential lock (L), operated from the driver’s seat, 
eliniiimtes all differential action when in the locked position. 
This lock consists of a sliding jaw clutch w’hich operates on 
splines on the front jackjnhaft of the differential and engages a 
jaw clutch keyed to the hub of the differential case w'lien in a 
locked position. 


^scellaneous. A ball socket encloses the special FWD type 
universal joints in the front axle to connect the axle shafts with 
the driving wheels. .411 driving and brake torque reaction is 
absorbed by Hotchkis.s tyjie of drive. Serriee brakes arc .six- 
wheel two-shoe brakes, air operated, Haml brake is contracting 
band type mounted on rear of auxiliary transmission with 
braking action on all six wheels. 

Tires: 11.00-20 balloons, single front, duals rear. 

Engine: Model FWD O-.'^llKR six cylinder; bore and stroke; 
4*''g'x.') * s*'; piston displacement: 517 cu. in. ; horsepower: 126 
2,300 rpm.; torque: 369 ft. lbs.; main bearings: 7; ignition: 
battery; governor: set at 2,300 rpm. 

Gear ratios and speeds with engine governeil at 2,300 rpm. 
and standard tires are shown in table below. 


Gear 

High Range Ratio 

Speevl 

1 st 

62.8 :1 

4.4 mph. 

2 iul 

38.03:1 

7.3 mph. 

3rd 

23.49:1 

11.8 mph. 

4th 

12.65:1 

22.0 mph. 

5th 

8.60:1 

32.2 mph. 

Ilev. 

41.12:1 

6,7 mph. 


Low Range 

Ist 

131.89:1 

2.1 mph. 

2 nd 

79.86:1 

3.5 mph. 

3rd 

49.32:1 

5.6 mph. 

4th 

26.56:1 

10.5 mph. 

5th 

18.068:1 

15.4 mph. 

Rev. 

86.36:1 

3.2 mph. 


See page 1021 for electilc truck formerly on this page. 
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EXAMPLES OF HEAVY-DUTY TRUCKS AND CITY-TYPE MOTORCOACHES (BUSES) 


Freight-hauline automotive vehicles may be 

classified as trucks, tractors, semi-trailers, and full 
trailers. 

♦ Truck: When the load-carrying body is mounted 
on the chassis, the vehicle is termed a tnick. 

**Tractor: When the load-carrying body is mounted 
on a semi-trailer, the front of which rests on the 
t ruck chassis, the power vcliicle is termed a tractor. 
A tractor is a truck chassis including a cab but no 
load-carr>’ing body. The mechanical construction 
of a tractor chassis is identical w’ith that of a truck 
chassis. Short-wheel-base chassis arc usually used 
for tractors. 

Semi-trailer: A semi-trailer consists of a chassis 
upon which is mounted a load-carrying body. It 
usually contains only one axle, which carries a por¬ 
tion only of the load. The front portion of the load 
rests upon a tractor which furnishes the motive 
powder. The swivel connection between a semi¬ 
trailer and tractor is made by a fifth wheel. 

Full trailer: A full trailer consists of a chassis upon 


which is mounted a load-carrying body. It contains 
two axles which carry the entire load. It is self- 
supporting. It is hauled behind a truck or a semi¬ 
trailer. 

Passenger-hauling automotive vehicles may be 

classified as passengei^ automobiles, taxicabs, city- 
type motorcoaches, and inter-city motorcoaches. 

Motorcoaches may be classified into two general 
types, namely, (1) city or transit type for city and 
suburban use, (2) inter-city typo for long-distance 
travel from city to city or town to town. When 
motorcoaches operate entirely within the boundaries 
of one state, they are said to be in ^Hntra-siaie” 
service. W hen motorcoaches operate from one state 
to another, they are said to be in ^Hnter-siate^^ service. 

Inter-city motorocoaches are quite similar mechan¬ 
ically to city-type motorcoaches. Some of the differ¬ 
ences are: (1) sturdier body with seats spaced for 
more leg room; (2) interior and roof baggage racks; 
(.3) one regular entrance door, rear doors for em¬ 
ergency only. See also footnote 6 page vii. 



Fig. 1. GMC model T-110 heavy-duty truck for a recommerided gro.ss weight of 40,000 pounds.* 


Engine: GMC model 616. Optional model 707. 

Rear axle: Double reduction, full-floating type with primary 
reduction through spiral bevel gears and secondary r«^uction 
through herringbone gears. 

Gear ratios: Standard 9..30, optional ratios available. 

Transmission: Selective sliding-gear-type unit with engine 
having four forward speeds and reverse. 

Auxiliary transmission: Constant mesh type mounted amid- 
ship with three speeds consisting of underdrive, direct, and over¬ 
drive with ratios of 1.99, 1.00, and .77. 

Steering gear: Roller-bearing worm type. 

Brakes: Service brakes, I'’our-wheel air-operated Bendix 
double-anchor type. 

Parking brake: Propeller shaft 2-8ho€ and drum type. 

Wheelbase: 171H", 189^", 204*^", 224*.^", 2451^". 

Electrical system: Delco-Remy 12-volt ignition, third-brush 
22.3 watt generator and starting motor. 

GMC model 525, 616 and 707 engines (Fig. 3); The 525 
engine has a bore of 4 Vi' and 5)/' stroke; the 616, 4 bore 
and 5stroke; the 707, 5" bore and 6" stroke. These engines 
are of the vertical 6 cylinder valve-in-head type with “zero- 
lasb” hydraulic silencers similar to the sy.stem explained on 
page xxiii. There are two interchangeable cylinder beads (one 
for each 3 cylinders) with screwed-in Stellite exhaust valve 
seats. Seven-bearing counter-weigh ted heat-treated steel 
crankshaft statically and dynamically balanced. N.A.C.C. 
horsepower rating 48.6, 57.0, and 60.0. Brake horsepower 128, 
149, and 173, re,spectively, for the models 525, 616, and 707. 

Lubrication: Full pressure feed to main, connecting rod, valve 
rocker arms, piston pins, air compressor, and timing chain idler 
sprocket. Two-stage gear type oil pump driven from camshaft. 


Oil cooling: Oil is drawn from the wet sump crankcase 
through the oil sc reen (Fig. 2) by the lower gears, w'hich force 
it at low pressure through the filter and then thrcjugh the tem¬ 
perature regulator, which is surrounded by cooling water, after 
which it i.sreturned to the upper pair of pump gears, which force 
it at high pre.ssure to the bearings. Three spring-loaded steel 
ball valves open when the oil is cold and thick. The valve (A) 
prevents excessive pressure in lower oil pump chamber by re¬ 
turning part of oil to the sump. The valves (C) and (B) allow 
cold oil to flow direct to the upper pump chamber instead of 
through the filter and oil cooler; thereoy relieving them of exces¬ 
sive pre.s.sure. The temperature regulator performs two func¬ 
tions: (1) as an oil cooler when engine is running at high 
temperatures, (2) as an oil heater when engine is started cefld 
by transfer of heat from the warmer radiator water. 



Cooling: Positive water circulation through cylinder heads 
and blocks by centrifugal pump driven by timing chain. 

Carburetor: Double-barrel, down-draft type with accelerat* 
ing pump. 

Gasoline feed; AC fuel pump. 


* Compiled from literature of the General Motors Truck Com- Ignition* Fully automatic doilble-breaker-type distributor 
pany (1935). withsix-Iobe cam. 

•The word “truck” is now generally termer! **motor truck." ♦♦Tlie word “tractor” when used in connecti<m unth a motor truck 
ia now generally termed "tractor truck." The word “tractor” when used alone generally applies to &/arm or induatrial type of tractor. 
See also p. 950. 









''K- -i. OMC .'i25, 616 and 7 n 7 

avu,ur i-- U, „., u,„ , 1 .,, „„„■„„', ,- ,1 '’"'■"'l- ’>' ‘-oon r.p.m. 

v„n,.„„,,"" -'■» 

........ 

....«,'rri;r.,!i;,;rr:T . 

5 sprookots drivon by"• 1 carburetor and intake manifold. 
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Model 6A engine:> Bore 4H"- Stroke 12-cvlinder 

horiiontally opposed L-head engine. Valve seat inserts (Fig. 5) 
are made of Stellite screwed and dowled i nto the exhaust valve 
ports providing hardened valve seats. Pistons are cam ground 
aluminum allov. Seven-bearing counter-weighted heat-treated 
steel crankshaft statically and dynamically bmanced. N.A.C.C. 
horsepower rating 97.2. Brake horsepower 225. Cylinder 
heads all interchangeable. 



Lubrication: Full pressure feed to main, connecting rod, 
camshaft, wrist pin, and timing-gear idler bearings through 
drilled passages. Dry sump lubrication w'ith all oil pumped 
through oil cl^ner and oil cooler before used in engine. Scav¬ 
enging and delivery pumps of the geared type driven directly 
by camshaft. 

Oil cooling: Oil is drawn from the crankcase (A) (Fig. 6) 
by means of a three-gear type scavenger pump (B), with two 


intake ports (C) and two discharge ports (D) . It is then foroo4 
through the oil cleaner (E); thence into the oil cooler (F)i which 
is surrounded by cooling water (O). FY'om the cooler (F) it is 
delivered to the oil reservoir (H) on top of the crankcase. 



Oil circulation: The cooled oil from the reservoir (H) is 
pumped by the two-gear delivery pump (j) to the various bear¬ 
ings under pressure. After circulating through the bearings, 
the oil flows down to crankcase (^, from which point it is 
picked up through along manifold (K) by scavenger pump (B). 

Cooling: Positive water circulation through cylinder heads 
and blocks by centrifugal pump. 

Carburetors: Two dowr»-draft carburetors with accelerating 
pump. Hot-spot manifold to insure good mixture conditions. 
Two air cleaners standard. 

Gasoline feed: Mechanical fuel pump driven off engine. 

Ignition: Battery ignition standard. Fully automatic ad¬ 
vanced. 




Fig. 7. White model 730 series heavy-duty truck of the 
**unaerslung power type.” This truck uses the model lOAB 
“Pancake" type of engine similar in design to that shown in 
Fig. 4 but with S^i'' bore and stroke. Some of the 

specifications follow. 



Rear axle, model 730: Single-reduction full-floating rear 
axle with one-piece cast housing. Carrier-type differentia with 
special carrier reinforcement; spiral bevel gears. 

Rear axle, model 731: Double reduction, full-floating White 
type. Heat-treated load-carrying steel tubes preesM into 
hoaxing. Housing cast in one piece. 

Gear ratios, nuM 731: 6.67, 7.74, 8.48, 9.50. Modd 730: 
6.29,4.76,6.22, 6.67, 7.14. 

Transmiesion, modd 730: SeleotiTe type, four speed forward 
and one reverae. Power take-off opening provided. Modd 
781: Beleotive type five-speed standard transmisaion haa direol 
drive in 6ih. Optional five-tpeed transmission has direct driye 
in 4ib with overdrive in 6th« 


Compiled from literature of the White Meier Co. (1986). 


Controls: Left-side steering cam and lever with ball-thrust 
bearings readily adjustable. Hand throttle in special position 
on instrument panel inside cab front. Other controls on in¬ 
strument panel. Change-speed lever and hand-brake lever in 
center arranged for maximum driver comfort. 

Brakes (eervice): Four-wheel air operated. Heavily ribbed 
gum iron drums with bolted on moldra lining. 

Brake {parking): Disc type with four shoes, mounted at rear 
of transmission. 

Wheelbase, modeU.730 and 781: 108", 126", 144", 162". 
180". Model 731 T (tractor); 96", 108", 126", 144", and 162". 

Electrical system: 12 volt starting and lighting, third brush 
control. Heavy-duty battery. 

For additional specifications, see ^^pecifioationt of Truekd* 
on page 966. 
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AIR-CONTROL METHODS FOR MOTORCOACHES AND TRUCKS ^ 


Air Clutch Control 

The purpose of air clutch control is to permit coin- 
j)re88ing strong clutch springs with a light pedal 
pressure and to permit remote control when driver’s 
seat is some distance from the clutch. 

Operation: The driver’s clutch pedal is connected by rods 
and levers to the clutch application valve ^ig. 14), whitrh is 
HMui'ar to an air brake application valve. This valve admits 
air to the clutch air cylinder (Figs. 14 and 9). The clutch 
cylinder, through its piston and rod, rotates the clutch operating 
lever (4) (Fig. 9) to compress the clutch spring and release the 
clutch. When the clutch pedal is released, the clutch applica¬ 
tion valve assumes exhaust position, permitting air to exnaust 
from the clutch cylinder, thereby allowing clutch spring to en¬ 
gage the clutch. 


Air Steering Control 

The purpose of air steering control is to assist the 
driver m steering a vehicle that carries a heavy load 
on the front axle. The device may be applied to 
the conventional steering gear, and the mechanical 
connections from steering wheel to Pitman arm re¬ 
main as usual. The device acts as an assister to 
the conventional mechanical arrangement. 



Fig. 15. Top view of air steering control. 



Fig. 16. Side view of air steering control. 


Operation: The Pitman arm is divided into three parts: (4), 
( 5 ), and ( 6 ) (Fig. 15). The control lever ( 4 ) is kj^ed to the 
steering shaft ( 2 ) of the steering gear mechanism. The Pitman 
arm (6) is pivoted on steering shaft (2) but can oscillate about 
( 2 ). The intermediate lever ( 5 ) is bored slightly Iur^r than 
the outside diameter of (6), so that it can move (to the right 
or left, as seen in Fig. 15) to push or pull on the control rod ( 18 ) 
through the yoke ( 12 ). Intermediate lever ( 5 ) is pivoted 
at ( 8 ) to ( 4 ) and is also pivoted at (7) to (6), so that a force 
exerted by the steering wheel on ( 2 ) and ( 4 ) will cause ( 8 ) and 
( 18 ) to move right or left. Assume the device is applied to 
the chassis shown in Fig. 10. 

turning to the left, the drag link must be moved to the 
riglit, as seen in Figs. 10 and 16. Steering shaft (2) and control 
lever ( 4 ) will rotate counterclockwise. 

This causes pin (8) to move to the right. The resistance of 
the front wheels will tend to hold stationary the drag rod (11), 
Pitman arm (8), and pin (T). Since the center of conpol lever 
(5) is held stationery et (T) and the lower end of (8) is moved 
to the right at (8), tne upper end of (8) will move to the left. 
This causes yoke ( 12 ) to move left and to pull on rod ( 18 ). Pull¬ 
ing rod ( 18 ) oscillates rocker arm ( 8 ) (^g. 15), which opens 
intake valve (8), thereby admitting air pressure to the left of 
piston ( 14 ). This causes piston ( 14 ) to move right, pulling on 
Pitman arm (8) and moving drag rod (11) to right, thereby 
turning the front wheels to tne left. This action continues as 


> niustrationa and information by permisuon of Bendix- 
iVettingbouse Automotive Air Brake Co. (1938). 

* Note: The subject formerly on this page has been omitted. 


long as the driver is exerting a turning force on the steering 
wheel. 

When driver stops turning wheel, shaft (2), lever (4), and pin 
(8) stop. Sinee valve (9) is open, piston (14) eontinues moving 
to the right for a sbcM-t distance. This moves pin (7) to tke 
right. As i ntermediate 1 ever (8) is held stationary at (8) and 
moved to the right at (7), the top of lever (8) will move to the 
right. This moves yoke (12) to the right, pushing control rod 
(13) to right, permitting rocker arm (3) to return to its original 
position. Valve (9) will now close, so that no more air is ad¬ 
mitted to the cylinder, and piston (14) will remain stationary. 

If a further turn to the left is now required, the driver again 
turns the steering wheel, causing the above actions to be re¬ 
peated and further movement of pistofi (14) to right. 

7o straighten the vehicle after eompUiing a left turn, the driver 
turns steering w'heel to the right, which, by the reverse of the 
actions already explained, pushes on rod (18) and, by oscillating 
rocker arm (3), produces two results, namely, moving valve (9) 
to exhaust position and opening intake valve (10). This ex¬ 
hausts the air from the left side of piston (14) and admits air 
to the right side. Piston (14) now moves to the left, pushing 
on Pitman arm (6) and drag rod (11) and turning front wheels 
to the right. 


Air Gear Shift 

The purpose of the air gear shift is to permit re¬ 
mote control when driver’s seat is a considerable dis¬ 
tance from the transmission. 

Construction: The device consists of two units, namely, a 
control box and a transmi.s8ion gear shift en^ne which shifts 
the gears. The units described here are for a four-speed trana- 
ini8.sion, but a similar device is applicable to a tlnee-speed 
transini-ssion (Fig. 14). The control box (Fig. 17) is manipu¬ 
lated by the driver in the same manner as a gear shifting lever. 
It contains four valves (two of which are shown in Fig. 17). 

e 


Fig. 17. Control box of air 
transmission gear shift. 



Operation of control box: Valve (2) (Fig. 17) is opened when 
the lever is moved forward, admitting air to pipe (2) (Fig. 14) 
and to cavity (2) (Fig. 19) of the pilot cylinder. Valve (8) 
(Fig. 17) is opened when lever is moved re^irward, admitting 
air to pipe (3) (Fig. 14) and to ca\nty (3) (Fig. 19) of the pilot 
cylinder. Valve (1) (not shown on Fig. 17) is opened when the 
lever is moved to the right, admitting air to pipe (1) (Fig. 14) 
and to cavity (1) (Fig. 18) of the positioning cylinder. Valve 
( 4 ) (not show n on Fig. 17) is opened when the lever is mov'ed to 
the left, admitting air to pipe (4) (Fig. 14) and to cavity (4) 
(Fig. 18) of the positioning cylinder. 



Fig. 18. Sectional view of positioning cylinder. 

Operation of positioning cylinder: When air is admitted lo 
cavity (1) (Fig. 18), the piston will move to the right, so that 
shifter lever will engage rail (A) (connected to the reverse gear). 
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When air is admitted to cavity ( 4 ), the piston will move to the 
left, so that shiftw lever will engage rail (C) (connected to the 
first and second gear). When no air is admitted to the position- 
ing cylinder, the springs hold the piston in the position shown 
in Fig. 18, so that shifter lever engages ail (B) (connected to 
the third and fourth gear). 

Operation of the shifter cylinder; In order to stop the shifter 
piston in any position and in order to synchronize the speed of 
the shifter piston relative to the speed at which the control box 
lever is moved, admission of air to the shifter cylinder is con- 
trolled by the piston of the pilot cylinder acting through the pilot 
valves, instead of admitting air directly from the control box 
to the shifter cylinder. Air pressure is constantly upon the two 
pilot valves, being admitted tlirough fitting (9). One pilot 
valve, when opened, admits air to cavity (5) of the shifter 
cylinder; and tne other, when opened, admits air to cavity (6). 

When control box lever i» moved forward into either first or 
third gear position, air is admitted through pipe (2) to cavity 
(2) of the pilot cylinder. This causes piston in pilot cylinder to 
move to the right (as seen in Fig. 19), which opens the pilot 
valve that admits air to cavity (5) (Fig. 20) of the shifter cyl¬ 
inder, thereby causing the shifter piston to move to the right. 
This causes snifter lever to move to the right. If shifter lever 
is engaged with rail (C), the transmission will shift to first 
gear; out if it is engaged with rail (B), the transmission will 
shift to third gear. 

W?ien the control-box lever is moved rearward into either second, 
fourth, or reverse gear position, air is admitted through pipe 
( 8 ) to cavity ( 8 ) of the pilot cylinder, thereby moving pilot 
piston to the left and opening pilot valve to admit air to cavity 


(6) (Fig. 20) of the shifter cylinder. This moves shifter piston 
and shifter lever to the left. If shifter lever is engaged with 
rail (A), the transmission will shift to reverse. If it is engaged 
with rail (B), the ti'ansmisaion will shift to fourth gear. If it 
is engaged with rail (C), the transmission will shift to second 
gear. 



Fig. 10. Top view of transmission gear shift engine. 



Ifote: The subject ot Taximeters, formerly on tnis page, has 
been transferred to page 1071. 





INSTRUCTION No. 77 

TRACTORS: General; Tractor Engines; T3rpes of Tractors 
Final Drives; Examples; Tractor Specifications 


General 

The definition of the word tractor is, “that which 
draws; an automotive vehicle used for drawing or 
hauling.’’ The tractor, being a s(*lf-propelled vehicle, 
would therefore come uiuUt the classification of an 
automobile. (See also, pages vii, viii.) 

The construction of a tractor^ ^ differs consider¬ 
ably from that of a passenger automobile or truck. 
The same underlying i:)rincipleH of the engine and 
drive system are employed, but of heavier and more 
rugged design, as will be discussed farther on. 

Types of tractors are of two general types: (1) 

wheel-type, (2) track-type. This subject is more 
fully discussed farther on. 

The power rating of a tractor is usually designated 
a (‘cording to the power whicii can be produced at the 
ix'lt pulley and at the drawbar. The drawbar ])ull of 
a tractor depends on the engine horsepower and the 
amount of traction obtainable under operating con¬ 
ditions. Average tractive conditions wall permit a 
track-ty])e tractor to pull at th(‘ drawbar no inora 
th.’Ui tK)% of the tractor weight regardl(‘.ss of how 
nmcli extra power is provided in the engine. 

Most track-type tractors devc‘lop their maximum 
drawbar horsepower in 2nd gear Ix'cause the tractor 
weight and traction do not p(‘rmit the use (ff full 
engine jiowcr in 1st gear. This iirovides extra ptu- 
foI I nance at operating speeds. 

By ^erring to the Tractor Spccificatiom in this 
book IRi Ixdt and drawbar horsepower rating is 
givTn for various makes of tractors, both whe(‘l-tyix^ 
and t ra(^k-type. It will be obscrvcxl that the draw bar 
lip. rating is less than the belt hp. rating. Some of 
tli(‘ factois which affeett the draw^bar pull, an^ such 
as the type of wheels, character of soil\ slippage, etc. 

The efficiency of the transmisvsion of power is 
also most important. A certain proportion of the 
tractor’s engine pow^r is required to propel its(‘lf. 
Years ago this proportion was about two to one and 
tractors were rated as 20-40, 15-30, 10-20, etc. 
As tractors became more and more effieiemt in the 
transmission of powHT from the engine to the drive 
w'hetds, this ratio was decreased until now we find 
tracdors developing 80 per eiuit or more of their 
engine pow’er at tlic drawbar. 

Examples of how tractors are rated in accordance 
wdth Nebraska tractor tests* are as follows: 

Power (Allis-Chalmera model “M” track-tnie tractor). 
Drawbar: .^2.77 bp., maximum: belt: .'10.r)4 lip, maximum. 
Maximum tlrawliar pull in pounds: first: 5,81)9; second; 5,465; 
third: 3,436; fourth; 2,428; reverse: 4,700. Shipping weight of 
tractor: 6,530 puuiuls. 

Speeih: Four, forward; one, reverse. Xfiles per liour: first: 
1.8,3; second: 2.23; tldrd: 3.20; fourth: 4,15; reverse: 2,.55 

Power (Allis-Chalmcrs model ‘‘C”w’heel-t.vpe, general purpose 
trfuitor): maxiimiia belt hp. (gasoline); 23.85; maximum belt 
hp. (distillate): 20.20; maximum drawbar hp. (gasoline): 18.75: 
maximum drawbar hp. (distillate): 16.75. Shipping weight of 
tractor; 2,200 pounds, (second gear). 

Speeds miles per hour (approx.): First: second:4; third; 

73 2 ; reverse: 3. 

Power rating (Cose model “DC” wheel-type, general purpose 
tra(?tor). Nebraska tractor test^ No, 340. Maximum belthp.; 
37.28; maximum drawbar hp.: 33.06; maximum drawbar pull: 
4,128 pounds at 2.22 mph. (first gear). Weight of tractor with 
operator; 7,010 lbs. 

Speed miles per hour (approx.); First: 2^; second: 3H; third: 
4^4; fourth: 1(); reverse: 2H on 10-38 rubber tires. 

Speeds of the average wheel-t 3 rpe farm tractor: 

first gear: 2H mph.; second gear: 3)4 napfi-; third 
gear: mph.; fourth gear: 10 mph.; reverse; 2 % 


mph. Practically all present day tractors have at 
least four forward gear speeds, some have five, and 
some high speed tractors with pneumatic tires, 
attain 10 mph. See Tractor Specifications for travel 
speeds at normal governed engine rpm. of both the 
wheel-ty|)e and the track-type tractor. 

Power-lift, also termed motor4ift, is employed on 
many gencral-puri)o.so farm tractors, either UvS 
standard or optional equipment. It is a device for 
raising or lowering mounted implements at the ends 
of the row.s, or wdienever ncccissary, by engine power, 
whether the tract/or is moving or standing still. It 

* Refer to TracUtr Sperifie^tions. A rtudy of these specifica¬ 
tions will give the general mechanical construction and other 
information of the various makes of tractors; both the whed and 
track-type. See also Inserts No. 4 and 4.fV. 

^ Literature of some of the leading tractor manufacturers is 
usually very instructive, it not only gives information as to the 
wide range of work a tractor will do, such as drawbar, belt and 
power-take off, and row-crop w'ork, atlvantages, operating co.st, 
etc., but also give.s up to date information on the mechanit al 
construction of the tractor and engine, also nuxiern farm 
iniplemcnta. This information, supplcinented with the informa¬ 
tion given in this in^ruction, will enable one to obtain a gotnl 
working knowledge of tractors. 

Trnefor rtmnu/oetvrrrs who have agreed to send literature on 
ropieU In renthwH of Dyke’s Autoniohile and Gasoline Engine 
Eueyelnimiia ore: Allis-Chalmers Mfg. Co., Tractor Division, 
Milvstiukee, Wise, (wliecl ;ind track-type tractors); S. L. Allen 
& Co., Fifth St. and fllenwood A\e., Fliilatlelphia, Pa. (garden 
tractors); J. 1. Case Co., Hatinc, Wise, (wheel-type tractors); 
(’atcrpillar Tractor Co., Peoria, Ill. (track-type tractorsp. 
Cleveland TraiXor (_'o., Cleveland, Ohio (Cletrac crawier 
tractors) (track-type); .lohn Deeie Tractor Co., Waterloo. 
Iowa (wheel-type tta<‘tors); Harry Ferguson, Inc., Box 329, 
l)earV>()rn, Mich. (Ford wlioel-type tractor with Ferguson 
systein); International Harvester Co., Inc., Tractor Division, 
180 North Michigan Ave., C'hicago, Ill. (wheel and track-type 
tnictors); Mast*ey-1 funis Co., Racine, Wise, (wheel-typo 
tractors); Oliver Farm Kquipment Co., 400 West Aladison St., 
Chicago, Ill. (wheel-type Iracdors); Simplicity Mfg. Co., Port 
Wivshington, Wise, (garden tractors). 

To those interested in tractors of all types we suggest that 
they obtain the annual editions of two well known publications, 
namely: i’hc HIOD TRACTOR H(X)K, publisheil annually by 
Implement & Tractor, 601 (Irapluc Arts Bldg., Kansjis City, 
:Mo. (price i>er eop>), and the 'TRAC^TOR FIELD BOOK 
l>ublishcd auinially by Farn\ Implen»ent News Co., 431 South 
Dearborn St., (’hicago, 111. (price 5?1.00 per copy). Either of 
these j»ublirations coidd av>plicably be termed on encyclopedia 
of tractor iiiforjnahon, as thev include illustrations and com¬ 
plete spe<ilu*ations (also Nebraska tractor test) of various 
tr:lcto^^ ;ind farm power eejuipment, and accoB.sories, tune-up 
nnd .service information, etc. When ordering mention Dyke's 
AuUimobde and Oosoline Engine Encyclopedia. 

5 The resistance that soil offers to the passage of a plow 
bottom vanes from 2 t o 20 lbs. per square inch, depending upon 
the character of the soil. Thi.s being so, a bottom wdiich requires 
a pull of only about 400 lbs. at the drawbar to turn a furrow* 
14 in. wi<le and 6 in. deep, may re<iuire lus great a pull as 850 lbs. 
in a soil of different const it vit ion, or a maximum of nearly 1,700 
lbs. in the n»ost intractable soil. Therefore, the power of the. 
Pactor must be deterrninetl by the character of the soil and the 
numl>er of plows it pulls. One should secure a soil map of Ids 
locality from his State Agricultural College and post himself on 
the relative condition of the soil in his neighborhootl and the 
power reiiuirevl l^fore purchasing a tractor. A talde giving the 
jjounds pull required for rarious plowing conditions and the draft 
of idows in pounds per square inch ia included in the Red Tractor 
Book. 

< Nebraska tractor test, briefly, is a test reqmred by law* 
which was enacted in that state and put into effect in 1919 
whereby no tractor or traction company shall be permitted to 
sell or dispose of any model or type of gas, gasoline, kerosene, 
distillate, or other liquid fuel tractor engine in the State of 
Nebraska without first having said mtxiel tested and passed 
upon by a board of three competent engineers who are or sliall 
be under the control of the State University management, etc. 

Bulletin 338 deals with the general procedure and rules 
governing the Nebraska tractor test and can be obtained by 
writing to the Agricultural Experiment Station, College of 
Agriculture, University of Nebraska, Lincoln, Nebraska, and 
enclosing 10c in stamps. Please mention Dyke's Automobile 
and Gasoline Engine Encyclopedia, 



A Study of a Modern Farmall Tractor, Showing Location and Names of Principal Parts 


















982 


DYKE’S INSTRUCTION No. 77 


relieves the operator of this work and permits raising 
and lowering equipment quicker and without stop¬ 
ping the tractor. One type is mechanical or gear 
dri^, and the other is the hydratdic type. 

On most lift equipment, the working d^ih of the implement 
is set by individual adjusting levers, spring clamps, position 
of adjustable standards, or other means. Some of the hydraulic 
lifts establiih a working depth by means of the lift. With some 
types of oonstruoUon, the power lift does not definitely fix 
the penetrating depth of the implement. Under these conditions 


the implement '‘floats** over the ground, the working depth 
being governed by "gauge wheels’* or in some instances "gauge 
shoes. 


There are several general-purpose tractors which employ 
either the mechanical or hydraulic type of power-lift. For 
example, the Case model ‘SC” 2-plow tractor employs a 
mechanical motor lift for its mounted implements, as does also 
the model "DC” 3-pIow general purpose tractor. The "VAC** 
1-2 plow size uses the hydraulic lift for its master-frame on 
whicn can be installed a wide variety of equipment. 


THE TRACTOR ENGINE* 


The internal combustion engine used on tractors 
may be of two general types, namely: (1) the car- 
bureting type which uses gasoline ^one, or with 
proper heat control, kerosene, distillate, or tractor 
fuels, also gasoline, and employs electric ignition^ and 
(2) the solid injection tym Diesel engine employing 
camjjressionrignition^ The carbureting type pre¬ 
dominates. 


The tractor engine is gjenerally classed as a heavy 
duty^ engine because it is often required to operate 
for long periods at or near full power. It is therefore 
built somewhat heavier and more rugged than the 
passenger automobile engine, for instance, in the 
bearings, etc. 

Protective devices such as air cleaners^ oil cmd fad 
fibers and similar fixtures are velly essential, par¬ 
ticularly on tractor engines. Under most field con¬ 
ations there is considerable dust and fine ji^t that 
will find its way into the engine to cause rapid wear. 
Failure to maintain them in operative condition or 
to replace them when necessary will result in peatly 
decreased durability. See Inserts Nos. 4 and 4A. 


The four-stroke Qrcle principle is usually em¬ 
ployed, however, a two-stroke cycle Diesel engine 
described on page 1033E is used on some heavy duty 
tiack-type tractors. 

Four or six cylinder vertical, in-line engines are 
generally employed: one manufacturer of wheel- 
type tractors uses both two cylinder horizontal and 
vertical engines. 

Valve arrangement in common use are either the 
Ir-head or I-head type, the latter l>eing extensively 
used. Replaceable cylinder sleeves^ four piston 
rings, and helical gear type of timing gears are 
common practice. 


Governor 

A governor is usually employed on tractor engines 
and 18 designed to do two things: (1) to prevent 
damage from overspeeding of engine such as when a 
heavy load is suddenly released and the engine starts 
to race, or from ‘‘stalling'^ if the load is suddenly 
applied, (2) to automatically maintain constant 
speeds under varying loads, all of which tends to 
decrease fuel consumption and repair costs. The 
ffovemor is particularly desirable when operating 
belt driven machines, or doing drawbar work. The 
type usually emploved is a variable speed, mechan- 
icaUy op)erated witn hand control, centrifugal type, 
which controls the carburetor butterfly valve or 
throttle. See **SpeciJicaiions tractors** for engines 
using governors, and speeds, hp. rating, etc. 


Ignition 

Ignition is usimlly electric spark ignition, produced 
by a kighdeneion magneta in connection with an 
automatic impulse coupling to facilitate easy and 
quick starting. Some tractor engines use a c^ and 
battery type of ignition. This of course, applies to the 
carbureting type engine. The Diesel engine uses 
eampreasumdgnition. 

Mafoetos now in general use on tractor engines. 


and other internal combustion engines, are usually 
a high-tension inductor type with a rotating mag¬ 
netic rotor, instead of the norseshoe type magnets, 
and a stationary coil instead of a revolving wire 
wound armature, and arc of the fixed spark type, i.e., 
there is no means provided for advancing or retard¬ 
ing the spark bv means of a hand lever.® After being 
connected to the engine drive in the proper timing 
relation, this relation cannot be varied ana the spark 
plu^ will be fired at a given position in the engine 
cycle without any possible advance or retard (except 
for the automatic retard of the impulse coupling. 
when hand cranking engine for starting). 

The impulse coupling, included in the magneto 
housing, is u.sed to couple the magneto with its drive 
shaft, also, to provide an intense, hot spark at slow 
cranking speeds of the engine, and to automatically 
retard the ignition timing, to prevent back-firing when 
cranking the engine, it is constructed with a f^ 
driving meml^cr, which is not attached to the drive 
shaft of the magneto and is ordy connected with the 
drive shaft of a magneto through a spring. When 

S eto is turned slowly, there are arrangements 
whereby the armature or rotor of the magneto 
is stopped in its turning by a cam arrangemm. The 
armature or rotor is held stationary, and while the 
engine is still continued to be turned, the driving 
clement of the impulse coupling continues to move 
with the engine and winds up the coil spring of the 
impulse coupling. The spring is wouna-up and at 
the proper time, when the engine piston is in firing 
position, a catch is released and the wound-up 
spring imparts a very fast rotation to the armature 
or rotor, thereby causing the magneto to develop an 
intense, hot spark. The impulse feature disengages 
as soon as the engine has picked up speed. 

Kicking or back-firing which sometimes occurs when hand 
cranking a tractor engine oauipped with a mac^neto, is due to 
the impulse ratchet or pawl not engaging while crankint^ too 
fast or trying to spin the engine. A better spark is obtained 
from the speed given the armature or rotor by the impulse 
coupling, than from speed obtained spinning engine by hand. 

Absence of the characteristic snap at low speeds indicates 
that the coupling is not functioning properly and it should 
be sent with the magneto to an autnoriced servioo station. 

Hand cranking, as a means of starting a tractor engine haa 
been largely replaced by the electric starter. 


* Refer to the Supplemental Index for Tractor Specificch 
Hons. A study of tnese speeinoations will give the general 
mechanical construction of the tractor engine, eto. See alao. 
Inserts No. 4 and 4A. See also page 992. 

* Another engine known aa the Heseelman oil engine, em¬ 
ploying solid injection of the fuel but wiih eUctrio ignition is 
oescribed on page 1022. 

^ Heavy duty, quoting from Waukesha Motor Co. literature, 
refers to a continuous pull ranging from one-hall load to full- 
load. Light duty is oonsidered as any service, no matter if it be 
continuous, that does not exceed, except for brief intervals, 
one-half the maximu/n power of the engine. 

* Some manufacturers still use the advance and retard spark 
lever but in most cases engine manufacturers use a "ibsd spark 
magnetof and when operating, the spark occurs in' 

the position in which the beet spark is pro¬ 
duced. The reason why "fijEcd spark'* is more dssirabU, briefly, 
is because quite often the ox>erator would retard the spark 
when starting and continue to operate in the retarded positlpn, 
thereby causing heating of engine and burning of Interrupter 
points. For an example of a magneto with a rotating msipBet 
and stationary coil see Addenda page 100. This is an aircraft 
type magneto but will give a general idea ae to thi type of 
magneto now in general use. 
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Carburetor 

Carburetor. The main differences between the 
passenger car carburetor and the tractor engine 
carburetor are; The tractor carburetor is usually 
fully balanced,* and is more rug^dly constructed, 
and due to operating usually in dust and sand, it is 
made with a minimum of moving parts, and must 
draw all of its air through an efficient type of air 
cleaner. 

The passenger car carburetor usually has an 
accelerating pump to provide accelerating fuel; 
while this is accomplishea in a tractor carburetor by 
the use of an accelerating well or fuel reservoir. Also, 
the passenger car carburetor is usually provided 
with a mechanical means, such as a vacuum step-up, 
for controlling the part throttle economy; while me 
tractor carburetor accomplishes this by the use of air 
venting to the nozzle, or back-suction on the fuel 
bowl, i.e., a method of obtaining leaner fuel mixture 
W bowl ventilation, controlled by manifold vacuum. 
The back suction economizer method is used advan¬ 
tageously in tractor engine carburetors Ixicause it 
eliminates mechanical moving parts, which in this 
type of service would be subject to considerable 
wear. 

The chief difference between a tractor carburetor used 
for gasoline omp, and for less volatile distillate fuels is 
a difference in jet calibration, and in the preparation 
of the fuel-air mixture after leaving the carouretor. 
In a gasoline engine, higher compressions and colder 
nmnifold temperature are used than when burning 
distillate. Most present day distillate tractor 
engines utilize a hot-spot manifold, ranging from the 
conventional heat box up to the completely enclosed 
inlet manifold to provide additional heat transfer 
qualities so that the fuel-air mixture temperatures 
after leaving the carburetor can be niised over that 
with a standard gasoline manifold. 

Heat Control and Manifolds 

A combination manifold with an adjustable heat 
controlled damper, also radiator shutter and engine 
temperature gauge, are usually provided for tracto 
enmnes designed for operation on low grade fuels, in 
order to assist in warming up a (;old engine more 
quickly and to maintain the proper engine temper¬ 
ature, which is a very imjxirtant factor; distillate 
fuels are heavier than gasoline and require more heat 
for proper vaporization. 

Molt standard jrasoline engines can be made to burn distil- 

lato by the addition of a hot type manifold, lower compree- 
sion cylinder heads, and possibly, but not necessarily, some 
change in the standard carburetor calibration. 

Fuels 

Fuel for a tractor engine, usually, is either gasoline, 
or less volatile and lower-cost fuels, such as kero- 
sene®, distillates'® and special tractor-fuel." When 
using the latter fuels, the engine is usually started 
nnd warmed up on gasoline, then turned to the lower 
grade fuel. 

A tractor engine designed for gasoline only as a 
fuel, usually has a higher compression-ratio than one 
designed for less volatile fuels. Where engines are 
designed for either gasoline or distUlateSy the compres- 
sion-roHo is generally lowered to prevent pinging or 
detonation, and in some instances a slightly larger 
bore is provided to make up for the loss in power 
Also, Aeof controls are very necessary. A tractor 
engine designed for less volatile fuels than gasoline 
can use gasoline but a high compression engine de¬ 
signed for gasoline would likely detonate, if less 
volatile fuels were used. To obtmn best results use 
the fuel for which the engine is designed. 

Vtttl for a Dioiol tractor engiiie is disciisaed on poses 1033E. 
1027. 1028. Bee also page 1022, sixth paragraph, rdative to the 
nsssslman oil angina. 


Fuel feed is usually by gravity. Some large tractors may be 
equipped with a vacuum tank or fuel pump. 

Relative Advantages of Tractor Engine Fuels 

Quoting from Th$,Nebraska Tractor Teat BuUeUn SS8: 

“There have been many discussions over the relative ad¬ 
vantages of regular grade (70 octane) gasoline and distillate 
or tractor fuel. If we consider only fuel consumption we shall find 
that there is little difference in the best performance of tractors 
equipped to burn either one or the other of these fuels but not 
both of them. Some like to compare tractors on the cost per horse¬ 
power hour ** basis. 

“The average fuel consumption of 23 distillate-burning 
tractors tested during the last four seasons was 11.44 horse¬ 
power hours per gallon. Thirty-two tractors using regular- 
grade gasoline tested during the same period had an average 
consumption of 11.20 horsepower hours per gallon. The dis¬ 
tillate group was able to obtain 2.14 per cent more power from 
a gallon of distillate than the gasoline tractors could from the 
gallon of regular-grade gasoline. The average of the six distillate 
burning tractors showing the greatest economy in that four- 
year period was 12.36 horsepower hours per gallon, and the 
similar gasoline figure was 12.19, or an advantage in favor of 
those using distillate of 1.39 per cent. Theadvantageof the one 
group over the other is so small that one might well say that 
they arc equal on this point. The relative fuel cost would then 
be almost in direct proportion to the relative cost per gallon 
of the two fuels. The fuel 8a\dng often possible by the use of 
low-grafle fuel wouhl be offset to some degree by the cost of 
the additional lubricating oil required when making the more fre¬ 
quent oil changes ordinarily considere<i necessaiy when using 
that type of fuel. Another controversial point is whether or 
not the use of distillate materially shortens the life of a 
tractor us compared with the service that can be obtained when 
using gasoline. We do not have a conclusive answer as to how 
much greater the maintenance cost would be, if any. when burn¬ 
ing distillate in an engine designed for it than when using 
gasoline. Diluted lubricating oil, if clean, apparently does not 
produce the rapid wear once attributed to it. 

“To burn low-i^ade fuel successfully, proper cooling medium 
and in-take manifold temjieratureB must be maintained. This 
may be readily done when operating at a steady load, but for 
intermittent opertion, gasoline is unquestionably more satis¬ 
factory than distillate. The most favorable operation can be 
obtaine<l from any fuel when used in an engine that is par¬ 
ticularly designed for it. 

“The'^fuel used is the lowest grade recommended by the 
manufacturer for use in the tractor being tested.! For instance, 
if the application for test states that the tractor will operate 
on gasoline, tractor fuel, and distillate, distillate will be used. 
The ga.soline used is of the lowest commercial grade available 
and in no case is a premium fuel used in an official test except 
in those cases where it is specifie<l by the manufacturer as 
being essential to the success!ul operation of the engine. Fuels 
and lubricants are supplied by the University and charged 
to the manufacturer at current prices. 

♦Fully balanced means that all air, including that for bowl 
venting, idling adjustment and compensating well, must pass 
through the air intake. Whatever pressure exists in the intake 
must necessarily exist in th4 bowl. In other words, the press 
sure is “balanced.” The difference in pressure between the 
bowl and the venturi throat is the force causing the fuel to 
flow through the jets. 

* Kerosene is not used as much as formerly, especially with 
the present day higher-compression engines. It has a very low 
octane (anti-knock) rating and due to its excessive detonating 
characteristic, distillates and sp^ial tractor fuels having a 
higher anti-knock rating and costing less are supplanting it. 

Distillate refers to any fuel which comes from the refiner’s 
still at a higher temperature than the more volatile gasoline, 
naphtha, benzine, etc. A wide variety of fuels are call^ “dis¬ 
tillates,” from low grade gasoline to fuels with high “end” dis¬ 
tillation points. The only real way to judge the probable per¬ 
formance of a fuel called “distillate” is by the specifications 
given by the oil company. To obtain the best results use the fuel 
for which the engine is designed and as recommended by the 
tractor manufacturer. 

** Tractor-fuel refers to fuels esp^ially refined for heavy duty 
tractor use. The A.S.A.E. (American Society of AgricultvmU 
En^neers) recommend a minimum octane or anti-knock rating 

♦♦A horsepower hour, quoting from Bulletin 338, is the term 
applied to the arithmetical result of horsepower multiplied by 
time in hours. Ten horsepower hours might come from the 
development of ten horsepower for one hour, from one horse¬ 
power for ten hours, from two and one-half horsepower for four 
Hours, or from any other combination of horsepower and hours 
which, when multiplied together, would equal ten. 

Then, if by the burning of a gallon of fuel one engine is able 
to develop ^ht horsepow^'er hours and another burning the 
same amount of the same fuel will develop twelve horsepower 
hours, obviously the second engine has the better fuel economy 
In other words, the larger the number of horsepower hours per 
gfdlon, the better the fuel economy. 

fThis parwaph is quoted from BuUetin SS8 under the 
heading of 'Ventral Procedure and Buies in Testing Tractors.*" 
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CLASSIFICATION AND 
Classification of Tractors 

Classification of tractors according to utility: 

1. Agricultural or farm tractors. 

2. Industrial tractors. 

3. Special applications. 

The agricultural or farm tractor, in addition to 
doing drawbar work,i2 will also do belt work,^* and 
power take-off work.i^ 

The industrial tractor usually draws industrial 
trailers such as those used for hauling freight at rail¬ 
way freight terminals and steamship piers, w’are- 
house, airfield, and many other services too numer¬ 
ous to mention. Some arc propelled by gasoline 
engines, and others, where they arc maneuvered 
through narrow aisles and congested areas, are fre¬ 
quently electric motor driven, by means of storage 
batteries. 

Special applications are too numerous t-o list here 
but some are: construction work, excavation, road 
work, logging, etc. In addition to drawbar work, 
tractors can be utilized for pusliing, as for (‘xample, 
bull dozing, road scrapers, snow plows, etc., i.e., by 
attaching a pusher frame to the front of them. 

Types of Tractors 

There are two general types of tractors: the whei'l- 
type and the track-type. 

The wheel-type tractor is equipped with either 
sled wheels (usually with spade lugs), or with 
pneumatic and is the tyi)e used most for agri¬ 

cultural purposes, generally known as a farm tractor. 

Wheel-type tractors are either three^cheel (tri- 
cyde) type, or four-wheel conventiAynal tm)e. The 
three-wjfieel type may have one, or two (dual) small 
w^heels in front. 



Fig. 1 (left). A wheel-type tractor with three wheels (tri¬ 
cycle type). A "general-purpofie” farm tractor. Wee also. In¬ 
sert No. 4 and pages 986, 987 for other examples. 

Hg lA (right). A wheel-type tractor with four wheels. A 
*'nUtndard” farm tractor. There are also general-pur pone" farm 
tractors with four wheels but the wheels must be a<ijustable to 
various treads to fit different row spacings, otherwise it would 
be termed **standard.’' These examples are shown with pneu¬ 
matic tires but couTd be steel wheels. See also page 9^ for 
another example. 

A track-type tractor, also termed ^‘crawler,^^ and 
**tracldaying** tractors lay their own tracks, usually 
comprising two heavy, endless, metal-linked tracks, 
driven by a rear sprocket on each side. These 
sprockets transmit the drive, pulling on the portion 
of the track which is lying flat on the ground. The 
weight of the tractor is carried by truck wheels. We 
usually think of a track-type tractor as running on a 
track which is picked up hehindy carried forward^ and 
luid down in front. Better traction with less slippage 
is obtained with tracks as compared to wheels. 

This t 3 q)e, in addition to being applicable for some 
agricultural work, is used largely for construction 
work, road work, excavating, earth moving ofiera- 
tions of all kinds, logging, and with suitable modi¬ 
fications as military prime movers. 


TYPES OF TRACTORS 



Fig. 2. A track-type tractor. Also called "crawler,” and 
"trncklayina” type. See al.so, Insert No. 4A, an<i pages 990, 
993, 994 for other examples. 

Tractors for Agricultural or Farm Work 

Tractors for farm work may be divided into 
classes as: gcnonil purpose, standard, garden 
tractor and orchard tractor. 

General purpose type of farm tractors (also termed 
all-pur nose” *‘rouy-crop” and other terms). ai(! 
designed for practically all farm work and are 
usually of the thrcc-whccl tricycle type, as shown in 
Fig. 1. In addition to performing tno customary 
drawbar, belt, and powc'r take-off work, they also 
include roio-crop work, such lus cultivating, planting, 
listing, etc. Short turning, case and conviuiiiuK^e in 
handling, high ground clearance, and whoc'l tread 
adjustment to (Kimpensate for variation in width of 
crop rows are built into this type. The grtural- 
purjwse tractor may have three or four wheels. If four 
whetds, both the rear and front wheels must be 
adjustable to various treads to fit different row 
spacings, in order to cultivate a variety of row-crops. 

Standard tractors are designed for farm work in 
general but excliesivc of planting and ron^rop cultwa- 
tion. They usually an^ for plowing and the heavier 
work (drawbar, belt and power take-off), hence are 
somewhat larger and heavier and have a Iowit 
center of griiviiy than do the general purpose 
tractors. Recent trends arc to higher speeds oecausi^ 
of lower center of gravity. Crawler tractors arc also 
designed for agricultural work. 

Orchard tractors are small or medium-size stand¬ 
ard type tractors which have been adapted to orchard 
work by providing shields and guards to prevent 
limbs catidling in the machine and damage to treiis 
and fruit. 

Drawbar work includes such as: PlowinR, rliakinpc, harrow¬ 
ing, leveling, cultivating, seorling, listing, planting, raking hay, 
loadini^ and stacking hay, binding, combining, cutting corn, 
spremhng manure and lime, grading, ’excavating, pulling 
stumps, builiiing fences, highway hauling, filling ditches, spray¬ 
ing, cutting stalks, etc. 

»*Belt work includes such as: Threshing, hulling clover, 
picking peanuts, silo filling, feed grinding, hay chopping, 
stationary baling, sawing wood, shelling corn and green peas, 
pumping water, drying hay and grain, machine milking, elevat/- 
ing grain, crushing rock, powdering lime, etc. (A ilictionnry 
will give the meaning of any of these terms that are not clear.) 

i« Power take-off work includes such as: Picking corn, bill¬ 
ing, bahng, combining, mowing, spraying, dusting, etc. 

** Quoting from the Nebraska Agricultural Experiment 
Station Bulletin 338. "The use of rubber tires ro<lucos the rolling 
resistance of a tractor, or in other words, less power is retpiired 
to move the tractor over the ground than when steel wheels 
and lugs are used. This leaves more engine power available for 
useful work at the drawbar and accounts for the superior fuel 
economy of rubber over steel, particularly in the higher gears." 

It may be well to add that tractors with rubber tires are per¬ 
mitted to travel on the highways, whereas the steel rim wheels 
are not permitted unless the lugs are removed or guarded. In 
the "vernacular of the trade” the expression "rubber” is gen¬ 
erally used instead of pneumatic tires but means the same. 
See Tractor Specifications” for sizes. Very low air pressures 
are used on rear "rubber" tires, as low as 8 to 20 pounds; the 
front from 18 to 86 pounds (approximately), depending upon 
the size of tractor, loads and ply of casings. Under some con¬ 
ditions a certain amount of slippage may be experienced when 
using a rubber tired tractor to puU exceptionally heavy loads. 
Cast iron weights can be added ta rear wheels, or the inner 
tubes can be filled not over H full with water, or a calcium 
chloride solution, if freezing weather. 
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Fig. 3 (left). An orchard tractor. 
Fig 3A (right). A garden tractor. 


Garden tractors are small to 6 or more horse¬ 
power units used on garden and truck farms. They 
usually are of the * ^walking type^** i.e., the operator 
walks and guides the machine. Some of the larger 
ones are equipped for a number of drawbar opera¬ 
tions including plowing^ and for belt work such as 
sawing wood and grinding feed, which places them 
in competition with the one-plow farm tractor. 


TRACTOR DRIVE METHODS—WHEEL-TYPE 


Power from the engine is transmitted to the drive 
wheels of a wheel-type tractor by means of a eliiteh 
and transmission somewhat in a similar manner as 
in a passenger automoliile, but the fi/uil drive from 
the transmission tx) the rear axle varies considerably. 
A diffcrmtinl is employed and may be located ahead 
of the rear axle or on the rear axle, 'riierc is also con¬ 
siderable variation in the construction, arrangement 
and operation of the various units with different 
manufacturers. 

Final Drives—Wheel-Type 

Final drives of wheel-type tractors may be of five 
general types: (1) spur gears, (2) chain, (3) spiral 
bevel gears, (4) worm and worm-wheel, (5) internal 
gear. 

Examples of wheel-type final drives are shown on 
pages wnich follow, except the worud^ and mtermd 
gear^'^ final drives. 

A Four-Wheel ‘‘Standard” Farm Tractor with Spur 
Gear Final Drivers 

Example of a four-wheel “standard” farm tractor 
with spur gear final drive and with the differential 
locH t.cd on the rear axle, is shown in Fig. 4. 

Power take-off and belt pulley drive. The power 
take-off spline connection on end of belt pulley drive 
shaft IS shown at (G) (Fig. 4). This shaft rotates 
clockwise at a speed of 577 rprn. wilh an engine 
speed of 12f)0 rprn. Bevel gears which drive the b(4t 
pulkw are shown at (H). Jielt puJIey sjwed: 731 rprn.; 
belt speed: 2750 feet ixt minute. 'V\\q power take-off 


and belt pulley are operated from the driver’s seat 
by a separate clutrdi. Drawbar is shown at (K). 

Tractor travel speeds at full load governed engine speed with 
standard steel wheels, miles per hour: 1st gear: 2.62; 2nd gear: 
3.22; 3rd gear: 4.18; 4th gear; 5.60; reverse: 2.92. 

Engine: 4 cylinder, four-stroke cycle, I-head, vertical, valve- 
in-hca<l. own make. The two fuel t^es have different bore 
cylinders 8f» that both the "80” HC (high-compression for 
gMsolmc) and the “80" KD (with lower compression ratio for 
kcro.sene and "tractor fuel," and larger bore) deliver the same 
horsepow'er. Pore and stroke of the "80" IIC are 4)4*x534', 
and of the "80" KD, 4‘a'x514** Normal operating spee<l is 
1200 rprn. The piston displacement is 298 cubic inches for the 
HC; 334 cubic inches for the KD. Firing order is 1-2-4-3. Four 
piston rings per piston and removable cylinder sleeves. 

Af<un hearings: Three bronze-backed, babbitt lined main 
bearings and spun babbitt connecting rod bearings. The main 
and connecting rod bearings are adjuaterl when bearing wear is 
experience<l, by removing shims from between tlie two halves 
of each bearing. The desired running clearance is .003' for both. 
Side clearance for front and center main bearings should he 
anproxirnatcly Hear main bearing which controls the end 
play of the crankshaft should have .003' to .005' side clearance. 

Valve tappet clearance, engine at operating temperature: 
inlet .012', exhaust .015'. If adjustments are made on a cold 
engine, allow' .002' more clearance on both inlet and exhaust. 


The worm final drive was used on the Fordson tractor, 
now out of production. The later Ford tractor with the Fergu¬ 
son system employs a spiral bevel gear final drive. Parts for 
the Fortison can be obtained of the nearest Ford-Ferguson 
distributor. 

>7 The internal gear final drive, whereby the power is trans¬ 
mitted directly to the wheels by means of internal spur gears 
w'ith the wheels turning free on a dead axle is a type of final 
drive that Is not now in general use either on tractore or trucks. 

Compiled from Oliver Farm iiJquipment Co. literature by 
permission (1942). 



Fig. 4. Right side sectional view of the Oliver model "80" standard tractor with steel wheels front and rear. A 3-plow tractor 
with iww'er delivered at drawbar, belt, or power take-off. A spur gear fimil drive with the differential located on the rear axle. 

Drive: From crankshaft of engine, through a 12' diameter single plate, dry type clutch, through transmission (selective slidir^ 
spur gear typo with four forward spe^s and one reverse), to spiral bevel drive pimon (A), to spiral bevel gear (B), to spi^ gear (C) 
{bull pinion), to spur gear (D) (bull gear) attached to differential housing (E) mounteil on the live rear axle shafts (F), thence 
the two rear wheels. This nnal drive employs one bull pinion (C) and one bull gear (D), which are of the spur gear type. 


See page 982,902 for tractor engines; page 994 for Caterpillar track-type tractor ; page 082 for impulse starter formerly on this page. 
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Governor: own make centrifugal, variable epeed** type, with 
hand control operated from tractor seat to change engine 
operating speed. 

Ignition: high tension inductor type magneto with impulse 
coupling; spaK plug size: H*. 

Cooling: circula|:ion by pump on fan shaft. 

Fuel specifications: JJC engine: 70 to 72 octane gasoline. 
KD engine: kerosene, or distillate with the following minimum 
specifications: initial boiling point—350° maximum, 20^-25% 
distillation point—400* maximum, end point—525° maximum, 
octane rating desired—30 minimum.’® 

A Three-Wheel “General-Purpose” Farm Tractor 
With Spur Gear Final Drive >8 

Example of a three-wheel “general-purpose*' farm 
tractor with spur gear final drive and with the differ¬ 
ential locatecf ahead of the rear axle, is shown in 
Fig. 5. 

Power take-off and belt pulley drive: The 'pmoer 
take-off spline connection on end of belt pulley drive 
shaft IS shown at (G) (Fig. 5). Bevel gears which 
drive the belt pyUey are shown at (H). 

Power-lift. The worm for driving the power-lift 
is shown at (J) (Fig. f)). The power-lift consists of 
a trip lever, a worm-wheel meshing with worm (J) 
on the pulley drive shaft, and is mounted on a short 


Bearings and mstons: Four main bearings, removable pre¬ 
cision type, steel hack, babbitt lined. Connecting rod bearings, 
removable precision type. Pistons, nickel iron, fitted with 3 
compression and 1 oil nng above the pin. 

Governor: Own make, centrifugal, variable speed type. 

Ignition: High tension inductor type, fixed spark magneto 
with impulse coupling; spark plug size 18 mm. thread. 

Cooling: Water circulation by pump on fan shaft. 

Fuel epecificationa: Same as for model “80”. 

A Three-Wheel “General Purpose” Farm Tractor 
With Chain Final Drive3i 

Example of a three-wheel “general purpose" farm 
tractor with chain final drive and with differential 
located ahead of rear axle, is shown in Fig. 6. 

Drive: See Fig. 7. 

Transmission: Selective, sliding spur gear type 
with four forward speeds and one reverse. 

Power take-off shaft is driven by a large spur gear 
mounted on the inner end of the power take-off shaft 
(which leads to the rear of tractor centrally locatc(l 
between rear wheels, not shown). This gear is 
driven by a spur gear (L) located just back of the 
spiral bevel drive pinion (A) on the clutch shaft. 



Fig, 6. Right side sectional view of the Oliver model “70” general purpose (row-crop) tractor with steel wheels (front: dual, 
reversible, concave, cast semi-steel for crops in narrow rows; rear: Oliver tip tr)e type). A 2-3 plow tractor with power delivered 
at drawbar, belt, or power take-off, A spur gear final drive with the differential located ahead of the rear axle. 

Drive: From crankshaft of engine, through a 9' diameter single plate, dry tj-pe clutch, through tranamission (fo\u* forward 
speeds, one reverse), to spiral bevel drive pinion (A), to spiral bevel gear (B) attached to flifferential housing which is mounted on 
differential shaft (^, thence by means of two spur gears (bull pinions—not shown) mounted on each side of the gear (B) on the 
differential shaft. These pinions mesh directly with two spur gears (D) (bull gears—only one shown), attached to the live rear 
axle shafts (F), thence to the two rear wheels. This final drive employs tw'o bull pinions (nob shown) and two bull gears (D) which 
are of the spur gear type. 


shaft with a pair of lift arms. The mechanism is 
controlled by a short lever, within easy reach of the 
operator. The power lift may l:)e operated with or 
without a power take-off. and whether the tractor is 
traveling or standing still. 

Mounted tools on either side of the tractor lift independently 
and gangs can be dropped lower on oiie side than on trie other if 
desired. When raised, both sides come up to the same height. 
A hand lever on either side regulates depth >srhen gauge wheels 
are not used. With the same setting each gang automatically 
etrates to the depth for which it has been set. This iS due to 
and independent float design which allows the gangs to stay 
level in every position and follow the contour of tne ground to 
cultivate at even depth—while bein^ held rigidly in line side¬ 
wise. See also, page 081 giving additional information on the 
power lift. 

Engine: Six-cylinder, four-cycle, vertical valve-in-head, 
^linder bore stroke 4^^ Engine speed 1500 rpm. 
Firing order l-5^-6-2-4. Piston displacement 201.3 cubic 
inohee. Tappet adjustment (cold): intake and.exhaust valves 
.011* clearance. Cylinder sleeves removable (nickel iron). 


Variable speed moan.<i that there is governor action at any 
desired useful operating engine speed up to the maximum spet^ 
for which the governor is set. When the governor on the ^80” 
engine is set properly, the maximum governed idle speed of the 
engine ie approximately 1265 rpm. This gives a belt pulley 
sp^d of approximately 770 rpm. (These speeds are to be 
obtained with the bumper-screw backed clear out.) With this 
idle setting, the engine will develop its ratod horsepower at 
1200 rpm. with a pulley speed of 731 rpm. How the variable 
speed governor promotes fuel economy is explained as follows: The 
governor is set to maintain a maximum engine spiecKi of 12()0 
rpm. under normal operating conditions and functions auto¬ 
matically. But there is also a hand speed control. If you find 
that the tractor can easily ’’walk away with the load,” you can 
out the engine rpm. by instant governor adjustment, and shift 
to a higher transmission speed so that the tractor will maintain 
its rate of travel at lower engine speed but with open throttle— 
its most efficient operating point. In this way, only the fuel 
needed to do the work is ubm. 

’® See Lesson 24 of Dyke's Self-Starter for meaning of dis¬ 
tillation, boiling points, etc. 

’’ Compiled from J, I. Case Co,, Racine, Wise., literature by 
permission (1942). 


See page 982, 992 for tractor engiiiet; page 982 for impulse>tarter formerly on tl£is page. 
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Fisc. 6. Right side view of the Case model “DC" general purpose tractor \nth rubber tires. Provision is made for substituting 
a single front wheel for the dual or double front wheels for real narrow row w'ork. Rear wheels can be set at any width from 48* 
to 84' to fit any row spacing. Front wheel spacing 9' or 14' by use of special lugs. A 3-plow tractor with power delivered at draw¬ 
bar, belt, or power take-off. Cultivates 12' rows and wider, depending upon equipment. 


The power take-off drive gear is engaged and dis¬ 
engaged with the power take-off shaft, by a separate 
clutcn lever. Speed: 540 rpm. 

Power-lift, also termed operated by a 

pedal behind the right heel, is available for this 
tractor. It is driven from a worm on the power take¬ 
off shaft. Mounted implements are raised and 
lowered positively by enf^ine power, whether the 
tractor is moving or standing still. 

Belt pulley: The belt pulley is mounted on the 
first reduction shaft (K) of the transmission. Belt 
pulley speed: 818 rpm.; belt speed: 2G20 ft. per min. 

Drawbw: Pulls three plow bottoms under average 
soil conditions, or any other loads requiring similar 
amount of power. 

When backing tractor and implement, the drawbar auto¬ 
matically locks into position which helps to prevent “jack¬ 
knifing” or folding of implement against tractor. When the 
tractor moves forward with the load, the drawbar automatically 
unlocks. 


Friction plates (J) attached to the differential shaft, for the 
indeF>endent foot brakes which operate through the differential, 
and which are used to hold the tractor stationary if required, 
are important to assist in making short turns on row crop work. 


Tractor speed mph. approximate. Figures shown are the 
speeds vdth steel wheels. The figures in parentheses are with 
rubber tires. Speeds will vary with weight of wheel, load and 
traction: Ist speed: 2H (2H): 2nd speeii: 3H (3H); 3rd speed: 

(4K); 4tb speed: 8^ (10); reverse: 2H (25^). 


Engine: 4 cylinder, four-stroke cycle, I-head, vertical, valve¬ 
in-head, own make; bore: 3J4^; stroke: 51^'; removable 
cylinder sleeves; 4 ring pistons. Piston displacement: 250.6 cu. 
in. Lubrication: full pressure by gear-type oil pump to all main, 
connecting rod, and camshaft bearings, rocker arms, governor 
and clutch parts. All other parts operate in a spray of oil from 
connecting rod bearings. 


Main bearings: Any one of the three main bearing caps can 
be adjusted for wear without removing the cylinder blook. To 
adjust, remove the oil pan and disconnect oil lines. Use a small 
bar to pry under crankshaft to determine play in bearing. Also 
use a bar to check up on end play. The thrust is taken by 
center main bearing which has a flange on each end. There 
should be .0()4 inches to .010 inches clearance. Adjust one main 
bearing at a time. A thick laminated shim is used on each side 
and laminations .002' thick can be i^led off if necessary to 
take up for wear. After shims are adjusted, tighten capscrews 


anti lock them securely with wire. The main bearir^s should 
never be set up tight. The best clearance in the bearing is .002 
inches, which allows room for oil flow. When all hearings are 
adjusted and properly sot, the engine should turn freely with 
crank if spark plugs are not in place. 

Connecting rod bearings: To test the wear of connecting rod 
bearings, remove the inspectit)n plates at side of crankcase. 
Crank engine so that connecting rod to be testetl is on the com¬ 
pression stroke and pry under bearing cap with a bar, also pry 
under bearing bolt. Determine by feel the extent of looseness 
of bearing or bolt. 

A marked decrease in the oil pressure is an indication that 
the bearings are so loose that they do not offer much resistance 
to the passage of oil. 



Pig. 7. Power transmission system of Ctise model “DC" 
three-wlieel general purpose tractor. A chain final drive with 
the differential located ahead of the rear axle. 

Drive: Prom crankshaft of engine, through a disk type 
clutch (enclosed and operating in a spray of oil under pressure 
through clutch shaft), to spiral bevel drive pinion (A), to spiral 
bevel gear (B), tlience through transmission (dei>euding upon 
w’hioh transmission speed is being used), to spur gear (C), to 
differential spur gear (D) mounts on differential. From this 
point the drive is by means of two drive sprocket* (B) (only one 
shown) attached to differential shaft, thence by tw’o steel 
roller olmins to driven sprockets (F) mounted on the inner ends 
of the live rear shatts (G), thence to the rear wheels. 


See page 983 for carburetors for tractor engines formerly on this page. 
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The bearings are provided with a number of thin shims for 
adjustment. Bearings are originally set with a clearance of 
.002'. When the bearings become worn the original clearance 
can be maintained by removing some of the thin shims pro¬ 
vided. Be sure to remove the same amount of shims from each 
side of bearing, also see that the cap is drawn tight on the 
shims. If the bearing is too tiijfht add additional shims. Do not 
under any circumstances obtain running fit by leaving the nuts 
loose. 

Governor: Variable speed, throttling fly-ball tyoe. Own make. 

Ignition: High tension magneto with impulse coupling for 
easy starting. Spark plug size: ISmxn. 

Fud: Gasoline or low-cost fuels. 

Engine stopped on fuel oils: In case the engine stops on fuel 
oils and becomes cola the best method of starting is to shut off 
fuel oils at tank and drain the carburetor. Then turn on the 
gasoline and allow some to flow out of carburetor before closing 
the drain cock. In this manner all the fuel oils will be removed 
from the carburetor and pipes. 

A Foxir-Wheel “General Purpose” Farm Tractor 
With Spiral Bevel Gear Final Drive22 

Example t)f a four-wheel general purpose farm 
tractor with a spiral bevel gear final drive and with 
differential located on the rear axle, is shown in 
Fig. 8. 

Belt pulley (extra equipment). Carried by stdf- 
contained drive unit to rear of tractor. Pulley 


diameter O'"; width 6.5". Speed 1358 rpm., belt 
speed 3200 ft. per minute at 20(X) rpm. engine spt^ed. 
Pulley gear ratio to power take-off shaft 1.87 to 1. 
Rotates in cither direction. 

Speeds. At top governed speed (2000 rpm.) the 
tractor can be operated at 3.94 mph. in low gear, 
5.10 mph. in intermediate, 11.75 mph. in high, and 
3.84 mph. in reverse. At recommended working 
spcieds of 1400 rpm. of engine—low: 2.51 mph., 
intermediate (gt^ar used for plowing): 3.23 mph.; 
high: 7.48 mph.; reverse: 2.69 mph. 

Drawbar capacity. 2-14" plows with Ferguson 
hydraulically operated implements. Maximum 
drawbar without Fi^rguson hydraulic system of con¬ 
trol—16.90 hp. Rated drawbar hp. (75%- of max¬ 
imum) 12.68. 

Brakes. 14'x2' internal expanding, two shoe, fully energizing 
type. One adjustment on each brake. Brakes operate inde¬ 
pendently on each roar wheel controlled by separate pedals to 
facilitate short turning. 

Wheels. Front —steel disc fitted with 4x19 single rib pneu¬ 
matic tires on drop center rim, 26 lbs. tire pressure. Rear — 
steel disc fitted with 10-28 traedion tread pneumatic tiros on 
drop center rim, 12 lbs. tire pressure. 


** Compiled from literature of the manufacturer by ])ermi8- 
sion (1942). 


r COMPRESSION tINK-e MASTER CONTROL ^ING -9 
^TENSION LINKS - 7 / \ HYDRAULIC LIFT SHAFT 



/PISTON AND CONNECTING ROD 5 
-SPIRAL 8EVEL GEAR DRIVE -J3 
POWER TAKE-Off SHAH-14 


• SEMI CENTRIFUGAL CLUTCH-//\ 
-HYDRAULIC PUMP*3'—RUGGED TRANSMISSION -/2 
-CONTROL valve '2 HEAVY DUTY ENGINE ‘/O’ 


Fig, 8, Right side sectional view of the Ford tractor wdth Ferguson system for operating implements hydraulically, i.e., raining 
:iud lowering plows, etc. Hydraulic implement control consists of a 4-cylinder hydraulic pump (3), supplying oil under suitable 
pressure to ram cylinder (4). Valve (2) has manual (1) and automatic control. A 2-14' plow capacity. A spiral bevel gear JimU 
drive with the differential located on Uie rear axle. Names and purpose of parts are given below; 


1. Control lever. To raise, lower or set the depth of the imple¬ 
ment mamially. 

2. Control valve. Controls flow of oil in or out of ram cylinder. 

3. Hydraulic pump. Supplies oil under pressure for ram 
cylinder. 

4. Ram cylinder. Pumping oil into cylinder forces piston rear¬ 
ward—reletisiug the oil allows the piston to move forward. 

5. Piston and connecting rod. Transmits force to hydraulic 
lift shaft. 

6. Hydraulic lift shaft. liaises or lowers implement. 

7. Tension links. Attach to and pull implement. 

8. Compression link. Pushes against tractor. Transmits re¬ 
action forces from implement through master control spring 
to regulate valve and automatically controls depth of 
implement. 

9. Master control spring. Measures reaction forces applied 
to compression link by soil engaging parts of implement. 

10. Engine. 4-cylinder, L-head. Built by the Ford Motor 


Company. 

11. Clutch. Single dry plate type. Clutch pressure increased 
by centrifugal force. 

12. Transniission. Sliding gear type, 3 forward and 1 reverse 
speed. 

13. Final drive. Spiral bevel drive with straddle mounted 
pinion 6.66 to 1 ratio. Drive axle of the semi-floating type 
with integral axle shafts and wheel hubs. 

14. Power take-off shaft. Extends from rear of axle housing. 
Has 1.25' spline end for fitting to drives of power driven 
equipment. 509 rpm. at engine speed of 1400 rpm.—2.75 
to 1 ratio. 

15. Transmission gear shift lever. 

16. Starter switch (electric). 

17. Battery. 

18. Fuel tank filler cap. 

19. Fuel tank (fuel fe^ to carburetor by gravity). 

20. Water thermostat. 
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FIk. 0. Plowing action. The plow ia pulled by two lower links 
(7), which are in tension or backward pull. Top link (8) is in 
compression, pushing forward. The top link holds the imple¬ 
ment in a hxed position, preventing it from rotating and the 
forward motion of the tractor literally pulls the plow into the 
ground. 

The hydraulic mechanism automatically controls the deptli 
of the plow while it is in the ground. The manutd control (1) 
(Fig. 8), a part of the hydraulic mechanism, enable.s the oper¬ 
ator to raise the implement out of the ground or lower it 
instantly. The plow automatically works at the depth to which 


it is set. A cushion of oil carries the plow at its fixed depth. 
Under normal working conditions, the control valve (2) (Fig. 8) 
is moving back and forth a slight amount almost continuously 
to maintain the balance originally set for the operation. 

Engine heavy duty type. 4 cylinder L-head. Compression 
ratio 6 to 1; removable cylinder liner®, tungsten steel valve 
inserts for both intake and exhaust ports, replaceable shell type 
main anu connectii^ rod bearings. Maximum belt hp. 23.87. 
Rated belt hp. (85% of maximum) 20.29. Lubrication by gear 
pump supplying direct pressure oiling to crankshaft, camshaft 
and connecting rod bearings, also to timing gears. Replaceable 
cartridge type oil filter. Pump circulation of water through 
tube and fin typo radiator. Packless type pump. Therinostat 
temperature control. Furl feed by gravity. Carburetor up¬ 
draft plain tube type. C)il bath air cleaner. Fuel gasoline. 
IClectric starter. Safety starter switch mechanically inter- 
Iocke«l with gear shift lever. 

Iqjiition direct driven distributor in unit with coil. Auto¬ 
matic spark advance. 14 mm. spark plugs. Battery 6 volt, 8,5 
aiiipere-btnir capacity. 

Governor. Variable speed, mechanically operated, centrifugal 
type interconnecte<l with the throttle lever and carburetor, 
(jovernor regulation control from 400 to 2000 rpm. 


TRACTOR DRIVE METHODS—TRACK-TYPE 


Power from the engine is transmitted to the drive 
sprockets of a track-type tractor somewhat siruiltir 
to tlu* wlK'el-lyj)e triicRor but inasmuch as the track- 
tyiK‘ tractor is propelled and deered iliroiujh the same 
driving inediutn, i.e., by r(‘duciiig the speed of one 
track ix'low the sfieed of th(‘ other, the g(‘rieral cou 
struct ion and arrangciment is ejuite diiTereat, 


Final Drives—Track-Type 
Final drive of a track-type tractor where steering 
clutches are employed, is exemplified in Fig. 13, 
page 902. Because two steering (dutches are used for 
steering, a diffenmtial is unnece.ssary. 

Final drive of a track-type tractor where con¬ 
trolled differential steering is employed, is exempU- 
hed in Figs 19, 20, page 993. 
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ALLIS-CHALMERS MODEL “M” TRACK-TYPE TRACTORS 


As an example of how a track-type tractor, also 
termed crawler tractor^'' is constructed, driven and 
steered, the Allis-Chalmers model is used. 

TTiis tractor employs steering clutches for steering. 

The model is built for medium duty service 
such as for farming, light construction work, logging 


and other industrial jobs. In addition to drawbar 
work it handles power take-ofiF and belt work. The 
horsepower at drawbar is 32.77 and at belt is 30.54. 
See ^^^pecifications tractors*^ for speeds, drawbar pull, 
engine weights, etc. The weignt of the stanoard 
model tractor is 6,530 pounds. 



Fig. 10. Right side view of Alli»-Chaimers model “M” track-type tractor. Names of parts are: 


1. Radiator Slier cap. 

2. Air pre-cleaner connected with air cleaner under the hood- 
(J) IS a glass iar into which the pre-cleaner deposits the 
heavier particles of dirt removed from the air before it 
enters the air cleaner proper. 

3. Engine: 4 cylinder, valve-in-head type, removable cylinder 
sleeves, valve seat inserts, built-in governor, pressure 
lubrication, magneto ignition, gasoline-distillate fuel.’* 

3A. Magneto, high tension type. A centrifugal governor con¬ 
trolling the carburetor throttle is driven from the same 
shaft as the magneto. 

4. Exhaust pipe. 

4A. Crankcase breather cap. 

5. Fuel tank filler cap. 

5A. Auxiliary fuel tank filler cap (to supply gasoline for start¬ 
up and warming up engine when manifold is set to burn 
distillate). 

6. Track drive sprocket (one on each side of tractor). 

7. Grouser track shoe. (These shoes have integral grousers.) 

8. Track. 

9. Bracket attacked to truck frame which supports end of 
pivot axle. This heavy pivot axle is pressed into the trans¬ 
mission housing on each side, and in addition to supporting 
the rear of truck frame, permits truck frames to 
oscillate up and down about this axle to follow the contour 
of the ground. Termed “floating oscillation" because of 
the rubber cushioned joint which requires no lubrication. 

10. Truck frame (one on each side of tractor). 

11. One of four truck wheels on each side which support the 
frame and run on tracks (8). 

12. Track release spring (one on inside and one on outside of 
each track frame). They permit idler (17) to move back 
if in case any obstruction g^ between sprocket and track. 


and thus prevent damage. Pressure of release springs keeps 
front idler in forward position unless idler moves back 
against these springs to free track from obstacles. 

13. Adjustment for track, which is correct when track can be 
lifted m’ to 2' above the support roller bar (14). (This 
adjustment prevents sag in track.) 

14. Track support roller. 

15. Support for end of equalizing spring, termed snubber 
shackle. It is attached to a socket in the lower part of 
bracket attached to truck frame. 

16. Spring which transfers weight of engine to truck frame, 
termed an equalizing soring The weight of engine is 
carried on a pivot pin bearing mounted in the center of 
this spring. In addition to carrying the weight of the 
engine, this spring absorbs shocks. 

17. Front track idler (one on each truck frame). 

A. Throttle control, connects with carburetor butterfly valve. 


n Combed from literature of Allis-Chalmers Mfg. Co., 
Tractor Division, Milwaukee, Wise., by permission (1942). 
This concern manufactures both track and wheel-type tractors 
powered by gasoline, or Diesel engines. 

** The comprosslon-ratio of this engine, adapted for use with 
high test gasoline of 70 octane or better is 5.2 to 1. This gives 
more power, best performance and greatest efiicienoy. The 
compression-ratio for use with distillate or a similar fuel that 
has an octane rating of 30 or more is 4.7 to 1. To obtain these 
ratios the only change made is in the measurement from the 
center of piston pin hole to the top of piston. For example, 
pistons with a fiat top, measuring 2 *H 4 * from the center oi 
piston pin bole to the top of piston are used for the 5.2 to 1 
compression-ratio en^ne, whereas pistons with a cupped top 
W mp, and measunng 2M' from the center of piston pin hole 
to the top of piston are used to give 4.7 to 1 compression ratio. 


Fordson tractor formerly on this page deleted. See pa^e 988 for the later Ford tractor with Ferguson system. Parts for the 
Fordson can be obtained of the neareat Ford-Ferguson distributor. 
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Big. lOA. Left side sectional view of Allis-Chalmers model 
“M" traok-type tractor. Names of parts corre^ond vMth the 
names of partsahown in Figures 10,J13 and lOB. The track time 
sprocket and steerini^ clutches are not shown. This illustration, 
in connection with figure 11, will assist locating the three main 
units, namelv: engine or power plant unit, transmission unit, 
and the truck frame unit. 


Controls and Gear Shift 
Controls and gear shift, roo J'lgs. lOH, IOC. 



Fig. lOB Oeft). Controls of the Allis-Chalmers model * M” 
track-type tractor. Names of parts are* (A) ♦hrottle control, 
connects with carburetor butterfly valve, (B) choke control, 
connects with carburetor mam air intake, (C) transmission gear 
shift lever, (D) light switch; (E) master clutch control, (F) 
starter switch (relay tjT>e); (G) ignition switch (grounds 
magneto when "off”); (H) brake pedals for operating contract¬ 
ing brake bands around steering clutch flrunis, (I) three-way 
fuel valve (off, gasoline, distillate) which is a part of the fuel 
filter top; (J) steering clutch levers, (K) ammeter, (L) oil 
pressure gauge. 

B1g. lOC (right). Gearshifts of the Allis-Chalmers mmlel “M" 
tractor transmission. Gearshift lever is in neutral (N) when it 
can be freely moved from side to side. (1) low speed position 
(1.83 inph.); (2) second speed position (2 23 mph.); (3) third 
speed position (3.20 mph.); (4) fourth speed position (4 15 
mph.); (R) reverse position. 

In farm work a tractor with the speeds of the model "M” 
would work mostly in 3rd or 4th. In industrial work, 1st or 2nd. 

Plowing is done at speeds up to 6 mph. but usually at from 
2 to 3 mph., or 2nd and 3rd gear in the model "M." 


The Three Main Units 

The best way to study the construction of a 
tractor is to divide it into units. 

Fig. 11. The three main units are: (A) the engine or power 
plant unit: (B) the transmission unit which includes the master 
clutch, four-speed transmission, steering clutches, Anal drive 
and dHve sprockets, as explained under Rg. 13; (C) the truck 
frame unit, which included the front idler (17), track support 
roller ^14), truck wheels and track assembly. There are two 
(C) umts, one on each side. See also Big. lOA for a sectional 
side view of these units. 

Thi or power plant unit (A) is bolted to unit (B) at 

(X). The weight of the engine is carried on a heavy 7-leaf 
equalising spring (16), the ends of which are mounted in spring 
socket brackets on the truck frames. 

The tranemieeion unif (B) is supported at the front end by 
being bolted to the engine at (X), the rear is swported on the 
track frame by means of support bracket (9) (bolted to truck 
frames) at the ends of the pivot axle shafts. 


The truck frame unit (Q. one on each side of tractor, support 
the units ^A) and (B). The truck frame is supportea on four 
roller bearing truck wheels (11) (Fig. 12) on each side, which 
fit the track rail as shown. At the front of each truck frame a 
rust steel idler (17) mounted on roller bearings carries the 
track, and is free to move back against the track release springs 
(12) (one on inside and one on outside of each truck frame) to 
free the track of obstacles lodging between the track and idler, 
or sprocket. . 



Fig..ll 

The Truck Frame 

Truck frame and track rails, see P'ig. 12. 



Hg. 12. The truck frame, truck wheels and track. The truck 
frame (10) is carried on four roller bearing truck wheels vll)» 
on each side of tractor. These truck wheels carry the entire 
weight>>f tractor. Weight is taken on idler and sprocket only 
when traveling over uneven ground. 

The track rails ^8A) are drop forgings heat treated and 
hardened and are joined together W track pins (8B) and track 
pin bushings (8C). Track shoes (8D) are bolted to these track 
rails by track shoe bolts (8E). These shoes have grousers (7) 
which grip in the ground. Shoes and grousers are of several 
designs and sixes suitable for various kinds of soils, ice. etc. 
Grousers may be integral with track shoe or bolted on to flat 
shoes. 

The top part of the track rails (8) form a track on which the 
truck wheels (11) run. When the drive sprockets (6) (F^. 10) 
revolve, their teeth contact the tracl^in bushings (8C) (Fig. 12) 
thereby providing a positive drive. We usually think of a track- 
type tractor as runninq on a track which is picked up behind, 
carried forward, and laid down again in front. 

Positive seals. The truck wheels (11), also idlers (17) (Fig. 
10) and track support rollers (14) (Fig. 10) require no greasing 
as they are fitted with positive seals which keeps the lubricant 
in ana dirt and water out. Seals consist of two hardened steel 
sealing rings held tightly together by means of a ring of com¬ 
pressed Neoprene (a synthetic rubbw which is not affected by 
oil or heat). One sealing ring rotates with the truck wheel, the 
other is stationary on the shaft. These two polished surfaces 
pressed tightly toother form the seal and are lubricated from 
the oil reservoir. Oil is ohan^:ed oilce in 200 hours by removing 
plt^, and nossle of a special flushing lubricator is inserted 
which forces old oil out as the new fluid lubricant enters. 
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Fig. 13. PkuU drive and steering clutches, a part of unit (B) 
(Fig. 11). View shows left side dnve, a similar drive is on the 
right side. 

Drive: Power is carried from the engine crankshaft, through 
a master clutch and four spe^ transmission to a spiral bevel 
pinion on the end of transmission countershaft (not shawn), 
meshing with the spiral bevel drive gear (20) which is boltecl 
to a hub (21) mounted in roller bearings to absorb both raclial 
and thrust loads. This hub is bolted to and carries the cross 
shaft (22), at the ends of which two dry multiple disc type 
steering clutches (23) are mounted. The power is then trans¬ 
mitted through the steering clutch drums (24), to shaft (26) 
which is boked to steering clutch drum and is integral with 
final drive pinion (26), to final drive gear (27) attached to shaft 
(28) which is mounted on heavy-duty tapered roller bcaring.s, 
to track drive sprocket (6). 

Steexing is accomplished by the use of the steering clutches 




and two ball throwout bearings (not shown), thus disconnect¬ 
ing power from right hand track and permitting tractor to turn 
to the right. Left hand lever operates similarly for left turn. 

To stdcr, turn the tractor in the desired directidR by pulling 
back to the full extent the steering lever on the side toward 
which the turn is to be made. This disengages that steering 
clutch, consequently no power is transmitted to its respective 
track. All power is then applied to the opposite track and the 
tractor pivots about the idle track. This construction eliminates 
the Use of a differential for compensating the power between 
tracks. The use of two steering clutches permits the delivery 
of full engine power to either or both traclb. 

Steerinq brakes (not shown) consist of contracting brake 
bands which engage the steering clutch drums (24) and operate<l 
by brake pedals (H) (Fig. lOB). They assist in making short 
turns by holding the idle track stationary when the steering 
clutch on that side is released for making a turn. In making a 
turn, always release the steering clutch before dmresiing the 
brake pedal. They are also used as service brakes tor retarding 
speed of tractor when going down grade and to hold tractor 
Stationary. 

Accessories 

The belt poUej bolts directly to the rear of the transmission 
ease, and takes its power from the top transmission shaft 
through a spline coupling. Operating at a governed speed of 
960 rpm., it has an SH inch face and can be furnished with 
either a 10- or 12-inoh diameter. Also available with 75^-inch 
face, for use on orchard tractors with top seat. The gear housing 
is dust tight, and the gears run in oil. The pulley is disengaged 

means of a throw-out clutch. 

The rear power take-off bolts to the transmission case, and 
takes its powor directly from the top transmission shaft. It is 
controlled by tbs master clutch and disengaged by a convenient 
hand lever. As regularly furnished, the spHned shaft operates 
at a speed of 642 rpm. A side power take-off is available. 

Blectrkal startfeog aad Ughthig etitipment<~oonaisting of a 
stfwter, generator, storage battery, batt^ box, headlights, and 
wiring—IS available. 

Rti gIfiA 

ne and manifold heat control used on the 
Allia-Chamiers model track-type tractor are 
deacribed in Figures 15 and 16. 


Fig. 15. Front end sectional view of engine used on Allis- 
Chaliners model “M” track-type tractor. The dual purpose 
manifold heat control cover (6) can cpiickly be adapted to 
either gasoline or distillates. When gasoline is used exclusively, 
the heat control cover (6) is turnoil as shown, with u letter “G'* 
up. In this position the hot exhaust gases pass through exhaust 
port (2), through exhaust manifold chamoer (3), and directly 
out exhaust pipe (4). See Fig. 16 showing position of this cover 
when distillates lue used. 

Names of parts are: (1) exhaust valve; (2) exhaust port; 
(3) exhaust manifold; (4) exhaust pipe; (6) manifold heat con¬ 
trol cover; (6) inlet manifold; (7) neat denoctor plate; (8) inlet 
riser; (9) carburetor; (10) carburetor control cross rod—con¬ 
nects with carburetor throttle shaft, the other end (26) con¬ 
nects with governor rod lever (cross rod passes through engine 
between cylinders); (11) carburetor economizer cap; (12) car¬ 
buretor air choke control lever; (13) main air inlet to car¬ 
buretor—connects by means„of a pii^ with air cleaner; (14) 
removable cylinder sleeve; (16) piston cam ground with four 
pi-ston rings; (16) connecting rod bushing upper; (17) connect¬ 
ing rod, rifle drdled for pressure lubrication; (18) crankcase 
integral with cylinders; (19) crankshaft, drilled for pressure 
lubrication, 3 main bearings (M) 2 Vi" diameter removable type 
with babbitt in a steel back. New bearings can be installed 
without removing engine from tractor; (20) connecting rod cap 
fitted with babbitt in steel back interchangeable type luring; 
(21) oil pun; (22) oil pan cover; (23) oil level gage; (24) cam¬ 
shaft and cam; (26) cylinder block side cover; (26) governor 
croM rod bushing which screws into cylinder block, and lever 
which connects with governor rod for control of carburetor 
throttle butterfly valve—see also (10); (2^ spark plug with 
.030' gap setting; (28) cylinder head: (29) valve clearance or 
lash adjustment .012' with engine not; (30) cylinder hei^ 
cover; (31) water jackets. See also footnote 24, page 990. 


I Fig. 16. Sectional 
I view of heat control 
I manifold showing 
J how the cover (® 
4 is reversed when 
4 distillates are used. 

I In this position a 
letter *‘K*' cast on 
the cover is up and 
the hot exhaust 
gases, unlike that 
shown in Fig. 16, 
now pass unow, up 
and around the inlet 
manifold (6). thus 
pre-heating the in¬ 
coming fuw and air 
mixture drawn from 



through inlet riser (8) brfom it oasses 


■ carbureter(9) 
to the oylindera. 
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THE CLETRAC MODEL “HG” AND 

As an example of a crawler tractor (track-type) 
which employs what is termed controlled differ¬ 
ential steering^ the Cletrac model “HG” and 
are shown in Fibres 17 and 18. The final drive and 
fundamental principle of tke differential steering is 
shown in Figures 19 and 20. 



Pig. 17. Right side view of Cletrac model “HG-68*’ crawler 
tractor (traok-tyi^) powered with a 4 cylinder giusoline engine. 
This tractor is suitable for agricultural work and has a 2 plow 
capacity. Power is deliveretl at drawbar and belt. Speeds 
forward mph.: 1st: 2.02; 2nd: 3.19; 3rd: 5.25; reverse: 2.35. 
Weight approximately; 3025 lbs. The model “HG" is available 
in 3T, 42' and 68' track centers. 



Fig. 18. Right side view of Cletrac model “F” crawler 
tractor (track-type) powered with either a 6 cylinder gas.>line 
or Diesel engine. This tractor is built for industrial uses. Power 
is delivered at drawbar and power take-off is available. Speeds 
forward mph. (powered with gasoline engine): 1st: 1.64; 2nd: 
2.78; 3rd: 3.75; 4th: 6; reverse low: 1.6; reverse high; 2.87. 
Weight approximately (powered with gasoline engine): 26,750 
Ibe.; powered with Diesel engine: 28,250 lbs. 


The Cletrac final drive and steering, applicable to 
all Cletrac tractors follows. 

Final Drive and Steering 
Final drive is explained under Fi^re 19. The 
steering system is incorporated in the final drive 
assembly and is termed controlled differential steerina. 
The hand control levers operate steering bands 
around differential drums, the action of which is 
given under Figure 20. 


CRAWLER TRACTOR (TRACK-TYPE) 



Fig. 19. Final drive. Power is transmitted from engine, 
clutch and transmission (not show’n), to bevel pinion (A), to 
bevel gear (7), through differential (10), to countershaft (B) 
un I spur gear (C) and (D), to drive sprocket (21), to track (22). 
8 eertng bjind.s are designate^! (E). The view shows the fin^l 
<lrive on the right side; the same arrangement is provided or 
the left side of the tractor (not shown). 



Fig. 20. Dia^aininatic view illustrating the fundamental 
principle of the Cletrac controlled differential steering. When 
the tractor is going straight ahead, the whole differential 
assembly, driven by the bevel gear (7) rotates as a unit, with¬ 
out any internal motion. 

The action when making a turn to the right is as follows: A pull 
on the right hand control lev^er (not shown) holds stationaiy 
(he right steering drum (lOR) and the drum gear (6), which 
are fastened together and which rotate on a bronte bushing on 
their shaft. As a consequence, pinion gear (4) and differential 
gear (2), connected to bevel gear (7) by means of shafts, begin 
to turn forward. Final drive gear ( 8 ) is slowed down because 
gear (2) is turning and rotating in the same direction. At the 
same time, differential gear ( 1 ) rotating around the final drive 
gear (9) in the opposite direction, is speeded up. 

Power is delivered to both tracks at all times, i.e., in turning, 
the inside track slows down and the outside track speeds up 
due to the differential action. Differential assembly works in a 
bath of oil at all times. 


•• Compiled from literature of the Cleveland Tractor Co„ 
Cleveland. Ohio, by permission (1942). This concern manufac¬ 
tures track-type tractors, which are powered by gasoline, or 
Diesel engines. 
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TYPICAL TRACK-TYPE OF TRACTOR 


The ^^Caterpillar” Fifty^ track-type tractor is 
shown in Fig. 21. This model is primarily designed 
for construction, roadwork, log^g, oil-field, and 
agricultural work. Other models are listed in the 
tractor specifications on page 997. 


The transmission of power is through a dry-type 
clutch in the flywheel & a selective-type transmis¬ 
sion, thence by gear drive to the track sprockets 
which drive the track chain. The transmission has 
four speeds forward and one reverse. 



Fig. 21. A “Caterpillar” track-type tractor employing a gasoline engine for motive power. Controls. Starting at the left, the 
names are: Right-hand steering-clutch brake: change-speed gear-shift lever; right-hand steering-clutch lever; governor and throttle 
control; left-hand steering-clutch lever; flywheel clutch lever; left-hand steering-clutch brake. 


The engine in this model is a 4-cylinder, 4-cycle, 
water-cooled gasoline engine with a piston displace¬ 
ment of 618 cu. in. delivering a drawbar h-p. of 
51.95, and belt h-p. of 60.75. Ignition by means of 
an Eisemann high-tension magneto. A governor con¬ 
trols the maximum speed of the engine through the 
carburetor. 


Steering. Each track is controlled by a slow- 
speed heavy-duty, dry multiple-disk clutch and 
contracting band brake. Steering is controlled by 
the individual steering-clutch levers. Manufac¬ 
turers: Caterpillar Tractor Co., Peoria, Ill. 

^ A 1937 model. 


The **Ofttor|illUur** tractor chown on p^e vUi is model DS, a 1942 model, designed throughout for heavy-duty tractor service 
Brief epectfieohone of the ^VeUerpiUar'’ Dieed D6 Irodor: drawbar hp.; 65: bmt hp.: 66: weight, 74-inch gauge: 16,920 lbs.; wmght 
60-moh gauge: 16,460 lbs.; speeds forward: 5; reverse: 4; maximum drawbar pull: 14,300 lbs.; standarfspeed range: 1.4 mnh. to 
6.S mpb. forward and 1.8 mph. to 6.4 mph. reverse 
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Subjects on this page were deleted during the process of revision of the Tract or Instruction (from pages 981 to 996) (1942-1943), 




[See page 997 Jar aJbbrev%ation8.\ See INSERT for later echamcal Sp^'cifirttiwis of Tractors 
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MECHANICAL SPECIFICATIONS OF 1939 MOTORCOACH (BUS) CHASSIS 

(lUprlatod br parmlMion from AulaaMltM JwiutitrUt (Jhbtwan/t tM9i\ ooBFrUbl* 1089; Ohiltoa Oonpujr, PhUMletphiA) 



AMflCVIATIOIIt 

*^-<kMnl Mokn I Qrde DM 
TiOm oau;. latoke 
B^bigrUikUrvdli 


(IHlliaiamB iTM eapAatjr, fi 
Mdivwl&MOlS: 

W" front 

^iShSmib froMeppMHjr. fhmt 
•edrtarSMWOlU. 


(«<-aoa-1400R.F.M. 

(n-«5fr-lM0R.P.M. 

(^DM Eloetrie Drhro 

(fMBjrdnttUo TroiMnWoo with 
TwbbU ud dirwt q)Md« 
B—Moia BoorUwf 

A--AirPrwni7<Brtk«> 

h->WriitPtM 

t>BorgAB«Al>nr. 

M-BwM Wheel Co. 


o-OoBiMcttiu Rode 
Car^*<:Ml«r Ovburetor Cori>. 

CO^-ChaixIler Qrovei Carburetor 
Ctio-Chevrolet Motor Dir. 
Che-^aeeie only 
Cto-Clark IqaipBent 
Qo—CleyetaM Steel PrOduete ('orp. 
C$--at]r Serriee Coach 
d—CaaMMt 
4—Dual (Urea) 

Dfl~Deleo Produeta Dir. 


Steel Foundry Co. 


DP-DoublonatoJ>rT 
DR-^DolM-Ramy DIt. 
Oa-Drhro Shaft 
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DYKE’S INSTRUCTION No. 77 


SPECIFICATIONS OF 1939 STOCK, MARINE, AND COMMERCIAL VEHICLE ENGINES 

(Beprlntad br pnnioiott firoa AhImmNm I»4tutrt4$ eopyricht, 1939; Chilton Oompnny, Phiindelphla) 



i 

•8* A 


WiMiMln.AM-4 Tr. Ind 

WlKoorin .AP-4 Tr, Ind 

Whconain.SU T. Ind 

WlMimta .W T.Tr.Ind 

Wtacdmiii. X T.Tr.Ind 

WitcMwln . N T.tr 

WitMiMln .QA-1 T.Tr.Ind 

WhMmin.0A>2 T.Tr.Ind 

WiMonaIn.L-2 T.Tr.Ind 

Wiwomta .L-3 T.Tr.Ind 

WiMontin.L-4 T. Ind 

WltMmifi.ZA-1 Tr. Ind 

niWimmin .ZA-2 Tr. Ind 



j I I i i i 


132.0 4.80 
1M.0 4.80 
2S1.0 4.20 
267.0 4.18 
318.0 4.28 
248.0 4.80 
309.0 4.88 
33t.O 4.80 
3S4.0 4.27 
401.0 4.30 
428.9 4.28 
477.0 4.80 
804.0 4.88 


280-880 8 In I 

322-800 6 $• I 

340-780 8 S» I 


t—Inukt, TuapUo Sleet. Exbeust, Silcrome 
Steel 

I—Weight conpiete 

*—Preaurt itreea to Coanecting Rods end 
TuniagGean 

**—PresMre aUo to Cuaehaft Thruat 
Bearing 

*~-Ai 80 available la reduetioo gear modeli 
*—Abo avmtUbie ui R. H. roution 
t~>Toeco hardeaed 
8—Ball Bcarioga used 
1-Cael Iron Pwtoaa alao nippUad 


'A*— Also made id 4 cylinder model 
0 —Weight per pair 
(I)—Liners use m cyrioden 
(W—TVo used (3)—Three used 

(4) —Four used 

(5) —Natural gas fuel equiptoeni, or combtoa- 

tion natural gas and gaaoliae equip¬ 
ment available 

(8)—Also built in 4 aud 6 cylinder modeb 
a->Maia Bearings 

(aa)—Forked R^. 88 os . Plain Rod 50 os 
AC-AC Spark Plug 
Al—Alumioiua .\lloy 
Aid—Aluodnum Alloy, aaodued 


Ala—Alununum Alloy with Steel Strut 
AS-Alloy Steel 
Au—Auto-Lite 
AOS—Austenitic Steel 
b—Connecting Hod Bearings 
(bb)—Master Rod and Pin, 103 os., Link Rod, 
SSot. 

B—Buses BQ—Bevel Gear 

Bos—Bosch Spark Plug 
B—Ti-B.vllor Timken Roller Bearingi 
c—Camshaft Bearings 
C-Cara 

CA—Champion or AC Spark Plugs 
CAI--Cbrome Aluminum 


Car—Carter Carburetor 
CAS-Cast Alloy Steel 
Ch—Cham 

CH—Champion Spark Plug 

CHS^brome Nickel Silicon Steel 

Cl—Cast Iron 

CIA—Cast Iron Anodised 

CNS-Chrome Nickel Steel 

CNT—Chrome Nickel Steel with Tuagstea 

CS—Carbon Steel 

CT—Caat Iron. Tin Plated 

CV—Chrome Vanadium 

d—Wrist Pina 

0—Dbllllate DC—Diaclirome 


CONNECTING 

RODS 

, 

1 

1 


fe 

h 

I! 

1 

!l 

if 

CS 




CS 

CS 


101 I 

84 ' 

CS 


104 

88 

CS 


104 

118.7 

CS 


1 

94 

CS 


104 

68 

CS 


104 

88 

CS 


104 

79 

CS 


104 

78 

CS 


104 

78 

CS 


104 

111.7 

CS 


104 

111.7 


CARBU¬ 

RETOR 




2 

1 

(X 

Z«n 

1 

Z«n 

1 

Sir 

Vi 

Sir 


Sir 


Sir 

Vi 

Sir 

1 14 

Sir 

! 14 

Sir 

14 

Sir 

14 

Sir 


Sir 

14 

Sir 

14 


« I 

iSi 


... .93;kt82 
.937gt87 
1.7 t.08a3.47 
).2 t.8l«3-47 
r.7 1.18x3.83 
1.7 1U»a2.84 
1.9 1.08x3.08 
1.0 1.08K3d)9 
1.0 1.29x3.14 
1.0 1^049 
>.7 148x349 
1.7 1.18x3.93 
1.7 1.18x343 


V 1.78x1.25 3 

V 1.78x1.28 3 

N 240x2.00 3 

N 247x100 3 

N 178x180 3 

N 128x1.7$ 4 

H 190x1.78 4 

N 180x1.78 4 

N 182x1.78 4 

N 182x1.78 4 

N« 162x1.78 4 

N 175x180 4 

N 178x150 4 


Oitmmer and 

Lnnith (In.) 

? 

1 


tc 

Tim 

Tim 

Tim 

Tim 

1.83x2.80 

106x3.00 

2.37x2.80 

137x3.00 

2.78x3.09 

178x340 

2.28x2.90 

129x3.00 

240x2.90 

1^3.00 

240x190 

180x3.00 

179x128 

178x179 

2.75x129 

178x178 

178x128 

178x178 

178x340 

179x3.10 

179x340 

178x3.00 


eg CH 

ag CH 

abedeg CH 
abedeg CH 
abedeg CH 
abeg CH 
abdeg CH 
abdeg CH 
abdeg CH 
abdeg CH 
abdeg CH 
abcdH CH 
abc^ CH 


OVERALL 

DIMENSIONS 

(In.) 


■I! j tllli 

440 20 29 36H 1 

440 20 29 3eH 2 

SIS 28^ UH 39C< 3 

640 25'i 3414 38)^ 4 

BSO nn 38H 47fV s 

820 28^ 3214 48|{ 8 

869 291< Mil 7 

979 25H MH 49K 8 

1078 2SH 37,V 63H • 

1095 28W 37A 83H 10 

1110 28^ i7h 83H 11 

1280 28^ 37 U SOA 12 

1270 25K Tlil soft 13 


OfS—Drop Forged Stcol Our—OuralumiQ 

e—TuaiBf Qeara 

ext-EitradedSiMl 

1—A ff emo ft ea Drive 

f-Ia Head aad Sxle (^r* Himl) 

FA-Fir« ApparaWa 
t—Rocker Ann Bearings 
tlD-lntak* VP, Exhaust 
(KD—Honaootal Motor 
HS—Uomooui in Block (Valves) 

HO—Helical Gear and Chain 

HG-BclicalOear 

HH—UonaoBUi la Head (Valves) 

Hoi-Holley Carburetor 


l-In Head (Valves) 

In—lategral 
Ind—Industrbl 
tk)-850-18W RPM 
K—Kerosene 

K-0—Keroaeoo or Dtstillste 
L—Valves at Side (UHead) 
(m)-90l>-2000 RPM 
M—.Marine (Engine Type) 
May—.Mayer Carburetor 
ML—McCord Lubneator System 
MS-Mack Subl-ite Steel 
N—No or None 
N$-Nickri Steel 


Op—Optionat 
PO-Power Unib 
r—Reverse Gear 
RC—Rail Carr 
S-8teel 

SB—Spiral Bevel Gear 
SBQ—Spur and Bevel Gear 
Sch—Sebebier Carburetor 
Sa-8eparate 
SO—i^r Gear 
8ho -Shore Carburetor 
SU—Silchromc Steel 
Spac—Hpecial 
SS-^mi-Steel 


Sir—Stromberg Carburetor 
$Z—Sebebier and Zenitb Carburetor 
I—TappeU 

T—Valves oppoaite (**T" Head) 

T—Trucks 
Ta—Taxicaba 
Til—Tillolaon Carburetor 
Tim—Timken Bearings 
Tun—Tuajpiten Steel 
T2—Tillotjon Of Zenith Carburetor 
W—Block cast in one piece, removable wri 
liners used 
Y-Yee 

Zen—Zenitb Carburetor 


TWO-STROKE CYCLE OUTBOARD ENGINES 


Outboard engineB usually employ the two-$troke cycle prin¬ 
ciple and are usually of the trva-pert or three-port type. The 
principle of operation in the main is the same for both types, the 
chief oifferenoe being in the method of introducing the gas into 
the crankcase. 

In the tvjQ-port type there are two ports in the cylinder con¬ 
trolled by the pisten. Fuel vapor is taken into the small- 
capacity, airtight crankcase through the carburetor fitted 
with an automatic check valve. In eome tvpee of two- 
pOTt enginee the check valve is separate from the carburetor, 
being in a fitting attached to the crankcase.* 

In the three-port deeign there are three porta in the cylinder 
oontfoUed by the piston. The cheek valve is eliminate, and 
the carburetor is coupled directly to the cylinder intake port, 
which is uncovered by the piston only when it has traveled u~ 

' 0 th _. 

case to the cylinder through a by-pase in both instances, 

There are many modified forma of two-etroke cycle engines. 
A aimple enlanation of the priacipla of operation of a three- 
port type foliewa.<~nSs« next page. 

If 8, 8. See next page fer foeinoiee. 
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Fig. 1 {Uft). When piston (F) travels up, a charge of fuel 
vapor in cylinder is being compressed; at the same time a 
partial vacuum is created in crankcase (B). As piston pro** 
grosses in its upward movement, intake port (A) is uncovered 
by the piston, and fuel vapor from carburetor (not shown) 
flows into crankcase. At the end of compression stroke, a 
spark from the spark plug (G) ignites the compressed fuel 
vapor in cylinder. The vapor in burning expands rapidly, 
forces piston downward, delivering power. 

Fig. 2 (right). When piston (F) travels down on power 
stroke, intake port (A) is closed by the piston, and a pressure 
is formed in crankcase. A little farther down the piston starts 
to uncover exhaust port (E) emitting burned gases to the 
atmosphere. On its continue downward movement, the fuel 
vapor in crankcase is compressed until piston nears the end of 
the downward stroke, when the by-pass port (C) is uncovered 
by the piston. This instantly releasee the compressed crank¬ 
case charge which flows through by-pass (C) into cylinder, 
being directed upward by the piston deflector or bafl^e. 

Lubrication. Lubricating oil is usually mixed with the gaso¬ 
line, first in a separate container, then placed in fuel tank.< 

Ignition can be by means of battery and coil, or magneto; 
usually by means of a magneto. The hioh-tension vvigneto con¬ 
sists chiefly of an armature plate mounted on a projection from 
crankcase around the crankshaft, under the flywheel. A lever 
for advancing and retarding the spark is attached to armature 
plate. Ignition coil, condenser, breaker points, are mounted on 
armature plate. A permanent magnet encircles the inside of 
flywheel rim and revolves with it. Operation of the magneto 
is extremely simple. As the pole pieces of the magnet pass the 
heels of the coil, a magnetic field is built up about the coil causing 
a current to flow through the primary winding. At the proper 
time, the breaker points are separated by action of a cam (on 
the crankshaft or inside of flywheel), breaking the primary 
circuit, thus producing high tension current to spark plug.* 

1 See page 1003 for a two-port two cycle engine. See also 
page 1033E for a Diesel type of two-stroke cycle engine. 

*On some two-cycle engines a rotary valve is employed to 
introduce fuel vapor into crankcase briefly explained as follows. 
Quoting from Johnson Motors instruction hook^: “Model ‘KA,' 
alternate firing twin, and the *P()' operate on the same general 
principle, but the method of inducting the crankcase charge is 
somewhat different. The intake port, instead of being built 
into the cylinder waU, is built into crankcase and governed by 
a similar port or miening machined into the circular throw of 
the cranlwhaft. This arrangement is known as the rotary 
valve,” Quoting from Evinrude Motors: “All of our four 
cylinder engines employ the rotary valve principle. The rotary 


STARTER DRUM ^ 
FLYWHEEL _ 

AND MAGNETO-HP 

SPEED S- 

CONTROL LEVER-^«JS| 


MIXTURE 

jSTEERlNO I lever / 
HANDLE /A 

CARBURETO^ 
CLAMP SCREW / 
67ERN BRACKET 


^CONNECTJNO 

ROD 

V CRANKSHAFT 


^ EXHAUST PIPE 


DRIVE-SHAFT CASINO - 


COOLING 
^ WATER PIPE 


DRIVE SHAFT ^ 
WATER PUMP > 


UNDERWATER 
/'EXHAUST OUTLET 


Fig. 3. Part sectional 
view of the Evinrude single \ j 

cylinder, two cycle, two \ UL/ / 
port. Mate model, outboard 
gasoline engine with the 
naiue of all major parts. 

By pulling a cord wrapped Vy \ 
around starter drum pulley SKEQAtX \ 
on top of the flywheel, the ^ 

magneto within the flywheel generates i 


/PROPELLER WHEEL 


' GEAR HOUSING 


p::;;;;^TRANSMlSSION 
PROPELLER SHAFT 
spark for ignition. 


disc valve is an integral part of crankshaft. With each revolu¬ 
tion, it admits a charge of gas which has entered the crankcase 
through carburetor, into the cylinder port, automatically 
closing during compression. In our large twin racing engines 
the rotary valve is of the geared type, bolted to engine aa a 
separate unit.” 

* Compiled from Instruction Book of Johnson Motors which 
shows illustrations of different engines, m^neto, eto. It will 
be sent to readers of this book gratis. Write Johnson Motors, 
Waukegan, Ill. See page 690 under “Engine Two-Cycle” 
where to obtain literature which will describe other engines. 


SPECIFICATIONS OF 1939 TWO-STIiOKE CYCLE OUTBOARD ENGINES 

(R«print«d by pertniMion from .4u(of«o(ie« Induttritt (February, 10S9)', copyrisht^ 1939; ChiltoQ CompaDy, Philadulpbia) 
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Ch-JtO 

UnSarwatar 

Ak 

CIhJIO 

Undarwatar 

Ak 

Ch-J4 

Uniarwatar 

Pump 

Ch<J8 

Undarwatar 

Pump 

Cli^7 

Undarwatar 

Pump 

Ch-cr 

Undarwatar 

Pump 

CK-M6 

Undarwatar 

Pump 

CII-M7 

Undarwatar 

Pump 

Ch.J4 

Undarwatar 

Pump 

Cb-Jf 

Undarwatar 

Pump 

CIHJ8 

Undarwatar 

Pump 

CII-J8 

Undarwatar 

Pump 

CII-M6 

Undarwatar 

Pump 

Ct|.M6 

Undarwatar 

l^imp 

Cb-MS 

Undarwatar 

Pump 

Cb-MS 

Undarwatar 

Pump 

Cb-M5 

Undarwatar 

Pump 

Cb-M8 

Undarwatar 

Pump 

Cb-RI 

Mtifflar 

Pump 

Cb-RI1S 

Opan Stacks 

Pump 

Cb-RlIS 

Opan Stack! 

Pump 

Cb-J8 

Undarwatar 

Pump 

CIHJ8 

Undarwatar 

Pump 

Cb-J8 
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Pump 
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Pump 
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Pump 
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Pump 
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Pump 
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Pra.Vac 
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Undarwatar i 

Pra.Vac 

Cb-J8 
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Cb^M 

Undarwatar 

Pump 
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Undarwatar 

Pump 
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Pump 
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Undarwatar 
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AvUUm Coip.—MMiM Dit* 


ANRCVtATIONS 

Ch—ChanpiM Sp»rk Plug 
CaV-Cb^k VilV# ... 

CnV-CuabuMtloe RoMtrr Md VaMMi 
MV—Vulfvim 


PraVa e-IV w wi rt Vacua» 

RP-lUMi/Pull 

MV-R«lanrValvt 


TN—TillolMa 
VM-VMturi( 
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SPECIFICATIONS OF AUTOMOTIVE DIESEL ENGINES 
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INSTRUCTION No. 78 

MISCELLANEOUS ENGINES: Farm Lighting Plants; Two-Cycle Engines; 

Diesel Engines; Gas Producers 

FARM-LIGHTING PLANT 


Uses: General farm, school, store, church, and country 
home service. 

The plant usually consists of a gasoline engine of 
four-cycle type, together with an electric generator 
of 32 volts, direct driven, as shown in (Fig. 1). 
A set of batteries (32 volts) is provided. The 
generator charges the battery in a similar manner 
to that in which the battery is charged on an auto¬ 
mobile. An automatic cut-out is used which dis¬ 
connects the battery from the generator. 

The gasoline enmne runs the generator or dynamo 
which barges the batteries; thus the electric supply 
for lights, power, etc., is taken from the battery 
when the engine is not running. 

Manufacturers of Farm-Lighting Plants 

Continental Motors Corp., Muskegon, Mich. “Continental” 

Dclco Appliance Div., General Motors Corp., Rochester 
N.Y. “Delco-Light” 


Eicor Inc., 515 S. Laflin St., Chicago, HI. “Eicor” 

Fairbanks, Morse Co., 600 S. Michigan Ave., Chicago, Ill. 
Fuller & Johnson Corp., Madison, Wis. “Fuller A Johnson” 
Janette Mfg. Co., 556 W. Monroe St., Chicago, HI. “Janette” 
Johnson Motors, Waukegan, Ill. “Johnson Iron Horse” 

Kato Engineering Co., Mankato, Minn. “Katolight” 

Kohler Co., Kohler, Wis. “Kohler” 

Midco Mfg. & Distr. Co., Inc., Sheboygan, Wis. “Midco” 
Nelson Bros. Co., Saginaw, Mich. “Nelson” 

Onan A Sons, D.W., Minneapolis, Minn. “Onan” 

United States Motors Corp., Oshkosh, Wis. “U.S.” 
Universal Battery Co., 3410 S. LaSalle St., Chicago, Ill. 
(batteries for farm lighting, etc.) 

Wincharger Corp., Sioux City, Iowa (wind-driven electric 
plants) 

Wind-Impeller Electric Works, Ellsworth, Iowa (wind- 
driven electric plants) 

Wind-Power Mfg. Co., Newton, Iowa (wind-driven electric 
plants) 


ROCKER ARM 



Illustration showing the parts of the Deloo-light plant (850 watt capacity; 32 volts), model 866. 


Specifications: of plant shown in Fig. 1 is as follows: Bn|^e: Air-cooled, single cylinder: Deloo-Light battery ignition; 
simple mixing valve; operates on kerosene, gasoline, or natural gas; self-cranking; stops automatically when battery is onarged; 
splash system of lubrication—one place to oil; height 30”; length, 25”; width, 20^'; bore 2H". and 5” stroke. Generator: Direct 
opnnected to engine; for 32-volt service; full-load output, 850 watts. Switchboard: Mounted on generator frame. Battery (not 
shown); 160 amTOrc^bour capacity. 860-watt generating unit only; shipping weight, one crate, 425 lbs. No. 866: 850-watt 
plant with 160 A.H. battery (glass jar); shipping weight, five crates, 1,273 ids. 


THE TWO-CYCLE ENGINE 


The two-cycle t3T)e of engine is especially adapted 
for small-powered launches, where light weight and 
medium flower are the main requisites. 

The two-cycle en£[iiie is divided into three types: 
the *'two-port,” which is adapted for slow sp^: 
the '^thre^port” high-speed; and the comoinea 


“two and three-port/^ suitable for power work. 

The fuels generally used are gasoline and kerosene, 
and on heavy-duty commercial boats a still lower 
grade of oil is used. On larger heavy-duty engines 
of this type, the four-cycle principle is generally 
employed. » 
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Fig. 2. Two-port two-cycle engine. The piston is now at 
the bottom of its stroke. Notice that two actions are taking 
place: (1) gas is entering the cylinder from the crank case 
through the “by-pass” port; (2) the combusted gas is passing 
out of the exhaust port. Thus we have intake and exhaust 
occurring simultaneously. 



Fig. 3. The piston is almost at top of stroke. Note that 
two actions are taking place: (1) the gas is being compressed 
and spark is just about to take place; (2) fresh gas is enter¬ 
ing the crank case from the carburetor through the inlet port 
to the crank case. 


Fig. 5. Note that the exhaust 
port on a two-cycle enpne opens 
slightly before the cylinder inlet 
Q port or "by-pass” opens. 

0 . 

H The two-cycle or 
5 “valveless” type of engine 
derives its name from the 
5 fact that the gas is let into 
and out of the cylinder 
through “port-holes” as 
they are uncovered by the 
piston. These ports take 
the place of valves as used 
on a four-cycle engine. 

During two movements or strokes of the piston, 
the four operations of intake, exhaust, compi*ession, 
and explosion occur during one revolution. 

On a four-cycle type of engine this would require 
four strokes of the piston or two revolutions. 

The terms two-cycle and four-cycle are not appro¬ 
priate. Originally the terms were “two-stroke- 
cycle” and “four-stroke-cycle,” and these were 
more nearly correct. 

Therefore with two movements of the piston, one up and 
one down, or one revolution of the crank shaft, four actionr 
take place: (1) intake of gas into the cylinder; (2) exhaust; 
(3) compression and intake to the crank case; (4) explosion. 

When the piston travels up, a vacuum is formed in the crank 
case which causes the gas to be sucked in through the orank- 
case inlet port or check valve. 

When the piston travels down, a pressure is formed in the 
crank case (5 to 0 Ito.), which forces the gas in the crank case 
through the "by-pass” into the cylinder. A "baffle plate” (D) 
(pig. 2) prevents ircMsh gas from heading toward the exhaust. 

Note that when the piston is down, the pressure in the crank 
case forces the check valve of the carburetor to close (Fig. 2). 
When the piston is going up, the vacuum formed in the crank 
case sucks the check valve open (Fig. 3). 





next column). When a mining valve la oaed* 
is a part of the mixing valve. 


The crank case forms an intermediate reservoir for the gase^ 
eus mixtura 


NOTE: Seep. 999 for the principle of operation of a three-port two-stroke cycle gasoline engine. See p. 1033E for the principle 
of operation of a two<etroke cycle Diesel engine. 
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MARINE ENGINES 


Marine en^es are biiOt alona the same lines as 
the automobfle engine when of the four-cycle type, 
but with the addition of a governor on large engmes. 

The smaller types of marine or motor-boat gaso¬ 
line engines are frequently of the two-cycle type. 

The marine engine is built heavier than the auto¬ 
mobile enaine because it is run most at full speed 
or power for long periods of time. However, the 
modern marine engine is capable of varying speed 
through the use of the throttle and spark, as in the 
case of the automobile engine. 

The ignition and electrical system, including 
distributor, coil, spark plugs, battery, starting 
motor and generator for the modern high speed 
marine engine is similar in many respects to the 
system as used on automobile engines. 

On the small two-cycle type engines, the coil 
and battery ignition is used to a great extent, 
also the high tension magneto. IjOw tension mag¬ 
neto is used on some of the large slow speed four 
cycle type marine engines because the low tension 


type of ignition, is not affected by dampness, 
which is the case where high-tension cuccent is 
employed. If high tension is used, then it must be 
well insulated, because of dampness. 

The carburetion is similar, but on some of the 
larger and heavy-duty types of marine engines a 
double carburetor, using gasoline to start on and 
kerosene to nm on, is quite often used. 

The clutch is used between the engine and reverse 
gear, and employs practically the same principle iu 
is found in an automobile clutch. 

A gearbox is sometimes employed which ^ivea 
one speed ahead with a lower ratio than the direct 
drive. The reverse gear is also employed. Some¬ 
times, however, the propeller itself is made so that 
the blades will shift at various andes or pitch, 
(which reverses the direction of propulsion) in place 
of a speed gear and reverse. 

Note. Write Gray Marine Motor Co , Publication Dept., 710 
Canton Ave., Detroit 7, Mirh. for Bulletin P-tt, jrivin*? a lint 
of publications ranging in price from $1.00 to $3..'M) dealinK 
with up to date ga.'ioline (lud Diesel marine engines. 


STATIONARY GASOLINE ENGINE 


This tjrpe of internal combustion engine is usually 
of the four-cycle type. The cylinders are large in 
diameter, and the stroke is usually larger than the 
bore. Tne speed is slow (160 to 600 r.ji.m.), but 
constant. (Applies to very early types). 



Fig. 6 A horizontal engine with a rocker arm for 

operating the ezhaust valve mechanically. The inlet valve 
is automatic, but note that when the exhaust valve is opened, 
the bar (IB) doses the inlet tight, although a spring is also 
provided. 

A governor is used to keep the speed at a certain 
number of revolutions, and it is due to the governor 
action on a stationary engine that you will hear 
exhausts at uneven intervals. 

Governors are divided into two general types: 
the ‘^hit-and-miss^^ type, and the ^'throttling'' type. 

The "hit-and-miss" principle is generally used 
with engines using gasoline as fuel, and the "throt¬ 
tling" type, with engines using kerosene or lower 
grades m fuel. 

The reason why the "throttling type" of governor 
is'used with kerosene engines is the fact that kero¬ 
sene, when used as a fuel, enters the combustion 
chamber almost in the form of a liquid, while gaso¬ 
line enters more in the form of gas. The combustion 
chamber on a kerosene engine, accordingly, must 
be maintained at a fairly high temperature m order 
properly to vaporize the fuel, and this temperature 
should also be fairly uniform. 

ft if tbe writer’s opinion that the r«$a«oo trouble is experienced 
from carbon formation, where it is attempted to bum kerosene 
in a *’bit'and*mits*’ governor et^ne, ii that the combustion 
cbniDber on 10011 engines cools off ojute frequently during tbe 
Ume tbet gipMoiii are out out. Tbie trouble caa, of eoursa. 


be avoided by using a pre-heater in the fuel line on such engines 
but this is a makeshift arrangement and not generally 
satisfactory. The "throttling type" of governor is ^ist, as it 
contes nearer maintaining a uniform temperature. , 

On some of the engines using a low-grade fuel, no ignition 
device is used, as, for instance, the Diesel engine. On others, a 
hot tube is preheated and serves for ignition. The latter re¬ 
quires complete vaporization of the fuel (all of which is covered 
in Dyke’s Motor Manual)» 

The fuel may be either gasoline, naphtha, kerosene, 
or any one of the many other petroleum products of 
low grade, when properly heated. Natural and 
artihcial gas are aL^ used. 

Ignition is usually jump spark on small engines, 
and wipe spark, as described on page 187, whirh 
is similar to the "make-and-break," on the larger 
^Many modern stationary engines use a magneto). 


The "hit-and-miss" governor action is shown 
in Fig. 7. 



Fig. 7. Illustrating operation of "hit-and-miss'* governor. 


When the speed of the engine increases more than 
that for which the governor is set, the ball (B)jby 
centrifugal action, assumes position (Bl). TTiii 
causes eccentric sleeve (A) to allow pick-blade (E) to 
catch in the notch part of (M), Tms holds open the 
exhaust valve and also prevents the spark contain 
(M) from coming in contact with (£), cutting off 
the Ignition. ^ 


Foe books on marino enginos and motor boats writs Tbs Ooodheart-Willooz Co., Ino., S 060 8 . Michigan Avs., Cbioago, lU. 
800 poo* 9SS for specifications of Two-CyeU Outboard Engine. 
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When the speed decreases, the ball (B) assumes 
a dow-speed position, which causes eccentric (A) to 
move out from the hub of the flywheel and to discon¬ 
nect the *^pick-blade^’ or *'detent-rod’* from the 
notch in (M) ; the engine fires again, and the exhaust 
valve assumes its regular work until the speed 
increases again, at wMch time the same action is 


repeated. This cutting in and out by the governor 
accounts for the uneven impulses one notices on a 
stationary engine. 

The throttling type of governor controls the admis¬ 
sion of gas into the cylinders instead of cutting off 
the spark. See Index under ^^Govemor, throttling 
type” 


DIESEI. ENGINE* 


The Diesel engine is used quite extensively for 
stationary purposes. It is also the type used on 
submarines. The fuel is oil, and 

ignition is accomplished by air compressed to several 
hundred pounds pressure, resulting in its tempera¬ 
ture being raised sufficiently to ignite the fuel 
injected into the cylinder. 

The fundamental principle is similar to that of 
the usual four-cycle engine. The main difference is 
that fuel is injected after the air has been com¬ 
pressed, and ignition is then obtained through high 
compression of this air, instead of an electric spark. 

The principle of the *ffour-cycle” type of Diesel 
engine may be briefly described as follows: On the 
first or down stroke of the piston the cylinder is 
filled with air at the atmospheric temperature and 
pressure. No fuel is introduced. On the second 
stroke, the piston travels up and the air, drawn in 
during the preceding stroke, is compressed to about 
500 lbs. per square inch, resulting in its temperature 
being raised to about 1000® F., or sufficient to ignite 
any liquid fuel. Then the fuel valve opens and a 
measured quantity of fuel, usually oil, is injecte<l 
into the cylinder through an atomizer. The 
atomized fuel is ignited by the high temperature 
of the air, and the power stroke follows. On the 
fourth, or exhaust stroke, the piston travels up and 
the burned gas is expelled through the exhaust valve. 
Diesel engines require no ignition system, and u.se 

fuel oils 

Diesel Four-Cycle Operation* 

Stroke 1—Admission or inlet: During this stroke 
the piston travels downwaid, and the cylinder is 
filled with pure air only—at atmospheric tempera¬ 
ture and pressure—no fuel being introduced into 
the cylinder during this stroke. 



Inlet of Compression Combustion Exhaust 
air of air and power 


Fig. 8. Illustrating events during four strokes of piston. 

Stroke 2 —Compression: During this stroke the 
piston travels upwwd, and tlie air taken into the 
cylinder during the preceding stroke is compressed 
to about 600 lbs. per square inch, resulting in its 
temperature being raised to about 1,000® F., or 
sufficient positively to ignite any liquid fuel injected 
into it. No fuel is introduced into the cylinder until 
the completion of this stroke. 

Stroke ^Power or working stroke: When the 
piston has reached the upper end of the oompression 


stroke (or slightly in advance), the fuel valve opens 
and a measured quantity of fuel oil is gradually 
injected into the cylinder through the atomizer. 
This breaks it up into a finely divided spray, the 
orifices in the atomizer being so proportioned that 
at full load the admission of fuel is distributed over 
about 10 per cent of the power or working stroke, 
the rate of admission being such that there is no 
appreciable rise of pressure witliin the cylinder 
beyond that of compression pressure. 

The quantity of fuel oil delivered to the atomizer 
chamber is adju.sted to various load requirements by 
action of the governor upon the fuel pump. 

The injection air at 7.‘')0 to 9.50 lbs. per squan* inch 
is furnished by a small two or three-stage compres¬ 
sor, driven froir the engine shaft. To prevent the 
possibility of preignition, this air is thoroughly 
cooled before being delivered to the atomizer. 

When the measured charge of fuel has passed 
into the cylinder, and during and following combus¬ 
tion, the gases expand and drive the piston down¬ 
ward. When tlie piston reaches the lower end of 
the stroke (or slightly in advance), the exhaust 
valve opens and the remaining pressure is released 
to the atmosphere. 

Stroke 4—^Exhaust: During this stroke the 
exhaust valve remains open, the piston travels 
upward, and the products of combustion are 
expelled from the cylinder, completing the cycle. 

Brief Explanation of Construction 

The general arrangement of the valves and fuel 
injection apparatus of the Diesel engine, as illus¬ 
trated in Edward Butler’s book on Carhurelorsy 
Vaporizers ami Distributing Valves, is shown (Fig. 9). 



El 


Fig. 9. Section of the Diesel engine. The oil is forced into 
the cylinder by air pressure. 

The cylinder (C) has very little clearance between 
the top of tlie piston (F) and the bottom of the 
combustion chamber (B) at the end of the compres¬ 
sion stroke. At this moment the injection valve 
operated by the lever (J) will be opened, to permit 
the injection of a charro of fuel forced (durina about 
20** oi the crank revolution) from the supply pipe 


1 Partaint to the slownipeed, statioxuury, and marine Diesel engines using the **<rilr-tnieoeim'* principle. t3ee pages 1022 and 1063F 
for meaning of **air injection'' and "solid injection" (sometimes termed **mecAonv;^ injection"). See page 1022 for automotive 
J^iesel tnginAt. * See Me 1033E ior a Diesel engine usinir the two^trokiHtycle principle. 
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(P) assisted by an atomizing charge of super-com¬ 
pressed air throu^ the pi^ (D). The cage con¬ 
taining the injecnon valve is water-jacketed, water 
entering ^nd leaving by pipes (W). 

The operation of the air-admission valve (A) and 
the exhaust valve (£) is mechanically controlled in 
the conventional manner. The movement of the 
fuel-admission valve is very slight, giving a narrow 
annular opening for the entry of the oil. Surround¬ 
ing valve spindle are a series of brass washers per¬ 
forated parallel to spindle by numerous small holes. 

The oil is pumped into the space around the valve 
spindle near its middle, and by capillary action finds 
its way between the washers and into the perforations. 

GAS PR 

Gas producers are not internal combustion en¬ 
gines, but are generators of gas from hard coal, coke, 
or charcoal. 

There are two J5 T>«s> the pressure type and 
the suction type. Tne pressure type stores the gas 
into a tank or into the gasometer. The gas is then 
supplied to any regular type of gas engine as a fuel. 

With the suction type, gas is generated in gas pro- 


^ The air for fuel injection is admitted behind the 
oil; and because of its high pressure, it blows the 
oil into the cylinder when the valve opens. 

The amoimt of oil admitted is related by the 
governor, which controls the time of opening of a 
by-pass connecting the discharge and suction sides 
of the oil pump. At light loads the oil is pumped to 
the fuel valve for part only of the admission period, 
and air alone will enter past the valve for the 
remainder of the period. 

A book of 720 pages and 438 illustrations dealing with Diesel 
engines can be obtained of The Goodhcart-Willoox Co., Inc., 
2009 S. Michigan Ave., Chicago, Ill. Price $5.00 prepaid. 


ducer, then passes through washer, and is then drawn 
into the cylinder of the engine by suction of piston. 

The process of generating gas by ineans of g^ 
producers consists of passing air, or a mixture of air 
and steam, through a bed of burning coal, coke, 
charcoal, or wood contained in a suitable receptacle 
known as a generator. Dyke’s Motor Manual ex¬ 
plains the gas producer. 


GNOME MONOSOUPAPE REVOLVING CYLINDER ENGINE 


The Gnome engine is designed 
for airplane work. 

The word ^‘monosoupape’’ 
means ‘‘single-valve.” Each cyl¬ 
inder has but one valve (exhaust). 
The charge of gas is taken from 
the crank case and compressed 
in the head of the cylinder. 

The engine shown has 9 revolv¬ 
ing cylinders, the principle of 
which is explained on page 91. 
The Gnome engine is also made 
with 14 cylinders. 



A, A —engine carrier; B —stationary crank-shaft; 
C, C‘—starting gears; D—accessory driving gear; 
£—carrier plate; F—distributor ring; G—distrib¬ 
utor brush; H—thriLst plate; I—mother connecting 
rod; J—small connecting rod; K—cam di.stributor; 
L—end plate; M—nose; N -propeller hub; 0~ 
planetary timing gears; P—gasoline no*ile; Q —oil 
pipe; T -exhaust valve push rod; S—rocker arm: 
K—exhavLst valve. Cams operate half-speed and 
there is one for each cylinder. 


.5CCTION KX 


Note. OUfilten formerly on this page is now on page 166, footnote 3. 
















INSTRUCTION No. 79 

MOTORCYCLES: Engines; Ignition; Carburetors; Transmissions 

THE MOTORCYCLE ENGINE 


The motorcycle engine is usually a four-cycle type 
of enf^e, and is made with one, two, and Uiur 
flinders. The air-cooled cylinder is in general use. 
The ‘Twin ty^^^ of cylinder engine shown in the 
illustration is the most popular, and the cylinders are 
usually placed 42° to 45° apart. 



Fig. A 


The connecting rods are usually placed on one 
crank pin. Sometimes there are two crank pins—• 
in this case the firing impulse would differ. The 
flywheels are usually enclosed in the crank case. 

The four-cylinder motorcycle engine is also in 
use, and is very similar to the automobile engine, hut 
smaller and lighter. 

How a Twin-Cylinder Engine Fires 

An explanation of how often and the distance 
apart that the power impulses occur on a twin- 
cylinder “y”-type of engine, with cylinders placed 
42° apart, is given under the illustrations, Figs. 1 to 5. 


Indian Twin “V” Motorcycle Engine^ 

Cylinders: Twin, of the V-type. 42° apart, air¬ 
cooled, bore and 3 11/32" stroke, with a piston 
displacement of 60.88 cubic inches; horsepower 
normal rating is 7; actually develops 15 to 18; the 
bearings of the connecting rods and the main crank¬ 
shaft bearing are of the "roller" type; there are three 
rings to each piston. 

Carburetor: Schebler. Ignition, Dixie high-ten¬ 
sion magneto. Spark plugs are Splitdorf make, 
J^"-18 thread; lubrication, oil pump worm-gear 
driven, geared to the crank shaft. 

Valves are the side-valve t 3 T)e, operated by lifter 
rods. Valve timing is correct when gears (A) (B) 
(C) and (D) are placed so that the marks register as 
shown. The pinion (A) is keyed on its shaft and 
retained by a washer and screw. 

Inlet valve action can be understood by referring 
to Fig. 7. Note that the inlet cam (which is set 
behind the cam gear) operates against an arm, 
which operates against the inlet tappet or lift lever 

Exhaust valve action: The same kind of lifting 
arrangement is provided for the exhaust valve, but 
the exhaust cam, arm, and lift lever or tappet are 
placed back, or in rear of the inlet parts. 


*Note. This Instruction has not been revised for several years 
and applies i<> early models. See page 1014 for specifications 
of later model engines and motorcycles. 

—Continued on page 1009. 



Fla. B. Tha Indian twin>cyiinder motoroydo engioa.* 
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Figs. 1, 2, 3, 4, 5: How a twin-cylinder engine fires, with cylinders 42^ apart. 


Fig. 1 illustrates two cylinders^ced 42^ apart. We will call the cylinder to the left No. 1, and the cylinder to the right No. 2. 
llie Ix^toma of the connecting rods are together on one crank pin. 

Note that No. 1 piston is on top of its stroke and that the connecting rod is straight up and down, in line with the crank pin; 
in other words, it is on its “firing center’* (provided it is on top of the compression stroke, which we assume it to be). Piston No. 2 
is not on top of its stroke; its connecting rod where it is attached to the crank pin is 42** away from its firing center. No. 2 has 
42** yet to travel to complete its exhaust stroke (see 2 to 4, Fig. 5). 

Fig. 2: No. 1 has fired and traveled 42° on its power stroke (see 1 to 3, Fig. 5). No. 2 piston is now on top of its suction 
stroke (4). and on its dead-center firing line. 

Pi|(. t: No. 1 has reached the bottom of its firing or ptmer stroke (see 5, Fig. 6), having traveled ISO**, or half a revolution. 
No. 2 IS not quite down in its suction stroke, being 42** benind No. 1. 

Fif . 4: No. 2 has now reached the bottom of the stroke on suction* having traveled 180**, whereas No. 1 is part of the way 
up on Its exhaust stroke. 

Therefore, starting with the firing of No. i at (IF), if No. 1 makes a complete revolution—one stroke down on power stroke 
and one stroke up on exhaust, from 1 to 8—it will have traveled 360°. No. 2, however, will lack 42** of completing its revolution, 
and will have to travel 42° more than 360° to complete its revolution from 2 to 9. 

Therefore, after No. 1 fires. No. 2 must travel 360° + 42°, or 402°, before it fires. Or No. 1 will fire again, 318° after 
No, 2. fires. 

Fig. S: The black line shows the travel of No. 1, and the shaded line the travel of No. 2. The firing lines of each, or the top 
and bottom oenter, are lettered on the illustration. 

Start with No. 1 firing at (F) and follow the stroke to the botton^or a half-revolution; for instance, from 1 to 8 on No. I 
and 4 to 6 on No. 2; each represents a stroke or half-revolution, or 18(^. 

From 1 to I on No. 1 represents a revolution, or 360°. 

From 2 to 9 represents 4 S° more than a revoltition on No. 2, From 4 to 9 would represent a revolution on No. 2. 

While obeervfaif the tmfsl of No. 1, at the same time follow No. 2 and note what it la doing. For instaooe. when No. 1 ia 
traveling from 1 to 3 on its fbiim or power stroke, No. 2 b traveling from 2 to 4 on its exhaust stroke, having 42° of its eshauet stroke 
to oompielehslore it bon its dead oenter, when it itarte OB its anotionstroka. * 
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Fig. 7. Valve action. 

A ^^compression relief,” or method of oj^ning the 
exhaust valves to relieve the compression when 
starting an engine is provided. This is accomplished 
by a toothed part (SI in mesh with a thin eccentric 
or cam (E). When the rod is operated, it causes (E) 
to touch’the exhaust rollers on the exhaust anns, 
which raises the exhaust valves independent oi the 
exhaust cam. 

Valve-clearance adjustment is .006^t about the thickness of 
heavy writing paper, when the engine is hot. Spark-plug gap, 
.026'^. 

(O) (Fig. B) is the oil-pipe connection. 

(R) is the breather or crank-case vent. 

Indian Twin-Opposed Cylinder Motorcycle 
Engine 

Cylinders: two, opposite or 180® apart, instead 
of 42® as in the “V”-engine; bore 2'*; stroke 23^"; 
piston displacement, 15.70 cubic inches; horse¬ 
power, normal rating 2}i, develops 4; pistons have 














Fig. 9 (upper) 

Fig. 10 (lower) 

Fig. 9. Side view of H. D. engine 1917 model. See speci¬ 
fications (page 1068) for later model. 

Fig. 10. Top sectional view of gears and cams; (1) exhaust 
relief cam; (3) cam on arm of rod (G) (Fig. 9) whi(^ operates 
the relief cam; (EC) exhaust cam; (IC) inlet cam; (2) rollers 
on rocker arm; (S) cam shaft; (B) cam gear. Other gears 
correspond with the gears in Fig. 9. 

.004" clearance between Inlet and rocker arm and 
valve stem on all models. On 1916 and 1915 



Fig. 8. Indian twin-opposed engine. 


two rinm; inlet and exhaust valves, side by side on 
top of the cylinders; timing gears, in separate hous¬ 
ing outside of the crank case; carburetor, Ind^ 
special; 4^tion, Dude magneto, driven at engine 
imeed, fixed or set spark. (Hendee Mfg. Co., 
Chioopee Falls, Mass.) 


twin engines, allow .004" for rear cylinder and .006" 
for front, and on 1917 to 1924 twin engines, allow 
.004" on inlet and ,008" to .010" for exhaust valves. 

Valve timing, on twin and single-cylinder engines: 
The exhaust valve should start to open about 9/16" 
before bottom center; closes 1/32" to 3/32" after 
top. The inlet valves do not require independent 
timing. However, the inlet valves start to open 
3/16" before top and close to past top. 

When fitting new gears, they should be lined up 
in accordance with the marks shown in Fig. 9, so 
that the marks come in a vertical line. (A) is the 
crank-shaft gear; (B) the cam gear. 

The exhatist compression relief is to relieve com¬ 
pression in the cylinder for easy starting by opening 
the exhaust valve. When starting, the left-hand 
hanefie-bar mp is twisted to the left, which retards 
i^tion, and further turning raises the exhaust valve 
through rod (G) (Fig. 9), which raises the exhaust 
valve through cams (1) and (3) (Fig. 10). 

Crank-case compression relief: A vent (I) (Fig. 9) 
relieves the pressure in the crank case at every revo¬ 
lution. The gear operates a rotary relief valve 
which should open 1/16" to 3/32" when the front 
piston is on top. ^ This valve port opens gradually 
when the engine is turned in the direction m which 


Harley-Davidson Twin Motorcycle Engine 

Cylinders set 46*; TalveSy inlet overhead in 
operated by push rods (L); exhaust on the mde; 
bore 3 6/16" x 8H" stroke; 60.84 cu. in. displace- 


1 This timinc refers to engines prior to 1917. Since 1017 
the sU-etook twin-cylinder engines are timed as follows: inlet 
opens 3/16'' to 6/16'' before top; cloees to W* after bottom; 
exhaust opens H** to H" bei^ bottom and olosss 1/lS^ to 
H" alter t^. 
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it runs, and closes when the piston has reached 
bottom. This allows a vacuum on the upward 
stroke, to draw oil and oil vapor to all bearing. 
A pipe leads to the chain cover, and as it emits 
a slight amount of oil at each revolution, the chain 
is oil^. 

Oiling system: Oil enters from the oil reservoir 
through pipe connection (H). It is then carried by 
a rotary valve nump geared to shaft (F) (Fig. 10), 
through sight glass (\0 into the engine crank cose. 

If there is too much oil, remove screw (X); if oil 
does not overflow, turn the engine until it does. 
Replace (X). Then remove the plunger-chamber 
vent screw (Y) until oil flows in the same manner. 
Then regulate the oil supply by placing three .010'' 
washers on the adjusting screw (Z) (I'ig. 9). 
Drain the en^e and fill with l}4 pumpfulls of oil 
lyith the hand pump. To increase the oil supply, 
add thin washers, one at a time. To decrease, 
remove the washers. When all washers are removed 
the oil-pump plunger has no stroke at all. 

Timing ignition: All twin engines, magneto equipped, fire 
li" to 5/16'' before top of compression stroke with the spark 
lever advanced. Spark occurs when the points are j ust separating. 

All twin electrically equipped engines fire 7/32" to 9/32" 
before top. Single-cyDnder engines fire 3/16" to > 4 " before top. 

Berling magneto: The lower cam on the interrupter times 
for the front cylinder and the upper cam for the rear. 

Dixie magneto: No. 2 cam for front, No. 1 cam for rear. 

Bosch magneto: Interrupter shoe No. 2 for front, No. 1 , rear 

Remy generator interrupter: Small cam for front, and large cam 
for rear. (Harley-Davidson Motor Co., Milwaukee, Wis., Mfrs.) 


Above refers to engines prior to 1923. The **1>CA” and 
**B" engines have ignition timed 11/32" before top d.c., when 
spark lever is fully advanced. 

When timing ignition, be careful not to use the wrong cam 
for timing; the small cam is for the front cylinder, and the large 
cam is for the rear cylinder. 



Fig. 11 . Sectional view of en¬ 
gine shown in Fig. 9. See pam^ 
1068 for later motorcycle aped- 
fications, valve timing, ignitioik 
timing, etc. 


MOTORCYCLE CLUTCH AND TRANSMISSION (INDIAN TIIRFX-SPEED AS EXAMPLE) 


Operating plan of three-speed Indian motorcycle: 
The principle of construction and operation of the 
three-speed gear are identical with that of the two- 
speed, except that there is an extra set of gears for 
the intermediate ratio. 

When gears (A) and (B) are locked together by dogs 
(G), the “high ratio" or “high speed" is coupled up. 

When gears (B) and (E) are in meshAhe “inter¬ 
mediate" or “second speed" ratio is obtained. 


And when gears (B) and (C) are connected 
through the dogs (H), the “low speed" is obtained. 

There are two “neutral" positions in this gear set: 
between the high and intermediate with the gears as 
shown in the illustration, and between the inter¬ 
mediate and low, with gear (B) on the other side 
with (E), with the same relative position. 

—Continued on page 1012. 
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ON TnC O ANO.Bf SiNGif SPTeo 
MOOCL 5 , Tide CONTROL Of THE 
NEUTRAL ONE SPEED COUNTER- 
5 yAFT 1 ^ PLACED HERE. —r-"—^ 
ON THE HOOEL CZ -3 & Bi- 3 \ 
THE CONTROL OF.SPBEt) IS PLAttO^ 
ON the side. 

CLUTy control ^^ 


,«i6HTt&Ai^o*»e«ATeS sParn. 
I ANp t XHAi/5T VAlV C ^ 

conifpREssiONfleueP 


SOPERAtE 5 THE THROTrU 


COMPRESSION RELlCP 
ROD connects with 
^CRIP dV FLEKJetE 
'^SMAft FNTHE TUDE. 


contracting 

BRAKE OUTSIDE 


internalbr 

INSIDE 



TRANMISSIOM 

CLUTCH 


Fig. 13. The Indian twin-type of motorcycle usiog a DCUtral counter shaft. 


If the mactune is equipped with this one-speed device, called a “neutral counter shaft,” its purpose is mainly to promote start¬ 
ing without raising the rear wheel. By shifting the small lever underneath the handle bar, the dogs are disengaged, and the drive to 
the rear is cut out. The clutch is then engaged and the engine started. After the engine is started the clutch is disengaged until 
the machine is started. 


If the three-speed gear box is used instead of a single speed, it is mounted in the same location, but a control lever is placed 
on the side, as shown at top left of the illustration, instcacf of the small hand lever. When starting with a two or three-speed, 
the gears are shifted to neutral position and the action is just the same as above. Note the name and location of the parts as 
lettered. 


ROD COntrollino 
CARBURETOR throttle. 


-OPtRAtES SrARKAND COMPRESSION RfUiP. 
'OPERATES THROTTLE 


-CONTRACTINO BRAKE 


CARBURETOR 


STARTER ROOT.PEPAI-. 


FOorClUTCH^ 

CONTROL 


MACNETO SPARK 
AOP CONTROL 


STARTtS \ 

quadrant 


STARTER \ 

I RAtHCT PINION \ 

^..clutch and \ 

, transmission' 


WHEELBASE 34 INCHES 


MOTOR DRIVE AND 
hTARTlNC SPROenCT 


starting and motor 

ORIV6 CHAIN 


>RlV6 chair 


Fig. 14. The Indian starter: The down-pressure on the foot lever brings the quadrant into engagement with the pinion on 
the clutch and turns the engine over three times to each stroke, the clutch being engaged to obtain positive and full crank effect. 

This starting of the engine can be done without jacking up the rear wheel, simply by putting the shifting lever into neutral on 
the three-speed machine and by disengaging the driving cog in the same manner on the single-speed model. 

When the starting crank is released on the bottom of the stroke, it is automatically returned to the starting tuition by a 
strong coil spring, and when not in use is held in a convenient position by a strong ohp. When the starting crai^ is in normal 
position, it is fuUy disengaged from the pinion which revolves with the clutch. 

The mechanism consists of a quadrant with a reverse motion and meshes vdth a ratchet pinion on the clutch shaft. The ratio 
is three turns of the engine to one stroke of the starter, not taking into account the spinning effect and extra momentum gained. 

Note. The models illustrated are the eerlv models. Changes have been made on the later models. The “neutral counter¬ 
shaft” has not been used on the Indian since 1917, and wire controls have been used since 1918. The gear-shift lever and clutch 
pedal arrangement have also been changed. The reaeon for showing the older modd of motorcycle is the fact that the older models 
are those more likely to need repairing, and they clearly explain the principles involved. Write the manufacturers for information 
on later modele. 
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s^ontinued from page 1010. 

Indian Clutch 

Construction: The Indian clutch is a multiple- 
d'sk dry-plate type. The drive is transmitted 
through four Raybestos-faced disks which engage 
with four polished steel disks, and are held in engage¬ 
ment by eight small springs equal distances apart. 

This clutch is applied to the one, two, or three- 
speed transmission. 

Operation: Lever (X) (Fig. 12) operates the 
clutch, and has about 4.5° travel. When pulled 


forward, it releases the clutch; when pulled baok^ 
ward, it engages the clutch. 

It is connected with the foot pedal, which has a 
pull-back spring. Pressure on the p^al forward 
causes the plunger rod (marked by mistake, **shaft 
driving hub”) to come in contact with the screw 
(W), which under pressure compresses the springs 
and pulls outward the whole assembly mounted on 
the inner plate, thus freeing the drivmg disks. 

When the control pedal is released, the pull-back 
spring causes a reverse action through the mechan¬ 
ism, and again brings the disks into engagement. 


RlOHT NANOLCBAR controls THROTTLE 


GEARSHIFT lever FOA 3 5REED5, 
FULL FORWARD.... Tow SPElp; 
FULL FEAR POSITION .'VilOH'* 
CENTER POSITION.. ..NEUTRAL', 



BRAne ON 
REAR VVHEEL 


MISSION. CLUTCH OPERATE MAGNETO 
ANO ORI\/C.ON 
OPPOSITE side 



FOOT ^ 

©RARE 

CONTROL 


LA FORWARD DOWN STEF' ON EITHER PEDAL JTAFT5 
MOTOR WHEN TRANSMISSION IS IN NEUTRAL POSITION 


Fig 15. The Harley Davidson, three-speed, model “llF” motorcycle. Note 3 speed transmission. Note lettering 
on illustrution To start the three-speed model ennne, shift the gears into "neutral” position and have the clutch "in”; start 
the engine by the pedal. After the engine is started, release the clutch. To start the machine, place the gears in mesh, starting 
gradually applying the clutch. The model "IIF” is an earlier model. For description of later models see 
opecincations” (page 1068) and write manufacturers for description. 


MOTORCYCLE MAGNETO (THE DIXIE) 


It will be noted that tto magneto is similar in 
every respect to the Dixie magneto explained on 
page 272, except that a ‘^collector spool” is pro¬ 
vided on the drive-shaft end, instead of a distributor. 
The principle of this arrangement and the method 
by which two carbon brushes take the high-tension 



Fig. 16. The Dixie motorcycle magneto 


1 High-tension winding. 

2. Aovaooe-lever screw. 

3. Breaker-box cover. 

4. Condenser cover. 

6. Spring. 

6. Breaker box or interrupter. 

7. Bearing holder 
(breaker end). 

8. Pda structure. 


*0. Base. 

10. Bearing holder (drive end). 

11. Collector-spool housing 

12. Drive shaft. 

13. Shaft-nut washer. 

14. Shaft nut. 

16, Drive key. 

16. Magnet. 


current from the collector spool is shown in Fig. 17. 
(This is not the exact construction, but it serves 
to explain the principle.) 

Timing the Dixie magneto: Usually, the piston 
is placed on top of compression stroke with the 
contact breaker retarded, at wliich point the plati¬ 
num points of the breaker should just begin to 
separate. This is taken care of in the meshing of 
gears as shown in Fig. B, page 1(X)7, and varies in 
different motorcycles. For instance, an earlier set¬ 
ting is sometimes desired. 

The distance between the platinum points in the 
contact-box, when separated, is .020” or 1/50”. 

To remove grease and dirt: Squirt a gunful of 
gasoline into the spool housing (11) (Fig. 16). 



Fig. 17 Fig, 18 ' * Fig. 10 
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The carbon brushes should project from the 
brush holders; if the carbon brushes are glazed too 
much at the ends, rub them with emery paper. 

The terminals on the magneto are in right-hand 
rotation. No. 1 terminal leads to the cylinder 
which fires first, and usually the rear cylinder. 

If a terminal comes loose from the terminal to 
the brush holder, drill out the brass plug, and use 
5^" cable, twist the copper strands, and insert them 
in the hole and solder. 

A punctured brush holder may be detected by 
the smell of burned rubber. 

Relation of Spark to Piston 

On a twin-cylinder “V”-type engine, the firing 
order is not equal, that is, one cylinder would lire, 
then the next cylinder to fire would be 360° plus 42°, 
or 402° after the first. Therefore, the interrupter 
and brushes carrying the current to the spark plugs 
must be arranged accordingly. 

Note in Fig. 17, that brushes (Bl) and (B2) con¬ 
duct current to the spark plugs. (Bl) is now on 
contact, hence cylinder 1 would fire. 


Note in Fig. 18» that the cylinders are 42° apart. 

If cylinder 1 fires now, crank pin (A) will travel a 
revolution back to (A) again, then 42° more to (B), 
or 360° and 42°, or 402° in all, before No. 2 fires. 
No. 1 will again fire, from point (B) to (A), 360° 
minus 42°, or 318°. . 

The armature travels at half the speed of the 
engine crank shaft, and makes a spark every h.alf- 
revolution. Therefore the armature, with its inter¬ 
rupter and collector ring, would travel 201° when 
the crank travels 402°, when cylinder No. 1 fires. 

When cylinder No. 2 fires, the crank pin on the 
engine will travel 318° before No. 1 would fire again 
Since the magneto armature travels one-half as fast 
as the engine crank, it would travel from (B2) to (Bl), 
or 159°. Thus we should have an unequal impulse. 

It requires two revolutions of the crank to com¬ 
plete the four stokers or four-cycle operation. 
During these two revolutions two sparks arc 
required. The armature makes two sparks to one 
revolution. Therefore it revolves but one revolu¬ 
tion to two revolutions of the crank. 

The illustrations (Figs. 17, 18, 19) are not of the 
Dixie magneto, but serve to explain the principle of 
how the motorcycle twin-type engine fires. 


SPLITDORF MAG-DYNAMO, FOR MOTORCYCLE USE 


This is a. combination of a magneto and a dynamo. The 
dynamo armature which generates "direct” current is placed 
above, (I) being the commutator. The magneto armature 
(TJ) is a regular armature with wire revolving, generating 
"alternating ’ high-tension current, and is placed below. The 
two are entirely separate and independent. 

The fields or mamets are not of the "permanent” type, but 
are of the "electro” type, excited in the first case by the cur¬ 
rent in the storage battery, or by the first few revolutions of 
the generator. The dynamo and magneto are separate and 
distinct otherwise, but combined in one unit. 



The principle of the automatic cut-out used with the dynamo 
is as follows: 

When the rider gives the starter pedal a downward thrust, 
as in starting, the mechanical governor part (J) is forced down 
by centrifugal action of arms (K), which acts upon the spring 
(C), bringing the main-line contacts (A) together; this allov^s 
about 1 or 1 H amperes to flow through Iho field winding (and 
armature), magnetizing it so that the lower or ignition armature 
may produce sufficient current to spark the engine. 

If the engine is stiff or hard to turn over, the starting switch 
is depressed, allowing 4 amperes to go through the shunt fields 
and armature. The starting switch merely cuts around the 
contacts (A) so that a strong magneto field is obtained when 
the rotation of the armature is slow. Of course, when the 
battery is disabled, a powerful thrust on the starter pedal will 
rotate the generator armature fast enough to generate sufficient 
current to magnetize the field enough to furnish a spark at the 
plugs. 

As the speed of the motorcycle increases up to about 30 
rn.p h., the charging current also incrciases to about am- 
jx*res. Then through the increased action of the governor 
spring, a second contact at p3) cornea into action. This con¬ 
nects the regulator or bucking coil (D) into the circuit, and 
tnngnetize.s tlie soft iron cores (N) and (S), which, you will 
no(^, is magnetized in the same way as the field coils. This 
action bucks the magnetic field of the generator armature and 
drive.s the magnetism down to the ignition armature field, 
weakening the generator field and strengthening the magneto 
field. 

The ignition current is a straight high-tension current from 
the magneto at all times. When first starting, the magneto 
field is energized from the battery, and when running, from the 
geneiator. Otherwise that is all the connection the ignition 
or magneto has with the dynamo or generator. 

Adjustments of Mag-Dynamo 

To adjust the cut-out and current control: W'ith the engine 
idle and all lights turned off, remove the regulator-box cover 
and adjust the current-control contact screw (A); the correct 
setting of the contact points should be between 01.5" and 
02,5". This setting w'ill permit the battery to discharge about 
1 to 2 amperes. On the other side of the regulator box the set¬ 
ting of the main cut-out contacts can be made as follows’ 
W'ith the engine running slowly, loosen the lock nut and turn 
the current-control screw (B) several turns to the left. Increase 
the speed of the engine until the ammeter shows a 3-amperr 
charge. With the engine running at this speed (approximately 
1,200 r.p.m.), turn screw (B) to the right until the ammeter 
needle drops back approximately to a 2-ampere charge; then 
set the lock nut. 

The fuse used in the circuit is a 16-ampere fuse. The positive 
pole of the battery is connected to the fuse block, and the nega¬ 
tive terminal is grounded. 

In case of failure of the battery, three dry cells can be utilizeil, 
connected in series with a carbon pole to the fuse block amJ 
sine grounded. 


iVote. Motorcycles shown on preceding i>ages are early 
models. See next page for sjHfcifications of later models. 








MOTORCYCLE SPECIFICATIONS, 1937 


1014 


DYKE’S INSTRUCTION No. 79 


H 


dlY 

noi7|9oJ 
8MOIO ITOWpa 


did 

noi^iMj ae)n<{ 

niadQ iapil 


PPO JO miHAi I 
nqaaj ' 

teqanj 


did 

ao^sy }o aot^isoj 


poouBApy 

JO popjwjay 


oaqaaj 

•dvQ J9^dnJja^n£_ 
\ I aipsj^ 


ad^X 


aqujv 

^trajJUQ 

JO Dojnos 

adXx 


sanbui ‘azif; aaix 
aaiioHif^s^va'iaaH^ 

I^g'qajy — 

_ UP JBOp 


pJBMJOJ 

gpo^S JO ON 


9<fXx qoitqo 


Hsxsig ONnio 


Baqaaj ‘azig 


aqtsjV 


014 RJJ aoissajdoioo 


*0'0*V'N d'H 


-III -no 

^naaiaaB|dB^ uojstj 


ninannnjy jo 

nojj two^nX 


saqatij 

aqoj^g pu« ajog 

aiapuiiXQ 

JO jaamaSuBJjy 

sjapai|XQ JO jaqtin){q 


-H-H+m+l3oOC50 

V<-V<»ssaa 


•C-RHS-C-iMJJJJ 

,+’M-”iaaaaa 

"SKS'^nniSJ 


\_QQ(^^00 p O O 0_ 


23^ 22S^ 


•^•tj'TS'O'rs «'T3t3'0'0 




0^ ! 


iSSSSES w 


QQQQQ 3 3 3 3 3 

<<< 


® W CQCQflQP Qga m « _ 

pQpQCQCQOQCQPQOQPQflQ 

OO 0C^_0 P POO 

SSS88S88iS 


coM'^^'^cocoeoecfO 


qqqqqqqqqq 

QQQQQOOOQO 


te to fc S5 fctS ^ ^ 
-il-l-i a'l to to to to 


eo CO i>©MCi)0-<cvi>-< 

'^'^<0>0>C>A>0*C»Qi0 


05 »0 t>. >0 »-< 

o o ^ X*; CO o «o 

«0 CO 00 OO C» Cl 00 CO ^ co 




in BB 

3 O 3 o 


330333300=> 




M CO ^ ^ ^ CO ■^eoeo e^j 
K K! M « M M H 

ci^co e9cocMcoe^c>i(M 

$ S to $ $ 

>>>>> ^ 


i^w^issir 


§8§S 

13'8-3'L 

IPPlilll 

li^liissas 

ilssslllll 


8 


4§ 


to 

a 

I 

.s 

a 


.a 

S 


^ h 

?|| 
5SS • 


;l! 


2 g 




B 

‘B 

a 


s 

i 


M 

la W 

:S > 

a 


U M r'^ccTfi 

S S:2 § ■ 


M ^O'g-C 
O 8 ** C»i 

4, o 2 M f 

H >>? 

i Mil 

»o o * 

cp eo^ 0 


131. 


eo’i^ a ' 


S.,s» 


C/5 




OT -^oo^co •< 

' ^ Is'l 1 

! 3 ^ ^ 


•?.a 
































INSTRUCTION No. 80 

MISCELLANEOUS CARS: Woods Dual Power Car; Magnetic Gear Shift; 
Steam Car; Owen Magnetic Car (Electric Transmission). 


WOODS GAS-ELECTRIC CAR 


The dual power car: The power plant 

consists of a small gasoline engine and an electric 
motor-generator combined into one unit, as illus¬ 
trated, and mounted on a three-point suspension. 
The movement of a finger lever on the steering wheel 
connects the engine to the.plectric motor-generator, 
which cranks the engine and develops power which 
is transmitted through the armature shaft of the 
electric motor and propeller shaft, direct to the rear 
axle. See Fig. 1. 


G^S0LmETANH 

magnetic 

CLUTCH - 

GASOLINE 
ENGINE 


electric motor 

WHICH IS ALSO 
A GENERATOR 


ELCaRiC 
Gasoline 

. , , LEVER BOTH 
ifl-U FINGER 
CONTROL 



reverse pedal 
F ig. 1 


BATTERy0F24CELl^ 
n PLATES EACH 


The car starts as an electric, by a simple move¬ 
ment of a finger-controlled lever on the steering 


wheel, which operates the means for connecting the 
battery to the motor, and increasing the speed, as 
the lever is advanced. 

At any advanced position of the electric lever the 
first movement of the finger-controlled gasoline 
lever instantly starts the gasoline motor. As this 
lever is moved forward, it causes the car to be 
operated more on the gas, and at a certain point it 
will run as a straight gasoline car, neither charging 
nor discharging the battery. With a slight varia¬ 
tion of the relative position of the two levers on the 
steering wheel, the battery may be either charged 
or discharged at will on any speed from ten miles an 
hour up to twenty-eight or thirty miles an hour. 
Electricity is generated and stored in the battery 
while the car is running. 

At any speed above six miles an hour, dynamic 
breaking may be effected by retarding the electric 
lever. Tliis cai‘scs the electric motor to run as an 
electric generator driven by the gasoline motor or by 
the momentum of the ear. The powder thus gener¬ 
ated is used for charging the battery. The same 
effect may be obtained by a simple movement of 
the foot-brake pedal, which also acts as a mechanical 
brake below six miles per hour. 

The parts of this car and their location are shown 
in the illustration. Fig. 1 


MAGNETIC GEAR SHIFT 


This device is used to shift the gears, taking the 
place of the hand shift lever and selector rods. It 
.is attached to the side of the transmission. The 
switch control is placed under the steering wheel. 

manufactured by Cutler Hammer Co. 

Principle: If you press the switch button 1 (see 
Fig. 3), you close the circuit of solenoid 1, causing 
the shaft (A) to move to the left. 

If you press button 2, you energize solenoid 2, 
causing the shaft (A) to move to the right. 

If you press button 3, you energize solenoid 3, 
causing shaft (B) to move to the left. If you press 
button (R), energizing spool (R), you bring the 
reverse gear into mesh. 

Pressing neutral button (N) and throwing out the 
clutch, places the gears in ‘^neutral.^’ 



Fig. 2. Showing connections with clutch pedal. (CD) 
Hspresenta travel provided for clutch slippage, and possible 
throw of dutch pedal for coasting. 


Pressing a push botton does not energize one of the 
solenoids; it merely partially closes the circuit to a 
certain solenoid, but the circuit is not completely 
closed until you throw the clutch pedal down to the 
floor-board. 

The clutch pedal is so arranged that you can throw 
out the clutch in the usual manner by partially 
depressing the pedal, but if you push the pedal to 
the extreme position, you bring the switch (M) 
(Fig. 5) in contact for an instant and permit the 
electricity to flow to the particular solenoid which 
was selected when you pressed one of the push but¬ 
tons. 



Fig. 3. Simplified explanation of the solenoid action. 

Fig. 4. Principle of a solenoid simplified; insulated wire is 
wrapped around the spool (solenoid). If the ends of the wire 
are connected with the battery the spool suoks up the nail. 


lojs 
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The push buttons are therefore known as ''elector 
switches/^ because they do not actually close the 
circuit but select in advance the circuit that will be 
energized when you push the clutch pedal to the 
extreme position, thereby closing switch (M). 

A 12-volt battery is used: It is stated an 80 
ampere-hour battery will operate the gear shift from 
394 to 491 times. 

Gear Changes 

First speed: To start forward in first speed, push 
the “selector switch'* button No. 1 (Fig. 3) down 
until it catches. Then depress the clutch pedal as 
far as it will go and the first-speed gears will instantly 
mesh. Allow the clutch pedal to return gently. 
The clutch will engage and the car will move forward 
in first speed. 

Second speed: Press button No. 2 until it catches, 
and as soon as it is desired to shift the gears from 
first to second, depress the clutch as before to its 
extreme position. This brings the second speed 
gears into mesh. Engage the clutch. 

Third speed: Press button No. 3 until it catches. 
Depress the clutch to its extreme position. Allow 
the clutch to return to engagement. 

Dropping back: In dropping back from one gear 
to another, the operation is the same, i.e., press 
the button corresponding to the gear wanted, and 
when it is desired to shift, simply push the clutch to 
the extreme limit and the gears will automatically 
change. 


Selection: Should button No. 2 be depressed and 
should it then be decided that No. 1 is wanted 
instead, all that is necessary is to press button No. 1. 
This automatically “kills*’ No. 2. Similarly, any 
button that is down is “killed” by pushing any other 
button. The gears may be selected in any order 
desired, for example, 1 to 3, 2 to 1, 3 to 1, ete. It is 
not necessary to press the buttons in numerical 
order. 

Pre-selection: Speed changes may be prepared 
for at any time in advance of the actual shift by 
pressing the button corresponding to the gear into 
which it is next desired to shift. 

When the car is stopped, the gears should always 
be neutralized before the driver leaves his seat, so 
that when the motor is again started, none of the 
gears will be in mesh. 

Neutralizing: To throw the gears to neutral, press 
the (N) button, and then depress the clutch pedal to 
the limit. (The neutral button h£^ no catch and 
does not remain down when it is pressed. Its 
function is simply to throw out the other buttons 
in order to break their electrical connections.) 

Coasting: The clutch pedal may be thrown out 
far enough to free the clutch without neutralizing 
or shifting the gears. The shift takes place only 
when the pedal is thrown to the extreme position. 
This arrangement permits disengaging the clutch so 
that the car can “coast,” no action taking place in 
the gear shift. See Fig. 2. 



Fig. 6. (A) gear-shift housing; (B-1-2-3-4) coils; (C-1-2) magnet cores; (E-E) cam shafts; (F-F) neutralising cams; 
(G; ratchet pawl lever; (I) rocker arm; (J) operating shafts; (K) operating lever; (L) pawl operating master switon; (M) 
master switch; (N) locking shaft; (O) master switch return spring; (P) neutralizing return spnng; (Z) neutralizing return- 
spring shaft. 


THE STANLEY STEAM CAR 


Engine: Double acting, taking steam at each end 
of the cylinder. Slide valve, built in a unit with 
the rear axle, and driving through a spur gear on dif¬ 
ferential (GD) (Fig. 6). Crank shaft spur gear 
(DG) is the drive gear on engine. 

The valves which control the admission and 
exhaust are operated from eccentrics on the crank 
shaft and through a link motion (LM), through 
(LSS) which is connected with lett pedal (Fig. 10) 
and controls the range of motion of the valve. 

There are three passages when the valve is open 
for a large part of the stroke. This admits steam 
at boiler pressure and shuts the valve a certain dis¬ 


tance before the piston reaches the bottom of its 
stroke. For the rest of the traveling the piston is 
driven by the expansion of the steam. Pressing the 
pedal (T) (Fig. 10) forward until it catches or hooks 
up causes the valve to close earlier. This means 
that less steam is taken from the boiler and the 
piston is driven a longer distance by the expansion. 
This, of course, is more economical of steam and is 
the condition for normal running. 

The longer valve opening is used for starting, and 
practically for nothing else. With the pedal 
pressed forward, the operation of the valve is 
reversed so that the engine will run backwards, this 
giving the reverse motion. 











STEAM CARS 


1017 



PDG—pump drive TI 

gear. CP—crank_1 

pin. PC—-pump ^ 

crank. LSL—link 
ahift lever. 1, 2, 

3, 4 — eccentric 
rod straps. LM— 
link motion. 

— 

. Fig 6. Stagey tngine, rear axle, and pump gear. The pumps are really mounted forward on the chassis, and a.e 
anven by a crank oft the rear axle. Ihe electric generator is also rear-axle driven. 


After leaving the engine, the steam goes to feed 
the water heater, thence to the top of the radiator, 
upon passing through which it condenses into water 
and this water flows back to the main tank. Differ¬ 
ing load and road conditions entail the loss of some 
steam, and it is this loss which has to bo made up 
by refilling the water tank. However, sufficient 
water can be carried for 200 to 250 mOee of ordinary 
running, or, in other words, it takes this amount of 
ordinary running before the slight loss of steam is 
equivalent to the whole tank full of water, which is 
about 20 gallons, and is placed underneath the car, 
below the frame. 



Boiler: Fire tube type, the flues l:)eing weldcii 
by the acetylene process to the bottom head. 

Btmier: When we want more power from the 
gas car the throttle is opened. When we want 
more power from a steam car the burner must sup¬ 
ply more heat, thus generating a higher pressure 
of steam. 

How kerosene is used: The kerosene unoer pres¬ 
sure is first led through a long coil placed on top of 
the boiler, where the exhaust gases of combustion 
yield up part of their waste heat, by preheating the 
kerosene. From this top or heating coil the kero¬ 
sene passes by way of the automatic control and 
main burner valve to the vaporizer (located in the 
fire). Here the hot kerosene is transferred into a 
tnie gas, and after being mixed with a definite 
amount of air is burned with the blue ''Bunsen*’ 
flame. 





Fig. $. Diagram of water system of Stanley steam car. 
Water is pumped toward the boiler by one or two pun^, 
aooording to the positions of the hand valves (A) and (6). 
After reaching a proper level in the boiler, the release valve 
(R) is opened and the water then goes back to the main tank, 
whether the pumps aro both working or not. In practice, the 
left pump always is in use subject to the automatic control, and 
the right pump is hardly ever called into service, but doubles 
the supply for emsigency use. 
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Untfonn water leyel: When the water reaches a certain 
height, it is forced to return to the supply tank by an auto- 
matio oy'-pass, thermostatically operated. 



Fig. 0. Diagram of fuel system of Stanley steam car. 

The gasoline only supplies the pilot light, which never goes out, 
and the consumption is small, so the size of the tank is exag¬ 
gerated in the cut. Kerosene, the operating fuel, is carried in 
the rear tank and pumped to the pressure tank from which the 
burner takes its supply. When the steam pressure reaches a 
predetermined point, tne supply of fuel is cut off and the kero¬ 
sene pumped is allowed to go back to the main tank. The 
heavy black line in the cut indicates the kerosene supply, the 
broken black line the return lines for surplus, and the grey 
lining, gasoline. 



Fig. 10. Control of car: The left pedal gives the two valve 
posinons for forward running and the reveise. (T^ is pressed 
forward half-way after starting and left there. (F) is the 
reverse pedal, and is pushed full forward when the car is reversed. 
The right pedal operates the service brake, the Icwer, the emer¬ 
gency brake. The throttle is the only control used while run¬ 
ning, A httlo lever, partly concealed by the throttle lever, is 
for shutting off the fuel when making a long stop. When 
starting from dead cold, the valve turning the gasoline into the 
main burner is used. On the dash the left gauge shows the 
fuel pressure and is seldom looked at. The right gauge shows 
the steam pressure. In the center is the water glass that is 
carried only as an emergency indicator in the event of any 
trouble in the water-feed system. 


Questions Answered Relative to the Stanley 
Steam Car 

Q. i: Where is the engine located? 

Ana.: The engine is located on the rear axle and supported from 
the rear axel differential housing. It is swung at the other 
end, from the car frame, by means of a spring strap hanger. 


Q. 2 : How does the engine drive the rear axle? 

Ans.: The engine frame, made up of four members, is carried 
through the differential housing, turnii^ in an oscillating 
block at that point. Thus the engine and rear axle 
become a unit. The gear teeth of the engine's main drive 
mesh with those of the differential. 

Q. 3 : What is the ratio of the gearing? 

Ans.: This depends upon the size, power, and type of oar 
employed. In the older models it is 2:1, and m the later 
models lyy.l. 

Q. 4: Where is the boiler located? 

Ans.: The boiler is located in front of the dash, underneath 
the hood and behind the condenser, which is also a radiator. 

Q. s: What steam pressure is usually carried? 

Ans.: All stock cars, regardless of model, operate on 600 lbs. 
pressure normally. However, for speed purposes thia 
pressure is run up as high as 1,200 lbs. to 1,500 lbs. 

Q. 6: What is the average time required to raise sufficient 
steam pressure when cold? 

Ans.: The initial time of steaming a car when cold will take 
approximately fifteen minutes. This includes filling of 
the tanks and boiler, as well as the raising of steam pres¬ 
sure. 

Q. 7: What time is required if the car has stood awhile, after 
having been used? 

Ans.: No time whatever is required for raising the running 
pressure, inasmuch as that pressure has been maintained. 

Q. 8: What is the fuel consumption? 

Ans.: One of the Stanley five-passenger, big touring cars was 
run for three consecutive months, making an average of 
twelve miles per gallon of coal oil. On long runs, this 
figure is increased as high as sixteen or seventeen miles per 
gallon of coal oil. 

Q. 9 : How are the various speeds controlled? 

Ans.: by the open¬ 

ing of the throttle, the handle of which is located on the 
steering wheel. There is no other movement on the part 
of the operator for increasing or retarding his speed, other 
than the throttle. 

Q. xo: What is the water capacity and consumption? 

Ans.: The water capacity is 20 gallons carried in a tank 
beneath the car frame and filled through a radiator. This 
capacity is sufficient for a day’s run. 

Q. xx; Mention the control levers, valves, etc. 

Ans.: When starting out with a car, a valve is o^ned which 
places tlie car under automatic control from that time on. 
When brought to a stop, this valve is closed. The operat¬ 
ing controls are the tnrottle, tne service and emergency 
brakes, and reverse. 

Q. 12 : Where are the control parts located? 

Ans.: The throttle subimposes on the steering wheel. The 
foot brake is in the usual position. Heverse is a foot brake. 
Tlte emergency is a handle brake, located on the side of the 
car. 

Q. X3: What are the advantages of a steam car? 

Ans.: Entire lack of vibration; freedom from gear shifting: 
absence of clutch; absolute flexibility; more power per 
weight than is possible in gasoline cars; 

simplicity of controls , 


Q. 14 : What are its disadvantages: 

Ans.: These have in later models been overcome, but formerly 
they were: shape of hood; necessity for firing up; likeb- 
hood of freezing; necessity of taking on water every fifty 
miles (before the condensing system was used); steam in 
the street. 
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THE DOBLE STEAM CAR 


Ifow the Doble Differs from the Stanley 

J. The Doble boiler is of the water tube type. The Stanley 
boiler is of the fire tube type. 

if. The Doble boiler consists of 28 sections, placed in an insu¬ 
lated casing. The Stanley boiler is in reality a big drum 
standing over the burners. 



Fig. 12. Water and steam piping diagram of the Doble 
steam car. The cycle of operations is as follows: Water put 
into the condenser flows to the water tank by giavity. It is 
pumped by a power pump through the regulator and economi¬ 
ser into the boiler, wnere it is changed to steam. Steam from 
the boiler passes through the throttle into the enjdne, thence 
to the condenser, where it is reduced to water again. 



motor is start^ through a switch, after which speed is regu¬ 
lated automatically by the steam pressure. 


3. The Doble has no pilot light (the mixture is ignited by 
electric spark). The Stanley has only a pilot light for igm- 
tion. 

4. The Doble uses kerosene for both starting and running. 
The Stanley uses gasoline for starting, kerosene for run¬ 
ning. 

6 . The Doble slide valve is used only for admission of steam to 
the engine cylinder. The Stai^ey slide valve regulates 
both admission and exhaust. 

0. In the Doble the exliaust steam goes direct to the radiator. 
In the Stanley, the exhaust passes through a feed water 
heater before it goes to the radiator. 


Featurei» of the Doble 

SecUonal boiler: 20 sections used for generating steam and 
8 sections used for feed water heater or economiser. 

Absence of pilot light: This is a radical departure from the 
usual construction. 

Kerosene for starting, as well as for running. 

Wide pistons: Necessary on account of the pistons having 
to open and close the exhaust port (similar to a 2'cycle gasoline 
engine). This is termed the unifiow principle. 

Absence of eccentrics: The valve gear is a modified form of 
the "Joy valve gear" in which modification the "correcting" 
and "anchor linl^" are eliminated, thus sim^ifying the con¬ 
struction. 

Final drive (gear ratio): Almost 1 to 1, vis., 47 teeth in the 
drive gear and 49 in the differential. 

A condenser is provided so that the steam is reconverted 
into water, and is used over and over again. 

Lubricating oil is mixed with the water for lubrication of the 
cylinders. 


OWEN MAGNETIC CAR (ELECTRIC TRANSMISSION) 


The Owen Ma^etic makes use of an actual 
electric transmission, known as the Entz. The 
arrangement of this system j^rmits the changing of 
all speeds by a small lever similar to a spark lever 
mounted on the steering wheels. The difference 
between this and other gasoline cars lies in the 
magnetic transmission. 

Elementary Principle 

Refer to Fig. 14: (A) shows a magnet with a 
“keeper” at bottom, familiar to everyone. (B) is a 
magnet and pedestal with a hand crank to revolve it. 


(C) is now part of the propeller shaft, and to de¬ 
scribe this, we will now call (C) an armature. When 
the car is running in “high speed,” (C) follows (B), 
because it is magnetically locked, but it will be 
noted that we are driving through an air space or 
gap, there being no mechanical connection aVany 
time between the rear axle and the gas engine, but 
only magnetism transmitting the torque of the gas 
engine to the rear axle. 

When arriving at a grade which is too steep to 
climb on “high,” we should now stall our gas 
engine unless we applied a form of speed reduction. 


(C) is a piece of steel on a pedestal placed within 
the magnet on the same line of travel. It will be 
apparent that as the magnet is revolved by turning 
the crank, it will attract the piece of steel which will 
revolve with it. 




Refer to Fig. 15: (B) is now revolved by the gaso¬ 
line en|pe instead of the hand crank, taking the 
place of the Awheel, and revolves at en^e spe^ 
regulated bv the throttle* To describe it, we will 
now oaR (B; a revolving Aeld. 



Refer to Fig. 16: The conventional electric motor 
(D), as shown, gives us the reductions needed in 
the following manner: 

We now drive through what is in effect a slipping 
clutch, and it is apparent that if it were possible to 
use the power that is lost in heat through the friction 
of the slipping clutch in the gear type of transmiyion 
car, all the power of the engine would be transmitted 
to the rear wheels and there would be no use for a 
gear box. 
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The magnetic transmission ^ves us this result, 
as wo now find that (C) is trymg to keep up with 
(B), but as (B) and (C) now have ceased to be mag¬ 
netically locked, because we have changed the posi¬ 
tion of the control lever on the steering wheel, and 
are therefore slipping, the difference in their relative 
speeds generates electricity which is led to (D). 

Armature (E), being of the same form as (C) and 
on the same propeller shaft, takes the electricity 
generated by the slip, and acts as a power booster 
on the propeller shaft, giving us innumerable speed 
reductions, wonderful flexibility, and absolute 
silence at all speeds. 



Fig. 16 


The large horseshoe magnet (B) (Fig. 16) is 
revolved bv the engine. The magnetic lines of force 
create a drag on the armature (C) which carries 
the armature with it. By elaborating on the con¬ 
struction as shown, the slip energy created by the 
difference in rotating speeds of magnet (B) and 
armature (C) is converted into potential electric 
force and carried to the motor whose field coils are 
shown as (D) and armature (E). 

Control Lever Positions 

Charging: Car stationary, engine running. 
Generator charging starting and lighting battery; 
seldom necessary, as battery is automatically 
charged on high-speed position when the ear is in 
motion. 

Starting: Current from the starting battery 
operates the generator as a motor for the starting 
engine. When the engine has started, bring the 
lever to neutral position. 


OUSR€iMSr 



Fig. 17. Control lever positions of Owen Magnetic Car. 

Neutral: Car stationary, engine running. The 
clutch jgenerator circuit is open, and the motor is 
short-circuited on a resistance. Bring the lever to 
first position. 

First position: Generator producing light clutch¬ 
ing effect and maximum current for dectric motor. 
The result is a maximum difference between engine 
speed and car speed, producing greatest torque or 
pulling power. 


Second position: The clutching effect of the 
generator is increased and the supply of current to 
the motor is decreased. Result: the car,speed is 
increased. 

Third position: The clutching effect of the genera¬ 
tor is further increased and more of the driving 
power is transmitted. The motor does correspond¬ 
ingly less work. Result: an increase in car speed. 

Fourth position: The generator continues to 
transmit more and more of the driving power, the 
work of the motor gradually decreases. Result: car 
speed increases. 

Fifth position: The same general action. The 
generator is carrying nearly all the load, while the 
motor is practically idling. 

High: On this position clutching effect of the 
generator has increased nearly to the locking point, 
transmitting all the driving power. The motor no 
longer assists, but operates only as a generator to 
charge the starting and lighting battery. 

Reverse is obtainetl through a gear-shift lever connected with 
gears in a gear box at the forward end of the drive shaft, just 
back of the motor (not illustrated). 

The gear ratio on the Owen T-passenger car, is 4 
to 1, and on the 5-passenger car, 334 to 1. 

Principle of Construction 

In place of the flywheel, clutch, gearset, starting 
and lighting system, and their auxiliary parts, two 
direct-current dynamo machines and a drum con¬ 
troller have been substituted. 



Fi^. 18. Field coi-ls, etc., of the electric transmission system 
forming the flywheel of the gasoline engine. 

Clutch generator: One of the dynamo machines 
has its field magnet frame directly connected to the 
engine crank shaft, taking the place of the ordinary 
flywheel (Fig. 18). The armature of this machine is 
mounted on a large, hollow shaft, which is directly 
connected to the propeller shaft This 

machine is called tne *^clutch generator^^ as it acts 
both as a clutch and as a generator. There is no 
mechanical connection between the engine and the, 
rear axle; it is connected through an **air gap,^^ 
which is entirely a magnetic connection. 

The motor: The second dynamo machine has its 
armature mounted on the same hollow shaft as the 
first, and its field magnets are stationary; it is 
called the ^^motor,’’ as it is generally used as a motor 
to help drive the propeller jahaft, and to boost the 
the effort of the engine as transmitted through the 
clutch generator, which, like any clutch, can trana* 
mit only the engine effort torque. 


The chitdi geBerator is used as a clutch alone on high speed, and the metor plays no part in the transmission of power, but 
used as a oHsrging generator for the atorajse battery. On all other vositions, tthe motor helps turn the propeller shaft; Iw 
eurrenf fropi the elutofa generator in which circuit it is included. 4t Uitae times the slip in the clutch generator is gtaaler. 
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GAS-ELECTRIC TRUCK 


A venr imlque combUiAtion gM-electric 

power truck is called the Couple-Gear. 

The drive system is by means of an electric motor in each 
wheel, as shown in the illustration (Fig. 113). This would be 
termed the transmission. 

This gives a four-wheel drive and a four-wheel steer without 
complications. No universe joints are used on the drive. All 
chains, sprockets, clutches, sliding and reverse gears are dis¬ 
pensed with. 


**CouiiIe-gear** transmission connsts of an electric motor in 
each wheel, the motor armature having a pinion on either end, 
one pinion pulling up on one side of the wheel, the other pulling 
down at the opposite side, and both working at the periphery 
Each pinion meshes with a separate gear mounted 
on the rear wheal drum, as shown by the two illustrations 
Each illustration represents a separate part. 

The gear reduction is 25 to 1 direct, and is supposed to deliver 
97 per cent of the motor energy to the rim of th^e w]^t 1. Tiret 
are solid, 8 H"' x 36''. 



Fig. 113. A couplc-gear four-wheel drive and four-wheel steered gas-electric truck. The power plant consists of a gusoline 
engine connected to an ele<*tric generator. Speed of generator is controlIe<I by the Bjjeed of engine, governs the speed of the electric 
motors in the four wlieels. Engine is 4-cylinder, 5' bore x S’-i' stroke. Generator is designeri es|)ccially for this class of work. It 
is rat^ at 12 H k.w. at 100 volts, 680 rpni. and will run sparkless with an ampere loml 200 r^r cent in excess of its normal rating, 
and with a 100 per cent rise in speed. It is a six-pole machine, compound wound. Jlheostat is cf.nnected to the fields by means of 
which the operator may raise or h)wcr the gear ratio at v^ill. The voltage can be held down to 40. The voltage drops when the 
amperage exceeds 70. vVeight 76.') lbs. Throttle is operatcil by foot lever. Ignition is fixed. Motors are operatesJ either in scries, 
series parallel, or parallel, whicli is governed by a controller, which il^o operates an electric brake. Speed is from 7 lo 16 miles per 
hour (l‘J miles, loa»led: 15 miles, without load). 


THE G. V. ELECTRIC TRUCK (2-TON CAPAfJTY) 


Ezumple ef an electric truck showing wiring and speed con¬ 
trol. This example employs a 4 h-p. motor at 84 volts and 40 
amperes. Mileage travel (approx.) on one charge, 45; number 
of batteries, 42; amperage (approx.) starting, 75-^; amperage 
(approx,) running, 35. Starting cold, motor will run 100 per 
rent overload for 1/2 hovir and 200 per cent overload for 10 
minutes. 



Fig. 123. Top view. Chain drive. Some models are w^orm 
driven. 



Fig. 124. Controller. "Constant-torque” type; batteries 
connected in series at all times. Speeds, 5-forward 2 reverse^ 
are obtained by cutting out or in resistance (cast iron), also 
by making "field” connections of motor; explained below. 

Forward Speeds 

First speed: see Fig. 126 (1 forward): both fields are in 
series, and all resistance (Rl) la in the oirouit. This is the slow¬ 
est speed. 

8 ecqpd apeed: see Fig. 126 (2 forward); both fields are in 
series, and part of the rwetanoe is out oht (R2). 

Third apeed: aee Fig. 126 (3 forward); both 6elds are in 
4 sri«s, a.ua all yeaistanoe is out out. 


rOQWAITD OCVCOSC 



Fig. 125. Control¬ 
ler connections: (0) 
is off or neutral po¬ 
sition. Black dots 
denote the control¬ 
ler hngers; black 
squares denote the 
controller copper 
segments. The five 
speeds forward and 
two speeds reverse 
are shown. 


Fourth speed: see Fig. 126 (4 forward); resistance (R3) is 
shunted across the series field. 

Fifth speed: see Fig. 126 (5 forward); fields are in parallel; 
all resistance is cut out. 

The forward speeds are divided approximately equally, each 
notch of the controller being an increase of appioximately 2t) 
per cent in speed. 

FORWARD 



Fig. 126. Illustrating the resistance connections (Rl) 

(R3) and field connections (Fl) and (F2) and (FFl) and (FFlfi). 
(A) shows the armature bruidi connect >ds; (B) battery connec¬ 
tions. 
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AUTOMOTIVE TYPE DIESEL ENGINES; Construction 
and Principle of Operation 


AUTOMOTIVE-TYPE DIESEL ENGINES 


The explanations of the Diesel engines in the 
pages following are not intended as a discussion of 
the subject from an engineering point of view, the 
id^a being to convey to the re^er the principle of 
construction and operation. 

The automotive-type Diesel engine is generally a 
high-sp^, four-stroke cycle, compression-ignition, 
solid-injection type of engine. It is intended for 
operation over a wide range of speeds and loads, 
and differs in many respects from the large station¬ 
ary Diesel engines. The latter are usually slow- 
speed compression-ignition engines, and may oper¬ 
ate either on the two- or four-stroke cycle, and em¬ 
ploy either solid cr air injection of the fuel. 

Solid injection consists, as the name indicates, in 
keeping the fuel in a solid liquid stream up to the 
moment of its forcible mechanical injection, which 
is accomplished by means of a fuel pump, timed and 
driven by the engine. ‘‘Solid injection,** as well 
as the “four-stroke cycle’* and other terms men¬ 
tioned, is explained in examples given farther on. 

Air injection consists of metering the fuel to an 
injection valve at a relatively low pressure, and then 
the liouid fuel is blown into the combustion chamber 
by a blast of compressed air of about 1,000 lb. or 
more per square inch pressure by means of an 
auxiliary air compressor to supply the air (which 
sometimes is also used for starting purposes). 

Compression ignition is used with both the 
“solid-injection” and “air-injection” types of full- 
Diesel engines. Compression ignition, as the name 
inclicateSj means that the compressed hot air is used 
for igniting the fuel charge instead of using an 
electric spark as in the gasoline engine. In order to 
compress the air until it is hot enough to ignite the 
fuel charge, the compression ratio must' necessarily 
be much higher than that used in gasoline engines. 
Just how this is accomplished is also explained 
farther on. 


Besides the compression-ignition engine, usually 
termed a Diesel engine there is a modern de¬ 
velopment which employs solid injection of the fuel, 
burns the same kind of fuel as the compression-igni¬ 
tion engine, but is not a high-compression engine, 
and requires an independent ignition system. The 
use of spark plugs and positively^ timed electric igni¬ 
tion in this type of oil engine is its chief difference 
and advantage over so-called ^^semirDieseV* engines, 
which employ hot bulbs or hot-surface ignition. In 
the “semi-Diesel,” there is no control over the tim¬ 
ing of ignition; and at light loads and low speeds^ it 
becomes irregular, while at heavy loads and high 
speeds the hot suriace is apt to produce pre-ignition 
and roughness. With the controlled electric spark, 
these difficulties are overcome. There is no technical 
descriptive name for this new type of engine, although 
^ver^ makers have coined their own terms. A 
popular European make of this type is built under 
Hesselman patents, and several American manu¬ 
facturers have adopted this new form of oil engine. 

Compression ratio varies in the modem auto¬ 
motive-type gasoline engine from about 4.5:1 to 


7.0:1, or slightly lower or higher; and the compres¬ 
sion pressure reached during the compression stroke 
of the piston may be approximately 70-150 lb. per 
square inch. By such compression the mixture is 
heated to some extent, resulting in better vaporiza¬ 
tion of the fuel and higher thermal efficiency, but 
not enough to produce ignition without an electric 
spark. 

In the full-Diesel engine the compression ratio 
varies from about 11.8:1 to 17:1, or slightly higher; 
and the compression pressure reached during the 
compression stroke of the piston may be approxi¬ 
mately 400-575 lb. per square inch or more, the 
temperature of the air being raised to about 1,000° F. 
This is sufficient to ignite the fuel charge, and con^ 
sequel!tly no electric spark is required. 

Compression ratio may be defined as the ratio of the total vol¬ 
ume of the cylinder above the pLston when it is in its lowest posi¬ 
tion to that of the combustion or clearance space when it is at 
its highest position. For examnle, with an engine of Ifi; 1 corn- 
pres.sion ratio, the volume of the clearance space between tlie 
piston ai>d top of combustion chamber when the pistfui is at top 
dead center is approximately one-sixteenth of its total volume. 
Thus it is clear to see that the higher the compression ratio tho 
higher tiie comoression pressure; consequently, the higher the 
temperature, all other factors being equal. See page 116 for 
^'compression ratio” and ‘‘effect of altitude on compression.” 

Combustion. Why the Diesel engine can com¬ 
press tlie air to much greater pressures than the gaso¬ 
line engine can compress the fuel and air mixture 
without excessive detonation is due to several fa(;tors, 
among which, briefly, are the fuels used and the 
methods employed in combustion of the fuels. The 
gasoline air mixture present duiing compression in 
a gasoline engine is a highly combustible compouml 
and would ignite with very little heat of compres¬ 
sion. It is because of the presence of the fuel during 
the compression stroke that compression ratios of 
gasoline engines must be kept low. 

With the Diesel engine, air alone without a fuel 
mixture is compressed, and therefore there is nothing 
to pre-ignite. As the injection of the fuel oil is con¬ 
trolled by the timing of the injection pump, its igni¬ 
tion takes place only when it is desired and not be¬ 
fore. Complete combustion of the fuel is assured 
when all the fuel combines with the air; so there is 
always provided more air in the cylinder than is 
necessary to burn the measured charge of fuel oil. 

Since automotive Diesel engines are invariably 
high-speed engines, the true Diesel form of progres¬ 
sive, moderate-speed, constant-pressure combustion 
is never realized. The time permitted for tlie whole 
combustion process to take place in an engine 
operating at 1,800 r.p.m. is less than l/300th of a 
second. But in spite of this similarity to the 
gasoline enmne, because of the higher compression 
ratios possible and the excess air in the combustion 
chamber, the torque of the Diesel engine is more uni¬ 
form than the gasoline engine, and its ability to pull 
at low speeds is much greater. 

Further, a well-designed modern Diesel engine de¬ 
livers a greater proportion of the theoretical work 
value of its fuel than does the gasoline engine. Fuel, 
as we know, has a certain heat value, and heat is 
work; thus the Diesel is said to have the highei 
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thermal efficiency, which in terms of ordinary usage 
means that the Diesel turns more heat into power 
and wastes less in the cooling water and OTmaust 
gases. Thus the main advantage of the Diesel is its 
ability to operate at lower cost of fuel than a gasoline 
engine of equal power. This is a big saving where 
the engine is used under load for a number of hours 
a day, or where there are a great number of units 
operating daily. 

Plenty of air, turbulence, and atomizing or gasi¬ 
fying of the fuel charge are the major factors con¬ 
tributing to the complete combustion of the fuel 
charge in a Diesel engine. Combustion is also af¬ 
fect^ by timing, rate and duration of the fuel in¬ 
jection period^ the position of the spraying nozzle, 
the direction m which the fuel is sprayed, and the 
injection pressure, upon which depends the degree of 
atomization of the fuel and its penetration, and to 
some extent its distribution m the combustion 
chamber. 

Manufacturers of automotive-type Diesel engines 
employ different methods for handling fucjs, and a 
given injection equipment may be satisfactory for 
one type of engine and may not suit another type. 

Combustion chambers. There are three major 
classifications into which Diesel combustion cham¬ 
bers can be grouped: (1) the open-type chamber into 
which the fuel is sprayed directly and turbulence is 
created by the shape of the piston head or the design 
of the intake air ports, valve shrouding, or a scries 
of combinations; (2) the ante-chamber or turbulence 
chamber into which the fuel is injected and the entire 
charge is burned. This chamber, by its shape and 
the position and size of its openings into the cylinder, 
creates the high turbulence of the air on compres¬ 
sion stroke necessary to promote complete com¬ 
bustion: (3) the pre-combustion or mc-gasifying 
type. This chamber is a small ante-cnamber into 
wnich a portion of the air is compressed and a part 
of the fuel charge is burned. Its walls become 
heated so that additional fuel, as it is injected, be¬ 
comes heated, gasifies, and is exiielled into the main 
combustion space over the piston, where it burns. 
A great variety of oil three types are to be found in 
the modern automotive Diesel design. 

Fuel injection equipment^ for the Diesel engine 

consists mainly of a fuel injection pump and injec¬ 
tion nozzle or valve for each cylinder, and replaces the 
(carburetor of the gasoline engine; also performs the 
timing function of the electric ignition system. 
Not only is the speed and power controlled by the 
amount of fuel injected^ but the time of injection has 
a very important bearing on the efficiency and eco¬ 
nomical operation of the engine. 

Fuel iniectioQ pump. Automotive Diesel engines 
are usually provided with a separate fuel injection 

B for each cylinder and are grouped together, 
Qg a singje unit assembly. The reciprocating 
plunger type is in most general use, operated by 
cams on a shaft driven at half the speed of the 
engine crankshaft, in a similar manner to that of the 
ignition distributor on a four-cycle gasoline engine. 


The timing of the fuel pump to the position of the 
piston is very important; if too late in delivery of the 
fuel to the cylinders, a loss of power and overheating 
will result; if too early ^pre-ignition* will occur, re¬ 
sulting in knocking. The pressure at which the 
fuel is injected must, of course, be higher than the 
compression pressure. 

In one of the engines in the examples which fol¬ 
low, instead of there being an individual pump for 
each cylinder, a single vump^ by means of a rotary 
distributor, supplies oil to the injectors at a com¬ 
paratively low pressure, and a plunger in the 
mechanically operated injector forces the gasified 
charge into the combustion chamber. 

Governors of the centrifugal or vacuum type are 
usually employed to control the amount of fuel in¬ 
jected and thus control the maximum permissible 
speed, as well as idling or no-load speeds, of the 
engine.* 

Injection nozzles or valves are provided for each 
cylinder and are of two general types: open or 
closed type. The open-type nozzle usually is pro¬ 
vided with check valves ii*side the nozzle body to* 
stop the flow of fuel. These check valves are held 
closed by strong springs, which snap shut as soon 
as the injection pressure is released. The closed 
type contains a spring-loaded valve near or at the 
orifice. The fuel pump controls the injection of the 
open type; and a mechanical cam action, or hy¬ 
draulic action by the fuel pressure, controls the 
closed type. Nozzle orifices or holes can be classi¬ 
fied as single, mxdtiple, and pin typd. 

The term “automotive-type Diesel engine,*^ as the 
name implies, means that they are primarily de¬ 
signed for automotive service in trucks, truck trac¬ 
tors, or motorcoaches—in other words, for highway 
transportation service. Certain models may also 
be applicable for use in tractors, railcars, electrical 
and industrial machin(^ry, pumps, etc., and are de¬ 
signed primarily for this type of service rather than 
for highway transportation service. 

Examples of Diesel engines which follow are of 
the automotive, traidor, and industrial-power types; 
and the text and illustrations are compiled from 
literature of the manufacturers as of 1937. 

Specifications of Diesel and other heavy oil 
engines are given on jiage 1000. 


^Fuel injection pumps and other equipment for Diesel 
engines are made bv Ex-Cell-O Aircraft & Tool Corp., Detroit, 
Mich.; Timken Roller Bearing Co., Canton, Ohio; and United 
American Bosch Corp., Springfield, Mass. Literature free on 
request. 

* Pre-iraition may also be caused by “dribbling” or slight 
leaking of the fuel at the injector nozzle before piston is in cor¬ 
rect petition for the fuel injection, as a result usually, of small 

articles of carbon or grit getting under the injector vaJve seat,, 
olding valve oiwn. 

• Without such a governor the engine will race when the> 
throttle is wide open and no load is applied. The no-load or 
idling speed of the engine in automotive service, like the low- 
speed stop on a carburetor, is adjusted to prevent the engine 
from dying when it is running idle with closed throttle. 


WAUKESHA-RICARDO AUTOMOTIVE TYPE DIESEL ENGINES^ 


Models. Three models of the automotive-type 
six-cylinder Diesel engines are produced under 
Ricardo patents by the Wauke^a Motor Co.. 
Waukesha, Wis., namely, the Comet “6D-80.278,’^ 
the Century Comet “5DA-100-4fi2,“ and the Silver 
Comet “6DA-140-648.^^ The maximum horse-power 


rating of the “6D-80” is 80 at 2,500 r.p.m.; the 
“6DA-100'' is 100, and the “6DA-140’^ is 140, both 
at 2,200 r.p.m. 


4 Compiled from literature published by the manufacturer, 
as of 193^ 


RtmMimg Old Cars**—formerly on pagee 1023-1033-—has been deleted. 
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They can be classified as a full-Diesel, solid- 
injection, compression-ignition, four-stroke-cycle, 
overhead-vaJve type, and do not employ a carbure¬ 
tor or electrical ignition system. A glow plug* is 
sometimes used for startin^j in cold weather. Fuel 
injection is by means of individual reciprocating 
plunger pumps for each cylinder, contained in one 
unit, and separate injector nozzles for each cylinder. 

Specificatioas of automotive Diesel engines are given on 
page lf)(X). 



Fig. 1. Fuel-injection side ol the Waukcssha-Ricardo “Cen¬ 
tury Comet” Diesel engine. Names of parts: (1) solid-injec¬ 
tion fuel pump; (2) injector noszle (one for each cylinder);(8) 
fuel oil filters; (4) fuel simply pump; (5) electric uenerator; (<) 
electric starter: (7) stop lever connects by a pull wire to stop 
button on dash (shuts off fuel); ( 8 ) bracket to support stop 
wire tubing; (9) fuel strainer; (10) connection for fuel supply 
from fuel tank; (11) fuel connection from filter; (12) adjustable 
coupling between fuel pump and fuel pump-drive gear-shaft 
extension (fuel pump, which is driven gt camshaft speed, is 
timed for fuel delivery to the injectors by adjusting- this cou¬ 
pling) : (13) Waukesha variable*speed governor connection for 
foot acederator or hand throttle; (14) governor housing; (14A) 
jmvernor control-rod housini^ tube (rod connects to fu» rack). 
The intake and exhaust manifolds, water pump, oil cooler, and 
air compressor for air brakes is on the opposite side of this 
engine. 


Fig. 2. Front-end sectional view of the Waukesha-Ricardo 
“Century Comet” Diesel engine showing non-rocking, truncab^ 
cylinders* with renewable hardened-alloy “dry”-ty|^ cylinder 
sleeve or liner (L),five ring aluminum piston and Comet-type 
combustion chamber with insert. Names of parts: (1) Bosch 
fuel injection pump; (2) Bosch pintle'iype injector noesle; (16) 
glow plug for cold-weather starting; (16) full-pressure-lubrica¬ 
tion gear pump; (17) lubricating oil cooler. 


*The glow ping screws into the combustion chamber like a 
spark plug, and consists of a coil of niohrome resistance wire, 
which beats red hot when current is passed through it. In a 
six-cylinder engine, all six glow plugs are connected in series, 
and a special switch on the operator’s control panel connects 
them across the 24-volt starting battery. 

* The patented **truncated cylinder’* is supported by a flange 
that is located above the bottom of the cylinder barrel and as 
nearly opposite the point of maximum side-wall thrust as 
possible. The cylinder at the bottom eitends into the crank¬ 
case chamber. 



QUESTIONS AND ANSWERS ON DIESEL ENGINES 


In order to explain the advantages and principle 
of operation of an automotive-type Diesel engine, 
also of the Comet Diesel engines, we will use word¬ 
ing from a booklet entitled Catechism of the 
D^el Engine” published by the manufacturer. 

Ql. Is the Diesel engine something new? 

Ans.i No. It was invented and patented by Dr. 
Rudolph Diesel in 1892, and the first public showing 
of a practical endne was at the Mumch Exposition 
of 1898. It is the standard power for submarine 
surface cruising, and has lately been adopted for 
propulsion of modem motorsnips because of its 
reliability and safety. For years it has been used 
in isolate and central power plants. Modem re¬ 
finement has led to widespread use in commercial 
vehicles, small cruisers, and even in some aircraft. 

QB, What is a Diesel engine? 

Ans. : A Diesel en^e is an internal-combustion 
engine in which fuel is ignited by the heat of com¬ 


pression. A modern term of this engine is ‘^com- 
pressionAgnition engine” Any gas, when com¬ 
pressed, will become heated; in the Diesel engine 
the air drawn into the cylinder on the suction stroke 
is heated during the compression stroke to a tem¬ 
perature far higher than required to imite high¬ 
speed Diesel fuel oils. Thus, when fud oil is in¬ 
jected into the combustion chamber near the end 
of the compression stroke, it is promptly ignited by 
the heated air. Its combustion raises the tempera¬ 
ture still higher^ and expands the gases, formed in 
burning, to provide the power that moves the piston. 

Q3, What are the advantages of the Diesel over 
the gasoline engine? 

Ans.: A Diesel engine uses low-cost oils and, 
on account of the higher efficienev of its working 
cycle, bums them more economically than could be 
done in a carburetor engine, even if a satisfactory 
method of carbureting these heavy oils could be de¬ 
vised. In the average automotive installation, the 
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Diesel engine will perform the same work with about 
30-50 per oent/eti^e^ gallona of fuel than needed for 
a gasoline carburetor en^e. Assuming a Diesel 
oil cost of 6 cents per gallon and a gasoline cost of 
12 cents per gallon, a Diesel engine will perform the 
same duty as a gasoline engine with a saving in fuel 
costs of 60-75 per cent. But even with the gasoline 
and Diesel oil prices the same, the greater miles per 
gallon with Diesel oil will make fuel savings up to 
one-half certain. 

In performance the Diesel engine’s low-speed 
torque characteristics give it another advantage. 
If a sudden overload is thrown on a Diesel en^ne, 
its operating speed will not drop nearly as quickly 
as a gasoline engine’s; in other words, it will ‘‘hang 
on” and “lug” better. It is harder to “kill.” On 
a day’s run with a truck or bus negotiating moun¬ 
tains, hUls, and plains, this lugging ability piles up 
greater daily mileage and profits if the overloading 
is not continuous arid habitual. 

Q4. How does the fuel oil get into the engine if 
no carburetor is used? 

A ns.: The fuel oil is drawn from the tank either 
by a diaphragm-type fuel feed pump the same as 
used on modern carburetor engines or by a pump 
of the plunger type. In both cases, the fuel oil must 
pass tnrough a sediment trap and fine-mesh wire 
screen, which eliminate water and coarse impurities. 
From tliis delivery pump, which builds up a light 
pressure only, the fuel oil is forced through the fuel 
filter, described in answer 9, into the Bosch fuel injec¬ 
tion pump. 

The injection pump, described in detail in answer 
5, meters the fuel for each cylinder and builds up 
pressure sufficient to force open the fuel injection 
valves in the cylinder head. Through the fuel in¬ 
jection valves, the fuel oil is finely atomized and 
sprayed into tne combustion chamber. 

Qd. How does the fuel injection pump work? 


As the cam lifts the plunger, it covers the two 
ports (p) in the pump barrel so that the fuel is 
forced through the valve (106), to the delivery pip¬ 
ing, and to the nozzle, which sprays it into the en¬ 
gine. The delivery of fuel stops immediately the 
helical edge (B), Fig. 4, of the plunger (105a) un¬ 
covers the inlet port on the right, allowing the fuel 
remaining above the plunger to escape back to the 
delivery chamber. Thus, if the pump plunger is 
rotatedf and the plunger stroke remains the same, 
a varying amount of fuel trapped above the plunger 
is forced into the engine, depending upon the point 
at which the helical edge of the annular groove un¬ 
covers the right-hand port. 

All of the control sleeves are linked with a gear, 
to teeth cut into the control rod (107d), Fig. 3, pro¬ 
jecting through the pump body so that, when the 
control rod is moved by the throttle linkage, all of 
the plungem move in unison. I'his delivers to each 
cylinder, in turn, the exact amount of fuel that each 
other cylinder receives. See, also, legend under 
Fig. 4. 



BD.C. oi ini«.twa B.D'C End of injcciioo 


Startinf poiUIoQ Normal food poifltM Stop 

Fig. 4. Pump plunger shown in various positions in the 
pump barrel (lOSS), to illustrate the injection cycle of the 
Bosch fuel injection pump. Illustration (1) shove's the be- 

f jinning of delivery stroke; (t) end of fuel injection under full 
oad; (3 and 4) beginning of delivery stroke and end of injection 
under partial load; (6) position of plunger for stopping engine. 
Thus it will be seen that, by movement of the control rod 
(107d), Fig. 3, which is connected to the accelerator pedal, the 
amount of fuel injected can be varied to suit load requiremente. 
The maximum output of the pump is obtained when plunger 
(105a) is in position shown in (1). 


Ans.: The Bosch fuel injection pump employs 
individual reciprocating plunger-pump elements for 
each cylinder, as shown in Fig. 3. For a six- 
cylinder engine, six pump elements with a six-lobe 
operating camshaft and linkage are built together 
into one unit. The metering of the fuel qmnlities 
is done by changing the position of the helical 
groove in the pump plunger with respect to the port 
holes in the pump cylinder barrel. 

As* shown in Fig. 3 at the lowest position of the 
plunger, space (105b) in the pump barrel above the 
plunger (105a), is filled with fuel from the common 
delivery chamber in the pump housing. 


Fig. 3. Fttel-injection- 
pump element in section. 
Names of parts: (105a) pumn 
plunger; (l05b} pump barrel; 
(106) delivery valve and seat; 
(106c) valve spring; (107a} 
control sleeve; (107b) toothed 
quadrant; (107d) oontrol rod 
or rack; (p) ports in the 
pump barrd. A sectional 
view of the fuel pump and 
the cam which operates the 
plungers can be seen in Fig. 2 
at (1); also Fig. 6. 


106 c 


Wb . 




pump housing; (102a) cam integral 

. 


with camshaft: (104) 


plunger tappet; (iOOa) plunger; (l50b) cylinder barrel; (i05c) 
fuel relief helix on plunger; (lOOd) plunger spring; (106) dis¬ 
charge valve; (106c) discharge valve spring; (lOra) plunger 
control sleeve; (107b) toothed quadrant clamped to sleeve; 
(107d) fuel oontrol rod. 

Q6A. How is the speed of engine controlled? 

Ans.: Maximum engine speeds are controlled by 
a centrifugal governor built into the en^ne, in some 
cases, or by a vacuum governor built into tlie fuel 
pump, in others. When the maximum speed of the 

'*RtmodtHng Old Cart **—formerly on pages 1023-1033—has been deleted. 
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engine is reached, action of the governor moves the 
control rod (107d), Fig. 5, in the direction which re¬ 
duces fuel delivery. 

The operation of the accelerator pedal or hand 
throttle acts upon the same control rod but is inde- 
ndent of the governor. All intermediate speeds 
tween idling speed and top governed speed re¬ 
spond to these manual operations. 

A eiop on the governor prevents a complete shut 
down and fixes the idling speedy at a pre-determined 
rate. 

Q6B. How are the fuel injection pump plungers 
timed to deliver the fuel at the correct time? 

Ans .: Owing to the controlled turbulence in the 
Comet combustion chamber, which increases in vio¬ 
lence as the engine speed increases, no advance or 
retard is required on the fuel pump to compensate 
for increase or decrease in engine speed. Comet- 
type combustion chambers are self-compensating in 
this respect, and fuel-pump timing is not variable. 


operatedy spring-loaded needle valve (G). The spray 
nozzle is the so-called pintle type '*—that means that 
the fuel is sprayed tliough a single orificQ 1/16" 
or larger, in which the point of the injection needle 
(G) works up and down. This type of spray nozzle 
practically eliminates clogging with dirt or carbon. 

Q9. How is the fuel filtered in a Comet Diesel 
engine? 

Ans.: The filter for fuel oils is the radial flow 
filter. It consists of one element only, with a flow 
and straining capacity many times greater than 
the maximum requirements of the engine itself. 

The filtering unit is a welded steel shell packed with ordinar;)r 
white-cotton machinist’s waste, held in a cage with large ori¬ 
fices at the entrance, and having a very fine metallic screen with 
openings of 0.010" at the exit. Owing to its large capacity to 
collect and retain foreign particles through the unusual affinity 
for them possessed by the oily waste, servicing is required only 
at long intervals. The element i tselt is of such i nexpensive and 
common material as to be available in any locality. This filter 
is a product of the Waukesah Research Department. 

QIO. How often should the fuel filter be cleaned? 


QO. What are the injection pressures? 

Ans.: The spring in the fuel injection valve is 
adjusted to open with an oil pressure of 1,250 lb. per 
square inch at the nozzle tip. This is considered! a 
very low injection pressure, and it is possible in 
Comet Diesels because the high air turbulence in the 
combustion chamber will accomplish a thorough 
mixture of fuel and air, even at low injection pres¬ 
sures. 

Q7. What is the life of the injection equipment? 


Ans.: The frequency of cleaning the fuel filter 
depends upon the care used in handling the fuel oil, 
the clcanhness of the storage containers, and the 
condition of the oil itself with respect to foreign 
bodies. When using an extremely dirty fuel oil, it 
will be necessary to remove and renew the w^aste 
filter element oftener than otherwise. 

In ordinary service, a weekly inspection at first is all that is 
nece.ssary, from which the frequency of cleaning ran be deter¬ 
mined by the condition of the waste element. Vvi(/i clean fuels, 
carefully handled, it is entirely possible that renewal may not 
be required more frequently than once a month. 


Ans .: The life of the fuel injection equipment de¬ 
pends, to a large extent, on the pressures to which 
it is subjected and on tne grade and cleanliness of 
the fuel oil used. Careful filtering of the fuel oil, 
together with the low injection pressures, will give 
the injection pump and valve a maximum span of 
life. 

Cases are not unusual where Waukesha oil engines have been 
operated for 10,000 hours or longer without any repairs or 
difficulty whatever with the injection equipment. 

Q8. What type of nozzle or injection valve is 
used? 

Ans.: The Bosch fuel nozzle or injection valve 
used in each cylinder of the Comet Diesel engine is 
illustrated in section in Fig. 6. It is a hydraulically 



Fig. 6. Sectional view of the 
nozzle holder with a “pintle- 
type” nozzle. The injector or 
nozzle valve are the parts (B) 
and (D). Name$ of parts are: 
(A) fuel-overflow return; (B) 
nozzle valve spring; (C) main 
fuel supply; (D) free-fitting 
nozzle valve stem (the valve it¬ 
self, [G], is a separate part, the 
upper end of which telescopes 
into the stem [D]); fuel 
passage to nozzle tip: (F) large 
aingle^pray hole; (Ch noz^e 
valve with pintle tip; (H) nozzle 
body (the valve and body are a 
lapi^ fit). 


Qll. What are the outstanding characteristics 
of the Waukesha-Ricardo Comet Diesel? 

Ans.: The combustion chamber is the chief 
difference. Figure 2 shows the complete engine in 
cross-section^ with the spherical combustion chamber 
in the head just to the left and above the cylinder 
block. The chamber itself is split, the upper half 
being formed in the head casting while the lower 
half is a removable insert which contains the outlet 
and throat. 

The compact shape and disposition of the metal 
permits the chamber to retain a large portion of heat 
absorbed during each combustion, and to give it 
back to each succeeding charge of air durfhg com¬ 
pression. The comparatively large section of metal 
surrounding the outlet prevents heat loss during the 
expansion of the burned gases into the cylinder on 
the power stroke. This is one of Ricardo’s patented 
features. It is not a pre-combustion chamber en¬ 
gine because all of the charge is burned in this cham¬ 
ber, and not just a portion of it. See Fig. 7. 
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Injection and combustion Injection and combustion 

progresses. nearly completed. 



Injection finished —nozzle Power stroke nearly fin- 
closed -piston descending. ished—burning ceased. 


Fig. 7. Illustrations showing the combustion sequence with 
the Cornet type combustion chamber. Aa ahow’n, the piston 
very nearly touches the cylinder head at the top of its stroke, 
so that more than 80 per cent of the intake air is forced into the 
chamber through the tangential opening. This creates a high 
degree of controlled turbulence, as indicated by the arrows, the 
effect of which is to sweep from the nozzle tip each atom of fuel 
as rapidly as it is injected, and to expose succeeding atoms to a 
fresh supply of air. Thu.s the flame progrt^es in an orderly 
manner throughout the entire period of injection. The smooth¬ 
ness of operation of any engine dei^ends upon this type of 
prompt and orderly combustion. Another most important 
feature of this combustion chamber is the fact that, as the 
speed of the engine increases, the rate of rotation of the air 
swirl is proportionately increased, so that higher speeds are 
possible with smooth, clean combastion. 

Q12. Is the Comet Diesel easy-starting? 

Ans.\ Yes. Even in cold wcatlier, which is a 
critical test for compression-ignition engines. It 
starts promptly and, owing to the isolated combus¬ 
tion chamber, comes up to operating temi)erature 
quickly. To facilitate cold-weather starting, an 
electric glow plug resembling a spark plug, shown 
in Figs. 2 and 7, projects into the side of the com- 
l)ustion chamber and is connected to a manually 
controlled indicating switch, to be used when start¬ 
ing. The pre-heating of the glow plug adds heat to 
the initial normal heat of compression while the 
starting motor is in service and saves the energy of 
the battery by insuring a prompt start. 

A S4-voU starting motor of ample capacity to crank and start 
the engine even in the coldest weather is part of the regular 
equipment. 

Q18. If a 24-yolt starting motor is furnished, are 
glow plugs necessary? 

Am .: The use of glow plugs seems illogical in an 
engine which is supposed to generate enough com¬ 
pression heat for the ignition of the fuel oil. How¬ 
ever, aU Diesel engines are harder to crank than 
gasoline engines, on account of their high compres¬ 
sion pressures. They require heavier batteries and 
more powerful starting motors The Comet Diesel 
will start without the use of glow plugs in most cases, 
but with the glow plugs it will start much quicker 
and easier under all conditions. 


This conserves the battery and electrical units: thus it ia actually 
an economy to use them at all times. The ipow plugs are used 
in starting only, and are disconnected as soon as the engine 
starts. 

Q14^. What fuels can a Comet Diesel bum? 

Am.: With the widespread use of automotive 
Diesel engines, oil refiners everywhere have de¬ 
veloped fuel oils which are generally available and 
suitable. Comet Diesels wul use, with the same 
degree of satisfaction, the same fuels which are used 
by other automotive Diesels operating under the 
same conditions. All Diesel engmes, and particular¬ 
ly high-speed Diesel engines, must have clean re¬ 
fined oils free from impurities (such as gums, acids, 
or sulphur) for the best results. Bimker oils and 
unrefined crudes will damage the injection equipment 
and finely finished parts of any modern Diesel 
engine. 

Comet DIrhcIs should be operat/od with clean, refined fuel oils 
free from grit, low in sulphur, gum, acid, and carbon, and hav¬ 
ing a viscosity of 35-70 seconds, Saybolt, at 100° F. 

QIS. What pressures occur in the Comet Diesel? 

Ans.: The compression pressure is about 550 lb. 
r square inch, while the combustion pressure varies 
tween 600 and 750 lb. per square inch. 

Q16. Are there any special lubrication difficulties 
inherent with Diesel operation? 

Ans .: It is a well-known fact that the crankcase 
lubrication oil in all Diesel and oil engines is con¬ 
taminated by sludge and carbon much more rapidly 
than is the case with gasoline engines. For this 
reason the conventional types of lubricating oil 
filters suitable for gasoline engines are not so satis¬ 
factory for Diesel engines. The lubricating oil filter 
of the (hornet Diesel was developed for this engine, 
and maintains the crankc.asc oil clean and free from 
sludge. 

In this filter, the lubricating oil is forced through cartridges 
filled with ordinary cotton wjuste such as that us^ for wiping 
machinery. Every time the lubricating oil needs changing, the 
dirty waste is taken out and replaced, at an expense of only a 
few cents. 

QI7. Why does a Diesel engine cost more than 
a gasoline engine? 

Am.: In the first place, there is more expensive 
material in it and more of it. In the second place, 
the fuel-injection apparatus at the present time is 
more expensive than the parts which it replaces in 
a gasoline engine—i-the carburetor, the distributer, 
and the coil. Third, quantity production on all 
special Diesel parts has not reached the point where 
the economies possible and available to gasoline 
engines can be realized. Diesel engines today cost 
no more than the equivalent gasoline en^es did 
before quantity production methods had been ap¬ 
plied to their manufacture. 

Q18. How is the Comet Diesel engine checked for 
condition? Can a compression and vacuum gauge 
be used as on a gasoline engine? 

Am.: A compression gauge with sufficient ca- 

S acity to test the compression pressure of a Comet 
)iesel engine is a useful instrument but rather ex¬ 
pensive. A vacuum gauge is of no value because its 
reading means nothing so far as a Diesel engine’s 
performance is concerned. Although testing by 
means of a compression gauge, testing by hand 
cranking, and testing one cylinder at the time and 
leaving tne injectors out of the other cylinders would 
be satisfactory, the following method is more gen¬ 
erally employed. If an automotive Diesel engine is 
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operaiing badly —missing, smoking, lacking in power, 
overheating, and rougn —apply the foiling tests 
(the engine ninning idle at 8(X)-1,000 r.p.m.).^ 

(o) To locaU the cylinder which ia tniaaino while the engine ia 
running, looeea the fuel line at each iiueotor, one at a time, the 
same as testing for a missing spark plug by shorting out each 
plug. Cylinders that are firing will pause a drop in engine 
speed when the fuel line nut is loosened. The cylinder which is 
missing will cause no drop in speed. 

(b) If amokino ia excessive, with the engine running idle, it is 
probably due to late timing of the fuel pump. Check the tim¬ 
ing to make sure that the coupling has not slipped. If smoking 
is severe at full load, and the pump timing is correct, adjust the 
fuel stop on the fuel pump so that less fuel will be fed. Smoking 
is always an indication of incomplete combustion and a fore¬ 
runner of certain trouble. Smoking can be caused by an injec¬ 
tion nossle which does not seat and which drips fuel. If the 
smoking stops when a test is made by loosening the fuel line 
nuts, as for locating a missing cylinder, it is a pretty certain 
indication that the fuel nossle in that cylinder needs cleaning. 

(c) Loss of power, accompanied by missing, can be determined 
by locating the cylinder which is not firing. If excessive blow- 
by is indicated, either by a large amount of fuel oil accumulat¬ 
ing about the breather or by observation with the engine operat¬ 
ing slowly, it is a sign of stuck rings or a scored cylinder. To 
determine which cynnder is the offender, remove the fan belt 
so that the engine does not operate in a breeze, run it slowly, 
and proceed as in testing for a cylinder which is missing, watch¬ 
ing the breather as each injection line is opened. The cylinder 
which gives trouble will create a decided puff of vapor and 
smoke at the breather each time it fires, and this will stop when 
the injection line for that cylinder is broken. 


(d) An engine that ia overheating will usually be found to have 
plugged, dirty, and dribbling injectors with considerable after- 
burning or late pump timini|. ^move the injectors and clean 
them, and check the pump timing to make sure that the eou- 
pling has not slipped. 

(s) An engine using a proper grade of fuel oil,* with a cefane 
rating* of 65 or heUer, that rune with exceeaive roughneee and 
possibly sharp pinging should be suspected of having too much 
advance in the timing of the fuel pump, too little water circu¬ 
lation, and cooling, or possibly one cylinder missing, which 
throws excessive load on the remaining cylinders which are in 
operation. Check the pump timing; check for a missing cylin¬ 
der as in fa); check the water temperature—it should be be¬ 
tween 17(r and 190®—and check for a weak cylinder by ob¬ 
serving the “blow-by” through the breather. 


' The pyrometer, consisting of a thermocouple and millivolt- 
meter, is sometimes used in the laboratory for checking the 
exhaust temperature of each cylinder; the temperature indicating 
if the fuel pumps are correctly timed and delivering equal 
quantities of fuel to each cylinder. In testing large stationary 
engines, this is a common method of determining the condition 
and adjustment of the engine. 

3 Literature on this subject can be obtained by writinfjr t^ 
the fuel-oil sales department of almost any large lubrioating- 
oil concern. 

> Cetane is a number designating the ignition properties of a 
Diesel fuel. The higher the cetane number, the lower the 
temperature at which it will ignite, and consequently, the lower 
the engine compression-ratio required to secure smooth and 
efficient engine operation. 


HERCULES AUTOMOTIVE-TYPE DIESEL ENGINES' 


Models. Four models of the automotive-tyfxj six- 
cylinder Diesel enpnes are produced by the llercules 
Motors Corporation, Canton, Ohio, namely, the 
models DJXB, DJXC, DRXB, and DHXB. The 
maximum horse-power rating of the DJXB is 77 
and of the DJXC is 83, both at 2,600 r.p.m. The 
DRXB is 120 h-p. at 2,000 r.p.m., and the DHXB 
is 160 h-p., at 1,600 r.p.m. 

They can be classified as a fuU-Diescl, solid- 
injection, compression-ignition, four-stroke-cyclc, 
overhead-valve type, and do not employ a carbure¬ 
tor or electrical ignition sj’stem. A glow plug may 
be used as special equipment for starting in cold 
weather. Fuel injection is by means of individual 
reciprocating plunger pumps for each cylinder, con¬ 
tained in one unit, and separate injector nozzles for 
each cylinder. 



Pig. 1 . Fuel-injection-pump side of the Hercules “DJX" 
Di^l engine. Names of pahs: ( 1 ) fan bracket with belt 
adjustment; (S) breather and oil filler pipe; (S) fuel pump 
drive bearing housing; (4) coupling for connecting fuel iiuection 
pump to enmne drive (also proviaes a means of adjusting the 
time the fu^ pump delivers the fuel to the iiyector noszles, by 
means of graduation marks on the coupling flanges. The fuel 
pump is dnven at half engine crankshaft speed); ( 6 ) vacuum 
governor housing (internally, the vacuum governor is provided 

Remodeling Old Cars*' —f<ffmmrly c 


with a diaphragm which ia connected to the injection pump con¬ 
trol rod. The diaphragm is actuated by the vacuum created in 
the flexible connection hose through (a] the velocity of air 
passing from the air cleaner through the venturi into the intake 
manifold at butterfly positions other than idle, [ 6 ] the vacuum 
created being due to restriction of air by almost closed butter¬ 
fly valve in venturi assembly in idling position. This vacuum, 
and in turn the engine speed, is controlled by means of a butter¬ 
fly valve in the venturi passage. The butterfly throttle valve 
lever (14] is connected with a foot control on floor board of 
trucks, or hand lever for industrial applications; ( 6 ) governor 
stop lever—-connected with the fuel control rod of the injection 
pump (by means of this lever, the control rod can be moved into 
Its stop position, shutting off the fuel, and the engine will come 
to a dead .stop); ( 6 a) fum check valves—returns fuel, which is 
not injected into engine, back to the fuel tank; (7) Bosch 
model PK-6A65 fuel injection pump; (8) fuel delivery tube from 
fuel pump to injection nozzle (one for each cylinder); (9) fuel 
inlet connection to injection nozzle; ( 10 ) fuel injector nozzle 
(one for each cylinder); ( 11 ) fuel inlet connection—connected 
with fuel strainer (not shown) usually mounted on dash board; 
( 12 ) fuel supply or transfer suction pump; ( 12 a) connects with 
fuel .strainer inlet connection; ( 12 b) connects with a second fuel 
strainer and finally to the fuel tank; ( 12 c) handpriminglever of 
transfer pump; (18) oil bayonet gauge of injection pump; (14) 
venturi butterfly throttle valve fever (see explanation m fO]) ; 
( 10 ) air cleaner—oil-bath type (connects with air intake mani¬ 
fold). 



Fig. 2 . Water pump, generator, and starting-motor sldo of 
the Hercules “DJX** Diesel engine. Names of partst (17) 
lubrication oil pressvu’e adjustment; (18) starter aefapter hous- 


^ Compiled from literature published by the manufacturer, as 
of 1937. 

. # 

pagee 1023-1()33—has been deleted. 
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ins on flywhael housing; (If) electric starting motor—12-volt, 
Bendix drive; (SO) electric generator—l2-yolt, 250-watt 
capacity; (SI) viscometer instrument for lubricating oil; (28) 
generator coupling; (S8) water pump; (84) lubricating oil 
nltrator body: (So) removable shell and filter element; (26) 
drain plug of lubricating oil filtrator (items 17, 24, 25, and 26 
belong to lubricating oilfiltrator assembly). 



Fig. 3. Front-end sectional view of the Hercules “DJX” 
Diesel engine. Names of parts; (6a) connection on governor 
housing (or governor vacuum tube leading from (5c); (6b) 
governor or idling-speed adjustment screw; (4a) fuel injection 
pump shaft—connects with coupling and engine drive; (6) 
engine stop lever—connected to instrument panel; (7) fuel in¬ 
jection pump; (9) fuel inlet connection to injection nozzle: (10) 
fuel injector nozzle; (10a) spherical-shaped combustion cham¬ 
ber; (10b) aperture plug—used when glow plug Is not applied; 
(18) fuel supply or transfer suction pump; USa) connects with 
fuel-strainer inlet connection; (12c) hand priming lever of 


transfer pump; (IS) oil bayonet gauge of fuel injection pump; 
(14) venturi butterfly throttle valve lever; (16) air cleaner; (17) 
lubrication oil pressure adjustment; (21) viscometer instrument 
for lubricating oil; (2Sa) water inlet pipe; (24) 1 ubricating oil 
filtrator body; (26) drain plug of filtrator; (28) engine camshaft 
and cam which operates valve push rod (P), rocker arm (36) and 
valve (V'); (29) gear-type high-pressure oil pump; (80) oil- 
pump baffle shell; (81) oil-pump cover—intake suction for high- 
pressure pump; (82) oil-strainer screen; (38) oil bayonet gauge; 
(84) water-outlet manifold; (86) valve rocker arm; (86) ex¬ 
haust manifold; (87) piston. 


Controls on Instrument Panel 

The instrument-panel controls; with certain appli¬ 
cations the parts may vary. 

1 . Starter push-button switch. Operates a magnetic switch 
which closes the circuit between the battery and starting 
motor, which engages the Bendix drive with the flywheel and 
starts cranking the engine. 

2 . Stop control. To stop engine, unlock the hand lever on in¬ 
strument panel by turning counterclockwise, and pull out. 
This connects with lever ( 6 ), Fig. 1, and locks governor in 
position where fuel pumps have no effective stroke, thereby 
shutting off fuel. This lever moves the injection-pump cpn- 
trol roa to the position preventing pressure being developed 
on the fuel oil; there is no injection. 

3. Throttle or butterfly valve control. This hand lever on the 
instrument panel controls the butterfly valve in the venturi 
housing leading from the air cleaner to the air intake mani¬ 
fold at lever (14), which increases or decreases the vacuum 
to control the vacuum governor, which, in turn, controls the 
engine speed. The amount of vacuum affects the position 
of the governor diaphragm, thereby determining the amount 
of fuel injected per stroke of pump, and therefore the speed 
of the engine. See page 1028, item 5, for further explanation 
of the vacuum governor. 

4. Ammeter. Shows the generator charging rate. 

5. Oil-pressure gauge. The pressure at full speed should be 
around 30-45 pounds. 

6 . Visco Meter. Indicates the viscosity of the oil just before 
entering main bearings. It reads, starting at the left, "low,” 
“normal,” and “high.” Pressure gauges ^ow only the pres¬ 
sure at which the oil is flowing, and the viscrisity of the oil in 
the engine at crankcase temperature must be assumed. The 
Visco Meter gauge will allow the operator to select an oil 
which is particularly suited to his type of service. 

7. Accelerator pedal connects with lever (14), Fig, 1. 

Specifications of automotive Diesel engines are given on 

page 1000. 


THE DIESEL FOUU-STKOKE CYCLE 


The basic principle of the Diesel type of engine 

can best be understood by comparing the action of 
the four-stroke-cycle Diesel engine with that of the 
four-stroke-cycle gasoline engine. The reader should, 
therefore, turn to pages 31-33 of this book and 
study the four-stroke-cycle principle of the gasoline 
engine before proceeding with the Diesel engine 
explanation. 

Controlled combustion. The Hercules Diesel 
method of mixing the fuel with th6 compressed air 
in the cylinder is explained under ^‘Fuel Injection,” 
This method, explained under the four-stroke-cycle 
explanation, prepares the fuel for clean, complete 
combustion; anci, in addition, controls the burning 
of the mixture so that the force of the expanding 
gases is converted into useful work. 

The illustrations, Figs. 4, 5, 6 and 7, show the 
functions of the four strokes or the Hercules Diesel 
four-stroke-cycle engine. (Figure X shows the in¬ 
jection of the fuel.) 

Intake stroke. Air only is drawn through the 
open air intake valve into the cylinder as the piston 
travels downward. 



Fig. 4. Intake stroke. I'ig. 5. Compression stroke. 


Compression stroke. Intake and exhaust valves 
are both closed. Piston travels upwardy and the air 
that was drawn into the cylinder on the intake stroke 
is now being compressed. Note spherical-shaped 
combustion chamber opening into cylinder. During 
compression, air rushes through the opening into 
the chamber and is set into a whirling motion of 
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constantly increasing velocity. Meanwhile, as a re¬ 
sult of the compression, the air is becoming heated 
to a temperature higher than the ignition point of 
the fuel soon to be injected. 

Fuel injection. This is not a full-stroke operation 
(see Fig. X). Fuel injection occurs at approxi¬ 
mately the end of the compression stroke and the 
beginning of the power or expansion stroke. While 
the piston is traveling on its compression stroke from 
approximately 18® before top center, injection bemns 
and the fine fuel mist mixes with the whirling, hot, 
compressed air in the combustion chamber. At ap¬ 
proximately 10® before top center, this air is so high 
in temperature that the fuel mist ignites and burns. 
Injection continues until the piston is approximately 
14^ past top center, and at 20® past top center com¬ 
bustion is completed. 



In order to insure rapid and complete mixture of 
the fuel’ll particles with the oxygen in the air, a very 
rapid and violent turbulence of the air is necessary in 
the combustion chamber at the time of burning the 
oil. In the Hercules Diesel engine the peri(^ of 
fuel injection is the period of greatest turbulence. 
The patented pre-combustion chamber is spherical 
in shape, and it has a tangential passageway opening 
into the side of the cylinder. As the pistgp reaches 
the end of its travel—it closes the connecting passage 


way, thereby forcing the air through the aperture of 
reduced area with what might be termed “cyclonic 
velocity.” 

The tiipe at which the injection begins is controlled 
by the timing of the fuel pump. The power de¬ 
veloped by the engine is regulated by the quantity 
of fuel injected at each stroke of the fuel pump, and 
the quantity is regulated through the action of the 
governor, which lengthens, or shortens, the duration 
of fuel injection. 



Fig. 6. Expansion or power stroke. Fig. 7. Exhaust stroke. 


Expansion or power stroke. The rapid rise in 
temperature of the gases duo to buiaiing of the oil 
causes them to expand, which is the power-creating 
force. As the only movable part in the cylinder is 
the piston^ these expanding gases push it downward, 
and this downward force is transmitted through the 
piston pin and connecting roil to the crankshaft, 
where tnis force is converted to rotary motion and 
useful work. 

Exhaust stroke. Piston travels upward. The 
exhaust valve is now open, and the exhaust gases 
are expelled through the exhaust valve the same as 
in a gasoline engine. 

The intake valve opens about the time the piston reaches 
top center, and a new cycle is begun as described above. 


CUMMINS AUTOMOTIVE-TYPE DIESEL ENGINES' 


Models. Two models of the “H” series of auto¬ 
motive type Diesel engines are produced by the 
Cummins Engine Co., Columbus, Indiana, namely, 
the HB-4, a four-cylinder, and the HB-fi, a six- 
cylinder engine. The maximum horse-pwDwer rating 
of the HB-4 is 100 and of the HB-6 is 150, both at 
1,800 r.p.m. maximum. 



surplus fuel to fuel-pump float chamber; (3) air compressor for 
air brakes; (i) governor which controls high and low speed; 
(5) fuel pump; (5) lubricating oil pump, gear type, for the full- 
force feed lubrication system of the engine; (7) lower cam 
rooker bousing for push rods; (8) compression relief handle for 
starting in case battery runs down (holds intake valves open 
in order that engine may be turned over without turning against 
compression); (9) cylinder bead; (10) upper rocker-arm nous¬ 
ing; (11) priming needle valve by-paasing the metering plunger, 
in order to prime or bleed injection lines with hand prinTmg 
pump, when engine is not running (never attempt to run engine 
with this valve open ); (12) air chamber above gear pressure pump, 
to take the pump pulsations out of the head pressure above 
metering plunger; (18) chain, coupling sprocket on the fuel 
pump with sprocket on the air compressor (air compressor 
driven from engine timing gears); (S) starting shaft extension. 

They can be classified as a full-Diesel, solid in- 
iection, compression-ignition, four-stroke-cycle, over¬ 
head-valve type, and do not employ a carburetor or 
electrical ignition system. Fuel injection is by 
means of a single low-pressure reciprocating valve- 
less fuel pump of the plunger type and a rotary dis¬ 
tributor for all cylinders, and separate injectors 
mechanically operated for each cylinder. 

Specification! of automotive Diesel engines are given on 
page KXX). 


1 Compiled from literature published by the n^mufaoturer, 
ui of 1037. 


^'RsmodsHng Old Cars **—formerly on pagee 1028-1088—hai been deleted. 
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Fig. 2. Generator and starting-motor side of Cummins 
Model HB-6 Diesel engine. Names of parts: (1) electric gen¬ 
erator, 12- (or 24-) volt, 2r)0-watt capacity standard (4(K)- and 
750-watt optional); (2) electric starting motor, 24-volt; (3) oil 
filler (breather cap); (4) fan and water-pump drive belts; (6) 
water-pump centrifupl type with fan on opposite end of the 
shaft driven by double V-belts (the water pump is of the pack¬ 
less type with three points for grease lubrication every .'>,000 
miles); (6) water manifold; (7) air intake manifold (.supplies 
air from atmosphere through an air cleaner to the air intake 
valve [has no butterfly; la wide ojicn at all times); (8) exhaust 
manifold; (9) drain plug for cooling system; (10) lubricating oil 
filter of the filtering bug type. 



Fig. 3. Front-tnd view of engine showing the lubricating 
oil gear pump and the full-force feed lubrication leads to cam¬ 
shaft, valve rocker levers, main and connecting rod bearings, 
piston pin, etc. On some engines the filter is located in the base. 



Fig. 8A (left). Renewable cylinder sleeves or liners of the 
'*wet type.'* They are held in place by the cylinder head and 
are made water at the bottom of the sleeve by three end- 
leii rubber paoldng rings. Can be removed with a puller. 


Fig. 3B (right). Cup wiper. Purpose is to give better com¬ 
bustion and to ^event carbon from forming on the end of the 
sprav nozzle. The wiper does not make contact with the 
nozzle. During compression stroke, the cup becomes charged 
with air at approximately the same pressure as exists in the 
cylinder. As the piston clesceuds on power stroke, the pressure 
within the cylinder decreases, owing to expansion. Finally, 
the pressure drops to a value less than the pressure within toe 
wiper cup (the pressure within cup does not drop so rapidly 
on account of the restriction of the small hole). At this time 
the air rushes out of the wiper cim and is directed toward the 
end of the spray nozzle, thereby effecting a cleaning and cooling 
action. 



Fig. 3C. Typical fuel-piping diagram for a single fuel-tank 
installation. When filling the fuel tank, precaution should be 
used to prevent dirt, water, or lint from going into the tank. 
If the fuel line connections axe removed from the fuel pump, 
they should be washed clean before reinstalling, to prevent 
any dirt from entering the pump. Instrument-broad equip¬ 
ment consists of hand priming pump, emergency pull button, 
lubricating-oil pressure gauge, and fuel-oil pressure gauge. 


Fuel Distribution System 

The Cummins fuel distribution system can be 
compared with that of a modern ignition distributor 
system, Fig. 4, where one coil supplies current for 
the several spark plugs in the different cylinders. 


Fig. 4. A simplified illus¬ 
tration of the Cummins fuel 
distribution system consisting 
of a single plunger, valvoless 
fuel pump, and distributor 
disk, accurately metering and 
delivering the fuel charge to 
all injectors alike. 



The fuel pump assembly (4 and 6), Fig. 1, is 
divided into five separate units, as follows: governor 
assembly, distributor housing, fuel metering plunger 
ptimp,*gear pressure pump, gear suction pump, and 
the float chamber assembly. 

The governor is of the flyball or centrifugal type. 
Its duty is to keep the engine idling at the slow- 
speed point (450-500 r.p.m.) and to prevent over- 
speeding above the rated speed of the engine. 

Control. From idling to the maximum speed of 
engine (1,800 r.p.m.), the engine is in control of the 
foot throttle or accelerator which connects with the 
control link (J), Fig. 5. 

The speed and load output of the engine are deter¬ 
mined by the amount of travel of the fuel metering 
plunger (F), Fig. 5, which is directly controlled by 
the governor and throttle. 

The amount of fuel which will be delivered to the 
injector is contrdled by the travel or stroke of the 
fuel metering plunger (F). Therefore, by varying 
amount of travel of (F), various engine speeds and 
load conditions can be taken care of. 

To vary ond control the travel, it is only necessary to change 
the |>osition of lever (K) on the cam roclcer lever (P). When 
(K) is at neutral position (Z) on (P), there is no travel on 
vertical lever (K) or on the fuel metering plunger (F); oqpse- 
gently, no fuel is going to the injector. If the vertical lever 
(&) is moved toward position (Y). the travel of the fuel metering 
plunger (P) is sufficient to give full speed and load to the engine. 
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Distributor* Above the meterine plunger (F), 
Fig. 5, in the distributor housing is located the dis- 
tribtUor disk (DS), working against the distribxUor- 
disk cover (DD) through spring tension (T). The 
distributor operation is explained as follows. 

The disk and cover are drilled with a series of 
holes so tha^ when properly indexed for admission. 
as shown in Fig. 5A, th^ form a passage for the fuel 
from the fuel jpump (L) to the metering plunger 
chamber. While in this position, the metering 
pump plunger (F) is moving down on its intake 
stroke, and the pump chamber is charged with fuel. 
The rotating disk (DS) turns; and a discharge hole 
in the rotating disk matches, or indexes with, a series 
of holes in the distributor disk cover (DD), Fig. 5. 
While the disk is in this position, the fuel metering 
pump plunger (F) is operated by the cam (O) 
through the cam rocker lever (P) and lever (K), and 
fuel is discharged at about 100 lb. pressure through 
pipe (D) and check valve (I) into the injector. This 
action occurs during the intake stroke. 

There are a set of admission and discharge holes in the die- 
tribuior disk (DS) and cover (DD) for each cylinder of the engine. 
Therefore, the fuel metering pliuiger (F) makes six strokes on 
a six-cylinder enonne, and four on a four-cylinder en^ne, to one 
turn of the distributor disk, during two revolutions o? the engine 
crankshaft. 

Fuel-supply suction pump of the gear type (not 
shown) draws fuel from the fuel tank and delivers 
it to a float chamber. The gear pressure pump (L) 
supplies a constant head of fuel to metering plunger 

(FV 


Fuel Injectipn 

The Cummins fuel-injection system is divided 
into three separate operations. First, the fuel 
charge is measured or metered at a low pressure and 
delivered to the injector. There it is yre-hmted and 
gasified by the heat of the compression and is then 
injected into the combustion chamber. The fuel injec¬ 
tion operation is explained as follows. 

The injector, Fig. 5, consists of a special forging 
with a properly fitted mechanically operated plunger 
(H). Mounted on the end of the injector boay (BB) 
is an outer injector cup (A), containing a small inner 
injector cup (B),‘ which seats on the end of the 
injector body (BB). 

Between the outer cup (A), at the lower end, and 
the inner cup (B) is a small annular space (C). A 
connecting hole (CC) to the annular space (C) leads 
up throu^ the injector body (BB) to the fuel line 
(p) from the distributor-disk housing cover (DD). 
This forms a passage from the fuel metering pump 
(F) to the annular space (C) in the cup assemblies 
(A and B). A series of small holes leads from the 
annular space (C) to the inner cup (B), and permits 
the fuel to pass into injector plunger chamber (E). 

On the inlet stroke of the engine, the fuel metering 
pump (F) forces a metered charge of fuel of the right 
amount for the load and speed of the engine into 
the annular space (C) between the inner and outer 
cup assemblies (A and B). 

^ Sold as assemblies only. 
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As the fuel line and the passage leading to the 
annular space (C) were already full of fuel from 
previous discharges of the metering pump, it natural¬ 
ly follows that any fuel added at the fuel-metering- 
pump end will push the same amount of fuel into 
the annular space (C). This will force the same 
amount through the small holes in the inner cup (B) 
into the inner chamber (E) under the plunger (H). 

The fuel lies in this inner chamber (E) through the 
compression stroke of the engine, and the heated 
compressed air is forced through the small spray 
holes (G) in the outer cup (A). The oil, being ex¬ 
posed to the heat and blasting of the compressed 
air, is broken up or gasified, 

A few degrees before top center on compression 
stroke, the mechanically operated plunger (H) starts 
down and the gasified fuel charge is driven out or 
injected into the cortibmiion chamber through holes 
(G), where it burns, clean and completely. 

A small check valve (I) is located in the lower end of the fuel 
passage in the injector body. This prevents the compression 
from blowing the fuel back and filling the lines with air. (An¬ 
other check valve is the fuel strainer connection.) 

Illustrations showing the delivery, gashing, and 
injection of fuel is explained in illustrations, Figs. 
6 - 9 . 



lever (P), Fig. 5, actuates the plunger (F), Fig. .5, and the 
metering plunger forces fuel to the injector at about 100 lb. 
per square inch pressure. 



Fig. 7. Plunger (R) is now shown at top poei- 

tion. Check valve (I) is closed. The correct amount of fuel 
is now in plunger chamber (C). Hot air from oompreseion (as 
the piston moves up on compression stroke) Is being forced through 
boles (0)t mixing with the fuel charge and forcing it into 
chamber (S). 



Fig. 8. Injection. Plunger (H) is moving down, driving 
gasified fuel charge into the combustion chamber. This action 
occurs just before the top of compression stroke at about 8® BTC. 



Fig. 9. Completion of injection. Plunger (H) is now 
seatra and injection finished, at which time tfie piston is do>\n 
on power or expansion stroke. The exhaust valve opens at 50° 
before BDC and remains open until 14° ATC on the next inlet 
stroke, driving the burned gases out of the cylinder. Owing 
to the complete combustion of the fuel in a Diesel engine, and 
the extent to which it is expanded, the exhaust temperature is 
considerably less than the exhaust of a gasoline engine. 


Miscellaneous Operating Instructions^ 

The valves in a Diesel are not subjected to tbe 
high tem})cratures that are emrountered in a gasoline 
engine; therefore longer life and less warping shouM 
result. The valves have a 30° seat with a 1/2"- 
diameter valve stem. If the valves show a good seat 
all around and are only slightly pitted, they should 
not be ground. 

These pits are small particles driven into the seat, and would 
appear again after a few hours run. Repeated grinding counts 
on the life of the valve and seat; so they should only be ground 
when found warped or leaking. The valve seat should be us 
narrow sis possible, as a narrow seat will catch less carbon and 
stand up much longer. 

The same thickness of gaskets between the cam 
rocker housing and the cylinder block should bo 
maintainedy as any variation in these gaskets will 
change the fuel injection timing. Always order from 
factory or distributor. 

Should the engine develop a weak cylinder; to 
test: Disconnect the fuel line running in the injector 


^ The following paragrapha 
the Cummins Engine Co. 


were taken from tbe manual of 


Note. See page 1034 for boat engine'nnd motor sled; other subjects formerly on this page have been deleted. 
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while engine is turning at speed of 700 or 800 r.p.m. 
The resiflt of thus depriving the ojrlinder of fuel is 
the same as if you should short circuit the spark 
plug of a gasoline engine. It prevents that evlinder 
from firing. If the cylinder is firing correctly, the 
engine will slow down perceptibly, which is an indi¬ 
cation that that cylinder is all right. Reconnect the 
fuel line and go to the next one and test in the same 
manner. When you reach the cylinder that is not 
firing correctly, the engine will not slow down but 
will maintain the speed it had before the connection 
was broken. 

This weak cylinder may be due to one or more of the following 
causes: (1) check valve leaking in injeetor or strainer connec¬ 
tion; (2) leaky or sticking intake or exhaust valves; (3) stickina 
injector ^plunger; (4) injector ipray noasle clogged up; (5) fuel 
strainer connection not tight or copper gasket mutilated. letting 
part of fuel charge leak away frond injector; (6) low compression 
caused by stuck rings. 

Starting instructions; (1) fill the radiator with 
clean water. Check and fill tne crankcase to high 
mark on the bayonet gauge. Always check oil 
level with engine stopped. An accurate check can¬ 
not be made with engine running; (2) pump up fuel 
pressure to 50 or 60 pounds with hand priming pump 
before engine is started; (3) pull the governor idling 
cmirol up to the running position and lock it; (4) 
when stariing engine in cold weather or new installa- 
tiony release or hold out the clutch, as this lightens 
the load on the starter; (5) engage hand-starting 
switch bv contacting firet position, pause one second, 
which allows starter pinion to engage with ring gear, 
then continue to starting position and hold there 
until engine fires. Then release switch. 

WARNING; Be sure not to hurry through the first position. 
4lIow time for starter pinion to properly engage with ring gear, 
30 that it will not damage gear teetn and spring. 

An emergency shut-off button in cab is hooked 
to the shut-off valve on the fuel pump, Fig. 3C. 
Pulling out on this button enables the operator to 
stop the engine should it run away owing to some 
mechanical failure or to the priming needle valve 
(11), Fig. 1, being left open. 

Do not fail to reopen this shut-off cock if ever used or the 
engine will not start after the necessary corrections have been 
made. It cannot be opened by the shut-off button. 

After starting engine, check the following: Lubri¬ 
cating oil pressure, fuel-oil pressure, generator 
charging. 

If engine should race intermittently without 
change of position of fuel throttle, it is an indication 
of air mfuel lines. If engine continues to act in this 
manner, there is a leak in the suction line to fuel 
pump. Correct this and pump the air out of lines. 

When starting the engine in cold weather, it 
should be warmed up slightly before a heavy load is 
thrown on it. This permits the lubricating oil to 
start circulating and will insure longer life and pre¬ 
vent any danger of scored sleeves or pistons. 

Starting—compression relief: Should the battery 
run down, the compression release may be used to 
help start the engine. 

Hold the oompreesion release open and start the engine 
spinning with the starter. When the engine has acquired the 


highest possible momentum, close the oompreesion relief and 
continue to hold the starter switch down. Unless the battery 
is too low, the engine should carry over compression and start. 

Priming the engine: When the engine is started 
for the first time, or after it has been overhauled, the 
fuel lines drained, or the fuel tank run dry, it will 
be necessary to prime the engine to remove all the 
air from the lines as follows: (1) disconnect all fuel 
lines at strainer connections (1), Fig. 1: (2) open 
needle valve (11) on the fuel pump; (3) turn the 
engine over by hand until the intake valve on No. 1 
cylinder starts to open. Continue to turn the engine 
over until the mark 1 and 6 PR (1 and 4 PR on four- 
cylinder engine) on the fan drive pulley rim comes 
to the center line mark on the gear housing; (4) work 
the hand priming pump until solid fuel appears at 
the broken connection; (5) reconnect fud line on 
cylinder just primed and give the primer one or two 
(no more) strokes; (6) turn the engine over until the 
next (PR) mark on the fan drive pulley comes up 
to the center line mark on the gear housing. This 
brings the cylinder listed next on the firing order 
chart to the correct position for priming. Work the 
hand pump as directed for No. 1 cylinder; (7) turn 
the engine over to the next (PR) mark, and prime the 
next cylinder listed on the firing order chart; (8) fol¬ 
low this procedure until all cylinders have been 
primed; (9) dose needle valve (11), Fig. 1, before 
starting engine. Never attempt to operate engine with 
this valve open. 

Note: Ouly one cylinder is in correct position to prime at a 
time, as only one intake valve is open at a time. 

Firing order: Six-cylinder, from fan end, right-hand rotation: 
X-5-3-d-2-4; left-hand rotation: l“4-2-^3-6; four-cylinder, 
from fan end, right-hand rotation: l-2^-3; left-hand rota¬ 
tion: 1—3—4-2, 


Things That Must Be Done Periodically 

(1) Examine rocker arm brackets to see if lubricating oil ia 
coming through; (2) readjust injector plungers; (3) clean screens 
in injector fuel connections; (4) drain water from air-brake 
tank and from fuel tank; (5) a small amount of kerosene applied 
to the exhaust valve stems occasionally keeps them free from 
gum and prevents sticking; (6) examine all bearings occasionally 
and keep them set up tight and with proper clearance; (7) ex¬ 
amine engine for water, lubricating oil, and fuel-oil leaks; (8) 
adjust v^ves; (9) drain and clean fuel-oil filter; (10) grind 
valves when necessary ; (11) clean screen in fuel pump. 


A Few DonHs 

1. Don't ream or lap injector plunger or hole. 

2. Don’t run the engine with loose bearings. 

3. Don’t clean injector cups except with drills furnished by 
the Cummins Engine Company. 

4. Don’t run engine with low lubricating oil pressure. 

5. Don’t use cheap or inferior grades of lubricating oil. 

6. Don’t run the engine too cold. Keep the water tempera¬ 
ture from 140° to 180° F. 

7. Don’t run the eiwne idle for long periods. Shut it off, 
unless it is working. Don’t operate at overload. 

8. Don’t operate on kerosene. 

9. Don’t use the engine as a brake in intermediate or low 

f ear on long grades in vehicular use. Eni^e is built to turn 
,800 r.p.m. maximum: and with the vsJude in low gear on 
a severe grade, it would turn muoh faster, which would be very 
dangerous to the engine. 


BUDA-LANOVA AUTOMOTIVE-TYPE DIESEL ENGINES^ 


Models. One four-cylinder. Model 4LI>-196, 49 
maximum horse-power at 2,400 r.p.m. and five six- 
cylinder models of the automotive-type Diesel 
engines are produced by the Buda Company, Har¬ 
vey, 111. The six-cylinder models are: 6LD-2f75, 72 


maximum horse-power, at 2,400 6LD-415, 

101 maximum horse-power, at 2,000 r.p.m.; 6LD- 
468, 113 maximum horse-power, at 2,000 r.p.m.; 

^ OoflB^ed frem literature published by the manufacturer, as 
of levf. 
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6LD-691, 130 maximum horse-power, at 1,600 
r.p.m.; 6LD-909, 175 maximum horse-power, at 
1,500 r.p.m. 

They can be classified as a full-Diesel solid injec¬ 
tion. compression-ignition, four-stroke-cycle, over- 
heaa valve type, and do not employ a carburetor or 
electrical ignition system, A glow plug is used for 
starting in cold weather. Fuel injection is by means 
of individual reciprocating plunger pumps for each 
cylinder, contained in one unit, and separate injec¬ 
tor nozzles for each cylinder. 

Specifications of automotive Diesel engines are given on page 



Fig. 1. Fuel-iniection-pump side of Models '‘6LD-115” and 
"6LU-46S” Buda-Lanova Diesel engine. Names of parts: (1) 
air cleaner; (2) throttle valve (connected to accelerator pedal); 
(3) flexible tube connecting below butterfly throttle valve in the 
air passage bet\^een the air cleaner and the air-intake manifold. 
The movement of throttle valve (2) increases or decreases the 
amount of air admitted to the engine and thus controls the 
amount of vacuum to the vacuum governor ( 4 ) within the fuel 
pump hou.sing (7). The vacuum governor controls the speed 
of the engine between idling and full speed by regulating the 
position of the fuel pump rack, which controls the amount of 
fuel delivered to each cylinder. (A centrifugal-type governor 
may take the place of the vacuum-type governor to regulate the 
position of the fuel pump rack.) 

Path of fuel travel is as follows; See Fig. 1. Fuel 
from the main fuel tank goes to the drip tank (6), 
from where it is pumped by a transfer pump (6), 
which is incorporated in the Bosch fuel pump, 
through the fuel filter (8), to fuel pump inlet (6A), 
to the gallery line of the injection pump. The 
individual fuel-pump plungers force fuel through the 
tubing to the injector valves (9) (one for each 
cylinder) and into the cylinders. Any slight leak¬ 
age or excess of fuel passes into a chamber surround¬ 
ing the injector valve spring, and by means of pipe 
connections ( 10 ) is led back to the drip tank ( 6 ). 
The fuel serves as lubricant for the plunger of the 
injector valve. 

The engine is stopped by the fuel-pump shut-off lever (11), 
which is connected with a control on the instrument panel. The 
movement of this lever moves the fuel-pump rack to the posi¬ 
tion where no fuel is admitted to the cylinders. 

The sir compressor (12) for air brakes is shown behind fan 
and is driven oy the fan belt; fl8) lubricating oil filler; ( 14 ) 
lubricating oil filter; ( 16 ) water pump. 


The instruments, usually on the instrument panel, are 
lubricatin^-oil pressure gauge, fuel-oil pressure gauge, ammeter, 
starter switch. 

Buda-Lanova Combustion System 

Combustion principle. The ilustration, Fig. 2, 
illustrates the principle of the Buda-Lanova com¬ 
bustion system explained as follows: 



The fuel, leaving the nozzle and passing along the 
common center of two lobes formed in the cylinder 
head under the inlet and exhaust valves and direct¬ 
ly over the cylinder proper, passes through the hot 
compressed air, which is generated in the compres¬ 
sion stroke, into minor and major air chambers or 
energy chambers. 

This fuel-air mixture, which is fuel in conjunction 
with the air picked up in the passage of the fuel as 
above dcscril)cd, traveling together and passing 
through an orifice of venturi form^ causes a very 
violeni combustion upon its entry into the energy 
chambers. 

The combustion set up in these energy chambers 
violently discharges back into the main combustion 
chamber^ thus impinging on such residual spray as is 
still leaving the nozzle and is in suspension. This 
counterflow or backfire of the energy chamber sets 
up a violent turbulence^ which is divided in such a 
manner as to create a right and left rotary motion 
in that lobe under each respective value. 

The self-induced turbulence so thoroughly mixes 
all atomized fuel with its proper air content that 
this type of combustion has been proved to operate 
under all ranges of speed and allowable load up to 
rating, on the minimum of excess air. 

This system of induced turbulence from internal 
means gives what has been long sought for as the 
substitute of air injection effect in solid injection 
engines. It gives accelerated burning and progres¬ 
sive rise in pressure by accelerating the end of the 
combustion cycle instead of the beginning. It 
makes it possible more nearly to approach the char¬ 
acter of gasoline combustion. 

Glow plugs may be used, as shown in the diagram, for easy 
starting in cold weather. 
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‘‘CATERPILLAR’’ DIESEL ENGINES' 


Models. Four of the seven sizes of ' ^Caterpillar’' 
Diesel engines are used to power the company’s 
Diesel tractor and road-machinery line. These 
engines are known as the JD13000, six-^linder, 125 
maximum horse-power, at 850 r.p.m.; D8800, tour- 
^linder, 80 maximum horse-power at 850 r.p.m.; 
D0600, three-cylinder, 60 maximum horse-power, 
at 850 r.p.m.; D4400, four-cylinder, 44 maximum 
horse-power, at 1,400 r.p.m. These tour models, as 
well as the remaining three which follow^ are also 
extensively used for a wide variety of industrial 
power jobs: DllOOO, six-cylinder, 102 maximum 
norse-power, at 850 r.p.m.; D7700, four-cylinder, 
63 maximum horse-power, at 850 r.p.m.; and 
D17000, eighth-cylinder (V-type), 160 maximum 
horse-power, and 850 r.p.m. (Caterpillar Tractor 
Co., Peoria, 111.) 

The operating principle of all ''Caterpillar” Diesel 
engines is fundamentally the same. 



They can be classified as a full-Diesel, solid- 
injection, four-stroke-cycle, overhead-valve type, 
and do not employ a carouretor or electrical ignition 
system on the Diesel enrine itself. For starting, 
fuso for warming up the Diesel in cold weather, an 
independent gasoline engine is employed. Fuel in¬ 
jection is by means of an individual reciprocating 
plunger pump for each cylinder, contained in one 
unit, ancf a separate injection valve for each cylinder. 

SpocifiCAtions of Diesel engines are given on page 1000. 


Fuel System 

The fuel system is divided into two parts: the 
fuel supply system and the fuel injection system. 
The path of the fuel travel is shown in Fig. 3. 

The pre-combustion chamber shown at the lower 
end of the fuel injection valve (4), Fig. 4. provide a 
means of preparing the fuel for final comhmtion by 
partially burning it in the pre-combustionlihamber 
(C). Positive ignition at all loads and speeds is 
assured. The pre-combustion chamber, always 
burning the same amount of fuel, and thus main¬ 
taining a high temperature, is so limited in radiating 
surface that adeguate temperature is always avail¬ 
able for positive ignition. 

The fuel injection valve (i), when opened by the 
pressure of the fuel built up by the injection pump 
(3), overcoming spring pressure (4B), mjects it into 
the pre-combustion chamber (C). Because of a 
limited amount of air (or oxygen) in the pre-com¬ 
bustion chamber, only a small portion of the incom¬ 
ing fuel burns. E^ansion takes place, and the 
balance of the fuel is changed into a rich, dry mix¬ 
ture, passing into the main combustion chamber at 
high velocity, A high turbulence is thus created in 
the cylinder (combustion space), causing the gaseous 
fuel to become thoroughly mixed with the oxygen 
of the air present in the cylinder, resulting in 
thorough and complete combustion. 


1 Compiled from literature published by the manufacturer, 
M (J 1937. 


Fig. 1. Fuel-pump side of Model D13000 “Caterpillar” 
Di^el engine. Names of parts: (1) fuel transfer pump. Sup- 
pHoa fuel to injection pumps at approximately 151b. pressure 
(per square inch); (2) fuel niters: (8) fuel injection pump, gear 
driven from the camshaft at camshaft speed (there is an indi' 
vidually removable, separate plunger-type injection pump for 
each cylinder, contained in this one housing); (14) compression 
release; (17) ring gear on flywheel which engages with helical 
pinion on the gasoline starting engine when starting the Diesel 
engine; (L) lubricating oil filters. 



Fig. 2. Manifold and water-pump side of Model D13000 
“Caterpillar” Diesel engine. Names of parts: (4) fuel injec¬ 
tion valves (one for each cylinder); (5) exnaust pipe of gasoline 
starting engine; (6) fuel tank fur gasoline starting engine; (7) 
cooling-water circulating pump; (8) extension to permit crank¬ 
ing starting engine from front; (9) starting-engine magneto; 
(9A) starting-engine governor housing; (10) air cleaner; (11) 
Diesel-engine exhaust pipe; (12) carburetor for starting engine; 
(18) a two-cylindcr, four-cycle, independent gasoline engine 
equipped with a high-tension magneto, down-draft carburetor, 
and Ifyball governor for starting the D13000, D8800, D66(X), 
D770(), and DllOOO “Caterpillar” 'Diesel engines (it drives 
the Diesel through a helical pinion and clutch arrangement t^t 
engages a ring ^ear on the flywheel. Compression can be re¬ 
leased on the Diesel engine when starting; after turning it over 
at proper speed, compression release is thrown off, and fuel 
pump control lever is turned on. The Diesel intake manifold 


engine to crank the Diesel, ciremating the lubricating oil, and 
generally conditioning the engine for starting; (18) starting- 
engine flywheel dutch; (16) lever for an g a ging starting-engine 
pinion with flywheel ring gear. 
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Fig 3 The path of the fuel travel as shown on th Alotlel 1)4400 Dn >.el engine,' and whioh applies to all' Caterpillar ' Dieael 
engines, is as follows. Fuel passes by gravity from the Diesel fuel tank to the gear type fuel transfer pump fl), which delivers it 
to the fuel filters ( 2 ) at about Ifi lb pressure I'rom the falters, it enters a manifold connected to the fuel injection pumps <[ 2 ). 
There 18 an individual fuel pump t8) for each cylinder These pumps measure the fuel and produce the pressure to cause injection 
through fuel injection valves (4) in cylinder heads These individual fuel pumps are actuate by a camshaft (D) running through 
the fuel pump assembly, driven from engine camshaft at half irankshaft speed, the governor throttle control rod is shown at (8L). 



(3G) and in the jioc below I lie stroll! 



1 ig G Sectional end view of the fuel injection pump show¬ 
ing the fuel-pump plunger. When operating, the governor 
ra^ k (3A) is connected to, and actuated the governor This 
ruk revolvi's the pump gear (3B), which w attached to the 
bottom of the pump plunger fSC), correctly aligning the scroll, 
( utin the head of tne plunger, with the inlet port (SD) As the 
pump is wtuated by the cam on camshaft (D) (Fig 3), the 
r»lungir IS lifted so that it closes the inlet port (8D) to which 
iuol IS fed from munifold (3E) This operation traps the fuel 
ui the (ornpitrtnient (3F), above the plunger, m the groove 

'1 (3H) Here, a pressure 18 
created, and as the 
plunger continues to 
be raised by the cam¬ 
shaft, the fuel 18 forced 
t )i r u u g h the check 
valve (81) and through 
the line (8J) into the 
injection valve As 
the scroll edge (8U) 
reaches the fuel inlet 
port (8D), pressure is 
itlieved, causing the 
check valve (8l) to 
(lose The head of thf 
plunger is cut m the 
form of a scroll. Ro¬ 
tating the plunger 
within the barrel 
causes the by-pass to 
oct iir early, or late, 
as required Theqv^n' 
tity of fuel injected 
IS rejgulated by vary¬ 
ing the effective length 
of the stroke of the 
pump plunger 


Fig. 4. End view of engine showing sectional view of the 
fuel injection pump (8).injection valve (4). and pre-oombustion 
chamber (C). Removable cylinder liner ^'wet t 3 rpe** is shown 
at (18). it is securely held in place by the cylinder head. A 
copper gasket at the top of each liner, where it rests in the 
block, and rubber rings on the lower skirt of the liner serve 
as water bmIs. Liners, as well as pistons, can be,removed 
without taking off the oil pan or disturbing the engine in its 
supporting frame. 


1 The gasoline starting engine (S) on this model, and Model 
D17000, is a two-cylinder horisontal opposed type and is 
mounted on the rear, instead of being mounted on the left-hand 
side, as on the other five Diesel models. 
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DYKE’S INSTRUCTION No. 81 


TWO-STROKE CYCLE DIESEL ENGINES 


The Diesel engine is an internal combustion heat 
engine which can be designed to operate on the 
four-stroke cycle or iliQ two-stroke cycle principle. 
Both principles of ojxjration arc fundamentally simi¬ 
lar but differ as follows. The four-stroke-cycle 
Diesel engine has one power impulse for each four 
strokes of tlie piston or for each two revolutions of 
the crankshaft. The two-stroke-cycle Diesel engine 
has one power impulse for each two strokes of ihe 
piston or for each revolution of the crankshaft. 
Each cylinder of a two-cy(;le engine produces twice 
as many power strokes as each cylinder of a four- 
strokc-cycle engine at the same revolutions per 
minute. 

If two engines (a four-cycle and a two-cycle), 

both having the same number and size of cylinders 
and operating at the same r.p.m., were compared, 
since the two-cycle engine would produce twice as 
many power impulses per minute as the four cycle, 
it should produce more power. It would therefore 
follow that, for the same power output at a given 
speed, the two-cycle engine could be built either 
with less cylinders or with smaller cylinders; ther^ 
fore, oilier things being equal, a two-cyclft engine is 
lighter than a four-cycle engine of the same horse¬ 
power. 

The Diesel engine differs from the gasoline 
engine (also an internal combustion heat engine) 
principally in the method''used to introduce and ig¬ 
nite the fuel. The gasoline engine draws a mixture 
of fuel and air through the carburetor into the com¬ 
bustion chamber, wliere it is ignited by an electric 
Spark. In the IXcsel engine, air alone is compressed 
in the cylinder to a very high pressure, resulting in 
its tempcratui’c being raiseef sufficiently high to ig¬ 
nite the fuel, a charge of which is then sprayed into 
the cylinder. Since the fuel is ignited by the heat 
of compression in a Diesel engine, this is termed 
^'comjyression ignition” In order to compress the 
air to such a high pressure and temperatiffe, a much 
higher cx>mprcssion ratio is employed than that used 
in a gasoline engine. 

The increased comyiression pressure of a Dif'sel 
engine not only serves for the purpose of ignition 
but is a contributing factor of higher effidencij. In 
a gasoline engine, in order to avoid detonation, the 
compression pressure is limited (see p. 1022). 


produces more work, or more miles, per gallon. 
Also, see pages 1022, 1023. 

The G.M, Model 71 Two-Cycle Diesel Engine^ 

An example of the working principle of a Diesel 
engine which operates on the two-stroke cycle 
principle is the G.M. model 71, two-cycle, Diesel 
engine.’^' * 

Principle of operation. Four strokes are required 
to complete a cycle in the four-stroke-cycle engine, 
which functions half the time as an air pump. In 
the two-stroke-cycle engine, intake and e^ffiaust take 
place during part of the compression and power 
strokes. This two-stroke-cyclo engine, therefore, 
does not function as an air intake pump, so an exter¬ 
nal means of supplying the air is provided. . A blow¬ 
er is used for this purpose. A specially designed 
blower (Roots type) forces air into the cylinders at 
a low pressure of approximately 5 lb. per square 
inch, in order to expel the exhaust gases and fill the 
cylinders with fresh air for combustion, as shown in 
I'igs. 1, 2, 3, and 4. 



Fig. 1 (left). Air entering through port to combustion cham¬ 
ber. A scriesj of ports cut into the circumference of the cylinder 
wall above the piston in its lowest position admits the air from 
the blow'er into the cylinder as soon as the top face of the piston 
uncovers the ports, as shown. The unidirectional flow of air 
toward the exhaast valves produces a scavenging effect, leaving 
cylinders full of clean air when the piston again covers the inlet 
ports. 


Diesel fuel oils, particularly for high-speed Diesel 
engines, must be clean, refined oils, free from impuri¬ 
ties for the best results and especially to prevent 
clogging and wear of the injector parts. Also, see 
page 1027. 

Diesel fuels that correspond to No. 1, 2, and 3 furnace oils 
marketed by reputable concerns are commonly used and are 
generally known as “high-speed Diesel fuel." The No. 4 grade 
of industrial furnace oil and the No. 6 bunker oil are sometimes 
suitable for the very large-bore, slow-speed, oir-injection-typo 
Diesel engines. They have, however, to be specially handled and 
should only be used when recommended by the manufacturer of 
the engine. In fact, the fuel to use in any Diesel engine is the 
fuel recommended by the manufacturer of the engine. 

The higher the cetane number of the fuel, the bet¬ 
ter the ignition quality (see p. 1028 for definition 
of cetane). The fuel oil must have sufficient lubri¬ 
cating ability to provide lubrication for the fuel- 
pump parts, which are fit very close. 

The fuel cost of a Diesel engine is usually less 
than for a comparable gasoline engine. The cost 
er gallon of the fuel itself is usually somewhat less, 
ut of greater importance is the greater thermoi 
efficiency of the Diesel engine; that is, the Diesel 


Fig. 2 (right). Air being compressed with exhaust valves 
closed. Ah tne piston continues on the upward stroke, the ex¬ 
haust valves* close and the charge of fresh air is subjected to the 
final compression of about 5.50 lb. per square inch. In a Diesel 
engine a compression-ratio may be employed which is more than 
twice as high as that permissible in any gasoline engine. Owing 
to the fact that the air intake in a Diesel engine is never throttled 
but intakes approximately the same volume of air regardless of 
the speed or load, it maintains this high compression ratio at all 
loads and speeds. The admission of the fuel alone is throttled. 


* Compiled from the Operating Manual (copyrighted) pre¬ 
pared by the manufacturers of this engine. 

>The model 71 G.M. Diesel en^ne cannot be designated as 
an automotive engine, as these engines are not only designed for 
Uvse as power unite in buses, trucks, tractors, and other mobile 
equipment but are also applicable for marine craft and station¬ 
ary installations of various types. 

* This enrine is in many ways a small-scale reproduction of 

the General Motors two-cycle Diesel engine as used in many 
of the high-speed streamline railway passenger trains; also in 
a number of railway Diesel switch engines. In railway equip¬ 
ment the Diesel engine is not mechanically connected to the 
driving wheels. In these applications the Diesel engines drive 
electric generators, which supply current to the traction elec¬ 
tric motors, which in turn are mechanically connected to the 
driving wheels. ^ 

* Although the schematic drawira show only one exhaust 
valve per cylinder, there are two. There are no inlet valvee. 



TWO-STROKE CYCLE DIESEL ENGINES 


1033F 



V J V_ f 

Fig. 3 Oeft). Charge of fuel being injected into combustion 
chamber. Shortly before the piston rearhea ita highest poaition, 
the required amount of fuel is Bj)rayod into the combustion space 
by the unit fuel injector, as shown. The intense heat (approxi¬ 
mately 1,000® F.) generated during the high compression of the 
air ignites the fine fuel spray immediately, and the combustirn 
continues as long as the fuel spray laata. The resulting pressure 
forces the piston downward until the exhaust valves are again 
opened. 

Fig. 4 (right). Exhaust taking place and cylinder about to be 
swept with clean scavenging air. The burned gases escape into 
the exhaust manifold and the cylinder volume ia swept with 
clean scavenging air as the downward moving piston uncovers 
the inlet ports. This entire combustion cycle is completed in 
each cylinder for each revolution of the crankshaft. The quality 
of fuel burned each cycle is controlled by the injector and is 
varied by the operator or the governor. 

General specifications. These two-cycio Diesel 
engines, models 1-71, 3-71, 4-71^ and 6-71, are made 
in one-, three-, four-, or six-cylinder models. They 
coiUd be designatcQ as high-speed^ solul-ivjecMorij’^ 
compressio7i-ignition,full Diesel engines. Brief speci- 
hcations follow. 


Model. 

3-71 

4-71 

6-71 

Number of cylinders. 

Bore . 

3 

4 1/4 

5 

4 

4 1/4 

5 

6 

4 1/4 


5 

Total displacement (cu. 

212.69 

283.58 

425.37 


83 

no 

165 

Governed maximum speed 

(r.p.m.). 

Max. B.M.E.P. Ob. per 

sq. in.). 

Max. torque (lb. per ft. at 

2,000 

94 

265 

2,000 

94 

353 

2,000 

94 

630 

Compression ratio, nomi¬ 
nal . 

800-1,000 

16:1 

800-1,000 

16:1 

800-1,000 

16:1 

Piston speed (ft. per min. 

at 2,000 r.p.m.). 

Firing order, right-hand 
drive'. 

1,668 

1 3-2 

1,668 

1-3-4-2 

1,668 

1-5-3-6-2-4 

Firing order, left-hand 
drive . 

1-2-3 

1-2-4-3 

1-4-2-6-3-6 

Clutch size.. 

14 

15 1/2 

1,366 

12 

17 

Weight of basic engine 
nb.) (dry). 

1.171 

1,597 

19 

LuWicating oil capacity 
fqt.) (dry). 

10 

Lubricating oil capacity 
(refill) .1 

13 

16 

23 

Water capacity (qt.) (en¬ 
gine only). 

11 

14 

21 1/2 



Engine weights include: speed governor, oil cooler, and lubri- 
oating-oil filter. Generator, starting motor, exhaust manifold, 
water manifold, cooling fan, intake silencer, air-intake elbow, 
and engine mountings are not included in the foregoing weights. 

Fuel-supply pump. A fuel oil pump of the rotary 
vane type forces the fuel from the fuel tank to the 
fuel lines (at a pressure of about 20 lb. per square 
inch) leading to each injector. 

Fuel injection. To secure combustion, a small 
quantity of accurately metered, finely atomized fuel 
must be mixed, at the end of the compression stroke, 
with charge oi air which has been forced into 


the cylinder by the blower. This is accomplished 
by a high-pr^ure fuel-injection device. 

Before injection can be effected, the fuel pressure 
must bo higher than that of the air charge in the 
combustion chamber. Consequently, the fuel in¬ 
jector performs a triple duty: (1) metering the fuel; 
(2) creating high fuel pressure; (3) atomization. 

The unit fuel injector developed by General Mo¬ 
tors and used in these engines combines in a single 
unit all of the parts necessary to perform the fore¬ 
going functions, thus providing a complete and inde¬ 
pendent injection system for each engine cylinder. 
The injectors are mounted in the cylinder head, with 
their spr.ay tms projecting slightly below the top of 
the inside surface of the combustion chambers. The 
injector parts are protected against dirt and other 
foreign matter by the two p(lgc-type strainers in 
the fuel connections in the injector body. 

Principle of operation of the fuel injector. We 
will use simple diagrammatic illustrations to ex¬ 
plain the basic working principles instead of illustra¬ 
tions showing the exact construction.® 



Fig. T) (left). The injector fuel-pump plunger is just ready for 
an injection stroke. The fuel inlet pipe opening in the Bhell has 
been uncovered by the injector pump plunger, allowing a charge 
of oil to fill the injector at a presburo of about 2U lb. per square 
inch. 

As the plunger moves down, the fuel inlet opening is covered 
up. This stops the flow of oil from the fuel tank and allows the 
plunger to start forcing the oil downward, as shown in Fig. 6. 

Fig. 6 (right). Fuel injection. After the start of injection, the 
injector parU are in the position shown. Tlio injector-pump 
plunger moving downward forces the oil before it and buifda up 
an oil pressure in the injector of several thousand pounds per 
Bquare inch. This pressure, acting on the lower end of the needle- 
valve plunger, lifts the needle valve off its seat. A free passage is 
thus opened up so that the oil can be forced out of the tine holes 
in the spray tip- Injection is timed to occur just before the pis¬ 
ton of the engine reaches the top of its stroke. 

It is neceseary to vary the amount of furl which the injector 
pumps into the cylinders, because the engine takes less fuel 
when it is running slow or when it is not necessary to pull the 
full power load. In the gasoline engine we have a throttle or ac¬ 
celerator which varie.s the amount of the gasoline-air mixture 
with which the engine is supplied. In the Diesel, the throttle 
variee the amount of fuel which the injector sprays into the en¬ 
gine cylinders. In the simplified injector diagram it was not poe- 
sible to show this action. However, in the unit injector lees fuel 
is injected by varying the effective stroke of the injector-pump 
plunger. The unit injector is complicated because of the pre¬ 
vision for this operation. 

* The words “solid injection” (also sometimes termed “me¬ 
chanical injection”) does not mean that the fuel is injected in a 
flolid stream into the engine combustion chamber. It is in a solid 
liquid stream up to the moment of its forcible mechanical in¬ 
jection by hydraulic pressure, which is accomplished by the 
fuel-pump plunger timed and driven by the engine. When the 
fuel passes through the spray tip to the combustion chamber, it 
is broken up into a fine spray, so that it will thoroughly mix 
with the air. This is an important factor with a Diesel engine. 

• Compiled from booklet entitled: Diesel—The Modern Pow¬ 
er'* (copyrighted). This booklet can be obtained by writing the 
Department of Public Relations, General Motors Corporation, 
Detroit, Mich. 




















INSTRUCTION No. 82 
USEFUL HINTS AND SUGGESTIONS^ 


Ford Engine* in a Boat 


The length of boat auggeated ia 20 to 22 ft., by 5 ft. beam, 
and I ft. draft, the latter being for the hull only. The orer-all 
draft, or water the boat draws, ia determined by the sise of the 
propeller. If there are obstructions in the water where the 
boat ia to be used, it is better to fit some form of skeg or pro¬ 
tection below the propeller. 


hamDsixrtcw 



WOOD BLOCKS PROPELLOR-^ 

In mounting the engine, fit strong oak croes-members in the 
engine compartment and fasten it in place with lag screws, 
using the same brackets fastened to the engine. 

Leave the transmission attached, and mount the powcrplant 
so that it will be level when the boat is in the water and under 
way. Hoata rise out of the water when traveling fast, so you 
must make allowance for this. The engine will oil better wnen 
on a level. Proper adjustment can be made with shims under it. 


Fig. 47. A simple method of mountinc the propeller at 
the rear. The standards are made of 2-in. angle irons, rigidly 
braced. 


m 

■1 

lie 

yi 



Fig. 48. Side view of propeller. 


The illustration (Fig. 44) shows a cranking device, by which 
the engine can be started from the seat. Arrange to drive a 
centrifugal or gear pump to force the cooling water around the 
jackets, lie careful not to get this pump too large, or the engine 
will bo overcoolod. Arrange to run some of the overflow water 
into the exhaust pipe, a foot or more from the engine, which 
will help to muffle the noise. 

It is hard to give speoiflo propeller dimensions, but if built 
somewhat after the ae.sign snown, one having a diameter of 
15'', three blades, and a pitch of 22* would be about right. 
(Motor Agt.) 

A Motor Bob—Wheel Drive 

Riding board 14" wide x 1 thick. Two 7" strips may be 
used, but a single plank is beat. Two 1" x 3" pieces strengthen 
it. Two running boards hung on steel brackets offer a foot 
rest for passengers. Sleds should be made of hardwood with 
steel runners. 

The engine is of (he motorcycle type, mounted in a frame of 
round stock (Fig. 47). The weight of the bob is not carried 
on the wheels; therefore two heavy coil springs force the wheel 
to the ground (Fig. 45), by pull on the fiame. 

Also note the skid cha*n on the motorcyrlo w’heel, which i.s 
to give it traction. Steering is niiown m Fig 46 



Fig. 45. Plan and elevation of the wheel-driven motor bobs. 
Note the trusacd riding board and underslung foot rest. The 
brake is connected with the pivoted foot rest of the steersman 

A Molor Bob—Propeller Drive 

This is not recommended for narrow-gauge bobs. It has 
an advantage over the wheel in that the wheel has difficulty in 
obtaining traction in soft snow or on broken roads. If a pro¬ 
peller is used, it would be better to ask some aeroplane propel¬ 
ler manufacturer as to rev'olutions and size. (Automooile ) 



Fig. 49. Detail of the motor mounting and the drive-wheel 
cradle. 

Building a Molor Sled Using a Ford Engine 
An idea of such a device is shown in Fi^. 50. 
The narrower the job, the faster it will be, but it will 
require more efficient handling, particularly when 
making turns, where it will be necessary to slow 
down materially. The length will have to be worked 
out to suit the fittings. Because of the length 
required, there should be a truss under each side 
member, which can bo made of a 3/16" rod with 
about 3" studs and a turn that goes to take up the 
slack. Besides having the front bob made to swivel 
to enable steering, there should be a step on each 
side upon which to brace the feet. The engine will 
set a little back of the middle, and this will about 
balance the weight of tw'o passengers sitting ahead. 



I'ig. 50. A motor sled using a Ford engine > 


To use a Ford engine, it will be ntu-essary to fit a 
bevel gear to the end of the shaft, and a bevel gear 
on a cross-shaft, upon which is to be a driving 
sprocket, which can be the same as those used on 
motorcycles. Provide a truss bearing on the back of 
each bevel ^ear and, of course, the necessary oil holes 
in the bearing carrying the countershaft. The size 
of the shaft upon which the bevel gear should be, 
will depend uixin the location of the drive wheel. 
It should be on the right side looking forw'ard, as 
the flywheel of the engine should be set to the front, 
which will make the engine turn to the left when 
looking backward. 

You can easily connect up the throttle, spark, and 
transmission lovers to suit your needs in accordance 
with the position of the operator, who will sit in 
front. This can be arranged so that one can steer 
and one in the second seat can operate the levers; 
but this wdll be bad, in that one person could not 
manage the bob alone. The person in the second 
seat can operate the bob alone if an auxiliary steering 
arm is placed back and connected at right angles 
out to the side of the bob. We should recommend 
a mechanical starter as being a cheaper installation. 
The knob handle of the mecnanical starter is shown' 
at the rear of the gasoline tank. (Motor Age.) 


»Model "T.‘ 
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Pointers on Shipping an Automobile 

An automobile will bo received for transport by frei^t only 
when either crated or set op. The usual method in ^ippina 
by freight is to ship it complete, and run it right into the car. 

that the railroad corai^ny blocks the wheels so that the 
auto will not pitch forwara or backward. It is also well to see 
that the machine is braced from the side. 

Get a clear bill of lading from the railroad company, so that 
you have something on which to base a claim fur damages in 
case of the car being sina.shed. 
It is well to box the cushions and 
all loose parts separately. The 
charge for conveyance must be 
ascertained from the railway 
company. 

Place the vehicle in the car 
parallel with the sides, and see 
that the front wheels are in line 
with the back wheels. Wrap 
the lower third.of the tire.s with burlap to prevent chafing; and 
set the brakes. 

To block the wheels, fasten each wheel to the floor with a 
strong band of canvas or several layers of burlap of the width 
between two spokes. Secure the band to the floor on each aide 
of the wheel with blocks 2" by 4" by 12 ". Pla< e tiiese Idocks 
parallel with the wheel, using plenty of nails or spikes. 




Fig. 4. Rear wheel puller. This puller is used to remove 
the rear wheels of the Huick. The wheel flange and axle are 
renmved and the puller bolted to the flange bolts. A stool 
button is thon plaoml in the rear axle tube, and the pressure is 
applied by the central screw. By having several siios of steel 
buttons, and making the flange bolt holes oval, this puller may 
be used on many cars. 

Fig 5. Rear-wheel puller for early model Dodge (later model 
uses a semi-floating axle). After the removal of the outside flange 
and the rear a\lo, tlie frame of the puller is bolted on to two of 
the flange bolts. Tiie plunger on the end of the screw fits inside 
the rear axle housing, giving a leverage that permits the ready 
removal of tiie wheel. Tiio frame is mode of cast iron, rein- 
f<»rce<i by riba; the screw is a H'* bolt. 


Use blocking in front and behind each tire one-third a.s high 
as the diameter of tiie wheel, and at least one inch wider than 
the tire. Fasten this securely to the floor, and tie together 
with one or two-inc-h lumber from block to block. Have the 
blocking of sufficient width so that the boards used to tie the 
blocks together will clear tire at least a half-inch on each side. 

In packing the auto, empty the gasoline and water tanks and 
disconnect the batterie.s. In the case of electric cars, remove 
the batteries. 


Fig. 6 . This makeshift wheel puller is made from two long 
bolls (B), with nuts, a short thick holt (D), and throe pieces of 
iron drilled as sliown. These parts are applied to the wheel 
with the short pieces of iron behind the spokes of the wheel, 
and the bolt (D) communicating between Uie bar and the end 
of the axle alinft. By lakitij; up evenly on the two nuts wiih 
the wrcncli (M) and occasionally striking tiie bar opposite 
li»e holt (D) will) a hammer, a very stubborn wheel can be 
Ciisily remove* 1 . 


The tires should be tightly inflated: and the edges of the 
boards and blocks next to the tire should be rounded or beveled, 
so that if they should become deflated or in any way come in 
contact with the boards or blocking, they will not be so lialile 
to chafe. Place the covering over the vehicle to keep off dust 
Alsd remove the lamps to prevent damage to them. 

Freight cars should he carefully inspected to see that they 
are fit for loading. If there are nails or other projections in 
the floor or sides of the car, they should be removed. If the 
roof appears to be leaky, or its fastenings for the doors, both 
end and side, are not complete or ample, the car should be 
refused, and a car suitable for loading demanded. Failure on 
the part of the shipper to do this renders him liable for the 
damages resulting from having loaded the vehicle in a car 
manifestly unfit. 


Pullers for Wheels and Gears 

Pulling a wheel from a rusted axle is a bigger job than it 
appears. If the axle is greased before the wheel is put on, the 
probabilities are that it will come off readily; if not greased, it 
will, more than likely, be a task. Wheel and gear pullers can be 
obtained of any auto supply house (page 687), or one can be made 
by a local blacksmith. Every repair shop needs a wheel puller. 

A wheel puller can also be utilized for removing flywheels, 
steering wheels, transmissions, gears, sprockets, flanges, bear¬ 
ings, bushings, collars, pulleys, couplings, marine propellers. 



Fig. 

lond 


. 6 A. Thedia- 


puller is easy to use. 
explained os follows; 
Bemovo hub cap 
and axle shaft nut, 
screw tiie puller on 
Olid of axlo shaft; 
strike a shaip blow 
and tiie jar will loos¬ 
en wheel. Made in 
-18 thread; 

thread: Ju'-IA thread; 1"-H thread, which will fit 
practically all cats. Mamifaehirc'il liv Ilcmricl Machine Co. 



Fig. 7 (left). Steering-post puller. Two wooden blocks 
c.lamf>e<l to tiie steering post oy a haavy metal clamp offer a con¬ 
venient brace for a jack, thus permitting the removal of tiie 
steeririy post. After applying a strain to the post by means 
of the jack, u few iiiows on the blocks with a heavy hammer so 
loosen the post that it may be drawn out without injury. 



Fig. 8 (center). Vise clamps made of wood, sheet copper, 
and sometimes sheet lead. These are useful and necessary 
where the material is to bo clamped in a vise, which won 1*1 mar 
its surface otherwise. When inmlo of siieet copper or leafi, use 
•g" thick clamps ditto tiie size of tim vise jaws, an«l bend over 
the top of the jaws to support them in place. When made 
of harawood, bore holes through and then saw across, about ^ 4 " 
or more being cut away; or they can be cut to a V. Those 
letter will take bars or pipes of various sizes without Injury 

Fig. 0 (right). Vise clamps for working with tubing. Note 
the spring tension which keeps clamps in vise when tiie jaws are 
opened. 


Fig. 1 . Crane wheel pullers. The complete outfit with 
various length attachments. Fig. 2. A special attachment 
which makes an arbor press. Fig. 3. Hemoving a flywheel. 


Some of the other manufacturers of wheel and gear pullers 
are: Acorn Mfg. Co., Erie, Pa.; Crane Puller Co., Waltham, 
Mass.; Grcb Co., Boston; National Mch. A Tool Co., Jackson. 
Mioh.; Shepard Thomaso;!Co., Los An^ee, Cal.; Truth Tool 
Co., Mankato, Minn.; can also be obtained of auto equipment 
supply bouses. 


tight two-wheel motor driven vehicles. literature free: 
Moto-Scoot Mfg. Co., 215 Bo. Western Ave., Chicago, Ill.; 
Salsbury Corp., Los Angeles, Calif. (Motor Glide). 



Fig. 9A. Stevens timing tester is screwed into 
spark plug hole. B v watching the ball the stroke of 
piston can be found, or the firing order. 

If ball rises slowly, the piston is coming up on 
compression stroke; if ball stop, piston is on top d.c., 
and when ball drops abruptly piston is on power 
stroke. 

To test timing of spark: If spark occurs between 
ball and contact above it, when ball shows piston on 
compression stroke, then spark is advanced: if spark 
appears when ball shows piston on power stroke, then 
spark is retarded: if spark is seen when ball shows 
piston at top dead center, then spark is timed cor¬ 
rectly. 
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Fig. 10 



Fig. 11 


Fig. 10. Extension socket wrench. By mounting a socket 
wrench head in the end of a 4 ft. length of 2" pipe, an extension 
wrench is made that facilitates the removal or replacement of 
the nuts on the rear-axle and drive pinion. A steel ring is first 
shrunk on the end of the pipe, to provide strength; the pipe is 
heated red, and the cold socket-wrench head is driven into the 
pipe. When cool, the head is firmly held in place. Because 
of the long handle, a pipe wrench may be used to get a leverage, 
and the workman may work from an uncramped position. 

Fig. 11. This home-made arbor press is made of channel 
sections frorp an old frame. It comprises an inverted U-shaped 
member, su^orted in an upright position on the channel base 
as shown. The overall height is about 5^^ ft. and the width 4 
ft. The pressure screw is carried on two largo nuts that are 
old clutch flanges tapped out, both the screw and the nuts hav¬ 
ing square threads. An old flywheel, keyed to the lower end 
of the pressure screw, serves as a hand wheel, and is provided 
with vertical pins so that a pinch bar may be used to increase 
the leverage. 




Fig. 12 (leftK A home-made gear puller for removing tight 
gear wheels. The illustration explains its construction and ac¬ 
tion. (See pg. 1035 where to obtain pullers fur gears, bushings, 
flywheels, etc.) 

Fig. 13 (right). A home-made gear-wheel puller. First get a 
piece of soft iron or steel. This piece must be 5" long and 1" 
square. Then find a long spring clip, the longer the better; 
cut the clip in two pieces at the bottom about y/' from the 
inside of the clip; then you have the arms completed. 

To make the cross-member have a piece of iron or steel 1" 
square by 5" in length; drill a hole in the center and tap the 
threads for a bolt. Next you can drill three or more smaller 
holes on each side oT the large center hole, and tap these holes 
out to fit the threads on the spring clip; then you have an 
adjustment for three or more gears. 


LM WITH IHhHt TgUCADCd 



Fig. 13A. A home-made method for running-in a Ford engine 
is to oonstruot an engine stand of heavy wood. A regular front 
bearing-braoket of the Ford is attaohM to the stand to form 
the support for the front end. 


Fig. 13B. Simple method for running-in an en|;ine: The 
engine should be supported on a low stand and the driving shaft 

’d be provide with 
versal joint. The 


Mr 




should be i; 

a universaL ,_ 

shaft is mounted by 
bolting it to the legs of a 
lathe or planer, as illus¬ 
trated and the abaft is 
driven directly from a 

f mlley on the llne^aft- 
ng. (See also pg. 7908.) 



Fig. 14. A steel rod and brass tube may be made into an 
excellent wheel alignment tram. After cutting the rod to a 
length about 2'^ less than the distance betw’een the front wheels, 
a brass ferrule is soldered to one end. This ferrule is then drilled 
and tapped to carry a thumb screw in the manner shown. The 
adj^table part of the tram is a piece of drill rod, marked 
off into 1/lti'' divisions as shown, and placed within tne tube. 



Fig. 15. Wheel-aligning fixture. The alignment of cither 
the front or rear wheels may be tested by this fixture. The 
frame is made of wrought-iron pipe, and is adjustable by means 
of sliding joints. The feature of this fixture is that both sides 
of the wheel are tested at the same time; the camber and 
amount the wheel’s toe-in can be readily determined. 



Fig. 16. The saw stand illustrated is useful in cutting off a 
long bar of stock in a power saw. Its construction is so simple 
that nothing further need be said. 


Fig. 17. An iron rail is a useful device for any shop. 


Fig. 18. A jig for drilling cotter-pin holes in bolts and pins 
may be made of a piece or square stock in which there are 
several transverse holes for receiving various sizes of pins. 
At right angles to each one of these is a hole through which 
the cotter-pin drill is inserted. The distance that the cotter 
hole is from the end of the pin is determined by the adjustment 
of a stop screw which is carried in a plate in the back. 



Fig. 18A (left). A home-made windshield cleaner may be 
made of a piece of steel or brass wire, about a quarter of an inch 
in diameter, and a piece of rubber tubing. The wire is bent in 
the form of a double loop, and a piece of rubber tubing is slipped 
over each free end of the wire. If the wire is coated with rub¬ 
ber cement, before the rubber tubing is pulled on, there will be 
no chance for the tubing to come loose. 


The middle of the wire loop should rub on the inside of the 
glass at a point about opposite the middle of the rubber tubes, 
so that an even pressure will be exerted by the rubber tubea 
over their whole length on surface of the glass. (See p. 649.) 

Fig ISB (right). Paper covers for covering cars when storing 
or shipping. (Kennedy Car Liner & Bag Co., Shelbyville, Ind.) 

Fig. 18C. Home-made compression 
grease gun for shop use. Barrel is 6'' 
pipe about 16" long. A metal piston 
with a single ring is forced downward, 
through action of a threaded rod, screwed into cap at one end 
and operated by a hand wheel. Other end of barrel is covered 
with a cap and carries a length of flexible tubing. The barrel is 
mounted on wooden uprights. 
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Fig. 19. A finding wheel for doing upcHMul woik can be 
made by attaching a wooden wheel to th(‘ electric drill and 
wrapping a strin of emery paper around the periphery. The 
paper is fastened by cutting a notch in the wheel and holding 
the ends of the paper by driving a wedge into the notch. 

Fig. 20. A very small grinding wheel for mounting in a 
lathe may be used for fine work. The wheel is approximately 
in diameter and runs several thouhand revolutiotLs per 
minute, this speed being obtained by a double belt reduction 
from the driving drum. The intermediate pulley really floats in 
the air, the shaft it slide.s on being merely to hold it in case one 
of the belts should break, thereby destroying its e<iuilibrium. 



Fig. 21 (left). A compression tester i.s neec.ssary for de¬ 
termining the condition of valves and pistons as regards 
their tightness. A cheap but suti.sfactory one mav be made by 
combining a tiro gauge and a spark-plug shell. The gauge may 
be fa.stcncd to the shell by ixiuring babbitt or lead in between 
the two, or a special reilueing nipple may be used, d'he gauge, 
of course, is placed in the spark-plug hole when a cylinder is 
to bo tested. A weak cylinder can do readily indicated, even 
if tlie normal compression in pound.s is not kiiown, by the fact 
that it will regi.stcr less than tne others. The u.so of this device 
is very important; it should be employed whenever any irregu¬ 
larity ia noted in the operation of the motor. Leaky valves, 
pistons, and valve-stem guides may cause a miss or a jerky 
action that ordinarily would bo blamed on the carburetor or 
ignition. See also page 767. 

Fig. 22 (center), A spanner wrench for facilitating adjust¬ 
ment of the silent chain drive on the motor-generator of the 
Dodge car. It consists of a piece of y-/' round stock about 9" 
long, bent and formed in the manner shown. To adjust the 
chain, the chain-inspection plates are first removed from the 
motor gear cover. Then the set screw on the cylimler casting 
and the strap holding the motor to the haiifl-holo cover j>late are 
loosened. By means of the spanner wTench the eccentric bush¬ 
ing is turned until the chain lias the proper tension. When 
properly adjusted the chain should run without perceptible 
noise. 

Fig. 23 (right). A puller for removing generator gear on the 
Dodge car is shown. The housing is matlo of cast iron, cut 
away at the base to engage the gear, and provided with a 
set screw for obtaining a leverage on the generator shaft. 



Fig. 25 Fig. 26 


Fig. 24 (left). Crank-case wrench. The retaining nuts on 
crank case may be quickly removed or replaced by the aid of 
this wrench. The handle ia made of H" round stock bent in 
the form of a bit<-etock, as shown. The upper end is fitted 
with a hand rest; the lower end with a socket for engaging the 
nut. A short piece of round stock, slightly larger in diameter 
than the nut eventually to be turned, is drillca, as illustrated 
in the smaller sketch. It is then heated and formed over the 
nut it is to fit, case-hardened, and secured to the handle by a pin. 


Fig. 25. Crank-shaft bearing wrench. It is often difficult 
to get a socket wrench thin enough to fit between the nut and 
the beariM housing of the coimecting-rod or crank-shaft bear¬ 
ing. Or if thin enough to do this, the wrench is too weak 

E roi^ly to tighten the nut. A solid S-wreuch may be used, 
ut is not as satisfactory as thesocket for this purpose. A solid 
socket wrench, cut away in the manner illustrated, passesses 
the retiuired strength and has all the advantages of the full- 
socket wrench. ^ As the connecting-rod nuts are not the same 
sise as the main bearing nuts, tne wrench should bo made 
double-^ndcd ami fitted with a removable handle. 


Fig. 26. The valve tappets of an engine may be readily 
adjusted by means of special wrenches provided for that pur¬ 
pose. Two standard check-nut wrenches are puri'lia-sed at any 
supply store, and bent, after heating, in the manner shown. 
After loosening the lock-nut the adjusting screw may be turno<l 
until a gage registers the proper clearance. (See page 1054B for 
proper clearances.) 



Fig. 27. One method of locking a car. A hole is drilled 
in the clutch-pe<ial arm for the insertion of a padlock. It 
prevents the use ol a clutch. 

Fig. 28. Substitute for a match. A piece of waste or cloth 
dampened with gasoline is tied to a screwdriver. One of the 
ignition cables to a spark plug is removed and placed near 
enough to the clcctnxle so tliat the spark jumps across. The 
cloth is introduced between the two, and the spark will ignite 
the gasoline. 

Repairing Gasolines Tanks 

Repairing a gasoline tank by welding, gas cutting or other 
means employing heat, is a hazardous undertaking on account 
of i\\e dnnorr of t^xplosion from gii.s fumes in the tank w hich are 
very difficult to renuive. It is fulvisable to have gasoline tanks 
repaired bv a apecudiHt familiiir w'ith sutih work. 


Meaning of Double Engine Rating 

Q.; What does “28-88” horsepower mean? I note many 
manufacturers rate their engines with two ratings. 

Ans.: The “28“ means the horsepower rating according to the 
N A.C.CL formula, page KH2. d'ho “SH” means the actual 
brake horsepower as doternnned by dynamometer test that 
the engine will develop at full speed. 


Why the Engine Ruiih Smoother at Night 

Q.: I have often noticed that my engine runs soioother or better 
at night. Why is this? 

Ans.: There are two reasuiis: First, since the air in cooler and 
conHcqucntly heavier at night, a ureatcr weiuht of air is admitted 
to the cylinder during each stroke. Therefore the power of 
the engine is increased on account of increase in volumetric 
efficiency, ns explained on page 39 of Addenda (footnote 3). 
Second, owing to the usual increane. of moieture in the air at 
night, detonation in decrcane.d, owing to a sh)wing up of the 
rate of combustion, thus promoting smiMjthne.ss of operation. 


Carbon Dioxide and Carbon Monoxide 

Carbon is a substance that can burn in two different ways 
to form two different gases: (1) When there is -plenty of oxygen 
present, the carbon unites with it to form carbon dioxide, 
which process produces the greatest amount of he^t. (2) If 
the supply of oxygen is insujEtu'ient to form carbon dioxide, the 
carbon will burn to form carbon monoxide, which process pro¬ 
duces much less beat. 

Carbon monoxide is a poisonous gas and is particularly 
dangerous because it has no odor, taste, or color and therefore 
cannot be easily detected. Carbim monoxide passing out the 
exhaust represents a loss of heat and power because mors heat 
and power could be produced by further burning of carbon 
monoxide to form carbon dioxide. 
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Fig. 30. Four steps in mnkinc a loop end: (A) insulation 
removed; (B) separating the strands; (C) twisting wires into 
two leads; and, (D) the looped end »lipped in solder. (Motor 
Age.) 




Fig. 31 F.g. 32 

Fig. 31. This is a portable test lamp, used in conjunction 
with a n0*volt lighting circuit, for testing lighting and ignition 
oirouita on the car. It consists of a wooden base, on whit'h is 
mounted a porcelain socket carrying a 10-cnndlo-powcr lamp, 
connected to the lighting ciroClit as shown in the wiring diagram. 
The tost points are connected to the binding post, and any 
metallic connection between the two cau8<‘8 the lamp to light. 
Hence if a wire is in proper condition, the lamp will hght. when 
the test points are plac^ on each end of the wire. If there is 
an open circuit, it will not light. Similarly short circuits and 
grounds may be determined. By short-circuiting the two 
binding posts, the lamp may be used for inspection work. 

Fig. 32. This portable service lamp was made both for 
night service in the shop, and for work on the road. A stand¬ 
ard headlight, together with its bracket, is clamped to a pipe 
upright, bent as illustrated. This upright is fastened to a 
base that is an old rear-wheel flange bolted to iw-brake drum. 
Current is derived either from direct connection with the 
storage battery or by plugging into the <la.sh lamp circuit. 
{Motor World.) 



Fig. 84. It it a verv simde matter to build a device which 
will cause a bell to ring when the pressure in the air tank 
reaches the desired maximum or nunimum. thus reminding 
the man in charge that the compressor should be turned off or 
on. The indicating hand on the air gauge completes a circuit 
by touching a metal pin when it moves to either extreme, and 
Ulus makes the bell rii^. These pins are mounted in a small 
fiber block, which is riveted to the face of the gauge. The 
two pins are thus completely insulated from the gauge and are 
oonneotsd to one terminal of the bell. A short piece of wire 
runs from the other terminal to the battery and the return 
wire is attached to the casing of the gauge, so that current flows 
through the casing and the band to one or the other of these 
metal points. 



Fig. 35. A magnetic valve lifter. Magnets have been used 
many times for picking up all sorts of iron and steel parts, but 
their use for pulling out valves is unusual. The magnet shown 
is approximately H" ^ And is capable of exerting a pull of 
about 7 lbs., and will pull a valve out after the springs have 
been remov^. 

Fig. 36. A simple tool which will be found of assistance for 
removing valves that stick badly, but may be raised slightly, 
cemsists of a hook of Bessemer steel wire in dia:*’*ter. 




Fig. 37. Construction of the magnetic valve lifter. An 
old inake-and-break spark coil forms the basis of the device. 
The core is made of a bundle of coarse iron wires. The outside 
of the coil is covered with tape, anrl has a handle consisting of a 
strip of brass which extends down the sides of the coil to the end. 

Fig. 38. Another magnetic lifter, which is useful for reniov- 
ing a nut which may have fallen into cylinder or other inac¬ 
cessible place is shown. Simply touching the file with the 
magnet makes a magnet out of the file (a long rod may also be 
used instead). 




Fig. 39. Method of heating the carburetor mixture on old 

cars that have a long inlet manifold. A or copper 
pipe is tapped to the exhaust manifold and run down along the 
intake manifold, being held away from the latter slightly by 
asbestos pads. Asbestos is then wrapped around the marmold 
and pipe, and the heat thus obtained will help to prevent the 

E ases from condensing in the manifold at the point where It 
ranches out to the cylinders. 

Fig. 40. It is often deniable to determine the exact con¬ 
sumption of a given car determining hew far it will nm on 
a measured quantity <>f lueL A convenient means of doing 
this is to take an ordinary ^-gal. keroeene oil can and plaoe in 
it a quart of gasoline. A rubber tube running to the oarouretor 
is then attached to the spout, and ^e can is inverted and tied 
securely at some convenient plaoe on the motor or dashboard. 
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Fig. 41. Ignition tester. Tufind ^^hich cylinder is nuHsinij:. 
a piece of fiber, long, about thick, and >4" wide, is 
taicen, and near the ends arc inserted cable terminal posts. 
Through each post is passed a copper wire, the ends at the 
center being adjustable through lateral movement of the wires. 
,One of the wires has a loop at the end for attachment to a plug. 
The ignition cable is attached to the other post. With one of 
these on each plug and the wires at a varying gap, it is possible, 
especially in a dim light or in darkness, to see the action of 
the plugs. See also page 2.H7. 



Fig. 42. Method of heatinp; a long inlet pipe. Annealed 
•oft copper pipe of small size is connected with the discharge 
pipe from the water pump, wrapped around manifold, ami e<>n- 
nected with the hean 



Fig. 43. Heating the mixture on old carburetors; Improv¬ 
ing old-typo carburetors which were designed for gasoline of 
higher vaporizing qualities and long inlet pipes. 

Many of the old-model carburetors do not work well on the 
present low-grade gasoline. If a carburetor is too ancient, it 
M best to get a new mo<lel, but where it is in goo<i condition, 
many of the older models can be improved by adding a hot-air 
jacket, as shown. 

Use a pipe of some kind and slip over the intake manifold— 
about its length. Weld it gas tight at each end (sheet 

iron can be made into a pipe), and pour a light layer of babbitt 
in each end to close up any holes or cracks. 

A H", or (the larger the better) flexible pipe i.s then 
attached to the top and bottom of the jacket to the exhaust 
pipe as shown, or the lower pipe can extend to the lower part of 
the engine. 



Fig. 44. Float valve tester. This illustration shows a de¬ 
vice for determining whether the float valve of the carburetor 
leaks. It is designed particularly for pressure systems, 
although it may be used for the ordinary gravity system by 
simply removing the pressure. It consists of a tank Partly 
filled with gasohne and provided with an air gauge and hand 
pump. The carburetor is attached, the preesure raised to the 
requirad amount, and then the carburetor is allowed to sUnd 
for several hours to determine whether any leakage takes 


Float valves, which may not leak at all when tested under a 
small gravity head, will leak badly when put under a few 
pounds pressure. 



Fig 4.*). This is a cleaning tank, in which gasoline or kcM-<»- 
.s«‘no 18 forced by air pressure in the form of a spray on to the 
part to be cleaned. The container is an old hot-water heater 
lioilcr. Air pressure is applied through a tire valve soUlercd 
to the tank, and the cleaning solution is drawn up through a 
small tube to the outlet pipe. A length of rubber nose, termi¬ 
nating in a copper tube, ntted with a valve, completes the outfit. 
Kithor j^aaolino or kerosene may be used as a cleaning solution, 
but the latt.er is preferable. 


pig. 4fi. Cleaning brass parts. Small brass parts, such as 
pet cocks, carburetor parts, etc , may be made to look like new 
by dipping them in tne following bath: nitric acid, 75 parts; 
sulphuric acid, 100 parts; lampblack, 2 parts, and salt, 1 part. 
Thus solution should be mixed and kept in an earthenware nr 
glass jar, and the parts should be thoroughly rinsed and dried 
after <1 pp:ng. (See also Index ) 



would be to add shelves underneath for parts. Note the rollers 
(R) and handles (H). 

Fig. 48. This tool box is made integral with its base, and 
is mounted on castors, so that it may be taken to the side of 
the car upon which the work is to bo done. The tool box 
proper is shallow, and contains a space for the more common 
tools, in addition to several small ooinpartmcnts for miscellane¬ 
ous parts. The more valuable, precise, and loss fremicntlv 
used tools ars kept in a drawer beneath the box, which is 
locked unless in use. See also Fig. 52. See also page 693 for 
ready-made benches. 


F'ig. 40. A self-opening repair- 
shop door is shown. The door 
is of the sliding typo, hung on a 
horizontal track, but counter¬ 
balanced with weights swung over 
a pulley, so that it automatically 
oiic.ns when the catch is released. 
This catch is of the hook type, and 



connected with a hinged board placed acros.s the roadway, the 
car itself releasing tne catch and allowing the door to open. 
One of these hinged boards is placed both on the inside and 
the outside of the door, so that one entering or leaving has 
only to get out of the car once. 

Some of the manufacturers of electric door openers are: Ben 
Brown Products Corp., Aurora, Ill.; Gavin llitchie 4b Sons, 
Battle Cwk, Mich.; Streeter-Amet WAR Co., Chicago. Ill., 
Midilgan Metal ^oducte Co., Battle Creek< Mich, (air type). 
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Fig. 60. A temporary spring repair was made upon a spring 
whose three lower leaves were broken on striking an apparently 
shallow hole in the road which waa filled with water. After 
the break (A) occurred, the car was slowly driven to the next 
farmhouse, where some 2x4 blocks, a saw, and some baling 
wire were obtained. The short block (E) wm cut off first, and 
two shallow grooves (S) were cut into one side of it so that it 
would clear the spring clips and rest flat on the central portion 
of the top sirring Wf. The sides of these slots were cut with a 
saw and then finished up with a cold ciiisel carrietl in the tool 
kit of the oar. The piece (B) then was cut off and nailed to the 
short piece (E), so tliat the aid(« were flush and its eruls extended 
over tne ends of the short block equally distant on either side. 
The top block (C) w'hioh was made just a trifle longer than the 
short bottom block, was cut off and slotted in the same manner 
as the under block, only the slots wore not so wide and wore 
farther apart, as designated by the letter (F). This blcKtk 
then was nailed to the long piece, centrally located with the 
slots up. The frame of the car was then jacked up so that the 
injurea end of the spring was a little above its normal height, 
and the blocks were set in position as shown and securely bound 
into place with the wire (D). When this was done, a few 
strands were wound about the two top pieces, as at (F) to add 
to their security; then a few more strands were bound laterally 
around the whole, as at (G). This completed the repair. 
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Fig. 61. Another temporary repair on an automobile 

spring. The width of the brace should be equal to the width 
of the spring and the part (B) long enough to lay over the clips 
holding the spring to the axle. The ends (C) sliould be abotit 3" 
long. Such a brace will effectually repair a front orlfear spring. 



Fig. 62. Portable 
tool stand complete<l. 
Fig. 62A below gives 
the dimensions for the 
imrts B, C, D, £ 
and F 

If you desire, the 
bins can be divided 
into smaller sections 
for cotter pins, wash¬ 
ers, assorted bolts, 
nuts, etc. 



Fig. 52A. Dimension of parts for portable tool stand. 



Fig. 53. A concrete block placed as shown will prevent 
driving and backing into the door. 



Fig. 64. Window cleaner. Consists of an ordinary rubber- 
edge window dryer combined with a nozzle which gives a flat 
spray the full length of the edge. The nozzle is made from a 
piece of copper pipe, flattened and flared, and is then strapped 
to the handle. The water is turned on and the tool is rubbed 
up and down the window surface, thus removing all dust and 
dirt; then the water is shut off and the window is dried by 
scraping drops away. 


Fig. 56. Window ventilator. Some method of ventilating 
the repairshop should be provided, and a simple form of window 
ventilator is shown. It consists of a piece of an old windshield 
gla.ss, held in an inclined position on the window sill by two 
triangular supports, and permits the window to be raised and 
the shop ventilated without causing a draught on the mechanic. 

Fig. 6fl. Rough surfaces, such as garage walls, may be 
painted or whitewashed quickly and economically by the use 
of an air spray similar to that used for cleaning motors with 
kerosene. The paint or whitewash is plawd in a bucket and the 
application of air pressure to the nozzle atomizes the liquid and 
sprays it against the walls. Valves are provided for regulating 
both air and liquid-flow. {Popular Mechanics.) 

To Find Diameter of Pulleys 

To find the diameter of the driver, the diameter of the driven 
and its revolutions, and also the revolutions of (he driver being 
given: Multiply the diameter of the driven by its revolutions, 
and divide the product by the revolutions of the driver; the 
quotient will give the diameter of the driver. 

To find the diameter of the driven, the revolutions of the 
driven, also diameter and revolutions of the driver being given: 
Multiply the diameter of the driver by its revolutions, and 
divide the product by the revolutions of the driven; the quo¬ 
tient will give the diameter of the driven. 

To Itod the revolutions of the driver, the diameter and 
revolutions of the driven, also the diameter of the driver being 
given: Multiply the diameter of the driven by its revolutions 
and divide the product by the diameter of the driver; the 
quotient will give the revolutions of the driver. 

To the revolutions of the drivra, the diameter and 
revolutions of the driver, also the diameter of the driven being 
given: Multiply the diameter of the driver by its revolutions 
and divide the product by the diameter of the driven; the 
quotient will give the revolutions of the driven. 

The same rules may be applied to gearing by using the 
number of teeth instead of the diameter. See also page 624. 


An accounting si^tem, contained in loose-leaf binder form suitable for garage and service stations, is available and should be 
used by everyone engaged in automotive work. These books are now so arran^d that they give a simpl^method of keeping accu¬ 
rate reco^ of what you pay out and take in, telling how much you made or loet on each department, and showing you now much 
you received, how much the stock and labor cost, now much your customers owe you, the amount of your overhead expenses, 
income-tax reports, information required for bank loans, and separate colunms lor divwon of your busineea in departments. Write 
pubUshen of this book. 
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Starter Out of Order and Crank Lost 

To start engine if starting crank is lost, or starter fails to work: 
Jack the rear wheel, let clutch in, place gears in “high,** and 
turn the wheel. Or let the clutch in and have someone push 
the car until the engine starts, and quickly throw out cfutoh 
when engine starts. 


Testing Stewart Vacuum Tank 

The principle of operation of this fuel-feed system is given on 
pages 113-115. The tests below will assist in locating the 
cause of no gasoline at carburetor, or too much gasoline going 
into inlet manifold. See pages 114-115 for other troubles and 
remedies. 


Fig. 59: To test vacuum tank to see if the vacuum system 
is functioning properly (this is usually the first test to make 
after determining that there is gasoline in the main gasoline 
tank, and that the gasoline is not reaching carburetor): Ilcmovo 
plujf W, Fig. 59. Pour in sufficient gasoline to run engine for 
testing. Start engine and run with throttle closed as near as 
possible at idling speetl (suction is greater at idling). Hold 
finger over opening (W) and feel if (here is a suction. If so, 
this part of the system is properly working and the trouble may 
” 1)0 in the feed line from gasoline tank to vacuum tank. 

A better method is to use a low reading (about 0 to 
vacuum gauge (Fig. 59) and connect it os sliowm to plug open¬ 
ing (W). If the vacuum is normal, the noodle will show from 
about 10" to 15", with engine idling, As the speed of engine 
increases the needle will drop back slightly. 

When the gasoline flows to vacuum tank and fills it, the needle 
should drop Dack to (O) because the suction valve (A), (Fig. 
2, page 113) should close. 


If fhe needle does not drop back under theso conditions, then 
the probability is the suction valve (A) is leaking air and the 
remedy is to put in a new complete top or head, os it docs not 
pay to try to repair a valve. 

If gauge needle deflects only about 2" or 3" or not at all, 
with throttle almost closed, then look for air leaks in the system. 

If gauge needle goes considerably higher than normal and 
remains there with engine idling and on closed throttle, then 
look for a clogged gasoline line (D) (Fig. 2B, page 113). 

If engine runs properly on a level and pops back in carburetor 
when driving up hill, this may be due to luck of gasoline; look 
for dirty strainer in carlmretor, or stop car and try running 
engine idle with throttle closed. 




Fig. 59A: Test for engine drawing gasoline from vacuum 
tank through inlet manifold. Sometimes, probably owing to 
a leaky suction valve (A) (Figs. 2, 2B, page 113) not closing 
when the float chamber is full, or to a leaky float filling up with 
gasoline, thus increasing its weight so that it docs not rise and 
cut off the valve (A), the tank continues to fill to a point that 
causes the suction line to draw gasoline into the inlet rnanifold, 
causing too rich a mixture and loading up and choking of the 
engine, or loping of the engine at idling speeds. 

Test by taking two pieces of rubber or copper tubing and 
connect with an empty bottle as shown in Fig. 59A. If rubber 
tubing is used, connect each end over copper tubing. If 
gasoline accumulates in the bottle, this indicates that it is 
beiqg drawn into the inlet manifold. The vacuum tank should 
then be opiened by removing the top; examine the vacuum suc¬ 
tion valve (A) and float for leaks. If the float leaks it wriU 
be found to be filled with gasoline. See page 114. 


Hydrometers for Testing Alcoliol and Water 
for Non-Freezing Solutions 
A hydrometer for testing the specific gravity of battery acid 
solution (Fig. 60 and page 531) cannot be used to test alcohol 
solutions, because it fs graduated from the waterline (1.000) 
at the top, downward. When battery acid is added to water, 
the solution becomes heavier; thus the hydrometer will rise 
accordingly, giving a ^eater "specific gravity’* or density. Acid is 
heavier than water. page 531, why battery solution freezes. 


1A Vacuum gauge reads ’’inches of mercury**" or registers to 
**30" of vacuum,"Instead of lbs. (see Dictionary, page 1079). 
Can be secured of National Gauge and Equipment Ck>., La 
CroiM,Wis. 
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A hydrometer which could 
be used for testing the “per¬ 
centage" of alcohol to water 
for a non-freezing solution 
is shown in Fig, 61. It is 

f ;raduated from the wafer 
me (O) at bottom, upward. 

When alcohol is a<laoil to 
water, tfie solution becomes 
lighter; thus the hvflrometer will sink accordingly, giving a 
greater “percentage*^ of alcohol. Alcohol is lighter than water. 


For example, on page 154 a table is given showing a certain 
“percentage” of alcohol to be mixed with water to obtain a 
certain freezing temperature. Note that for a solution which 
will freeze at 20“ below zero, 50 per cent alcohol is required. 
Therefore if hydrometer (Fig. 01) was placed in a solution of 
50 p<‘r cent alcohol and 50 per cent water, it would sink to the 
line maiked “100 proof,” or ”50 per cent" alcohol. If placed in 
pure alcohol it would sink to lino marked “200 proof," or 
‘‘100 per cent" alcohol (undiluted denatured alcohol runs about 
188 proof, or 01 i)cr cent). The proof test is always twice the 
percenfago tc.st. TesU are made at approximately 60“ F. of 
solution. Hydrometers of this type can bo secured at drug 
stores or chemical supply houses. 


A hydrometer similar to that shown in Fig. 61 could have a 
scale which would give “specific gravity,” but this test is not as 
practical or as convenient to make^as the "percentage of 
alcohol" teat. The talkie on page 151 gives tlie "speoifio gravity 
of mixture" at various freezing temperatures. If a hydrom¬ 
eter with a specific gravity scale was placed in denatured 
alcohol (which runs about 188 proof or 94 per cent), tlien the 
hydrometer would sink to a lino near top marked .8196 (specific 
gravity, which is lighter or le.s8 dense than water). If [daced 
in pure water it would sink to line at bottom marked l.(X)() 
(which indicates the specific gravity or density of water). 


Hydrometers Designed Especially for Testing 
Alcohol and Water Non-Freezing Solutions 

The advantage in using a hydrometer is to test when mixing 
and also to test from time to time after once filling the circula¬ 
tion system to see if sufficient alcohol is present to prevent 
freezing. Alcohol evaporates rapidly when circulation temper¬ 
ature reaches 170® F. 


Fig. 62 shows the “Pyro-Alcohol Radiometer" (mf’d by 
Scranton Glass Inst. Co., Scranton, Pa.). It can be used to 
test an alcohol solution. The point on hydrometer ecalo level 
with solution iiulicat^ the freezing temperature of solution. 
For example, if level is with —6, the solution would freeze at 
5® below zero. If it is then desirable to have a solution which 
will freeze at 10® below zero, add enough alcoliol so that reading 
will be —10. Headings of mean above zero, and — below zero. 


When adding 
tion, then test. 



alcohol, run engine a few seconds to mix solu- 
When testing, solution should be 60® F. If 
below 60® F., the density is greater and test will 
show a smaller percentage of alcohol than is 
actually present; if above 60“ F., the density 
is less and test will show a larger percent¬ 
age of alcohol; therefore a correction table to 
be used with Fig. 62 is shown below. For ex* 
ample, if hydrometer shows 0 (zero) and tem¬ 
perature of solution is 60® F., the solution will 
freeze at 0. If it shows 0 at 80® F., it will 
freeze at -fS (8® above zero), etc, A ther 
mometer should bo used. 
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INSTRUCTION No. 83 

GENERAL DATA; Horsepower; Miscellaneous Data; Passenger Car Median- 
ical and Service Specifications; Study of the Mechanical Construction of 
a Car; Insurance; Laws; Questions and Answers to Some of the *‘Firsts**. 


METHODS OF COMPUTING HORSEPOWER 


The N. A. C. C. Horsepower Rating 
Formula 

The horsepower of a gasoline engine is dependent 
upon the following things: the number of cylinders^ 
the area of piston heads, the average number of 
pounds per square inch exerted upon the piston 
during tno strokes (mean effective pressure), and 
the revolutions per minute of the engine. 

This formula was originally adopted by the A. L. 
A. M. (Assqciation of Licensed Automobile Manu¬ 
facturers), which was merged with the non-liccnsed 
manufacturers’ association, after the Selden patent 
expired, into what is now the N. A. C. C. (National 
Automobile Chamber of Commerce). 

It has been worked out upon the assumption 
that the piston speed is 1,000 It. per min.^ ancf that 
the mean effective pressure during working stroke 
is 90 lbs. per sq. in. and a certain percentage of de¬ 
veloped power IS lost in friction. Inasmuch as the 
piston speeds of modern engines run up as high as 
1,500 to 2,000 ft. per min., and the mean effective 
pressures during working stroke go up to 110 to 
120 lbs. per sq. in., it will be seen that this formula 
is not altogetner accurate as to the actual horse¬ 
power, which would be considerably more. How¬ 
ever, it is used for estimating, and serves its purpose. 


Piston Speed 

When this formula was first adopted most engines 
developed their maximum horsepower at 1,000 feet 
of piston travel per minute. Therefore it was 
worked out under the assumption that the piston 
speed is 1,000 feet per minute. 

The factor of piston speed takes in both the 
length of the stroke and speed of the crank shaft in 
revolutions per minute. 

The shorter the crank, the quicker it can be 
turned; the longer the crank, the more piston travel 
per stroke. Therefore the crank can travel more 
slowly and still the piston will travel the required 
distance. 

As an example: Suppose that the stroke of an engine is 4 
inches: it would hare to make 3 strokes to travel 12 inches, or 
1 foot, because each stroke is 4 inches in length. Take, on the 
other hand, an engine with a stroke of 6 inches: it would have 
but 2 strokes to make for each 12 inches or 1 foot of travel. 
Therefore it is evident that the shorter the stroke, the faster the 
crank must move to cause the piston to travel 1,000 feet in the 
specified time. 

The table below gives the piston travel in feet 
per minute, of engines with different strokes with 
various crank-ehaft speeds. 
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Question: How many feet would a piston tnyel in an engine 
with a 5-inch stroke when the crankshaft was turning 200 
rofTolutions per minute (r.p.m.)? 

Answer: The piston goes down 3 inches and up 3 inches to 
one revolution of the crankshaft. Therefore 3 inchee down and 
3 inches up would be 6 inches of travel of the piston to one 
revolution of the crankshaft. With 200 nvolutiona of the 


crankshaft, the piston would travel 200X0*1,200 inches. As 

there are 12 inches to a foot, then we should have 

100 feet of piston travel per minute to 200 revolutions of the 

crankshaft. 

This formula would be: P, is piston travel 

per minute which equals the stroke S, X2, X A (the revolutions 
per minute of the crank shaft) divided by 12. 

How to Figure the N. A. €. €• Formula 

This formula is used by all leading manufacturers 
and by the license offices in different cities. It rep- 
re.sents a comparative horsepower rating for auto¬ 
mobiles that is used for taxation and similar pur¬ 
poses. It is not an engineering formula, and does 
not accurately represent the power actually de¬ 
veloped by the engine. The formula is expressed 
as follows: 

,, (Diam. in inches) *X number of cylinders 

Horsepower •=-- 

Question: What is the N.A.C.C. horsepower of a four- 
cylinder engine which has a 4-inch bore? 

By referring to the table below, one 4-inch bore cylinder is 
6.4 and 4 cylinders of 4-in. bore is 25.6 b.p. 

This is arrived at as follows: h.p. * 

4.5 

D* (diameter squared) 4X4*16. 

N (number of cylinders) “■4. 

2.5 (constant). 

Therefore the horsepower is « 64-1-2.5*=25.6 h.p. 

£.0 

It will be noted that the stroke of the cylinder was not taken 
into consideration at all. 


Horsepower Rating Table for Internal Com¬ 
bustion Automobile Engines Calculated 
from the N. A. C. C. Formula 


Inches 

Bore 

Milli¬ 

meters 

1 Cyl¬ 
inder 

2 Cyl¬ 
inders 

4 Cyl¬ 
inders 

6 Cyl- 
i nders 

8 Cyl¬ 
inders 

1.2 Cyl¬ 
inders 

2H 

64 

2.5 

5.00 

10.00 

15.00 

20.00 

30.00 

H 

68 

2.8 

5.60 

11.03 

16.54 

22.05 

33.08 


70 

3.0 

6.00 

12.10 

18.15 

24.20 

36.30 

ii 

73 

3.3 

6.62 

13.23 

19.84 

26.46 

39.68 

3- 

76 

3.6 

7.20 

14.40 

21.60 

28.80 

43.20 

H 

79 

3.9 

7.81 

15.63 

23.44 

31.25 

46.88 

K 

83 

4.2 

8.60 

16.90 

25.35 

33.80 

60.70 

H 

85 

4.6 

9.12 

18.23 

27.34 

36.45 

54.68 

3H 

89 

4.9 

9.80 

19.60 

29.40 

39.20 

58.80 

H 

02 

6.3 

10.50 

21.03 

31.54 

42.05 

63.08 

H 

95 

6.0 

11.25 

22.60 

33.76 

45.00 

67.50 

H 

99 

6.0 

12.00 

24.03 

36.04 

48.05 

72.08 

4- 

102 

6.4 

12.80 

25.60 

38.40 

61.20 

76.80 

H 

105 

6.8 

13.62 

27.23 

40.84 

54.45 

; 81.68 


108 

7.2 

14.50 

28.90 

4335 

67.80 

86.70 

H 

111 

7.7 

15.31 

30.63 

45.94 

61.35 

91.88 

4H 

114 

8.1 

16.20 

32.40 

48.60 

64.80 

97.20 

H 

118 

8.6 

17.12 

34.23 

61.34 

68.45 

102.68 

H 

121 

9.0 

18.00 

36.10 

64.15 

72.20 

108.30 

H 

124 

9.5 

19.00 

38.03 

57.04 

76.05 

114.08 

5- 

127 

10.0 

20.00 

40.00 

60.00 

80.00 

120.00 

Pi 

130 

10.5 

21.00 

42.03 

63.04 

84.05 

126.08 


133 

11.0 

22.00 

44.10 

66.15 

88.20 

132.30 

H 

137 

11.6 

23.00 

46.23 

69.34 

02.45 

138.68 

5H 

140 

12.1 

24.20 

48.40 

72.60 

06.80 

145.20 


143 

12.7 

25.31 

60.63 

75.94 

101.25 

151.88 


146 

13.2 

26.60 

62.90 

79.35 

105.80 

158.70 

H 

149 

13.8 

27.62 

65.23 

82.84 

110.45 

165.68 

6- 

152 

14.4 

28.80 

67.60 

86.40 

116.20 

172.80 
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POWER, WORK, HORSEPOWER, 

Power: In order to understand power, one must 
consider that its definition is the rate (speed) of 
doing work. 

Work is a force acting through a distance. For 
example, if we lift 10 lbs. throu^ 2 feet, we accom¬ 
plish an amount of work equal to 10 lbs. X 2 ft., or 
20 foot lbs, of work, 

ilie next factor is the rate (speed) of doing this 
work. For example, suppose we lift 10 lbs. through 
2 feet in 10 minutes, our power is 10 lbs. X 2 ft.-j- 
10 min., or 2 foot pounds per minute. 

Horsepower (h.p.) is, then, a unit of power, 
namely the accomplishment of 33,000 ft. lbs. of 
work in 1 minute, expressed as 1 horsepower (1 h.p.). 

The horsepower unit is used in motor work as a 
standard rate of doing mechanical w-ork, equal to 
33.000 pounds (or weight) raised through a height of 
1 loot in 1 minute; or any factors which multiplied 
together equal 33,000 ft. lbs. in the same time, i.s 
also equal to 1 horsepower. The horsepower luus 
nothing to do whatever with the power developed 
by a horse—but in the days of Watt and early 
engineers (of the eighteenth century) the work in 
ft. ll).s. capable of being done by an average draught 
horse in 1 minute was taken as the unit of nower. 
The French horsepower ecjuals 32,549 ft. lbs. of 
work in one minute, exT)ressed as 1 horsepower, and 
is thus less than the English standard. 

Torque is the product of force multiplied by the 
distance at w'hicli it is exerted from the center of 
rotation. For example, suppose we have a 1-foot 
pipe w rench and we apply a force of 40 lbs. on the 
end of that WTcnch, we shall then exert a torque of 
40 lbs. X 1 foot, or 40 ft, lbs. of torque.^ On the 
other hand, if we had a 2-foot pipe wrench and 
exerted 40 lbs. on the end of it, w'e should exert a 
t/orque of 40 lbs. X 2 feet, or 80 foot lbs, of torque. 
This explains w'hy it is easier to unscrew a pipe 
coupling with a 2-foot wrench than it is with a 1- 
foot wrench—the tonpie is greater. 

When we say an engine develops 182 ft. lbs. 
torque, we mean that at a distance of 1 foot from 
the center of the crank shaft the engine would exert 
a force of 182 lbs., or at a distance of 182 feet from 
the center of the crank shaft the engine would exert 
a force of 1 lb. For instance, suppose we wished to 
stop an engine which exerted 182 ft. lbs. torque, by 
means of a pipe wrench. If a 1-foot wrrench w^as 
used, by exerting a force of 182 lbs. on the end of the 
wrench, it wiould stop the engine. Or if a 182-foot 
wrench w^ere used, a force of 1 lb. exerted at the 
end of the wrench would stop the engine. 

On an averap modem automobile engine, say, 
for example, of 90 b.h.p., according to the curve 
(Fig. 1), the torque at 1,600 r.p.m. is 182 ft. lbs., and 
the b.h.p. is 55, whereas at 3,200 r.p.m., the torque 
is only 148 ft. lbs., and the b.h.p. is 90. Also note 
that the torque increases up to 1,C00 r.p.m., and 
then falls off, and that the horsepower increases up 
to 3,200 r.p.m., and then falls off. To the layman 
it would appear that the greatest pull or force 
exerted would be at 3,200 r.p.m., but such is not the 
case. The greatest pull on this particular engine is 
at 1,600 r.p.m. 

The reason why greater horsepower can be 
developed with less torque is the factor of speed, 
which we have already seen is one of the items affect¬ 
ing power. 

For example, the engine at 1,600 r.p-m. ia like Tom, who can 
carry 182 lbs. of bricks (we-will term the oarrying. capacity of 
Tom ‘Horque*'), and can walk at a speed of 16 miles Mr day. 
Suppose the bricks had to be moved 1 mile. Tom eoiud make 
8 round tripe and therefore could move 8X182«1,456 Ibe. of 
brick in 1 oay. 


AND TORQUE; MEANING OF 
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The ongitie, while running ai 3,2(X) r.p.m., iw like Philip, who 
run carry only MS Iba. of bricks, but can walk at a speed of 32 
iiiilea per day. Philip could then inako 16 round trips and 
tlw'reforo move 16X148—2,368 lbs. of brick in 1 day. Thus, 
while Philip develops less torque, he gets more work done per 
day and conseijuciitly doveloi)fl greater power. 

Therefore, at 1,600 r.p.m. the load carried (torque) is greater, 
but the speed is lens, and the rate of doing the work is leas. At 
3,2>lO r.p.m. the load carriwl (torque) is lews, but the speed or 
rate of doing the work (h.p.) ia greater. 

The reason why the engine develops less torque 
at 3,200 r.p.m. than at 1,000 r.p.m. is the fact that 
the cylinder receives a smitllta* charge of gas per 
stroke at 3,200 than at 1,000 r.p.m., bcc^ause of the 
inertia and the friction of the gases i)assing through 
the manifold and valve. At th(‘. lower speed the 
effect of inertia and friction is smaller, allowing a 
greater quantity of gas to be introduced into the 
cylinder at each inlet stroke; on the other hand, at 
3,200 r.p.m., the high velocity of the gas causes a 
considerable amount of friidion, and the effect of 
inertia (tendency to move slower) is greater, which 
decreases the charge of gas entering the cylinder. 
This also accounts for the groat devrease of tortpie 
and consequent falling-off of i)()W('r (h.p.) after 
3,200 r.p.m. Therefore, this engine exerts its 
greatest pull at 1,600 r.p.m. 

A given amount of power can be developed in 
cylinders of either large or small diameter. 1 bus 

there is the example of the stationary gasoline 
engine. To obtain, for example^ 10 b.h.p. from this 
type of engine, a very large cylinder and comi)ara- 
tively slow speed would be employed, with a maxi¬ 
mum speed of perhaps 300 to 600 r.p.m. A modca n 
85 or 110 b.h.p. automobile engine, on the other 
hand, has six, eight, or twelve very small cylinders 
but a high speed; say, 3,200 to 4,000 revolutions 
per minute. The individual power impulses are 
very much weaker than those of the large slow-speed 
engine, consequently its parts can be made much 
lighter and smaller, as the shocks and stresses that 
have to be sustained are projiortionately much less. 

A GM buB gasoline engine (model 707), for another example 
has six large cylinders (6" boreX6" stroke). Its greatest pull 
(torque) is at 1,0(X) r.p.m., the torque being 660 ft. lbs., whereiAs 
its maximum brake horsepower ia 173 at 2,100 r.p.m. 

Not®.— Dyhe't Self-Starter (see inside of the back cover of 
this book) has considerable information on the subject of torque, 
horsepower, etc., and fully explains how to road curves. See 
also SpecifUatione for horsepower and torque of engines used 
on buses, trucks, and passenger cars. 

»Torque can also be measured in inch pounds. One foot 
pound equals 12 inch pounds. For example, a force of 40 lbs. 
at the end of a 12" wreneb exerts 40X12-480 tnrh pounds of 
torque. 
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Power and Pressure and Other Terms 

Brake horsepower (b.h.p.): Power delivered at 
the crank shaft. 

Indicated horsepower (i.h.p.): Power delivered 
by the gas inside the cylinder to the piston. 

If an engine develops 10 indicated horsepower, 
and it takes 3 horsepower to drive itself, the crank 
shaft would deliver 7 h.p., and the rating of the 
engine would be 7 brake horsepower, or 10 indicated 
horsepower. 

To estimate the horsepower of an engine within 
a reasonable degree of accuracy, the following may 
be used. 

Another H.P. Formula (not the S. A. E.) 

The following formula takes into consideration the stroke 
as well as the bore, and also the speed. 

H. P. Formula: =. horsepower 

This means, square the diameter or bore of the cylinder (D*) 
and multiply the result by the number of cylinders (N); multi¬ 
ply this result by the length of stroke (L), and multiply this 
result by the revolutions (R) per minute of the crank shaft; 
then divide this total result by the “coiLstant” (C) below. 

The "constant” for a 4-rycle engine is 13,000. 

The "constant” for a 2-cycle engine is 10,0(X). 

Example: Suppose we have a 4-cylinder engine, 4-inch bore 
(diameter), and 5-inch stroke, and 1,000 revolutions per minute, 
what is the horsepower? 

4X4 equals 16 (squaring the diameter DO. 

16 X 4 equals 64 (result multiplied by number cylinders N). 

64 X 5 equals 320(result multiplied by length of stroke L). 

320 X 1 lOOO equals 320,000 (result multiplied by number of 
revolutions R). 

320,000 divided by the "constant” 13,(KM), will give us 24.6 h p. 
for a 4-cyolo engine. 

320,000 divided by 10,000 will give us 32 h.p. for a 2-cycIe 
engine. 

The “constant” is a figure arrived at by the-founder of the 
formula. You will note there is a difference of 1 h p. between 
the horsepower figured with this formula and the y.A.E. for¬ 
mula. There is usually a difference with all formulas. 

To calculate the horsepower delivered by the 
crank shafti the brake test must be made with a 
mechanical machine, such as a “prony brake test" 
(page 1045) or “dynamometer test" below; the 
result is the b.h.p. 

Thermal efficiency of an engine: See dictionary, 
page 1078. 


Mechanical efficiency of an engine: See diction^ 
ary, page 1077. 

Compression pressure is the pressure of the gas 
after being drawn into the cylinder and compressed 
in the combustion chamber by the up compression 
stroke of the piston. This varies with the quantity 
of gas drawn into the cylinder, the speed of the 
piston, the size of the combustion chamber, and 
the condition of the valves, and rings, and the 
tightness of the parts. See also page 116. 

The expansion pressure (often termed explosion 
pressure) would be the maximum or greatest pres¬ 
sure immediately following the combustion or burn¬ 
ing of the gases. This pressure is many times 
greater than compression pressure. This expansion 
pressure (gas expands when ignited and heated) 
continues, but oiminishes throughout the entire 
power stroke. 

Mean effective pressure (m.e.p.): During the 
entire cycle of a ^as engine, the cylinder is subjected 
to many variations of pressure. We have seen 
that during the power stroke, the pressure decreases 
as the piston proceeds along its stroke. All of this 
pressure causes the engine to deliver i)ower. In 
the same way, during the compression stroke the 
pressure gradually increases as the piston travels 
upward. All of this pressure hinders the engine 
from delivering power, and should therefore be 
considered as a negative power. N(^w, if we average 
up all the pressures during a cycle and subtract 
those which hinder the engine from those which 
help it (the jiowcr stroke is the only stroke which 
hel}7s), we shall arrive at the m.e.p., that is, the 
average or mean pressure which is effective in pro¬ 
ducing power. 

B.H.P., meaning of: See dictionary, page 1074. 

B.T.U. (British Thermal Unit): See dictionary. 

Calorific value: See dictionary. 

E.H.P., E.P.M., meaning of: See dictionary. 

Heat units, meaning of: See dictionary. 

M.E.P., meaning of: See dictionary. 

Wind resistance increases in proportion to the 
“square” of the speed: thus at 20 miles per hour it 
is four times what it is at 10 miles, and at 30 miles 
per hour nine times, and so on. 


METHODS OF MEASURING B. H. P* 


There are several methods for measuring the 
b.h.p. of an engine, as, for instance, with a fan 
dynamometer, an electrical dynamometer, and by 
means of a prony brake test. 


The Fan Dynamometer 

This consists of a fan, driven by the engine. The 
power required to turn the fan increases with the 
speed, and at all times bears a definite relation to 
the speed. Hence, knowing tlie speed, it is possible 
to determine the horsepower being developed. 

The speed is shown by means of a speedometer, 
driven from the fan shaft, but registering revolutions 
per minute instead of miles per hour. 
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Fan dynamometers are not suitable for research 
and very accurate work. They can be used for ap¬ 
proximately determining the horse power of engines 
of high speed and where engines in Quantities are 
tested and their relative differences observed. To 
give an idea how the device is constructed a layout 
follows. 

The engine is bolted to a frame. The drive shaft 
is shown. The fan shaft is carried on two heavy 
pillow blocks bolted to wooden supports with ball 
or roller type bearings, if possible. The fan arm 
should be of solid bar nickel steel, 3^' x 3/8'' by 
6/16" long. The hub should also be of nickel steel. 



Fan blades-are of heavy sheet aluminum, i)lac(Ml 40" 
apart on the centers, and bolted to the fan arm by 
inOvans of angle-iron strips that are rivettnl back to 
back on the aluminum blade.s. To avoid aecident 
the fan is enclosed in a cage of mesh wire netting. 

In making a device of this kind, it is po.ssible to 
obtain a formula for determining the b.h.p. for vary¬ 
ing speeds of the fan. 'bhis Hul)jeet, however, will 
not be dealt with here, as tlui atmosplierie pr(‘ssur(i 
and temperature are some of the factors to be (!on- 
sidered, and sj)ace being limited, our discussion will 
be confined to a general dcscrii)tion only. 

Electrical Dynaiiiomcler 

The method for testing the horsepower of a gaso¬ 
line engine with an electrical dynamometer is as 

follows: The engine is belted or (jireferably) 
coupled direct to a dynamo machine. Connected 
up with the dynamo are two specially accurate 
electrical measuring instruments, one a voltmeter 
and the other an ami)eremeter. The current which 
the dynamo produces when driven is used up, by 
either a group of lamps or a set of wire or licpiid 
resistances. The amount of w'ork the dynamo wall 
do, such as lighting lamps, etc., di^pends on the 
power put into it from the engine. 


RESISTA.NCES (LAMPS) 



Fig. 4 


It is easy to convert electrical power units into 
mechanical units. Thus: amperes multiplied by 
volts equals watts; there are 746 watts to a horse¬ 
power, so that by simply taking the readings of 
the voltmeter and ammeter, the amount of wwer 
the dynamo is giving out is at once calculated. 
The dynamo, of course, does not transform the 


whole of the power put into it into electricity, but 
it may transform somewhere near 90 per cent of it. 
Certain mechanical and electrical losses occur in 
the dynamo, but these are calculated beforehand. 
Hence, knowing exactly how much of the power 
put into the dynamo is lost or wasted, and the maxi¬ 
mum amount given out. the powder actually produced 
by the engine will be tne result. 

Prony Brake Test 

This is one method of testing the brake horse¬ 
power and torque of an engine. 



One horsepower is defined as the power that will 
raise 660 lbs. 1 ft. liigh in 1 second, or, ns the casi^ 
may be, ,33,0(K) lbs. 1 ft. high in 1 minule I’lie 
pow'cr tliat will do one will exactly do the other if 
the gearing is suitably arranged. 

Torque is the product of force multiplied by di.s- 
tanee at which it is e.xerted from the center of rota¬ 
tion. If arm (D) is 3 ft., and 30 lbs. pull is shown 
at (F) at 1,6()0 r.p.m., thou th(3 tonpuj would be 
30 lbs. X 3 = 90 foot pounds torque. 

To find the h.p. at, say, 1,600 r.p.m., wo start up 
the engine (liaving first rigged up to some c.onvenient 
part a speed counter), open tb(^ throttle fully, tighten 
down the clamp bv tla? sci’ews (E) until the engine 
is slowed to the recjuired speed, namely, 1,600 r.p.m. 
I'he number of pounds ])ull on arm (D) is now read 
off at (F). 

Observe now the calculation. We first measure 
the distance from the central noint of the flywheel 
tx) the point of the arm whicn rests on the scale. 
Assume this to be 3 ft., and the number of lbs. 
indicated on the scale to be 30, and we have all tho 
necessary information. 

This 3 ft. arm (D) is virtually the radius of an 
imaginary flywheel 6 ft. in diameter, which exerts at 
its rim., i.c., at the point resting on the scale, a pull 
of 30 lbs. 

Now a flywheel liaving a diameter of 6 ft. has, 
roughly, a circumference of 19 ft., therefore during 
one revolution of the flywheel, the force of tfO lbs. 
will act through a distance of 19 ft., and if its speed 
is to be 1,60() r.p.m., we have hero a rim sneed of 
28,5(K) ft. per minute, exerting a pull of 30 lbs., or 
in other words, 85.6,(KK) ft. lbs. per minute. But, 
as we have seen, 33,000 ft. lbs. per minute is 1 h.p.; 
therefore it requires but a simple division (855,00() 
-33,000) to find that the engine is developing nearly 
26 h.p. 

In actiial practice, rather more elaboration is 
necessary to cope with secondary considerations. 
A suitable method of dealing with the friction on 
the flywheel, for instance, must be found, as well as 
a proper lining for the braking clamp, so that the 
drag on the flywheel is constant, free from jerks, etc. 

Horsepower and revolutions. The gasoline 
engine, within certain limita, is dependent ujx)n 
engine revolutions for power. If the revolutions 
are not maintained to a certain speed, especially on 
1 , 2, and 4-cylinder engines, the power is not suffi¬ 
cient to start a car or to climb hills. It is for this 
reason that transmission gears are necessary. 
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Relation of Speed of Engine to Road Wheels 

If jrott do not know the ratio between the spe^ of the engine 
and uie apeed of the car, there i« a way ot arriving at this ratio 
approximately. Jack up both the rear wheels as ^own m Fig. 
d, and then, after throwing the car into low gear, crank the 
engine slowly bv hand, counting the number of times the engine 
has to be completely turned over to one complete revolution of 
both rear wheels or two complete revolutions of one rear wheel. 



First make a reference mark on the flywheel^ or take one of 
the timing marks as a reference, and after bringing this directly 


under the pointer, if there is one. or some other reference point 
on the Awheel housing, make a mark on the tire and another 
directly below this on the floor. Now turn the engine alowlw, 
and when the rear wheel is again in line with its floor mark, 
count the number of times the flywheel has turned. If it has 
taken 20 revolutions of the engine, the ratio is 20 to 1, and so on. 

Test the intermediate and high gear In the same manner. 
See page 3 for the meaning of “ratio” and page 9 for the ratio 
of different oars. 

McCullough Formula for Finding the Speed 
of a Car 

Engine speed per minute X diameter in inches of the rear 
wheel X .002975+ratio. 

The ratio of the drive, for example, is 4 to 1; which means 
that the engine crank shaft turns four times to one of the rear 
axle. Therefore the figure to be used to divide by would be 
four. The same holds good in all speeds, no matttf if in flrst, 
second, third, or fourth speed. 

Example: 1,000 (rev. of engine) X 30 (diameter in inches of 
wheel) X .002976, divided by 4 (4 to 1 ratio) equals 22.31, ]^ua 
miles per hour. 


PISTON DISP1.ACEMENT1 


Piston displacement moans the volume of 
displaced during one stroke of the piston. For 
example, when the niston is at top dead center, 
there is a certain volume in the combustion space 
above the piston, say, 10 cubic inches. When the 
piston is at the bottom of stroke, there is a greater 
volume above the piston, say, 63 cubic inches. The 
piston displacement in this case would be 53 cubic 
inches (63—10=63) for one cylinder, or 53x4=212 
cu. in. displacement for a 4-cylinder engine. 

To compensate for inferior Quality of gasoline, some 
manufacturers have rjKluced tne area of combustion 
chamber, so as to give a high comiircssiou. (Sec 
tables^ of Piston Displacement on next page.) 


How to find piston displacement: The formula 

would bo designated thus: D® X 7854 X S X N = 
piston displaceinent. means diameter or bore 
squared or multiplied by itself, as 5X5. This result 
is then multiplied by the constant .7854 (the area 
of a cylinder 1 inch m diameter), this result by S, 
the stroke in inches, and this result by N, the num- 
l)er of cylinders. 

Example: What is the piston di»Dla(;«ruent of four cylinders, 
4-inch bore and Sl^inch stroke? rrocedure: 4X4-* 16X.7854 
=» 12.566 X5(or 6.6) “69.115X4 «270.5 cubic inches. 

Example: Whnt is the piston displacement ot four cylinders. 
3 i^-inch boro and 4 ^j-inch stroke? Procedure: 3 H X 3 
X .7854X418X4“ 141.9 cubic-inch piston displacement. 


GRADES 


The general assumption is that a grade of 100 per 
cent would be vertical, or at a 90° angle, as in line 
(D) (Fig. 7); but this is incorrect. 



A grade is expressed in terms of percentage, and 
means so many feet rise or fall in a given distance 
measured in a Horizontal direction. This given dis¬ 
tance may, for convenience, be 100,500,1,000 feet, etc. 


I Tbe tables of Piston Displacement on the next page are 
taken from the instruction book of the Stromberg Motor Devices 
C5o. (carburetor m^^r^eturers). 


A rise of 100 feet in the same distance measured 
horizontally is a 1(X) per cent grade; however, the 
included angle is 45°, and not 90°, Fig. 7 shows 
the grade percentage, which is based on a horizontal 
distance, line (B) of 100 feet. 

Assume that line (B) is a straight line, 100 feet 
long and perfectly level. Therefore from (A) to 
(B) there would be no grade. If from (A) to (B) 
there was a rise of 1 foot in every 20 feet, when we 
reached line (B) we should be 5 feet higher than at 
(A). Therefore this would be a 5 per cent grade. 
It is not necessary, however, to travel the full dis- 
tant^e. Just as long as there is a rise of 1 foot to 
every 20 feet, it is a 5 per cent grade at any point. 

If the grade or steepness increaj^d to 1 foot rise 
in 10 feet, then it would bo a 10 per cent grade, and 
we should be 10 feet higher at line (B) than at (A); 
1 in 6 2/3 is a 1 foot rise in 6 2/3 feet, and a 15 per 
cent grade, and so on up to 1(X) per cent grade, which 
wouW be a rise of 1 foot in 1 foot, as tlic slope from 
(A) to (C). 



To ascertain the percentage of a grade without the 
use of any special instruments: Secure a spirit levd 
and a ten-foot stick (Fig.8). Rest one end of the stick 
on the road surface and its level position with 
q>irit levd. by placing tills on the stick and raising or 
lowerine the stick until the bubble is in the center. 
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Then measure the petpendieular distance between 
the end of the stick ana road surface, and multiply 
by 10, which will give the rise in feet in proportion 
to one hundred feet. 

For example: Assume that the perpendicular dis¬ 
tance measured 18 inches; this multiplied by 10 
gives 180 inches, and reduced to feet gives 15 feet as 
the rise in 100 feet, or a 15 per cent grade. 

The avera^ of such measurements taken on 
grades will give fairly accurate results. 


Per oeat 

100 

Vin V 

Angle 

46® 

$0 

Pin 2^ 

26® 34' 

25 

Pin 4' 

14® 2^ 

20 

I'in 5' 

11® 19' 

16 

I'in 62/3' 

8® 32' 

10 

1' in 10' 

6® 43' 

6 

1' in 20^ 

2® 62' 


The affix to the figures in the center column, ns 
r, means 1 foot; whereas in the right-hand column, 
as 34', it means 34 minutes. 

A 66 2/3 per cent grade is as steep as a car could pos¬ 
sibly climb, as gravity overcomes traction at this angle. 
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DYKE’S INSTRUCTION No. 83 


MISCELLANEOUS TABLES. DATA, AND INFORMATION 


Miscellaneous Computations 

Atmospheric pressure equals 14.7 lbs. per square inch at sea 
evel. 

To find the circumference of a circle^ multiply the diameter 
by 3.1416. 

To find the diameter of a circle» multiply the circumference 
by .31831. 

To find the area of a circle, multiply the square of the diam¬ 
eter by .7854. 

To find the area of a triangle, multiply the base by one-half 
the perpendicular height. 

To find the surface of a ball, multiply the square of the diam¬ 
eter by 3.1416. 

To find the solidity of a sphere, multiply the cube of the diam¬ 
eter by .5236. 

To find the cubic inches in a ball multiply the cube of the 
diameter by .5236. 

Doubling the diameter of a pipe increases its capacity four 
times. 

A cubic foot of water contains 7 H gallons, 1728 cubic in., 
and weighs 62 ^ lbs. 

To convert gallons of water to pounds, multiply by 8.345. 


Centigrade to Fahrenheit 
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Melting Points of Various Materials 



Decimal Equivalent of Fractional Parts of an 
Inch 

In using this table it is not necessary to cany 
out all of the fraction. As a rule, three figures to 
the right of the decimal point is close enough for all 
practical purposes—which would be, of course, read 
in thousandths, a.s .015 (fifteen one-thousandths) 


8ths 


.125 

K- 

.250 

5^= 

.375 


.500 

»/8» 

.625 


.750 


.875 

x6ths 


1/16 =.0625 
3/16 =.1875 
5/16*.3125 
7/16=.4375 
9/16 = .5625 
11/16 = .6875 
13/16=.8125 
15/16=.9375 

32 ds 

1/32=.03125 
3/32=.0937.5 
5/32=.15625 


7/32 = .21875 
9/32 = 28125 
11/32 =..34.375 
13/.12=.40625 
15/32 =.46875 
17/32- 53125 
19/32 =.59375 
21/32=.65625 
2.3/32= 71875 
2.5/32=.78125 
27/32 =.84375 
29/32 =.90625 
31/32=.96875 

64ths 

1/64 = 015625 
3/64 = .046875 
.5/64 = .078125 
7/64= 109375 
9/64= 140625 
11/64 = .171875 
13/64 = .203125 
15/64 = .234375 


17/64=.266625 
19/64=.296875 
21/64«.328125 
23/64 = .369375 
25/64 =.390625 
27/64 =.421875 
29/64= .453125 
31/64-.484375 
33/64 =.515625 
35/64 *.646875 
37/64-.678125 
39/64 =.609375 
41/64 =.640625 
43/64 =.671876 
45/64 *.703125 
47/64 =.734376 
49/64= 765625 
51/64 =.796875 
5.3/64 = .828125 
5.5/64= .8.59375 
57/64 = 890625 
.59/64 =.921875 
61/64 = .953125 
63/64* 984375 


.015 ia approximately 1/64''; .025 is 1/40". 


The one-thousandth part of an inch is explained 

elsewhere. See page 701. 

Hundredths of an inch to sixty-fourths of an inch 

are explained elsewhere. See page 68. 


Metric System' 

The metric system, called the French standard, is 
used quite extensively abroad and is also referred to 
quite often in this book. Therefore a conversion 
of those figures most generally used is given. See 
tables below. 

m is tlie designation of meter; cm, ceutimetor; mm or m/m 
nulliineter. 

1 millimeter is approximately 1/25", and is exactly .03937". . 

1 centimeter is approximately 13/32", and is exactly.3937". 

1 meter is approximately and is exactly 39.37", or 

1 0936 yards. 

1 kilometer is approximately H mile, and is exactly .6213 
mile. 

1 kilogram is approximately 2 K lbs., and is exactly 2.21 lbs. 

1 liter is approximately 21/9 pints, and is exactly 2.11 pints 
10 mm. - 1 centimeter - 0.3937" 

10 cm. * 1 decimeter = 3.937 " 

10 dm. — 1 meter — 39.37" 

25.4 mm. = 1 English inch. 

To convert inches to centimeters, multiply by 2.54 

To convert meters to yards, multiply by 70 and divide by 64. 

To convert kilometers to miles, multiply by 6 and divide by 
8 (approx.). 

To convert cubic inches to cubic centimeters, multiply by 
16.39. 

To convert cubic meters to cubic feet, multiply by 35 32. 

To convert grams to ounces, multiply by 567 and divide by 

20 . 

To convert liters to U.S. pints, multiply by 95 and divide 
by 45. 

See page 505 (tires) for metrio conversions. 

t See Index under '^Tires, metrio nsec.** 
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IMfi 


Millimeters to Inches 
(decimal) 


Mm. 

fhehef 

2m 

07874 

Zm 

11811 

4- 

.15748 

5- 

19685 

€- 

.23622 

7- 

.27559 

8- 

.31496 

9- 

.35433 

10- 

.39370 

11- 

.43307 

12- 

.47244 

13- 

.51181 


14- .55118 

15- .59055 

16- .62992 

17- .66929 

18- 7.J860 

19- 74803 

20- 78“40 

21- .82677 
22- .86614 

23- 90551 

24- .94483 

25- .98425 
26 = 1.02362 


Tenths of Millimeters 

.2 r2/10th8) of u Turn, is approx. .008^* 
.3 uJ/lOths) of a inrn. is approx. .012'' 
.4 (4/lOtljs) of a iniu. is approx. .016" 
.6 (S/lOths) of a mm. is approx. .019" 


Millimeters to Fractions of an Inch 

1 mm. is approximately. 3/64" 

2 mm. is approximately. ,V61" 

3 min. is approximately. 7/64" 

4 mm. is approximately. 5/32" 

6 mm. is approximately. 12/64" 

6 mm. is approximately. 15/64" or ! t" 

7 inm. is approximately. 17/64" 

8 inm. is approximately .20/64" or 10/32" or 5/1 i" 

9 mm. is approximately. 22/64" 

10 mm. is approximately. 25/64" 

12 mm. is approximately. 15/32" 

15 mm. is approximately. 19/32" 

16 mrn. is approximately. 

18 mm. is approximately. 23/32" 

20 mm. is approximately. 25/32" 

22 mm. is approximately.55/(n" 

24 mm. is approximately . . .... 15/16)" 

25 mm. is approximately . . .(>3/64" 


10 2 

) 

30 

4( 

i 50 

60 

m 

innUHHiMII 

Ml 

Ip 

PI 

npii 

HIHIIIIII 

le 

ISSmm 

Dll 

IH 

HH 

m 

nil 


Fig. 0. Com^rative difference between millimeters and 
Inches with a rule 2 Fa" long. 


Table of Cylinder Bores and Strokes in Millimeters 
and Inches 

The following figures are approximate, and intended only as 
a rough guide for comparison. For accurate measurements a 
sliding calliper with inches and metric scales should be used. 


dllimetrei 


M 

86 

88 



ACUna« 

84 by 90 mlUimetres 8/^, by 8A 
«A .. OA 

8ui t» 4/* 

H « 4A 
814 

U .. H 
M 4} 
4A M 4ia 
4A M 6A 
44 » 81 
4A 6A 
4| .. 8A 
4f H 

4? !! 3 

4}| M Ml 

S : 


90 „ 90 
90 ,,110 
95 „1I5 
100 „115 
lOS „118 
108 „120 
no „185 

119 „12H 
114 „iao 

no „i34. 
118 ,,188 

120 „140 
192 „143 
124 „146 
126 ,,148 
198 „180 
180 

110 ,,160 


V‘ 


Time per Mile Expressed in Miles per Hour 

There are 3,600 seconds in an hour, and, to find the speed in 
miles per hour, divide 3,600 by the time in seconds it takes 
to make 1 mile. 




Kilometers and Miles per Hour 


A Kilooittre in 

Mile* per Hour 

A Kilometre ie 

Miles per He 

Min. 

Sec. 


See. 


0 

55 

40.65 

16 

138.79 

0 

56 

39.93 

18 

124.26 

0 

57 

39.23 

20 

111.83 

0 

58 

38.5S 

21 

106.50 

0 

59 

37.89 

22 

101.66 

1 

0 

37.26 

23 

87.24 

1 

1 

36.65 

24 

93.19 

t 

2 

36. 6 

25 

88.54 

t 

3 

35.49 

26 

86.02 

1 

4 

34.93 

27 

62 83 

1 

5 

34.40 

28 

78.88 

1 

6 

33 88 

30 

74.53 

1 

7 

33.37 

31 

72.13 

1 

• 

32.88 

32 

69.87 

1 

9 

32.41 

33 

67.76 

1 

10 

31.94 

34 

65.76 

1 

11 

31.49 

35 

6338 

1 

12 

31.05 

36 

62.11 

1 

U 

30.63 

37 

60.43 

1 

14 

3U.21 

38 

58.85 

1 

15 

29.81 

39 

57.33 

1 

16 

29.42 

40 

55.99 

1 

17 

29 03 

41 

54.53 

1 

IS 

28 66 

42 

53.24 

1 

19 

28.30 

43 

52 09 

1 

20 

27 95 

44 

50.82 

1 

21 

27.60 

45 

49 69 

1 

22 

27.26 

46 

48.61 

1 

23 

2634 

47 

47.97 

1 

24 

26.62 

48 

46.98 

1 

25 

26.30 

49 

49.63 

1 

26 

26.00 

90 

44.72 

1 

27 

25.70 

51 

43.84 

1 

28 

25.41 

52 

43.00 

1 

29 

25.12 

53 

42 19 

f 

80 

2434 

S4 

4130 
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Wheel and Engine Speeds 
This table givee tbe number of reYohiUona that a tin of 
given aUe make* in going a mile. 


IlSf 

WHEEL 

BNOINB REVOLUTIONS PER BOLE 
WITH VARIOUS GEAR RATIOS 

SIZE 

R.P.M. 

8to 1 

8Htol 

4tol 

80 

878.8 

8018.8 

8868.7 

S88S.8 

18 

881.7 

1890.1 

8810.9 

8888.8 

IS 

811.1 

1888.8 

8188.8 

8444.4 

84 

888.8 

1779.8 

8076.8 

8878.8 

86 

878.8 

1788.8 

8016.7 

8804.8 

86 

880.8 

1880.8 

1980.7 

8840.8 

40 

504.8 

1618.8 

1784.8 

8018.8 

SIZE 

RJP.M. 

4Htol 

8to 1 

8Hto 1 

80 

878.8 

8084.9 

8881.0 

8897.1 

88 

881.7 

8848.8 

8108.6 

8474.8 

88 

811.1 

8749.9 

8066.6 

8861.0 

84 

898.8 

8889.4 

8986.0 

8868.8 

86 

578.8 

8898.9 

8881.0 

8189.1 

88 

660.8 

8688.9 

8801.0 

8081.1 

40 

804.8 

8888.8 

8880.0 

8778.1 


Relative Speed of Airplane, Automobile, 
Motorcycle, Motorboat, R.R. Train 
and Iceboat 

Airplane, S48.67 m.pJi., or 1 mile in 14.77 sec., or 4.061 miles 
per minute, by Lieut. A. J. Williams in the Pulitser Trophy 
Race at St. Louis, October 6, 1023. 

Automobile, 180.87 m.p.h.,or 1 mile in 20.0 seconds, or 3.01 
miles per minute, by Sig. Haughdal in a Wisconsin Special at 
Daytona Beach, April 20,1022 (not under auspices of the A. A.A. 
ana record is not recognised as official. Omcial record gives 
Tommy Milton in a Duesenberg April 27,1020, a mile in 23.07 
seconds, or about 156 miles per nour). 

Motorcycle, 186.4 m.n.h., or a mile in 26.4 sec. or 2.27 miles 
per minute by a Glen H. Curtiss 8-cyl. air-cooled motorcycle 
in 1010 at Ormond Beach, Fla. 

Motorboat, 81.677 m.p.h.,or 1 mile in 44.1 sec., or 1.36 miles 
per minute by Miss America II at Detroit, September 6, 1021. 

R.R. train. 180 m.p.h., or 1 mile in 30.0 sec. or 2.00 miles per 
minute by Plant System, Fla., March 1, 1021. 

Ice boat, 140 m.p.h., or 1 mile in 25.7 see., or 2.33 miles per 
minute by “Clarel’’ in 1000. 

Automobile racea in America are governed by the Contest 
Board of the A.A.A. with headquarters at 601 Fifth Ave., New 
York Citv. A book of Rules governing automobile races is is¬ 
sued by this department (see page 655 for meaning of A.A.A). 

How to Find Degrees with a Protractor 

A degree is a unit employed in measuring angles, 
and is the ninetieth part of a right angle or one 
three-hundred and sixtieth part of a circle. 

The degree explanation is given on page 60. See also pages 
6S and 209, ‘‘Converting degrees into inches." 

A OTotractor is used for dividing circles into any 
number of equal parts or degrees, and for determining 
angles. 



We can divide each degree into 60 parts, called 
‘‘minutes,’^ and each minute can be divided into 60 
parts called “seconds.” One minute would be 
designated thus (!') and one second thus (1"). 

Signs or Symbols of Inches, Feet, Minutes, 
and Seconds 

The sign for inches or seconds is ("), as . 

Tbe sign for feet or minutes is (') as 

It will be observed that the same symbols are used 
<6r inches and seconds, and also for mt and minutes. 


FreezL^ and Boiling Point and Specific Gravity 
of Alcohol, Kerosene and Gasoline 


Merctt^ freeses at 38.7^ below sero, and boHs or gives off 
gas at 35^ above sero, Fahrenheit. Benzol freesee at 43* F. 




WM 

Qj 

Donotorod 

Alcohol 
FoctmIo #1 



rrecsinf 

Point 

|g 

-i44*r 

-90»C 

g 

-axpF 

-128^ 

Dow Ml 
hoTO o 

hdto point 

SolidiAw 
•hoot —8<P( 

S 

poSir* 

+2HPF 
+ I0(PC 

153*F 

67^ 

I73»F 

78.4«C 

171*F 

n.4«c 

197^ 

HSS 

KfiS 


HnTTQ 

.789 

»10«»C 

.8002 
at OPC 

.8184 
ftt 15^ 

A1& 

U 15^ 

7» 

•t IfloC 


t lb. of gasoline of 58 spehific gravity is approximately 8/10 
of a pint. A gallon of gasoline (58 s.g.) weighs approximately 
6.6 Ibe. See page 1078, under “Thermal efficiency," for the 
number of B.T.IJ.’8 to a pound of gasoline. 


Capacity of Cylindrical Tanks 

The formula for computing the capacity of a oylindrioal 
tank is aa follows: 

293.3 

C is the capacity in gallons. 

D is the diameter of tbe tank in inches. 

L is length in inches. 

Example: What is the capacity of a tank Vf* in diameter 
and 12" long? 

C is tbe capacity of the tank, which we desire to know, and 
is equal to the diameter squared (D’) or multip'iod by itself, 
as 10 X 10=1(X) X by (L), the length, or 12 inches =*1,200. The 
line under X L means that the total of D* X L, which is 
1,200, is divided by a constant 293.3*4.09 gallons. 

The table gives the capacity of tanks in gallons for given sizes 


Ltaftk 

1 12 In. 

loin. 

20 In. 

24 In. 

28ln. 

52 In. 

36 in. 

DUmeter 

1 G»L 

CiL 

G*l 

Gak 

GaL 

Gal. 

Gat 

10 U>. 

4.09 

5.45 

6M 

tJL7 

9A5 

1089 

12J5 

15 to. 

fJO 

12 J7 

15J4 

1A40 

2W7 

24J4 

27.61 

2010. 

1A56 

21.40 

27J4 

32 68 

3U2 

i5J6 

4V.00 

3$iB. 

2S54 

54J04 

42.60 

51.U 

59.64 

68d6 

7648 

5010. 

54A1 

49A5 

6U9 

73155 

85.77 

98.01 

U025 

59 

9015 

4AS7 

tXSf 

JOOJl 

U74n 

13074 

15048 


S.A.E. Recommended Sizes of Carburetor 
Flanges (Two-Bolt Type) 

The following data give the opening in carburetor 
flange (A); thus one can tell the size of a carburetor 
by measuring this opening. See also page 109. 

If a carburetor flanee on the inlet manifold or 
on the carburetor is to be repaired, such as welding, 
etc., the diameter and distance apart of bolt holeSi 
as well as of the threads are given. 
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Norn. 

Car¬ 

bure¬ 

tor 

Sise 

A 

B 

C 

D 

E* 

Ft 

Gt 

Diam. 

Threads 
per Inoh 

h 

13/16 

29/32 

1 

7/16i 

9/32 

1/4 

20 

5/lfl 

3/32 

H 

13/16 

29/32 

1 

7/16 

9/32 

1/4 

20 

5/16 

3/32 


1 1/16 

1 1/8 

1 

3/4 1 

11/32 

.VI6 

18 

3/8 

1/8 

H 

1 1/16 

1 1/8 

1 

3/4 

11/32 

5/16 

18 

3/8 

1/8 

1 

1 3/10 

!l 3/16 

1 

7/8 

11/32 

5/16 

18 

13/32 

5/32 

1^ 

1 7/16 

1 11/32 

2 

3/16 

13/32 

3/8 

16 

15/32 

3/16 

IH 

111/10 

1 15/32 

2 

1/2 

13/32 

3/8 

16 

15/32 

3/16 

IK 

1 15/16 

1 21/32 

1 213/10 

115/32 

7/16 

14 

9/16 

7/32 

2 

2 3/16 

1 25/32' 


1/H 

15/33 

7/16 

14 

9/16 

7/32 


* American coarse (NC) thread. All dimensiona in inches. 

t Cast-iron carburetor flanges: Flan«e dimciiHions (F) and 
(G) shall be increased for cast-iron carburetors. 

Side-outlet carburetor flanges: The standard flange dimen¬ 
sions shall be used with the long diameter of the flange in a 
▼ertical plane when attaching carburetors of the side-outlet 
type. 

Spark Plug Sizes* 

Approximately one-half the jmssengtr cars use 
18 mm. (metric) and the other half 14 mm. At 
present the trend is toward the 11 mm. plug because 
the smaller insulator results in a cooler running 
plug. Plugs with short insulators also run cool for 
the same reason that they have a short path of heat 
flow to the cooling water. 



Fig. 11 A. Path of heat flow in spark plugs. Insulator (A) 
is longer; therefore will run hotter. Insulator (B) is shorter, 
therefore will run cooler. The heat of the spark plug center 
wire point does not dissipate through the threaded portion of 
the shell, but travels through the tip of the insulator and insu¬ 
lator body to gasket seat; thence through the gasket, spark 
plug shell and outside plug gasket into the cylinder wall and 
cooling water (or air). See page 230 for explanation of the 
meaning of hot- and cold-ruiming spark plugs. 


Spark Plug Points Oxidized 

Spark plugs which show an intermittent spark on 
test after being cleaned can often be remedied by 
removing the oxide formation from the points. 
File the oxide from the points with a thin, fine file 
and test again before condemning the plug. 

Firing Order of Passenger Cars* 

To designate the firing order of passenger cai-s, the 
cylinder numbers as given below refer to the ar¬ 
rangement shown in Fig. IIB with No. 1 cylinder 
at the front or next to the radiator. 

Four-in-line cylinder engines, of which there an' 
two (Austin and Willys), use a firing order of 
1-3-4-2. 

Six-in-line cylinder engines, of which there are 
twenty-five, use a firing order of 1-5-3-6-2-4. 

Eight-in-line cylinder engines, of which there are 
thirty, all use a firing order ot l-6-2-5-8-3“7-4, 
except one (Hupmobilc '‘527"), which uses l-4-7~3- 
8-5-2-6. 

Eight cylinder V-type engines, of which there are 
two (Cadillac “355-1)*' ana Ford “V-8"), use a fir¬ 
ing order of 1R-1L--4R-^L-2L~3R-3L-2R. 

Twelve cvlinder V-type engines, of which there 
are four makes, fire in the same order but start with 
different cylinders, giving firing orders as follows: 
Cadillac “370-D" and Lincoln “V-12-136" and 
‘T45-K" fire 1L-2R-5L-4R-3L-1R~6L-5R-2I^ 
3R-4L-6R. Packard “Twelve" fires 111-61^-511- 
2L-3R-4T.-6R-1L-2R-5L-4R-3L. Pierce-Arrow 
“1245" and “1255" fire 6L-5R-2L -3R-4Lr-6R-lT.^ 
2R-5I.-4R-3L-1R. 

Sixteen cylinder V-type engines, of which then^ is 
one (Cadillac 452-D), uses a Tiring order of 1 Ij~ 4R- 
51>-7R-2I^3R-GL-1 R-8L-r)R-4 L-2R-7 J.-6R-3 L- 
811 . 

000 © ©000 ^ 
©© 0000 ©© 


The Chevrolet and Plymouth use 14 mm., and 
the Ford V-8 uses 18 mm.> Biases and trucks use 
18 mm. or 7/8" spark plugs. A few light-duty trucks 
use 14 mm. motorcycles use 18 mm. and 14 mm. 
The majority of industrial and agricultural tractors 
use 7/8", some use 18 mm., and some 1/2". 


Fig. IID. Chart showing the method of numbering cyl¬ 
inders. 

Weight of Cars 

The stodard weight of a car shall bo the actual 
scale weight with complete catalog equipment, less 
fuel and water. 


Spark Plug and Distributor Gap for Radio 

To decrease radio interference, the AC Spark Plug 
Co. recommends the smallest spark plug gap (with 
resistor).that will permit good idling. This will de¬ 
pend very much on how the carburetor is set, and 
a steadfast rule cannot be given. The recommended 
distributor gap is .002" to .004". 

Spark Plug Resistors 

To obtain good radio reception with a minimum 
of interference, it is necessary to insert resistance 
into the secondajy circuit. Resistors to decrease 
radio interference can be obtained for installation 
on regular spark plugs. Special radio spark plugs 
which include the resistor hermetically sealed in the 
insulator are available. An additional means of de¬ 
creasing radio interference is through a distrihutar 
resistance unit which is available. 


* Applies to 1936 care. See pa^je 1064B for ignUion and valve 
timing and eervice tune-up epect/ioatione, and page 1060 for 
mechanical apeciMatiane oj paeeenger care. 

* Ford V-8 now use 14 mm .026* gap. (1938) 


Location of Numbers on Cars 

Locations of the maker’s numbers on a car, which 
are important as a means of identification, have not 
been standardized and vary on the different cars. 

The three numbers which are most important as a means of 
identification are: the aerial number of car, engine number^ and 
body number. These three numbers should be copied and 
placed in some permanent record which will be safely kept, for 
they are not only the deflnite means of accurately designating 
the oar when corr^onding with the dealer or manufacturer, 
but the combination is invaluable when reporting' theft to 
police. 

An example of the location of serial numbers mentioned 
above, also serial numbers of various units of a cur, are shown 
on the illustration (Fig. 12). The location of these numbers, 
as stated above, varies on different cars. 
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POINTERS ON VALVE TIMING AND IGNITION TIMING® 


Valve timing is expressed either in degrees, or 
teeth as measured on flywheel, or in inches of 
piston-travel measurement, when the piston ot No. 1 
cylinder is before top, on top. or after top dead center 
of inlet stroke for the inlet valve, and exhaust 
stroke for the exhaust valve. 

If timing information is in degrees (°) and it is desired to 
change it to inches (") measured on the rim of the flywheel, 
refer to table on page 68. 

Ignition timing is to be set so that the opening of 
the interrupter points will occur when the piston of 
No. 1 cylinder^ is before top, on top, or after top 
dead center of compression stroke. This position 
may be expressed either by degrees, or teeth as 
measured on flywheel, or by ignition marks on fly¬ 
wheel which must come in line with indicator mark, 
or by piston travel measurement. 

Spark lever position indicates whether it is retard¬ 
ed or advanced during the time setting is made.* 

Many flywheels are marked for valve timing and 
ignition timing. These marks vary as explained on 
pages 66 and 67. 

The markings on the flywheel, which may be lines, 
letters, or figures, or a combination of all, usually 
line up with an index line, or pointer (also called an 
indicator, or trammel), placocf at the edge of timing 
inspection hole on the flywheel or clutch housing. 

On some cars the timing marks may be on the 
rim of the crankshaft vibration damper (aometim(^s 
called balancer, or front flywheel), lining up with 
index marks or a pointer on some stationary part 
near it. 

On engines where gears are used for driving cam¬ 
shaft there are punch marks on these gears. If gears 
are out of mesh for any reason punch marks on cam¬ 
shaft and crankshaft gear should line up when rc- 
meshed. Valve clearance and timing can then be 
checked. 

On engines where the valve timing is.giyen by 
piston travel, measurements are usually taken from 
top of piston head to the top of cylinder block. 

On engines where a chain is used to drive cam¬ 
shaft, adjustments of the timing chain for tension do 
not affect the valve timing (on most makes of 
engines); therefore a change in the setting of cam¬ 
shaft would be possible only if chain had been re¬ 
moved or had been allowed to get so loose that it 
had jumped a tooth on the sprocket. 

In case the timing chain is removed at any time, 
the proper relation between the camshaft and the 
cra^shaft can be obtained (on most makes of 
engines) by having the center punch marks on the 
camshaft and crankshaft sprockets line up,* when 
piston and valves are in correct position, making 
sure that their position does not change when the 
chain is assembled, as a variation of only one tooth 
will 'make a very marked difference in the opera¬ 
tion of the engine. See page 74 for examples. 

The chain adjustment should be loosened before 
chain is applied and then adjusted after the installa¬ 
tion has Deen completed. Do not adjust timing 
chain when engine is cold. Expansion of crankcase 
will make chain too tight when warmed up. Ad¬ 
justment should be made after a new car has been 
driven about one or two hundred miles and in¬ 
spected every 6,000 miles thereafter. See pages 730 
and 74 for chain adjusting. 

Valve timing. Always check or adjust valve 
clearance before checking or setting the valve 
timing. 


Valve clearance. Some manufacturers give in- 
struction.s to set the valve tappet clearance with 
engine at normal operating temperature and While 
idling. By this means, it is claimed that all back¬ 
lash can be removed. Some manufacturers advise 
to adjust valve clearance with engine cold. Always 
follow manufacturers instructions. See **Service 
and Tune- Up Specifications ” page 1054B. 

Ignition timing: Always adjust interrupter con¬ 
tact point gap before checking the ignition. Igni¬ 
tion timing should be checked after valves have been 
retimed. 

Average ignition timing was formerly at top dead 
center (TDC or TC), or .slightly after top (ATC or 
AT) with spark fully retarded. The practice now 
is to set before top (BTC or BT) witn spark fully 
advanced. By setting fully advanced, back-Ia.sh is 
taken up. See also pages 204, 2'S2, .301 and 306. 

On engines with the Ricardo type cylinder head (see page 806) 
the spark lever range of advance and retard is atfcctod, for 
example, on a Fageol engine using a conventional cylinder 
head and running 1,200 r.p.ni., an advance of 2 j® was required, 
whereas with tiio Ricardo head only 11® advance is required 
Another example, of the difference in timing of a certain 8- 
cylinder engine, the spark is set advanced only 21/.^2" on the 
engines with the Ricardo, also called “turbo" head, whereas 
on the prior model it was advanced 1 

Tlie reason is that combustion is practically instantaneous, or 
much faster than with a conventional head Too nmch spark 
advance will be hard on the bearings. 


1 Sometimes No. 6 on a six-cylinder engine, and No. 8 on an 
eight-cylinder engine, is used. 

* Most ignition distributors of present day are either semi- 
automatio (hand spark control and governor control) or full- 
automatic (governor control). Tim spark lever retards or ad¬ 
vances the time of ignition by moving the distributor according¬ 
ly. On some full-automatic distributors where there is no spark 
lever, when timing, the distributor itself is retarded or advanced 
as the case may be. 

> On some engines instructions are given to count a certain 
number of open links of the timing chain which separate the 
marks on the camshaft and crankshaft sprockets. (For example, 
see Fig. 14.) 

* It is essential to follow car manufacturer's instructions con¬ 
cerning ignition timing, especially when adjusting the interrupt¬ 
er breaker point gup, as the breaker points not only serve to 
break the primary circuit and cause a high-tension spark, but 
they regulate the time the current flows in the coil and thus 
control the amount of beat and voltage in the spark which is 
important on present-day higher comprea'^ion engines. A full 
surface contact between the points is also important because if 
contact is not square, high resistance will be set up in the small 
surface contact, lowering the value of the spark. 

If timer-distributor shaft, bushing and cam lobes are worn, 
or if cam lobes are unequally worn, it will of course not permit 
correct adjustment. The more lob€« on the cam, or cylinders to 
fire, the more sensitive is the effect of wear. 

The spring tension of the contact spring can be measured with 
a spring type scale, the pull varying from 12 o*. to 20 os. depend¬ 
ing on the sise and number of lobes on cam, a cam with several 
lobes requiring the higher tension. 

The spring tension of the automatic advance reqtiires special 
equipment. It is usually replaced by a new one. v 

Where two sets of InterruMer or breaker-contact points are 
used, it is most essential to nave the correct timing and syn¬ 
chronisation. (See pages 307A to D.) 

Proper equipment, sueh as gau|:es and electrical testing de¬ 
vices which will insure synchronisation within one degree or 
less between the two sets of points, is best to use, but in the 
absence of same, the ammeter or timing light ean be used to 
indicate where the points break, as follows: 

To time: llte breaker-contact points should first be adjusted 
to the same amount of opening. Next, set the stationary 
brsaker-oontaet points in correct relation to the piston position 
(as given by the instructions of the manufacturer). Neat, place 
piston in the next firing position and then adjust the aoyable 
nreaker-oontaot points. Next, check the breaker-contact 
point gaps again. (See also pages 307A to D.) 

* Valve timing, imition thning, an^ tan^ or stem 
clearance ssecmcatlons are i^ven on page 10548. See also 
pages 67,660, and 7768 pertaining to valve dearanoe. 
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Compressioa ratio refers to the ratio of total cylin¬ 
der volume to combustion chamber volume (see also 
page 116). In ^neral, we may term above 5.0 as high 
compression; above 4.5 medium, and 4.0 or less as low. 

When an engine is carbonized or overheated, it 
knocks on advanced spark, or when under fairly 
heavy load, as in climbing a ^ade, this is gener¬ 
ally known as a spark knock. It also may knock if 
the throttle is opened wide suddenly; this is known 
as a gas knock. 

Another knock is known as detonation or pinging, 
and is a result of the very rapid burning of a portion 
of the fuel charge and an after-burning effect, due to 
uneven pockets gr strata in the compressed mixture, 
causing spotted explosions instead of an even burn¬ 
ing of the charge. It might be termed a secondary 
explosion wliich follows the initial one that is started 
by the spark. About one one-thousandth of a 
second after the mixture has been i^ited, detonation 
takes place (see page 1075 for definition, also pages 
HOG, 1079A, 779, Addenda 44-45). 

Owing to the characteristic of gasoline engine fuel to induce 
detonation or knocking, the compression-ratio on the average 
engine for years past has been limited to about 4.5 to 1. 

For high-compression engines which have a tendency to ping 
or knock on advanced spark or when opening throttle suddenly, 
or when under fairly heavy load when chmbing a grade, it is 


said that Ethyl gaa or Beniol used in the gasoline will eUmlnate 
the knock by slowing down the rate of burning or combustion 
of the detonating conxpounds in the fuel that produee Ihe 
knock 

The Ricardo c^riinder head, described on page 800 is an im¬ 
proved cylinder nead oombustion chamber design, and (it in 
claimed) will permit higher compression without pinging or 
detonaUon. 

Valve-stem clearance is discussed on page 776B. 
Bear in mind that a maximum valve clearance is 
better than a minimum valve clearance on a long 
run especially if engine is prone to heat. It is 
better to have a click than a burned valve, however, 
if there is too much clearance the valve will open 
late. See why on pages 776B, 59. 

Note:. On some engines when checking valve timing the 
clearance between valve stem and tappet must be more than 
the normal valve stem olearanoe and should bo reset for quiet¬ 
ness afterward, engine hot. Therefore always inquire 

about this when checking valve timing. 

Piston clearance: The clearance and diameter of 
a piston is usually measured at the skirt. See pages 
8 (j 8-81 1. On some splitr-skirt pistons the measure- 
n^nt should be taken at or near a right angle to the 
piston bosses. The split ends of an aluminum piston 
should be installed on the driver’s side of the car, as 
this is the side of minimum thrust (see page 814 ex- 
piaimng compression and explosion thrust). 


IGNITION AND VALVE TIMING EXAMPLES 


As an example, the Hupmohilc eight-cylinder car, 
models C, H and U, will he used. 



Fig. 1.3. Top view of timer-distributor (left) showing firing- 
order 1 "4-7-3“8-.'>- 2-6 and position when in fuU-advunce and 
full-retard position. Direction of timer-distributor shaft is 
shown by arrow point (right). Spark plug gap is .028" to .030". 

Ignition timing: Both breaker-contact points Pv, 
Fig. 13, should be adjusted to uniform gap width 
(.020" to .022"). The timer-distributor rotor con¬ 
tact should be in number 8 position, with the sta¬ 



tionary set of contact joints just opening; spark 
lever fully retarded and with flywheel in position 
sliown in Fig. 14. (The full advance firing position 
would bo 1, or 9° ahead of the 1-8 dead center, as 
also shown in P^ig. 14.) 

Valve timing: When 11 open links of the timing 
chain separate the X marks on the camshaft and 
crankshaft sprockets, and the 1-8 DC flywheel mark 
lines up witn the timing hole center, as shown in 
P'ig. 14, the valve timing is correct. 



Valve clearance: Adjustment for timing is to 
set intake valves .010" and exhaust valves .020". 
Clearance for running: intake valves .007" and ex¬ 
haust valves .014"-.015". No slack in timing 
chain. See Fig. 15. 

The clearance for timing is set when the engine is 
cold. 

set the valve clearance with the engine shut off 
instead of running, and under a normal operating 
temperature, the inlet valve then being set at .007" 
and the exhaust valve at .015". 

Reason for allowing additional clearance when timing the 
valves is to make sure that when all slack is out of the chain and 
the pistons at top dead center, that the valve-lifter is resting on 
the heel of the cam (part which is the flattest before it begins to 
taper), to make sure that the valves are not holding open on the 
firing stroke, and also to prevent any overlap, m specifica¬ 
tions, pages 1056-1062, 
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HEATING 

There are four methods of heating a car: (1) by 

hot water; (2) by hot air; (3) by exhaiist gas; (4) by 
steam. Sec ^so page 156. 

Hol-Water Heater^ 

This system derres heat from the water circulat¬ 
ing in the engine cooling system. The hot-water 
heater is mounted on the inside of the dash always 
as low as possible, and necessarily below the level 
of the car radiator upper tank. The hot water is 
forced to circulate through the heater core, which 
is similar to a radiator core. An electric fan behind 
the radiator forces the air through the heater core 
channels into the car. As the air passes through the 
core, it absorbs the heat from the hot water. 'I'he 
temperature of the hot water determines the temper¬ 
ature of the heated air. The size or area of the 
heater core determines the quantity of heat avail¬ 
able at a given water temperature. The speed of the 
fan regulates the quantity of heat transferred to car 
interior and can therefore be used to regulate the 
temperature within the car. Adjiistable deflectors 
on heater serve the same purpose. 



tions to the hot-water circulation system of an engine equipped 
with a water circulating pump. In this installation the water 
enters the bottom of heater and leaves at the top. 

Where engines are not equipped with water pumps and use 
thermo-syphon circulation, the heater is placed as low as foot 
room will allow and the Inlet is connected from upper hose to 
top of heater and outlet to lower hose and at bottom of heater. 

Thermostat: Most engines run between 160° and 180° 
Fahrenheit, on the average. In the summer they may get as 
high as 180° and may get as low as 100°. In the winter the 
water temperature may get considerably below 160*. In such 
cases, to decrease the time required to warm up engine, many 
cars are equipped with thermostats, but they may not be 
suitable for a not-water heating system. 

There are three types of thermostats: standard, high reading, 
and adjustable. With the standard type, the temperature 
range of water is between about 148* to 15 i* F., which is suf¬ 
ficiently high for good heater performance but not high enough 
to cause undue evaporation of alcohol anti-freese solutions. 
(Alcohol anti-freese solutions can be run at a maximum tem¬ 
perature of 16(7* F. without undue loss.) The temperature 
range of water on the high-reading type is between 160* and 
175* F.; and with the adjustable type, the temperature may 
be varied anywhere between 148* and 180*. 

On cars in which a water-line thermostat is installed, the 
upper hose connection to the heater should be made below the 
thermostat. 

When a special thermostat is installed, remove the equipment 
thermostat if there is one. 

On all V" type engines, two thermostats should be installed. 

Air vents are provided at top of heater tanks. When filling 
radiator with a considerable quantity of water (as when the oar 
has been drained), the vent should be opened to permit the 
trapped air to escape until water flows out of it. If the entire 
oar is drained to prevent freesing, be sure to open air vent so 
that the heater will drain. 


Examples are 1936 models. See also pages 649-64 for other 
aooessoriea. 


A CAR 

Electric conneotions: There are two leads from the fan 
motor. One is grounded, and the other is oonnsoted to the 
heater switch. The other terminal of heater switch is oonneoted 
to ammeter terminal opposite the battery connection, or to the 
coil side of the ignition switch. If the latter connection is 
made, the heater will always be turned off when thei^mition ia 
turned off. Some heaters are grounded internally but nave two 
Iwds. Be sure to connect the one marked "Bat" to the live 
side of the ammeter. 


TW Of HCATtS HIST M 



ing system of an engine equipped with a water circulating 
pump. In this installation the water enters the top of heater 
and leaves at the bottom. Upper water connection must always 
be between engine and thermostat, where the latter is used. 


Steam Heating^ 

With this system heat is utilized from the exhaust 
to generate steam. Temperatures in the exhaust 
pipes range from 350® to over 1,4(X)° F. The parts 
of this system are shown in Fig. 3. 



Operation: The operation of the system is quite similar to 
that of the steam house-heating system. One ounce of water 
is placed in the system. The system is filled by disconnecting 
the return line at the radiator. This water is used over and 
over again. Gravity carries this water through the return line 
to the Doiler located around the exhaust pipe of the car. Im¬ 
mediately after the engine is started, the boiler is surrounded 
with exhaust heat having an average temperature range of 
900* F. This intense heat quickly converts the 1 ounce of 
water (or ice) into steam. Steam rises throi^h tlm steam 
supply line to the heating core, from which heat is radiated and 
distributed in the car from the heater fan. After the steam is 
condensed into water in the radiator, it flows down the return 
line to the boiler. 

Steam pressure is automatically maintained at about 100 
pounds per square inch by the patented contrdi chamber, which 
governs the amount of water in circulation. For this reason, 
all threaded conneotions must be very tight at all times. The 
purpose of the safety fuae is to protect the system from ab¬ 
normally high pressure, which might be caused by having too 
much water in the system or by doited lines. If the pressure 
exceeds about 660 pounds per square ii^. a thin metal disc on 
the fuse will be ruptured, permitting all of the steam to empq. 
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AIR CLEANERS 


The purpose of an air cleaner is to remove particles 
of dust, grit, etc., from the air entering the engine 
through the carburetor air intake. By preventing 
these particles of abrasive material from enterinfi; the 
engine the wear on cylinder walls is very materially 
decreased. Sometimes air cleaners are applied to 
crankcase breathers to prevent dust from con¬ 
taminating the oil. The substance forming in the 
combustion space, commonly known as “carbon,'' 
often contains more dust than it does residue from 
burned oil and gasoline. The use of an air cleaner 
therefore reduces the amount of carbon formed. 

Principle: If an air stream follows a straight path, 
the suspended dust particles will continue to be car¬ 
ried along. If the air stream is made to take a zig¬ 
zag path making a great number of turns, the centrif¬ 
ugal force will throw off the heavier dust partic les, 
ir at the same time, a sticky surface is provided, to 
which the dust particles will cling, an effective meth¬ 
od of air cleaning wdll be provided. 

Construction: The two main types of air cleaners 
in general use are the “oil-wetted type“ and the 
“oil-bath type.” 



Fig. 1. The Burgess air cleaner. An oil-wetted type air 
cleaner and silencer. 

In the Burgess oil-wetted type air cleaner (Fig. 1), the air 
enters the outer ports and passes inward through the filter ele¬ 
ment consisting of a specially wound copper element housed 
in a wire screen. The copper element prevents the air nassing 
in a straight stream. The copper element is wetted witn oil to 
form a sticky surface. A sound-absorbing material is placed in 
the head of the device to deaden air intake iiissing sounds, and 
sound-suppressing chambers are placed below to aeaden engine 
roar. 

In the oil-wetted type air cleaner (Fig. 2), tlie uir 

enters the intake ports (P) and parses through the cleaner cle¬ 
ment and flame arrestor (C). The latter is made up of flat 



Fig. 2. An **AC” air cleaner. An oil-wetted type air cleaner 
and silencer. 


copper wire loosely knitted and preirenta the air from following 
a straight path. This element la dipped in oil to provide p 
sticky coating. The air then paasea over the prim^ plate 
(B) and thence downward through air tubes (T), (Tl) and 
annulus or carburetor connection tube (U) to air intake of 
carburetor. The end plate (G^ is equipped with a felt pad (F> 
for the purpose of absorbing hissing noises. The hiss gap (A; 
assista this action. The purpose of the secondary tube (S) , pri¬ 
mary chamber (H). and secondary chamber (J) is to eliminate 
intake roar by the principle of aiiti-reaonanoe. 

The **AC'’ oil-bath type air cleaner* (Fig. 3) is used on cam 
operating under extremely dus^ conditions, and on motor- 
coaohe.s and trucks where high efficiency is required. 



Fig. .1. An “AC” heavy-duty air clejiner of the “oil-bath” 
type. 


In operation, dusty air enters the cleaner upward through 
louvres (A) around the top, reverses direction, and posses down¬ 
ward to an annular venturi (B) just above the oil level. The 
increased air velocity, owing to the venturi effect, throws the 
heavier dust particles into the oil in the base of the cleaner. 
The high velocity of the air stream picks up some of this oil and 
carries it upward into the oil-wetted type filter element (J>). 
The oil separates out and is recirculated tor further use. This 
constant circulation of oil between the base and the filter keeps 
the filter element washed at all times and returns tiie collected 
impurities to the base, where they settle in the form of mud. 
Cleaned air passes tlirough chamber (E) and downward through 
tube (F) to the carburetor. 

Service instructions: For the Burgees oil-wetted type air 
cleaner (Fig. 1): Remove and wash the filter element in gasoline 
and re-oil with engine oil of the same viscosity as used in the 
engine every 2,000 miles for efficient operation. In unusually 
dusty localities, the filter should be cleaned more frequently. 
Drain the filter well before replacing. 

For the “ AC” oil-wetted type air cleaner (Fig. 2): The air 
cleaner should be cleaned and re-oiled every 2,0(X) miles ("oftener 
if operating in very dusty conditions). Remove complete air 
cleaner and silencer from the carburetor. Loosen thumb nut 
(N) and remove end plate (O) of cleaner which holds the felt 
silencing pad (F). Wash dirt from the cleaner element (C) by 
plunging it up and down in a can of gasoline or kerosene, and 
drain thoroughly; then re-oil by dipping the element in heavy 
orankcase oil (S.A.E. 50),letting excess oil drain off. (Lighter 
oil will heat and become thin and drain off to too great an 
extent.) Retuisemble felt pad and end plate; then replace entire 
assembly onto carburetor. Always remove felt pod before 
washing and re-oiling cleaner. 

For the ” AC” oil-bath type air cleaner (Fig. 3): It is very 
difficult to set any definite time limits for cleaning or washing 
of these parts, owing to wide variation of operating conditions. 
Each individual car should be watched for dust accumulation 
until its rate of collection is determined. If car is in regular use 
under severe duet conditions, washing cleaners once a week is 
sufficient; but for extreme conditions, meaners should be washed 
more frequently, perhaps once a day. 

To clean, remove the top cover and lift out the filter element 
assembly. Wash this in gasoline and allow it to drain thorough¬ 
ly. Empty the excess oil out of the base and scrape out the ac¬ 
cumulated mud. Then wash the entire oil base in gasoline and 
fill to the indicated level with 1 pint of 8.A.E. 50 engine oil. 


FUEL PUMPS 

The purpose and different types of fuel ]^uxnps are series will be explained here. See also Insert 
explained on page lldA. The AC series “R'* fuel (page 144). 

pump and the combination fuel and vacuum puuip 


* See ADDENDA for another make of oil-bath air cleaner. 
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AC Fuel Pump, Series “R” 

Serin "R” fuel pumpi (Fig. 1) can be readily identified, in 
that they use no gaa-strainer dowI and that body ia similar to 



Fig. 1. AC fuel pump, series “U,” 


“E'' series except that mounting holes in mounting flange are 
parallel to and aWve rocker-arm pin. This pump is also similar 
to series “T” except that series “T” uses series ‘Tj” type body, 
rocker arm, and link. 

Operation of fuel section (series “H” and “I," Figs. 1 and 2): 
The rotation of camshaft eccentric (A) actuates rocker arm (B) 
ivoted at (C), which pulls link (D), and in turn diaphragm (E) 
eld between metal discs (F) , downward against spring pressure 
(G), thus creating a vacuum in pump chamber (H). 

Fuel from the rear tank enters at (I) into sediment l>owl (J) 
and through strainer (K) and suction valve (L) into pump 
chamber (H). On the return stroke, spring prcs.sure (G) pushes 
diaphragm (E) upward, forcing fuel from chamber (H) through 
pressure valve (M) ana outlet to tho carburetor. 

When the carburetor bowl is filled, the float in the float cham¬ 
ber will shut oft the inlet needle valve, thus creating a pressure 
in pump chamber (H), This pressure will hold diaphragm (E) 
downward against the spring pressure (G), where it will remain 
inoperative until the carburetor requires further fuel and the 
needle valve opens. 

Spring (N) is merely for the purpose of keeping rocker arm 
(B) in constant contact with eccentric (A), to eliminate noise. 

AC Combination Fuel and Vacuum JPump, 
Series “I” 

The fuel section of this pump (Fig. 2) supplies an adequate 
amount of fuel from the rear tank to the carburetor, to meet 
engine requirements at all speeds in tho same manner as ex¬ 
plained above. 



The vacuum section of this pump (Fig. 2) acts as a booster 
to the intake manifold suction in improving the operation of the 
windshield wiper under conditions of low vacuum in intake 
manifold, such as would occur at wid(*-open throttle with low 
engine speeds during a hard pull. 

Operation of vacuum section (serip.s “I,” Fig. 2): The rota¬ 
tion of cam shaft eccentric (A) actuates rocker arm (B) pivoted 
at (C), which j)u.she8link (O) and in turn diaphragm (P) down¬ 
ward, expelling the air in chamber (Q) through exhau.st valve 
(R) and out opening (S) to the intake manifolcT. On the return 
stroke of rocker arm (B), spring (T) moves the diaphragm (P) 
upward, creating a suction in chamber (Q), o])ening intake 
valve (V), drawing air through the inlet pa.ssage (W) from the 
windshield wiper. When the wind,shield wiper is not being used, 
the manifold vacuum holds diaphragm (P) downward against 
spring pressure (T), so that the diaphragm does not make a 
coniplete stroke for every stroke of the rocker arm (B). When 
the manifold vacuum is greater than the vacuum created by the 
pump, the air will flow from the w'ind.shield wiper through both 
valves of the pump, and the operation of the wiper will be the 
same as if tho pump were not installed. However, when the 
i ntake manifold vacuum ia low, that is, when the car is accelerat¬ 
ing or operating at high speed, the va<‘uum created by the pump 
will be the greater and will operate tho wiper. 

Parts and repair service on AC combination fuel and vacu¬ 
um pumps are available through United Motors Service 
brunches and authorized AC service stations. Dealers, if they 
80 desire, can secure necessarv tools and parts from United 
Motors Service or authorized AC service stations for servicing 
these pumps. Al.so available from the same source is the AC 
fuel pump analyzer No. 1521551 (which permits a complete 
check of the fuel pump section without removing it from the 
engine); also, fuel pump test and assembly stands (Nos. 846810 
and 844051) are available. See also pages 116A and B and 
Insert No. 5. 


WINDSHIELD WIPERS 


The purpose of a windshield wiper is to dean rain¬ 
drops, snow, etc., from the exterior of a windshield, 
to provide clear vision for the driver. This purpose 
is accomplished by drawing a rubber-edged blade 
across the windshield. By means of an adjustable 
spring tension, the blade exerts a pressure against 
the windshield. 

Actuation of the wiper blade is by means of: (1) 
an electric molofy (2) an air-pressure motor j or (3) a 
vacuum motor. There are very few electric wind¬ 
shield wipers in use at present. The air pressure 
type is frequently used on motorcoaches or trucks 
equipped with air brakes. The vacuum type is the 
most povulary being used on practically all passenger 
automooiles, most trucks, and many motorcoaches. 

The Vacuum Motor 

A popular vacuum windshield motor is the Trico "K" type 
motor^ illustrated in Figs. 1 and 2. 

Coastmetion; (See Figs. 1 and 2.) The round shaft (S) ex¬ 
tends through the body ot the wiper. To its front end is opn- 
neoted, the wiper blade. The paddle <F) is riveted to its oenter. 


At the rear end, half of the shaft is milled away (Figs. 2, 3, 
and 4), so that it acts as a cam against the kicker (H). 

The lower end of kicker (H) has a small round shaft which 
oscillates in a hole in the shaft (S). Tho kicker (H) has lugs 
which can engage the lugs (N) of the valve (G). The top of 
kicker (H) carries the bakelite yoke (J), the lower end of which 



* Manufactured by Trico Products Corp., Buffalo, N.Y. 
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Fig, 2. The most important parts of Trico type “K’* motor. 
Names of parts: (E) parking lift leather; (F) paddle; (G) valve; 
(H) kicker: (J) yoke; (K) retainer; (L) spring; (M) paper 
gasket; (P) paddle to shaft rivet; (S) shaft. 


is attached to the spring (L). The lower end of spring (L) is 
fastened to the stationary retainer (K). The valve (G) contains 
a curved groove (T) or valve passage. This groove is not out 
all the way through the valve. The paddle (F) contains two 
flexible leaves (Y) of leather or blackhido (a flexible material 
These leaves seal the space be¬ 
tween the paddle and the walls of the motor housing, so that 
the paddle becomes an oscillating piston. 

Principle of operation: Vacuum from the intake manifold 
(or vacuum pump) is lead to the nipple (V) (Fig. 1). When the 
switch (W) IS pulled out, vacuum is load from (V) to the port 
(A). As shown in Fig. 1, the paddle (F) is at the extreme left 
of its stroke and is ^out to oscillate in the direction of the 
arrow. The valve (G) (Figs. 1 and 2), through its grooved 
passage, connects port (A) to port (C); and conseciuently 
vacuum is admitted through the passage (Q) to the right side of 
paddle (F). Port (B) is exposed to the atmosphere, thereby 
admitting atmospheric pressure through passage (R) to the left 
side of paddle (F). The paddle now has atmospheric pressure 
on its left, vacuum on its right, and consequently will move to 
the right, as shown by the arrow. 

As the paddle (F) moves to the right, it oscillates shaft (S) 
(Fig. 2) counterclockwise, and finally the flat part of the half 
circle on (S) will engage the kicker (H). Shaft (S) will now 
cause kicker (H) to oscillate counterclockwise, which raises 
yoke (J) and stretches spring (L). 

When paddle (F) is very near to the right end of its stroke, 
kicker (H) will be vertical, as shown in Fig. 3; and a slight 
further movement of shaft (S) will cause (H) to pass this center 
position. 



. Fig. 3 (left). Position of kicker when paddle (F) is nearly 
at right end of stroke. 


paddle to the left until parking lift leather (B) strikes the pok¬ 
ing cup (D). The vacuum in (D) holds (E) and paddle (F) in 
the position shown in Fig. 1. In this position the wiper blade 
is held, BO that it does not interfere with the driver'a vision. 



Fig. .*> (left). Mechanism for Trico “RS»» type motor. 

Fig. fi (right). Mechanism for Trico **S'* t 3 rpe motor. 

The “RS” and the “S” type windshield wipers operate on the 
same general principles a.i the “K” type, but the valve-trip 
mechanism:} are different^ as shown in Figs. 6 and 6. In the 
“118” type, the valve (G) (Fig. 6) is a grooved slide valve 
siinibir to valve (G) in Figs. 1 and 2, but the kicker (H) is 
operated in a different manner. In the “S” type, two piston 
valves (G> (Fig. fi) are used, and the kicker (H) is actuated 
by the bar (X> and in turn actuates the valves through the 
tripper (Z). 


Servioing Motors for Windshield Wipers 

The proper repair of windshield-wiper motors requires that 
old parts be che<*ked and new parts properly conditioned by 
means of the tools (Fig. 7) which are available to authorised 
Tnco service stations. 

To disassemble the motor, the top cover-screw wrench (Fig. 
7) should be used on the screws (O) (Fig, 1). There are two 
sizes of screws used, and two sizers of wrenches (large) and 
(small) are available. 



Fig. 7. Tools to repair Trico motors. 

The *'Go-No-Go’^ tool (Fig. 7) is used to cheek the width of 
the wiper housing to insure a proper fit with the paddle. The 
diameter at (3) is large, at (4) is correct width, and at (5) is 
small. If (8) fits between the walls of the housing, the latter 
is too wide and should be sprung together in a vise, or the hous¬ 
ing should be replaced with a now one. If (4) fits, the housing 
width is correct. If (5) fits snugly, the housing is too narrow 
and should be sprung apart. 

Paddle removal and re-installation is often necessary. To 
remove the paddle (Fj (Figs. 1 and 2) from the shaft (S), grind 
off the sweaged end of rivet (P). Place paddle and shaft as¬ 
sembly on the special jig with rivet head down into hole (2) and 
drive out rivet with the punch. To rivet on new paddle, insert 
new rivet (P) through paddle and shaft; then place head of 
rivet on projection (1) of special jig. Heat the new rivet with 
the rivet seat. If the new rivet is not driven tightly, vacuum 
can leak through the paddle and cause loss of power. 


Fig. 4 (right). Position of kicker when paddle (F) is at 
right end of stroke. 


Spring (L) acting through yoke (J) will now quickly pull 
kicker (H) to the position shown in Fig. 4. During this move¬ 
ment, the lug on kicker (H) will strike the lug CN) (Fig. 2) on 
valve (G) and quieWy shift the valve counterclockwise from the 
position shown in Fig. 2 to the oimosite position, wherein the 
groove will connect ports (A) and OB) (Fig, 1); and consequently 
vacuum is admitted through the passage (R) to the left side 
of paddle (F). Port (C) is now exposed to the atmosphere, 
thereby admitting atmospheric pressure through the passage 
(0) to the right side of paddle (F). The ^adcQe (F) will now 
move to the left. 

When paddle is near the end of its stroke to the left, shaft 
(S), yoke (J), and spring (L) will again trip kicker (H), so that 
it moves valve (G) back to the position shown in Fig. 1. 

These operations are repeated over and over, causing the 
paddle (F), the shaft (S), and consequently the windsmeld- 
wiper blade to oscillate back and forth in a ’Svigwag” motion. 

When the switch (W) is shut off, no vacuum is admitted to 
port (A), but vacuum is now admitted to parking cup (D). 
This applies vacuum to the left side of paddle (F) a^ draws the 


The paddle-forming trays (Fig. 7) are in two sizes, for small 
wipers and for heavy-duty super-motors. After a new blaek- 
hide paddle is riveted on a wiper shaft, insert the paddle ver¬ 
tically into the forming tray. Press down firmly. The slots 
i n the top of the forming tray are to line up the wiper shaft and 
insure a perfect form in the flexible leaves (Y) (Fig. 2) of the 
paddle. 

Blackhide paddles should be lubricated with a solidifled oil 
known as “wiperlube,” which can be obtained from Trico 
service division. Wipers with blackhide paddles must not be 
oiled with light oil at any time. 

To rebuild units toinsure powerful, even stroke, it is necessary 
to replace the valve (G), the bakelitc yoke (J), the retainer 
(K), and the spring (L). All of these parts are subject to wear 
and distortion. 

To assemble the type mechanism, proceed as follows. 
After the valve (G) (Fig. 2) and valve retainer (K) have been 
installed in their proper places, insert the kicker in the end of 
the shaft (S). Connect one end of the spring (L) to the bake¬ 
like yoke (J) and the other to the slotted groove provided for 
it in the retainer (K). Raise the bakelite yoke (J) over the 
kicker (H) so that it is properly seated. This operation elimi¬ 
nates the necessity of complicated use of a spring hook to 
assemble the parts. 




MECHANICAL SPECIFICATIONS OF PASSENGER CARSi (1941) 

See Page 1054B for Service and ‘‘Tune-Up” Specifications of Passenger Cars (1941) 

{Reprinted from **Motor Age** {September, IHt); Copi/right, IHt; CkiUon Co., PhUaddpkia, by permission.) 
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DYKE^S INSTRUCTION No. 83 


MEANING OF ABBREVIATIONS IN SPECIFICATIONS FOR ENGINE LUBRICATION 


It will be observed on page 1062, tmder engine 
lubrication, a major heading which reads: ''oil 

g reaeure to.*' Sub-headings under this major head- 
ig read: "main bearings, connecting rods, wrist- 
pins, camshaft bearings." The meaning of "oil 
pressure to" is; oil is forced by pump pressure 
to the different parts enumerated in the sub-headings 
where the letter Y appears. By observing where the 
letter N, meaning no, and the letter Y, meaning yes, 
appear, the reader will be able to classify the lubrica¬ 
tion systems ac(;ording to the engine lubrication 
classifications given on pages 157 to 159. 

For example: Where oil is forced by pump pres¬ 
sure, direct to the crankshaft main bearmgs, thence 
through drilled holes in the crank webs to the con¬ 
necting-rod crankpins and bearings, it is termed a 
“force-feed’* system. In the force-feed system the 
piston pins, pistons, and cylinders are supplied by 
oil thrown from the crankshaft and connecting-rod 
bearings; sometimes by drilled holes in the roa ^If 
of the lower connecting-rod bearing (see illustration. 
Fig. 38, page 795) which register with the metering, 
or supply hole in the crankpin, at which time oil 
shoots up to the piston pin and cylinder walls. The 
oil returns to the sump, or reservoir, and is circu¬ 
lated again. The connecting-rods do not dip. 

In some engines the oil is also forc^ to and 
through the camshaft bearings, either through drilled 
passages in crankcase or through a hollow camshaft, 
or through separate leads from oil distributor pij^es 
directly to camshaft bearings. This is also termed 
a "force-feed" system. 


Where oil is forced by pump pressure direct to 
crankshaft main bearings and thence, by means of 
drilled holes in the crank webs, to the connecting-rod 
crankpins and bearings, thence through oil pipes at^ 
tached to the connecting rods, or through nollow 
connecting-rod to the piston pins, this is termed a 
“full-force-feed’* system. In the full-force-feed 
system the pistons and cylinders are supplied by oil 
which is thrown from the Crankshaft and connecting- 
rod bearings. In some instances, auxiliary lubrica¬ 
tion is supplied to the cylinder walls through the 
piston pins. The connecting-rods do not dip. The 
oil returns to the sump, or reservoir, and is circulated 
again. 

This is the only lubricating system in which the 
oil is forced directly to the piston pin. Thus the 
difference between the "force-feed" and "full-force- 
feed" system will be apparent. 

For definition of "force-feed and splash’* and 
“splash-circulating" systems, see pages 158 and 159. 

Chassis Lubrication 

Under the heading of "chassis’* on pape 1062, 
the type and make of lubrication system is given. 
In order to understand these systems more fully, 
it is advisable to read pages 173-174B. See also 
footnote 3 for the lubrication of steering devices, 
wheel bearmgs, rear axles, etc. 

With the foregoing information the reader should 
experience no difficulty in fully understanding the 
luorication system on all makes of cars. 


S.A.E. LUBRICANT VISCOSITY NUMBERS* 
S.A.E. Recommended Practice 


Crankcase Oils 

The S.A.E. viscosity numbers constitute a 
classification of crankcase lubricating oils in terms 
of viscoeity only. Other factors of oil quality or 
character are not considered. 



Vwcosmr Range, Satbolt Univ., Sec. 

ft. A. E. 
Vwxwity, 

At 130 Dog. Fahr. 

At 210 Deg. Fahr. 







Mm, 

Mm. 

Min. 

Max, 

10 

00 

Iamb thiui 120 



20 

120 

" •' IS5 

. . . • 


30 

185 

“ •• 256 



40 

255 



IveMthan W 

50 



m 

'• » 106 

60 



105 

" “ 125 

70 



125 

" “ 150 


In the case of prediluted oils, S.AE. viscosity 
numbers by which the oils are classified shall be de¬ 
termined by the viscosity of the undiluted oils. 

Wherever the S.A.E. viscosity numbers are used 
on prediluted oils, the container labels should show 
in some suitable manner that the S.A.E. number 
applies to the undiluted oil. 

Report of MisoelUneoua Division, adopted June 1912. Last 
revision by Lubricants Division January 1038. 

Transmission and Rear-Axle Lubricants 

The S.A.E. viscosity numbers for transmission 
and rear-axle lubricants constitute a classification 
in terms of viscosity and of consistency at low tem¬ 
peratures only. Other factors of quality or obar- 
aoter are not considered. 

* See peoe 688 ** Three Type# af Sngine Cranhwe OiU* and 


8. A. E. 

Viacoaity Range, 

SayboJt Umveraal 

Conaiatency. 
Muat Not Channel 

Viacoaity 

in Service at 



Deg. Fahr. 

80 

100,000 Sec. at 0 Dog. Fahr., Max. 

800 to 1500 Seo. at 100 Deg. Fahr. 

Minus 20 

90 

Zero 

140 

120 to 200 See. at 210 Deg. Fahr. 

Plus 36 

250 

200 Sec at 210 Deg Fahr., Min. 



Selecting Oils To Usc^*^ 

The S.A.E. viscosity numbering system is merely 
a method of classifying crankcase lubricating oils as 
to body or viscosity in place of such terms as "li^ht," 
"medium," "heavy," etc. It does not indicate 
quality or character. The use of the S.A.E. 
viscosity numb^ on containers or in lubricating 
charts does not in any way indicate that the product 
has the approval of the Society of Automotive 
Engineers, as the Society neither approves or dis¬ 
approves any ooramcrcial products. Neither does it 
maintain any facilities for making laboratory tests. 

In order to obtain oils of the proper viscosity or 
body, follow the car-manufacturers recommenda¬ 
tions or the recommendations of reputable oil com¬ 
panies. See also page 166. 


I R«Tmnt«d, with permission, from the S.A.E. HANDBOOK 
OF STANDARDS, 1038 edition issued by the Society of Auto* 
motive Engineers, Inc., 20 Weet 30th St., New York City. 

» Not from the S.A.E. HANDBOOK OF STANDARDS. 

* See pegM 1104-1106 for Ivbricaticn of front and rear wheA 
boaringt; pages 867, 1062B, 172, for lubrication of rear axU; 
pages 1062B, 172, 867, for lubrication of iransmieeion; pagee 000^ 
001,003, 904, 907 for lubrication of aifiBring deeieea; page 166 for 
rtmarka on engine lubrication; page 1062 for bibrieattan spictlfleD- 
iione of p<uaenger core. 

Books and Cooree on Imbrication dk Oaeoline Bueineee.* 
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HOW TO ORDER BEARINGS 


When ordering a replacement bearing, proceed as 
follows: Give the name or make, model and year of 
car, and the position or location of the bearing; for 
example, if for the front wheel, state if it is the inner 
or outer bearing, likewise the rear wheel, transmis¬ 
sion, etc. 

Remarks on ordering Now Departure ball bearinci: There 
are markincB on the outside of the bearing you remove, and this 
information should also be s^plied as as the name, model, 
and position information. !^arings and parts car be seourod 
of United Motors Service, Ino., with general offices in Detroit, 
Mich., and branches in principal cities. The manufacturers are 
The New Departure Mfg. Co., Bristol, Conn. 

Remarks on ordering Timken roller bearings: There are only 
two parts of a Timken bearing tliat can be ordered for replace* 
ment. One is the cone, cage and roller assembly complete; the 
other is the cup. Stampea on each cone and on each cup will 
be found a number. In ordering bearing, this number should 
Hvariably be given. But not omy should the number be given, 
but also the location of the bearing, the model number of the 
car, and the year in which the car was built. Bearings and parts 
can be secured from The Timken Roller Bearing Co., Canton, 
Ohio, or from their branches in principal cities. (Note: On the 
later designs of Timken bearings, the nibs are omitted from the 
ends of the rollers and a wingless steel cage is used.) 

Remarks on ordering Hyatt roller bearings: When ordering, 
supply the information as to the make, model of car, year It 
was made, and position of the bearing. 


A roller assembly may be identified from a sample as foQowst 
Split race and Hy-duty roller assemblies have ring numbers 
■tamped on the end rings. These identify a bearing as to shaft 
diameter and roller diameter, but have no reference to bearing 
length. However, if your order specifics both a ring number 
and length of race, the bearing can ?^e identified by the nearest 
service station. Should no race be available, measure the roller 
length, label and dimension "actual roller length" on the order, 
and forward it with the end ring number to the nearest servios 
station. 

In ordering "new series" roller assemblies, specify the roller 
diameter, number of rollers, and roller length. 

Split races have numbers stamped on the outside. Order 
them by these numbers. Solid races have no numbers on them, 
and should therefore be ordered by specifying the inside diam¬ 
eter, outside diameter, and length when the piece number is 
not known. Bearings and parts can be secured of United 
Motors Service, Inc., with general offices in Detroit, Mich., and 
branohee in principal cities. The manufacturers are the Ilyatt 
Holler Bearing Co., Harrison, N.J. 

Note: Hyatt bearings built into cars in 1024 and later carry 
beari^ numbers on each part of the assemblv, and when 
ordering, it is only necessary to give the number os stamped on 
the part desired. 

The usual cause of worn bearings is generally the fact that 
the bearing htis been improperly mounts or housed, so as to 
permit the entrance of grit or other abrasives into the raceways, 
or the bearing has been overloaded beyond its rated capacity 
or not properly adjusted (if of the adjustable type). 



Parts of three popular makes of bearings; The Timken tapered roller type, the Ilyatt roller type, and the New Departure 
ball type. The illustrations show the only way in which it is practical to onfor the ports of the different bearings. 
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lUustratioQs^en from a booklet, Buprienurd to (ho Sorvico Colalog of New Departueo Ball Boaringt, published by llie Nea 
Departure Mfg, Co., Bristpl, Conn., manufa^urers of the New Departure ball bearings, sbowing the position, o** location and namet 
of oearing. 
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THE SUNBEAM CAR 14/40 H.P. FOUR CYLINDER> 


Tbia oar is a popiilar light oar made by the Sunbeam Motor 
€Sar Co., Ltd. Moorfield Works, Wolverhampton, England. 

There are several different models of Sunbeam cars. One 
model, the 14/40 h.p. chassis and power plant is shown bdow. 



Hg. 1. View of near side of the 14/40 h.p. four-cylinder 
Sunbeam ensine out of chnasiH. This engine is built with the 
engine, clut^, and gear box combined in a single unit, sus¬ 
pended directly from the main frame. 

Name of parts: A, drain plug in engine; B, drain plug in gear 
box; C, oil-pressure relief valve; D, water pump; E, oil fiTler; 
F, electric starting motor; G, oil level cock; H, dynamo; 

l, magneto; J, breather. 

Engine cylinder bore 2.05" or 76 m.m.; stroke 4.72" or 120 

m. m.; cubic capacity of cylinders 129.6 cu. in., or 2120.5 c.c. 

Engine lubrication is by a gear-driven oil pump in lower half 
of crankcase. This forces the oil to the mam crankshaft bear¬ 
ings and through the hollow crankshaft to the big-end bearings 
of the connecting rods. The surplus oil from the crankshaft 
is thrown by centrifugal force on to the cylinder walls and into 
the interior of the pistons, and this effectively lubricates the 
bearings of the small ends of the connecting rods. The oil 
drains pack into a large sump in the base of the crankcase and 
passes the sump in the base of the crankcase and passes through 
a filter, so that it is cleansed before being again circulated by the 
pump. This filter is detachable, and should be removed period¬ 
ically and cleaned out. 

The rocker shafts, rockers and push rods are also lubricated 
from the main oiling system. An oil lead carries oil to the over¬ 
head shaft and effectively lubricates each rocker, the surplus 
oil passing to tlie push rods and falling by gravity on to the 
tappets and camshaft bearings. 

Valves are overhead type. Valve timing: inlet opens TDC 
to 10® late; inlet closes 40® to 50® late; exhaust opens 30* to 40* 
early; exhaust closes 6“ to 15* late. Valve oletirance: .0(M" 
for both valves on standard models and on the 14/40 h.p. 
sports model ,006" for inlets and .008" for exhaust valves. 

Magneto timing: Contact breaker is placed in advanced posi¬ 
tion and points should bo just breaking when dead center lino of 
flywheel is 40* before top dead center of compressions stroke 
of standard models and 45* for the sports model. Platinum 


point gap when full open should be .012". Spark-plug gap not 
to exc^ .020". 

Carburetor is the Claudel-Hobson model M.Z.P. A 200 c.c. 
main iet is most satisfactory. The parte to adjust are: (1) 
main Jet; (2) slow running jet; (3) air screw; (4) throttle stop; 
(6) by-pass screw; (6) heating. 

The petrol level is set 3 m.m. to 6 m.m. below the top of the 
guard tube. 

Fuel system is the Autovac, or vacuum system 

Dynamo is the Rotax model A. T. 80, driven from front end 
of crankshaft by silent chain. Normal charging rate is 10 amps 
at 44 m.p.h. and the speed of cutting in is 22 m.p.h. on top gear. 

Starting motor is the Rotax M.T. 18/20. contained in a 
housing oast integral with gear box and clutch casing, and has 
a Rendix type engagement. 

Battery. 12-volt with capacity of 44 ampere-hours. 



Fig. 2. Chassis side view of the 14/40 h.p. four-cylinder 
Sunbeam car. The power plant is built with engine, dutch 
and gear box combined in .a single unit suspended directly from 
the mam frame. 

Clutch single plate typo; transmis-sion is of the sliding gear 
type with three forward speeds and a reverse speed. 

Brakes on all four wheels and mechanically controlled. 
Type of brake is the internal expanding shoe acituated by cam 
action. 

Springs: full cantilever springs at the rear and semi-elliptio 
at the front, the latter being considerably offset. 

Wheels are detachable wire wheels, with 815 x 105 m.m. 
Dunlop cord tires. Lubication of chassis is by pressure with a 
pressure-type oil gun. 

Wheelbase O'll" or .'102.5 e.rn.; track 4'7" or 140 c m., 
ground clearance 8" or 20 c.m.; length overall 13'10" or 421.6 
c.m.; chassis width or 85 c.m. 

Gear ratios (closed models) 3d speed, 5 to 1; 2d speed, 9.04 
to 1; Ist speed, 19.75 to 1; reverse 19.75 to 1. Tire sizes, 815 x 
105 m.m. Chassis weight (mcluding petrol, oil and water), 
1 ton, 1 cwt., 2 qrs., 14 lbs. R.A.C. rating 13.9. Tax payable, 
£14, 


THE ROVER CAR 9/20 II. P. FOUR CYLINDER 


This car is a popular light car made by the Rover Company 
Ltd., Meteor Works, Coventry, England. 


There are several different models of the Rover cars. One 
model, the 9/20 h.p. power plant and rear axle is shown below. 



Fig. 3. The Rover 0/20 power plant. 


Engine lubrication oil Is delivered under pressure to all bear¬ 
ings including overhead rockers (D) (Fig. 4), from a gear oil 
pump (C). The delivery from pump is led to the front and 


back main bearings, thence to the two camshaft bearings, a 
release hole being provided (not shown), through which oil 
is projected on to the chains. ‘ Above the rear bearing another 
external pipe leads to cylinder head, coupling to a pipe under the 
top rocker cover (F) (Fig. 4), which feeds to the hollow rocker 
shaft (G), thence through holes (H) drilled in the rockers to 
the hardened steel cups on top of the duralumin pu.sh rods, sur¬ 
plus oil returns through the cylinder (^ting to the crankcase, 
on doing so lubricates the tappets (K) and provides an oil 
cushion for the lower end of push rods. 



Fig. 4. Sectional end view of Rover 0/20 engine 


1 See pages 1056-1002 for speoifioations of electrical equip¬ 
ment for passenger oars, formerly on this page. See pages 
1063-1064 for ▼live timmgt ignitloB timing, interrupter gap, 
dearance» etc. 


The water-cooling system 

fFlg. 3]) which may De remov 
An adjustable gland 


system embodies a centrifugal pump (A) 
»e removed by unscrewing nuts (Al), (A2). 
i can be adjusted by aorewin^^p 031) 


equally. Do not adjust unlsss a water leu shows 



SUNBEAM, ROVER, ROLLS-ROYCE 
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Ctrlmretor 1$ a Smith aingle Jet fixed-choke pattern. It is 
A very simple design. 

Valve timing: Inlet valves open 7* after top d.o. of the piston, 
<dnse 42** after bottom d.o. Exhaust valves open 50° before 
bottom d.c. of the explosion stroke, and olose 10° after top d.c. 
of exhaust stroke (i.e., 3° after inlet valves have opened). 

Valve adjustment is provided by serein’s (J), and locked by 
outs (S). .004" clearance with engine at ordinary running 

temperature. 

Mam eto ignition timing is set fully advanced, the spark oo> 
curs when the line marked S.F.A. on ^ge of flywheel is opposite 
line marked centrally on top of crankcase, hlagueto is set to 
fire at full advance, when the piston is 17/32" before top d.c. 
of ooinpression stroke. Firing order is 1, 2, 4, 3. 

Transmission is of the sliding gear type with three speeds 
Ccxwarcl and reverse. See Fig. 3 for the gear wheels and rela¬ 
tive positions on the lay and main shafts when in neutral, first, 
second, or top speed. 



Fig. 5. Sectional view of rear-axle, worm drive 


Back axle: See Fig. 5, and note that tho axle is matle up of 
two castings (FI) and (F2), carrying steel tubes (A), which arc 
forced into (Fl) and (F2) and riveted into position. 


The main drive is through the worm (H) driving a worm wheel 
(J) and the power is then distributed through tim differential 
earing to the shafts (B), thence te the road wheels through 
ubs (Q). The oonstcuction of the differential is of the spur- 
gear type. 

Specifications 

Engine dimensions: Bore OOm/m (2.30 in.); stroke 95m/m 
(3.74 in.); capacity 1,074 c.o. (65.4 cu. in.). 

R.A.C. rating: 8.0 h.p. 

Firing order of cylinders: 1, 2, 4, 3. 

Spark-plug gap: Use tho gap gauge on magneto srannor. 

Water capacity of engine: pints ) 

>23^ gals. 

Water capacity of radiator: 13% pints J 

Normal working temperature of cooling water: About 140*F. 

Oil capacity of engine: 1 gallon. 

Petrol tank capacity: 5 gallons. 

Gear ratios: Top 4.84, middle 8.57, bottom 10.44, reverse 
21.51. 

Road speed at engine speed of 1,000 r.p.m.: 

On top gear - - - - - -- . 16 in.p.h. 

On middle gear - I m.p.h. 

On bottom gear - 4.7 m.p.h. 

On reverse gear--— 3.0 m.p.h. 

Engine develops maximum b^wer at about 3,000 r.p.m. 

Minimum turning circle: 33 ft. 

Wheelbase: 8 ft. 3 in.; track, 4 ft. 

Overall length: 12 ft. 2 in.; width, 5 ft. 3 in. 

The Hover 14/45 h.p. car (not shown) is also made by the 
same company. 


SPECIFICATIONS OF THE ROLLS-KOYCE CAR 


Brakes (Foot): Internal expanding on rear wheels 17" diameter. 

Brakes (Hand): Internal expanding on rear wheels 12" diam¬ 
eter. 

Carburetor: llolla-Royce patent and make. 

Change-speed gear box: Aluminum box. Three speeds forward 
and reverse (8.A.E. standard gear shift). Capacity 4 
quarts. 

Clutch: Rolls-Royce internal reversed cone typo lined with 
special nou-destructib!e fabric. 

Cooling system: Rolls-Royce special radiator, nickel silver con¬ 
struction, with honeycomb core of seamless tubes. Oontnf- 
Ugal pump circulation, gear driven. Temperature indi¬ 
cator on instrument board. Radiator shutter operated 
from driver’s seat. Capacity of complete system ‘.J 
gallons. 

Fuel consumption: 1 gallon per 11 to 13 miles. 

Oil consumption: 1 gallon per 800 to 1,000 miles. 

Crankshaft: Seven main bearings. Hollow shaft machined all 
over. Chrome nickel steel. 

Electrical system (Starter):'Special design. 

Electrical system (Generator): Constant-voltage mounted 
on engine. 6-volt grounded system with completely en¬ 
closed wiring. Battery suspended outside frame for ac¬ 
cessibility. 



Big. 6. Top view of BoUe-Royoe ehawia 


Engine: Own. Six Cylinder. Cast in blocks of 3 each. L 
head tyi)C. Bore 4 inches. Stroke 4 % inc;hes. Rated 
h.p. 48.0. 

Frame: Special alloy stool frame with tie-rod underbracing and 
tuluilar cross-members. Frame built up without rivets by 
use of special Rolls-Royce nickel-steel tapered bolts. 

Front axle: 1 beam forging. Chrome nickel steel. 

Fuel feed: Pressure. 21 gallon tank in rear. 

Ignition: Two independent synchronized battery ignition 
systems. 

Lubrication: Full preasuro feed to all working parts. Extra 
lubrication to cylinder walls. Oil capacity 0 quarts. 

Measurements: Wheelbase 14.3)^ inches. Track 50 inches. 

Pustons: Kolls-Roy<i special aluminum alloy with six rings. 

Rear axle: Roll:,-Royce full flouting axle, built up of alloy-steel 
forged tubes. Hpiral bevels. Ratio 3.72 to 1. Entire 
drive tlirough torque tube. 

Shock absorbers (Front): Ilolls-Uoyco friction type. 

Shock absorbers (Rear): Hydraulic. 

Springs; Social alloy steel. JYont flat, with solid-forged eyes. 
Rear, flat-cantilevcr. 

Steering: Rolls-Royce screw and nut. Aluminum wheel with 
hard-rubber covering. 

Tires: Standard 33 x 5 straight side. 

Turning radius: 20 feet. 

Valves: Silicon-chrome alloy steeL Exhaust and inlet va’veo 
interchangeable. 

Wheels: Detachable wire wheels of special design and oon- 
struction. 

Manufacturers: Rolls-Royce of America, Inc., Springfield, 
Mass. 

OthMdaU: See pooet 1063,1067,1060. 
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DYKE’S INSTRUCTION No. 83 


HOW TO STUDY THE MECHANICAL CONSTRUCTION OF A CAR WITH QUESTIONS 

FOR THE STUDENT 


We have now dealt with practically every part of 
a car, and in conclusion a few pointers will be given 
on the study of the mechanical construction of the 
principal parts of a car. When examining a car the 
student can ask himself the following questions: 

(A) Engine 

1. Mechanical construction: Engine suspension, if 
3 or 4 ;^int; <^linders, if cast singly, 2, 3, 4, 6, 
or in-block; if cylinder head is detachable or 
inte^al; bearings, if 2, 3, 4, 5, 7, or 9 main 
bearings; valves, if poppet or i?leeve type; valve 
arrangement (poppet type), if head and side, 
horizontal, L-head, over-head, or T-head; cam¬ 
shaft drive, if by chain, by gears, or vertical shaft. 


2. The carburetor and fuel system: Carburetor, 

make, sizOj if attached horizontally or vertically; 
fuel-feed, if gravity, air pressure, or vacuum (see 
page 462H for example of a vacuum fuel- 

feed system). 

3. Lubrication: There are five systems, namely: 
splasli, splash-circulating, force-feed, force-feed 
and splash, and full-force-feed (see pages I.')?- 
162); oil pump, if “elevated” or “submerged” 
type. 

4. Cooling: There are two methods, by air or by 
water; if by air, it is a “draught” or “blast” 
system; if by water, the water is circulated by a 
pump or thermo-syphon system; by a radiator if 
tubular or cellular type. 



\ Sprtional view of a C-oylinder engine (Falls engine 
uatJi uu ttie Klgin series K). 

Question 1: The cylinders on this engine (Fig. 1) are cast 
in'block. Is the cylinder head “detachable” or “integral” with 
cylinders? 

Questicn S; State the kind of “valve arrangement” it would 
be termed. Why? 

Queatioii S: Name the parts which actuate the valves. 


Ouestion 4: What is the adjusting ball for on the upper end 
of toe push rod? 

Question 5: Is the piston pin a “stationary” or “oscillating'' 
type? Why? (See pages 795 and 42.) 

Question 6: By studying the illustration, how would you 
determine the type of lubrication system? 

(B) Transmission of Power 

1. Clutch: Type, if cone, disk, or plate. 

2. Transmission: Speeds, if 3 or 4 forward; bear¬ 
ings, if plain, roller, or ball; gear shift, if ball and 
socket, or gate type; gear-shift shaft plunger, if 
placed at the top (S) (Fig. 2), or at the side (see 
plage 856); location of transmission, if amidship, 
or as a unit with engine, or if on rear axle. 

3. Final drive: Drive method, if by double chain,or 
propeller shaft (see page 6 classifying the different 
drive methods). If propeller shaft drive, is the 
drive shaft connected from transmission to rear- 
axle drive pinion shaft with a mechanical angular 
type universal joint, or a flexible-coupling type 
(see page 860 for explanation); drive and torque: 
is it through a torque tube and springs, or torque 
tube alone, or springs alone (see page 7)? 


QLAR -CONTROt LCVCR 
CMEROCNCV brake LEVER 



SPUNE SKAET 

BEARINO 

hXin or spline 
ahAf? 

COUNTERSMArr 
COUNTERSHAFT 
OEARS 

_ , OIUIH PLU« 

FLVWHEEL ' 

TRANSMISSION 
DRIVE GEAR BEARINO 

Fig. 2. Sectional view of clutch and transmission. 


Question 1: la the arrangement shown in Fig. 2 termed b 
“unit power plant”? Why? 

Question 2 : Is the clutch a cone, disk, or plate type? Why^ 

Question 8: See if you can give the make of this clutch 

Question 4: What is the purpose of the olutoh throw-out 
yoke? 

Question 5: Is the dutch shaft ootineoted direct to the trana 
mission main shaft? 

Question •: Explain bow the drive is transmitted from 
clutch shaft to the shaft leading to rear axle. 

Question 7: How many forward speeds has this trana* 
mission? 

Quoftioo 8: What t 3 rpe of gear shift is there on this trans¬ 
mission? 
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Quastioa 9: How many sliding gears has this traosmissionT 
Onestion 10: What are the sliding gears for? 

Question 11: What type of gear shift plunger (S) is this? 

Question 19: Suppose the gears fail to stay in mesh, what 
would likely be the cause? page 866.) 

4. Rear axle: T3rpe housing, if one-piece, or two- 

E iece divided type; type axle shafts, if “plain- 
ve-tyi^,*' or ‘^oatin^* type (see pages 15, 863, 
explaining); if floating type, is it a semi, thre^ 

Q uarter, or full-floating type; differential, it 
riven oy a straight tooth or spiral bevel gear; 
if differential carrier is integred with reftf axle 
housing or bolted to it (see page 863 explaining); 
differential bearings, if ball or roller type? 


(D) Electrical Equipment 

1. Ignition system: Type, if battery and coil, or 
magneto; if battery and coil, is it a non-vibrating 
or vibrating type coil; if non-vibrating, is it a 
closed or open-circuit type interrupter; drive 
method (see chart, page 462D, for battery and 
coil ignition system)? 

2. Starting motor: Motmting, if combined with 
generator or a separate unit; drive, if ^ndix, 
sliding gear or chain (see chart, page 462P), 

3. Generator: Drive method, if by chain, accessory 
shaft, driven from camshaft or fan belt: regula¬ 
tion method (see page 347); voltage, it 6 or 12 
volts) see chart, page 462N). 


Pinion SHArt oust rttilj 

BCTAINtB A 


4. Battery: 
hours; voltage, 


Capacity in ampere 
itage, if 6 or 12 volts. 


I PtfOON AQjUSTtW 



O &Afl 

Fig. 3. Sectional view of a tjrpioal typo of rear axlo. 

Question 1: Is the rear axle (Fig. 3) a one-piece or two-piece 
type of housing axle? 

Question 9: Is the differential carrier an integral or a bolted 
type? 

Question 8: If integral and a one-piece housing, how is 
differential removed? (See page 863.) 

Question 4: If bolted and a one-piece housing, how is 
differential removed? 

Question 5: If rear axle is a two-piece or divided housing, 
how is differential removed? 

Question 6: Do the bearings at inner end of axle shafts run 
direct on the axle shaft or on the differential housing? 

Question 7: Does inner end of axlo shafts support the 
differential, or does the differential support the axlo shafts? 

Question 8: If axle shafts (Fig. 3) were removed, would 
differential remain in place? 

Question 9: Would the rear axle (Fig. 3) be termed a “plain- 
live" or “floating” type rear axle? Why? 

Question 10: Do bearings at outer end of axle shaft run 
direct on axle shaft or on the axle housing? 

Question 11: Is the bearing in tJ.o center of wheel hub? 

Question 19: Is this rear axle termed a semi, three-quarter, 
or full-floating type rear axle? Why? 

Question 13: Is the drive pinion and differential ring gear 
a bevel-gear type? 

Question 14: How would the drive pinion be made to mesh 
closer with teeth on the ring gear? (See page 869.) 

Question 15: How is the axle shaft removed from this axle? 

(See page 868.) 

(C) Miscellaneous 

1. Wheels: Type, if artillery, wire or disk; rim, 
if clincher or straight side. 

2. Tires: Type, solid or pneumatic; pressure, low or 
high pressure; tread, if ribbed or non-skid; con¬ 
struction, cord or fabric; bead, if clincher or 
straight side. 

8. Springs; Type, if semi quarter^ three-quartw, 
or full-^ptic or cantilever; spring suspension, 
if by plain shackles or rubber block shock insu- 
latm (see page 702); number of springs used. 


(E) Control Members 

1. Brakes: Type, if two-wheel, 
or four-wheel and if mechanic¬ 
ally or hydraulically operated; 
if external contrasting, inter¬ 
nal expanding, or both: brake 
actuating methods, it inter¬ 
nal, if by cam, or toggle joints, 

2. Steering: Connection to front 
axle, if fore-and-aft or cross- 
method; type, if pinion and 
sector, worm and sector, wonn 
and worm-wheel, screw and 
nut, screw and half-nut, or if 
planetary type; and if revers¬ 
ible or irreversible; front axle 

steering knuckle, if the Elliott or reversed 
Elliott type; not-e spark and throttle lovers on 
steering wheel and at bottom, 

THROTTLe UEVtB 



HORN WIRE 
SPARK TUte 
THROTTLE TUII 
rUAORANT TUBE 
stecrino post tum 


MouaiMO TOP ptuo 

ORCASe C\J9 



<VOflM OtAR 


throttuc lower ieverI 
tPARft lower lever, 


Fig. 4. Steering device. 


(^eition 1: Mention the type of steering device above. 
Queetioa 9: Wliat are the bronze bushings provided for? 
Question 8: How is up-and-down lost motion adjusted? 
Qvestioa 4: How ie play between worm and gear taken upf 
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DYKE'S INSTRUCTION No. 83 


TRANSMISSION TERMINOLOGYi 


Note. Pages preceding and following this page 
apply to early models. This page apphes to Mter 
modelSj as of 1943. 

A study of this page, supplemented with the in¬ 
formation given on the pages referred to, will en¬ 
able one to obtain an understanding of the work¬ 
ing principles of modem transmissions. 

Purpose and principle of operation of the early 
model transmission (pages 25-29) should first be 
studied before proceeding with the following. 

Automatic tranimisaion: See Addenda pages 36, 76. 

Auxiliary tranamission: An auxiliary transmission is em¬ 
ployed on some heavy duljy trucks retiuiring ndditiomii speeds 
or gear ratios. It is usually placed at the rear of the main trans¬ 
mission. A truck transmission with five-speeds forward and 
ona reverse, would have twice the numlier of 8pee<l3 or gear 
ratios with a two-speed auxiliary transmission; if the auxiliary 
transmission had three-speetls, the gear raticjs would be increased 
accordingly (see Fig. 1, page 974). With an all-wiieel drive 
truck a two-speed transfer rase serves the purpose of an auxiliary 
transmission—see pages 959, 962. A two-speed a.rle also pro¬ 
vides additional gear ratios or speeds—see page 9.57. 

Consttnt-mssh transmission. This term applies to tiro genra 
which remain in constant-mesh. For example the main drive 
^ear (10) in Fig. 60, p. 862B, and the countershaft drive gear 
just below it, are always in mesh on all transmission-s unless 
of special d&sign. In this particular selective sliding gear typo 
of transmission, these are the only gears that arc in constant- 
mesh. In many transmissions, the second speed gears are also 
in constant-mesh (see Fig. 1, p. 8621)), and in some, all forward 
speed gears are in constant-mesh (see Fig. 3, p. 8620). Usually 
constant-mesh gears are of the helical (slant tooth) type, in¬ 
stead of the spur gear (straight tooth) type. 

Oears on the counter shaft in the conventional type of trans¬ 
mission are either keyed, or are integral with the countershaft 
and must turn with it. (Jears on the main shaft are free to turn 
in their bearings or bushings. 

Constint-mesh gears are engaged and disengaged hy means of 
a mechanical clutch which slides on splines of the main shaft 
and which engages with the gear desired, thereby keying gear 
to the main shaft. The engagement is usually nia<ie by ex¬ 
ternal gear shaped teeth on the clutch engaging with internal 
gear shaped teeth on the j?ear or vice-versa. The clutch may be 
a separate hub or may be integral with a sliding gear. This typo 
of clutch may be termed a '‘gear clutch” or a "gear hub clutch.” 

Direct drive: A fear ratio q\ i to 1. Main transmissions in 
direct drive result in the output shaft revolving at clutch shaft 
speed (see bottom of page 8, right column). Direct drive in an 
auxiliary transmission results in its output shaft revolving at 
same speed as the output shaft of the main trammission. 

The drive on all speeds except "direct,” in the conventional 
type of transmission, is through the countershaft. For example 
see Fig. 60, page 862B. (This is an early type' of traiwinisamn 
however, in modern transmissions "direct drive" and other 
ratios are obtained by driving through gears in the same 
manner even though method of engagement differs.) Note 
first, that the left end of main shaft (39) runs free in a pilot 
bearing (16) in gear (16). If the external teeth on hub of gear 
(16) are meshed with the internal teeth in gear (18) (by 
sliding gear (18) to the left on the BpHne.s of main shaft), 
the main shaft would be locked to gear (16), and the drive 
would be “direct” through the transmission main shaft and pro¬ 
peller shaft to final drive of rear axle. 

On the other speeds, namely, second, low, or reverse, the 
drive would be from main drive gear (16) and countershaft 
drive gear (in constant-mesh), through the countershaft, to 
the speeds as selected. See also Fig. 22, page 29. 

Dog clutch: This type of clutch (see 139, Fig. 12, p.26) to 
engage and tlisengage ge»Crs on the main shaft is now seldom 
WM m automotive transmissions. Its application is limited to 
industrial designs. The "sliding gear clutch" is the type in 
general use. 

Free-wheeling: See Addenda pages 26, 24 and page 802C. 
One of the advantages claimed was a saving of gasoline and 
oil and longer life of engine: a disadvantage w'as the wear on 
brakes, Free-wheeling has been discontinued on most cars 
except, the free-wheeling over-running clutch or coupling prin¬ 
ciple is employed to control the operation of some types of 
overdrive on other transmissions. 

Oears: See Helical, Herringbone, Hypoid, Spiral, and Spur 
tooth gears. 

Gears may be of either the spur or helical type in any of the 
different transmissions. Where sliding gears of the spur gear 
type are employed, the splines on the main shaft are straight 
splines (see 39, Fig. 60, p. 862B); sliding gears of the helical 
type must have helical splines (see Fig. 1, p. 862D). 


Herringbone gears: Sometimes used with double reduction 
type of axle final drive on heavy duty trucks. This type of gear 
in general appearance looks like two helical gears side by side 
but with the teeth slanting in oppoiste directions, Uke a “V.’* 

Hydra-matic transmission: See Addenda page 76. 

Hydraulic transmission:.See Addenda page 74. 

Hypoid gear: Seepages 883A, 957. 

Overdrive unit: See Addenda page 56 stating purpose, and 
Addenda page 74 under "Answer.**^ The oven&ive is usually 
a separate unit attached to the rear of the transmission. In 
one type, the overdrive unit steps up the propeller shaft speed 
38.5 per cent with respect to the engine speed which is equiva¬ 
lent to reducing the engine speed 27.8 per cent. Higher car 
speeds with lower engine speeds, effect savings in gasoline, oil, 
and engine wear. 

The term "overdrive'* is also applied to transmission gear 
ratios, for example, a truck transmission with five forward 
speeds, with direct drive in fourth-speed, the fifth-speed would 
be the “overdrive." If the fifth-speed was direct, it would 
be terme<I an “underdrive” transmission. 

Overdrive and underdrive are also applied to the gear ratios 
of two-speed or dual-ratio axles —see page 957. 

Planetary transmission: See p. 1115, 1116, Addenda p. 76. 

Power take-off: An attachment which can be connected with 
the transmission, auxiliary transmission or transfer case. See 
pages 1151F, 952, 985, 986. 

Reverse idler gear: By means of this gear the transmission 
main shaft is cause<l to rotate in the opposite direction to the 
clutch shaft thus providing a reverse motion of the driving 
wheels. 

Selective transmission: Refers to a transmission that en¬ 
ables the driver to “select” or shift the transmission into any 
gear position without passing one gear through another. With the 
early "progressive” transmission on the contrary, it was neces¬ 
sary to shift progressively froniffirst to second, second to third, 
etc., as explained on page 25. Most transmissions, at the 
present time, are of the selective shift type. 

Selective constant-mesh and sliding gear transmission: 

The majority of truck transnus.sion8, xmere there arc both slid¬ 
ing and eonstnnt-mesh gears employed, might be calle<l a "selec¬ 
tive constant-mesh and sliding gear tyjie of transmission.’' 
This being rather a long name, a transmission of this type is 
usually referred to as “constant-mesh type of transmission.'^ 

Shift rails: With threo-spee<l transmissions there are usually 
two shift rails, one to engage either direct or second speed 
gears, and the other, to engage either low or reverse gears. 
With four and five-speetl transmissions there are usually three 
shift rails. 

Each shift rail usually handles two speeds. Some trans- 
mi.s.sion8 have two reverse speeds. For instance, a five-si)e^, 
two reverse transmission has four shift rails, and a five-speeci 
single reverse, three shift rails. The two speeds on any shift 
rail are usually consecutive, with the exception of reverse 
which is combined with the low speed, unless it is on a rail 
by itself. 

Sliding gear clutch: A mechanical clutch to engage and dis¬ 
engage the gears on the transmission main shaft. (Do not con¬ 
fuse this with the "sliding •gear" which slides to engage its 
mating gear on the counterdiaft). For examples of a sliding 
gear clutch," see (8), (9), Fig. 18, page 28, and (16), (18), 
Hg. 60, page 862B. 

Sometimes if is a small gear with external teeth and a splined 
hole (see the truck transmission illustration on Insert No. 3). 
The external teeth mesh into, or "clutch" the internal teeth 
out in a pocket of the gear it engages. The teeth are stagger^ 
and rounded at the ends to permit easy shifting. This is some¬ 
times termed "sliding clutch gear'* or "clutch huh,'* 

There are variations in the design of the sliding gear clutch 
but the purpose is the same. 

The sliding gear cluU^h is also employ^ with the synchro¬ 
mesh unit, i.e., in addition to a “friction cone clutch,” the latter, 
used first to synchronize the speeds of the two mating gears, 
after which the "sliding gear clutch" engages without clashing. 

The "dog type of clutch” is now seldom used. 

Sliding gear transmission: A sliding gear is a gear which 
can be moved back and forth on the splint main s/^t to mesh 
with its mating gear or gears on the countershaft. Usually, in 
three-speed transmissions, the sliding gear on the main shaft 
engages low and reverse on the countershaft (see (19), Pig. 60, 
page862B.) 


HeUoal tooth gear: Teeth are cut Wanting cU angle as shown 
in (C, li, D, ana J) Fig. 4, page 958. 


'v.reaii is extenaea to uiark iujuipment Co., and Full< 
Mfg. Co., for valuable assistance rendered in the compilatio 
of this transmission terminology. 


Npjo: Motoreyde apocifiecdums and othv subjects formerly on this page are now on page 1014. The principle of flighty formerly 
n this pagei has been deleted—see Addenda, Section 6 for later information. 
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The term **slid%ng gear** would not applj/ to a planetary type 
of transmission nor would it apply where all speeds are con¬ 
stant-mesh. Neither would tius term apply in the case of 
hydraulic or torque converter, synchro-mesh and various types 
of automatic transmission, even if some of the gears are sliding 
gears. 

Spiral tooth gtar; Note the '*npirdl'* angle of gear teeth in 
Fig. 1, page 95/, and (A, B) Fig. 4, page 958. 

Splined shafts: May be used for transmission main shafts, 
propeller shafts, axle shafts and other parts. For example, see 
(39), Fig. 60, page 862B; this is a »tra\ght s}iline, if sliding 
gears have helical teeth the splines would be hdical splines 
(see (4,) I^g. 1, page 862D). 

Spur tooth gear. Where the gear teeth are cut straight across 
gear as shown in (S) Fig. 4, page 958 and (18) l*^g. 60, page 
862B, it is the spur type. 


Synchro-mesh transmission: This term is a trade name of 
a synehronizing unit employed in a transmission to prevent 
clashing of gears when snifting, particularly from a higher to 
a lower speed regardless of engine or car spee/i, also, prevents 
damage by chipping of gear teeth. The principle of operation 
briefly is to synchronize or Indng the speed of mating parts about 
to be engaged, to the same rolatitte sfteod before they engage. See 
Addenda page 25, and page 862D. 

The sunchro-mesh type is used principally on passenger 
autonuAiUes. however, there are some trucks and buses using 
this type of transmission. Synchronisers are used in conjunction 
with Gonstant-mesli gears and usually, steering column gear¬ 
shift. 

There are a number of different detail designs of synchro^ 
mesh transmissions, although the basic idea is the same. 


OVERHAUIJNG WILLYS-KNIGHT SLEEVE VALVE ENGINE (Gar Model 88-4) 


If trouble is determined ts loose sleeTOS, drain radiator, 
remove cylinder cover, cylinder head, exhaust manifold, 
carburetor, lower water manifold, stand, cylinder block and 
outer sleeve. 

Sleeves should be wiped dry and fitted with feeler gauges of 
.003" to .004" thickness and not more than wide and 
inserted between the walla on one side on^ to a depth of not 
more than 4". Feelers are inserted individually at various 
points around the sleeves. For maximum fit a .(K)4" feeler 
must be a tight fit, a .003" feeler must move freely, and a 
.002" feeler should be used occasionally and inserted the entire 
length of the sleeve. These feelers must move freely without 
much drag. 

If sleeve is found to be out of round, it must be moved in 
and out of cylinder block until the high spots are indicated by 
bright spots on sleeve. 

A light-weight wooden mallet should be used to tap sleeves 
round, by holding sleeves in hand and hitting high points 
indicated on sleeve until sleeve fits properly within cylinder 
block. A flat Swiss drill file can also be used on high spots 
after sleeves have been rounded into shape. This is the most 
important fitting operatioi in the entire engine assembly, and 
great care should be exercised to see that a perfect fit is obtained. 

Sleeve rods should have from one to two pound drag so that 
when engine is run they will free up to approximately .003" 
running clearance. 

Sleeve rods can be taken up by taking a piece of sandpaper 

and placing it on a smooth surface (a niece of glass is most 
commonly used); you would go through tlio same operation 
as the fitting of piston rings to grooves. If emery cloth is used, 
great care should be taken that the bearings are free from all 
particles of emery dust to prevent their further damage. 

When blocks and sleeves are removed from ennne it would 
be well to check the connecting rods and see that thev are 
fitted up to a running clearance from .001 yf' to .002," also 
that they have a side clearance of .003" on each side of bearing. 
These bearings are put up to a .002" clearance, as the bearinjp 
on a Knight en^e are what is termed "oil bearings," as oil is 
forced to these bearings under a very heavy pressure. 

This applies to crankshaft only to the extent that the end 
float should be held at .005". 

In order to remove the pistons and rods from the engine 
when assembled, it will be necessary to remove the cylinder 
head covers and cylinder heads, as there is not enough clearance 
to get them out from the bottom and they have to oe removed 
from the top. 

In removing the pistons in this manner, it is necessary that the 
portholes in the sleeves bo plugged, so that the piston rings will 
not catch when being remsved. A good plug for these ports would 
be a broken sleeve from which could be cut a piece the sise of 
the port openings inserted to prevent the ring from catching. 

To remove the eccentric shaft bushing, drain the radiator, 
remove radiator, fan, fan pulley, timing gear cover, cylinder 
head, cylinder olook, sleeve, sleeve rod, and remove three 
valve screws which are used to hold the bushings in place; 
then with the eccentric shaft removed, these bushings will have 
to be knocked out of crank case. 

The new bushings can be pressed in and should be line reamed 
to a running clearance of 

When iostaUing sleeves, be sure that sleeve pin looking ring 
Is in its proper i>oeition so that the pin cannot work loose. 


RoOs-Royce spaciflcatlons, formerly on this page^ now on 

page 


Timing Willys-Knight (Model 88-4) 

Flywheel diameter is 15.H". 

Inlet opens late, 8* or 1^" measured on flywheel. 

Inlet closes late, 37* or 6" measured on flywheel. 

Exhaust opens early, 48* or 6 31/64" measured on flywheel. 

Exhaust closes late, 5* or 43/64" measured on flywheel. 

Spark set late, 16 Vi® or 2>i" measured on flywheel with 
spark control lever on steering column fully retarded, or pushed 
down as far as it will go. 

To check sleeve timing: Remove the exhaust manifold and 
scrape any accumulation of carbon from the edges of the porta 
in both sleeves of No. 1 cylinder and from the lower odgo of 
the port in the cylinder block. 

Remove the spark plug and insert a small electric light into 
the cylinder. Turn the flywheel in the direction of its rotation 
until, with the port closing, a narrow lino of light is discernible 
between the upper ed^e of port in the outer sleeve and the 
lower edge of the port in the cylinder block. 

1 —4 

At this instant the mark on the flywheel should bo in 

exact alignment with the guide mark on the roar end of cylinder 
block or crank case. 

If a timing light is not available, the exact closing of the port 
may be deUirinined by inserting a "feeler," such as a cigarette 
paper, in the port and turning the flywheel in the direction of 
rotation until the closing of the port just barely holds the paper. 

Should the mark on flywheel be more than off or past 
the check mark on the cylinder block or crank case, the sleeves 
must bo retimed. 

To retime aleevei: Crank the engine In running direction 
until the flywheel mark is in alignment with the mark on 

the cylinder casting. Turn the eccentric shaft in running 
direction until mark on ^rocket is in Ikie with the mark on 
edge of chain housing. The marks on the hub, sprocket and 
chain housing should be in lino before applying driving chain. 

To time ignition: Crank engine with No. 1 cylinder on 
T C 

compression stroke, until the mark on the flywheel is 2 
past the mark on rear end of cylinder block or crank case. 

Retard the spark. Slip generator and igniter unit out of mesh 
with coupling gear. Turn the generator shaft in the direction 
in which it is driven by the engine, until the breaker points 
just start to open, and the rotating unit or distributor arm is 
in line with the secondary terminal leading to No. 1 cylinder, 
then replace generator unit. 

Timing Wmys-Knight(Model0 20.20A.27^^7) 

Inlet opens late, 15* top center or 1 53/64^' measured on 
flywheel. Piston requirement: .996" late. 

Inlet closes late, 50* bottom center or 6 7/64" measured on 
flywheel. Piston requirement: .602" late. 

Exhaust opens early, 60* bottom center or 6 7/64" measured 
on flywbeeL Piston requirements: .670" early. 

Exhaust closes late, 8* top center or 31/32^' measured on 
fi 3 rwheel. Piston requirements: .035^' late, 35/04" plus or 
minus 1/32" early. Flywheel diameter, 14". 

Spark set early, 37* plus or minus 1* top center or 4 33/64" 

{ >lus or minus measured on flywheel with imark control 
ever on eteering column fully advanced or up as far as will go. 
Note: "Piston requirement" means measurement from top of 
cylinder block to top of piston. See page 1054B for Amlng 
valves and ignitioa on Wlflys. 
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MAZDA AUTOMOBILE LAMP SPECIFICATIONS (1935) 





MOTOIICOACH SERVICE 



Motorooach head) 

IpM dapretaibley (b) 
beam J 


Maxoa~ 1141 Motorooach, beod 

and apoL Ip. (b) 

MAaoA-lli2 M’t'rooachinterior (b) 



12-16 0.29 

3 

G-6 

12-16 0.29 

3 

G-6 

/1.23 

21\ 


12-16 \ 1.23 

2l) 

S-10 

12-16 1.20 

21 

S-10 

12-16 1.25 

21 

S-10 


(a) 3 cell, lead type storage battery generating syatem. 

(b) 6 cell, lead type storage battery generating system. 


Filament center length 1H'' 

D. C. bayonet with i>refocaslng ooDar. 


Later Additions' 

Masda 51. ft- 8 volts, .20 amps., 1.0 cp., S.C. base. 

Masda 55.5-8 volts, .40 amps., cp., S.C. base. 

Mazda 89.12-16 volts, .52 amps., 6 cp., S.C. base. 

Mazda 90.12-16 volts, .52 amps., 6 cp., D.C. base. 

Mazda 93.12-16 volts, .94 amps., 15 cp., S.C. ba.se. 

Masda 04.12-16 volts, .94 amps., 15 op., D.C. base. 


Note the C-2 filament construction is shown as (£) page 432. 

Motorcycles are equipped with the same 6-8 volt Mazda 
lamps as are used for automobile service. For example: head¬ 
lamps: Nos. 1000, 1116, 11^, 2320C; tail lamps: tail and 

stop (combination): 1158; switch panel: 03, 64: Bp<k lamps: 
1133, 1129. 


of reflector (R); rotate clockwise until lamp clicks into its seat. 
To remove: reverse the oiieration. iSce Fig. 1. 




Fig. 1. 


The double filament: The lower filament is located in rela¬ 
tion to the reflector, so as to give the long-distance driving 
beam. The upper filament is in such a relation to the reflector 
as to throw the beam downward just ahead of the oar for city 
driving. In the No. 2320 bulb the lower filament is 32 cp.; 
whereas the upper is 21 cp. 


Prefocuaed Lamp Bnlbs 

Prefocuaed lamp bulbs (Nos. 2320 and 2330) ore for head¬ 
lamps. The advantage is to eliminate adjusting, the focus, 
allows easier insertion, and provides a peater beam accuracy 
and more uniform performance of headlamps throughout the 
life of the car. To insert: hold lamps so that the word *‘TOP" 
on base is upward; make certain that the three pin heads in 
the socket engage wide ends of buttonholes (B) in the flanged 
M^lar (F) of lamp; preea firmly into cuplike section (£0 in rear 


A single filament prefocused lamp for use in auxiliarv lighting 
equipment such as spot lights, etc., is known as Mazda No. 1321. 

Note: Prefooused lamps will not fit conventional bayonet- 
type socket. 

' Mazda 51 and 55 arc for auto if^icaior and Mazda 80, 90, 
93 and 94 are for motorcoach. 

Note: Subjects formerly on this page have been taken out. 
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THE TAXIMETER 


A tmxiineter is used on taxicabs to calculate the fare a pas¬ 
senger is to pay and to give the management operating informa¬ 
tion. 

When a oar is standing, the meter is shown with the vacant 
sign standing upright and all dials at sero (Fig. 1). 

The Ohmer printing taximeter not only gives a visual indi¬ 
cation of the fare due, but it also (1) issues a ticket fur the 
customer or passenger, (2) keeps a printed record for the 
operating company's use, giving live milee, total miles, minutes 
of non-recording time, the amount of each fare, the month, 
the day, the consecutive number of each trip, a tell-tale mileage 
of distance the cab is improperly operated, the meter number, 
and the number of the chauffeur. 



Fig. 1. The Ohmer taximeter with “For fiire” sign up. 

The taxicab is not engaged. Fare and extras are at “0.” 

When the cab is hired, the meter flag is pulled from its "For 
Hire” position (Fig. 1) to the ‘‘Hired” position (horisontal), 
and the machine immediately starts computing; and at thm 
time the “initial fare” appears on the face of tho meter under 
“Fare.” " 

After tho cab has driven the initial mileage, or has remained 
standing for a certain set number of minutes, the fare continues 
to count 5 cents for each set fraction of a mile, or each set num¬ 
ber of minutes waiting time thereafter. 

If extras are charged, the “extras” are recorded by the 
driver’s turning tho “extras knob” through one complete turn 
fur each extra to be recorded. 


If the cab Is ruimiiig at a speed less than six miles per hour, 

or stops, the obaraes are computed on the “time basis^' of time 
consumed; but it a higher rate of speed is maintained, the 
machine automatically computes on the basis of the established 
mileage rates. 

Flag on **non-recording** position: If it is desired to set the 
meter so that no charge will be computed while the cab is 
stopped for accidents, tire repairs, engine troubles, etc., the 
flag IS moved another quarter-turn to the non-rocording posi¬ 
tion (down). Tho time lost is recorded by the maohmo on the 
company's record, but no charge is made therefor. The flag can 
then be returned to the “HirM” position, but it can lie moved 
to the “For Hire” position only by printing a ticket, or receipt, 
and the corresponding record, wnich is done by turning the 
crank, after first throwing the flag to the nun-rooording position. 

It is, therefore, mechanically impossible for the driver, after 
having once put the meter in operation, to avoid making a com¬ 
plete printed record of the job. 

Each driver must insert a numbered identification key before 
the machine can be operated, and which cannot be withdrawn 
until the flag has been tiu*ncd to the “For Hire” position. This 
key prints the driver’s number on the record each time a ticket 
is issued, so that there can bo no question at any time as to tlie 
responsibility for each charge. 

The taximeter is usually driven from the speedometer outlet 
of the transmission, by means of a flexible shaft to tho recording 
mechanism of tlie taximeter. 

A clock mechanism within the meter is set in motion when 
Die flag 18 “pulled,” and tho clock continues to tick until the 
lernuiiation of (ho trip. It only engages with thefaro-oounting 
mechanism when the cab is wailing or driving at a spee<l of 
six miles per hour or less. 

When the flag is in the non-recording position, no fare is 
rogifitcred by the clock; but instead, the total number of min¬ 
utes at eacli stop is recorded. 

Taximeters are being adopted for other purposes, such as 
calculating the charges tor wrecking or towing services, ambu- 
lunccis, hearses, etc. 

Special devices, such as hub odometers and dash odometers, 
are used for controlling the mileage of “drive-yourself” vchieUs, 
which can be sealed in place to prevent tampering. 

Other types are made for fares and mileage of motor buses 
and for graphically checking all stops, starts, speeds, move- 
monis, and mileage of commercial, salesmen, and other vehioles. 

Manufacturer; Ohmer Register Co., Dayton, Ohio. 


INSURANCE 


Fire insurance is very essential in the operation 
of an automobile, on account of the exposure it is 
subjected to, both on the street and in tho garage, 
and most owners carry fire and theft policies. 

Liability insurance is also a very important asset, 
and owners should be very careful about their 
selection of a company to carry their risk. The 
company should necessarily be one with large assets, 
and of sufficient financial strength to protect the 
olicy bolder through years of action in the courts, 
ecause in some cases, especially where serious 
injury is involved, regardless of the cause or blame 
for the accident, years have elapsed before settle¬ 
ment is agreed upon, or final judgment is rendered. 

Kinds of Insurance 

There are five classes of automobile insurance, 
as follows: 

1. Fire and theft. 

2. Liability. 

3. Property damage. 

4. Collision. 

5. Loss of use. 

Fire and theft can be combined in one policy, or fire insurance 
can be written separate, excluding theft; but the theft feature 
cannot be written unless accompanied by the fire insurance. 
Collision can also be included in tne fire policy, or in the fire and 
theft policy, but it^ like the theft insurance, cannot be written 
separately. Liability and property damage is usually written 
in a separate policy although several companies are writing a 
joint “all risks” policy covering fire, theft, liability, property 
damage, and collision. This can be done by reinsurance 
between the liability and the fire companies. 


1. The standard automobile fire and theft policy covers the 
body, machinery, and equipment of the car. Extra bodies, 
robes, aiitomobilo coatn, bats, caps, gloves, leggings, boots, 
goggles, and chauffeur's livery are not included unless provided 
for under a Heparnto ondor«ement, for which additional piernium 
is charged in accordaneo with the amount of coverage desired. 
Automobile fire insurance is written in two forms: one covers 
fire and theft, and is known ns a “valued policy,*^ on account of 
the company being liable for the amount stated in the policy 
at the time of a h>ss; the other provides that tho company may 
deduet a reasonable aiiinunt irfun the loss for depreciation, 
however rjinsed. A credit in the rate is given for the latter 
form of coverage, which is known as the **non-valued form.’* 
A eredit of 15 per cent is granted from the fire rate where an 
approved chemical fire extinguisher is attached to the auto¬ 
mobile. 

Theft insurance, as stated above, can only be written in 
connection with a fire toUcv, and the same conditions regarding 
“valued” and “non-valucd ' clauses apply. On ail cars listing 
under $2,(MX) tho companies reemire the attachment of an 
approved locking device for which a credit of 15 per cent is 
granted from tho theft rate. Where no lock is provided, an 
additional charge of $15 is made. 

2. Liability Insurance provides protection against accidents 
to the public resulting in injury or death. The usual limits of 
liability are $6,000 for an accident resulting in an injury to 
one person, ana $10,000 for an accident resinting in injury to 
more than one person. The purpose of this insurance is to 
pay judgments, costs of court, attorney fees, witness fees, 
investigation and settlement costs, and otlicr expense necessary 
to tho protection of the automobilist, not cxce^ing, however, 
the limits above stated. These limits may be increased where 
necessary, by payment of an additional premium. 

.3, Property damage insurance covers damage to the property 
of others, not exceeding $1,000. 

4. Collision insurance covers loss or dam^e to your car 
caused by a collision with another object. There are three 
classes of collision insurance: one, known as the $50 deductable 
form, provides that the company will deduct $50 from each 

Ncit: Subjects formerly on this page have been taken out. 
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claim; another known aa the $100 deductable form, providee 
that the company \dll deduct $100 from each claim, and etHl 
another, known ae the full-coverage form, which providee that 
the company will pay all claims in any amount. The insurable 
value on collision insurance is based upon the same principle 
as fire insurance, a fixed percentage of the list price of the car 
being granted in accordance with the age, use, physical con¬ 
dition, etc. 

6. Loss of use: This form of coverage has just recently been 
included* and applies in connection with the property damage 


insurance, providing reimbursement to the owner on account 
of suras he may be called upon to pay to others through the 
loss of the vehicle which has been damaged, i.e., cost of rental 
of another vehicle pending repairs to tne one damag^ not 
exceeding $1,000. 


Rates 

Insurance rates vary in different parts of the country 
Therefore it is advisable tu see your loo^ insurance agent. 


LAWS 

There are, in most states, two kinds of license issued fer 
automobiles: One is issued to the owner of the car, covering a 
tax or fee on a car, as well as entitling the owner to drive the car. 

The other kind is a license issued only to a professional chauffeur. 

Some states do not require chauffeur’s license. Other states 
require the chauffeur to obtain a license, which is usually done 
by writing to the Secretary of State at the capital city for a 
form to ml out. When this is filled in, and the amount of 
the license is remitted, he is then furnished with a badge and 
receipt. Other states require an examination. 

Drivers licenses are required in many states, but reciprocal 
privileges are usually granted. 

The age of driver of an automobile in most states must not 
be less than 18 years. This varies, however, in different states. 

The necessary information, even though you do not purchase 
a license, can be obtained by writing to the Secretary of State 
of your state, or send for the Digest of Motor Laws mentioned 
befow. 


The automobile laws of the different states are so varied it 
would require far too much space to give them in detail in this 
book. If those who are interested will write to the American 
Autoniobile Aasociation, Washington, D.C., and inclose ten 
cents in stamps, mentioning Dyke's Automobile and Gasoline 
Engine Encyclopedia in this connection, a booklet entitled 
Digest of Motor Lau'S will be mailed. This booklet gives a 
summary of regulations governing registration and operation 
of passenger CMirs in the forty-eight states and the District of 
Columbia. This booklet will be found extremely serviceable 
when touring. Both Canada and Mexico are making a bid for 
American tourist business, and both countries have simplified 
regulations to a point where entry and exit is very easy. For 
detailed information, apply to any A.A.A. club, also, 

pages 655-00 on the subjects of touring. 

Note: We t^vise all who are interested in automobiles to 
join the American Automobile Association. Information can 
be obtained at any A.A.A. Motor Club «)r by writing direct to 
the American Automobile Association, Washington, D.C. 


QUESTIONS AND ANSWERS AS TO SOME OF THE “FIRSTS” 


First Auto Show 

Q.: In what year was the first automobile show held in Chicago 
and also in New York? 

Ans.: The first show hold in Now York was in November, 19(X), 
at Madison Square Garden, under the auspices of the Auto¬ 
mobile C\\\h of America. A feature of the show was a 
board hill built on the roof of the garden, to prove that 
tho now vehicle would not only propel itself, but would 
climb a grade. Tl»o novelty of the idea appealed to the 
public. The first automobile show in Chicago was at the 
Coliseum in March, 1901. Eighteen vehicles were dis¬ 
played. The gate receipts were $3,200. Mr. Sam Miles 
was the manager. 


First Four-Cycle Gasoline Engine 

Q.: Who invented the first gasoline engine? 

Ans.: Nicolaus August Otto, Deutx, Germany, on August 14, 
1877, was granted patents covering the four-cycle engine 
and the principle of compressing the mixture before explotl- 
iug it. This is the principle still used on automobile 
engines at present. The conception of compression and 
four-cycle operation was not, however, original with 
Otto. He combined these ideas into a practical engine. 
They were twelve years in the making, and three countries 

f iartioipated in their evolution. The conception started 
n 1862, when a Frenchman, Alphonse Beau de Rochas, 
obtained a patent and wrote a pamphlet on the four-cycle 
engine. Six years later Boulton, an Englishman, secured 
a patent covering the use of compression in an engine. 
However, Boulton failed to work out the necessary means 
for compression in a practical way. 


First Power-Propelled Vehicle 

Q.: When was the first power-propelled vehicle invented? 

Ans.: Experiments date back to 1770, when Joseph Cugnot, a 
French engineer, built the first automobile. He con¬ 
structed a steam automobile that hauled tons at 3 
miles per hour, and this vehicle is still preserved in France. 
In 1802, the first practical steam automobile was built by 
Richard Trevitluck of England, using a crank shaft for 
the first time, and driving by gears from the e^ine to 
the road wheels. In 1821, Julius Griffiths of Bmgland 
built the first comfortable steam vehicle, the first vehicle to 
have a coach design of body, with seats carried on springs, 
as they are today. In 1831 Summers A Ogle of England 
built a three-wheel tubular boiler and two-cylinder engine 
which attained a speed of thirty-two miles per hour. The 
first motor vehicle to carry passengers regularly for hire 
was built by Walter Hancock of England in 1^4. The 
motive power was steam. 


First Pneumatic Tires 

Q.: (i) Who invented the pneumatic tire? (a) In what year 
did American manufacturers of automobiles begin to 
use the donble^tube tire? 


Ans.: (1) At prcaont the honor of inventing pneumatio tires is 
disputed between two claimants: U. W. Thompson, an 
Englishman, and John Dunlap, an Irishman. The latter 
devised un autoniobile rubber tiro in 1839, but it never 
came into use, as it was a very crude affair, and seemed of 
no practical service, Thompson’s tire was a single-tube 
appliance, and was invented in 1845, The solid rubber- 
cushion tire and the single-tube air tire were used eonsider- 
ably in 1809 and 1900. Tho double-tube pneumatic tire 
did not come into general use on automobiles until 1902. 
(2) Single-tube pneumatic tires were generally used up to 
1903. Double-tube tires were in use in 1902, and were 
extensively adopted in 1003. 

First Automobile Trouble and Remedy Book 

Q.: What is the name of the first book published in the U.S. on 
automobile troubles and remedies/ 

Ans.: Diseases of a Gasoline Automobile and How To Cure 
Them by A. L, Dyke and G. P. Dorris, copyrighted 1903, 

First Automobile Supply Business in the U.S. 

Q.: Who originated the first Automobile Supply business? 

Ans.: The first in the United States was originated in 1899 by 
A. L. Dyke, St. Louis, Mo. Credit is given in the 1931 
issue.of Chilton Automotive Multi-Guide, page 136, under 
the beading: “First Records of Significant Automotive 
Events.” 

First Carburetor Manufactured in the U.S. 

Q.: Who made the first carburetor in the U.S.? 

Ans.: The first float-feed or constant-level type of carburetor to 
be designed and manufactured in the United States and 
placed on the market for use on different gasoline engines 
was, as far as can be ascertained, manufactured by A. L. 
Dvke, 8t. Louis, Mo., in 1900. This carburetor is now 
exhibited and preserved by the Smithsonian Institution, 
United States National Museum, Washington, D.C. 

First Gasoline Automobile in the U.S. 

Q.: Who built the first gasoline automobile in the U.S.? 

Ans.: On page 136 of the 1931 issue of Chilton Automotive 
Multi-Guide it reads: “1892 First gasoline automobile 
bu0t in the U.S. (Duryea).” 

First American Auto Road Race 

Q.: Where and when was the first American Automobile Road 
Race run in America? 

Ans.: Motor Age, April 19, 1900, B&yv: “America’s first auto 
road race was run over a fifty-mile course on the famous 
Merrick road on Long Island yesterday morning, A. L. 
Riker, with a five horse-power electric racing wagon, won 
by a quarter of an hour; time, 2:03:30. 8. T. Davis, Jr., 
in a steam Locomobile, four and a half horsepower, was 
second; time, 2:18:27. Alexander Fisher, in a gasolinh 
runabout built by the Automobile Company of America, 
wit third, time, 2:30:0^-'* The article further atatee 
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tliat the racers wore auto oaiM, goggles, a&d mouth pro* 
teotors. Hiker wore no auto to^ at all, but got there just 
the same. This speed is averaged now almoet daily on 
the streets. 

First Auto Race 

Qc Where was the first automobile race held in America? 
How man; cars started? How many finished? 

Ana.: Chicago made the earliest attempt at an automobile 
race, Novembar 25, 1895. Six cars started over a course 
of fifty-four miles, from Jackson Park to Evanston and 
back again, for ajprize of $500 offered by the Chicago 
Times^Herald, Four of the cars were propelled by goso* 
line and two by electricity. Two cars finished. Charles 
E. Daryea won in ten hours and twenty-three minutes. 
The course was covered under highly unfavorable condi¬ 
tions, the roads being heavy with mud and snowy slush. 


First Rubber Tire 

Q.: When was rubber first discovered, and who made the 
first rubber tires? 

Ana.: The first mention of rubber was in 1525, when the 
Spaniards in Mexico saw the natives playing with balls of 
a remarkable elasticity. In 1770 it was suggested as an 
eraser for pencil marks. In 1823 Macintosh of Manchester, 
England, found that rubber w'ould dissolve in benzine, 
and began making waterproof fabrics. In 1832 the Rox- 
bury Rubber Company was formed in Massachiisotte to 
engage in this work, and Charles Goodyear wa.s one of ite 
employees. Goodyear discovered vulcanization in IS.iS. 
In 1842 he began producing rubber slioes. The first use of 
rubber tires was when Dietz m 1835. patented a rubber 
cushion applied to an iron ring or tire. R. W. Thompson, 
an Englishman, on December 10, 1845, patented the first 
poeumatio tire. 


Auto Club of Amoricft 

Q.: In what year was the Automobile Club of Ameri^ organ¬ 
ized, and how many cars were produced that year? 

Ana.: On Wednesday. January 7, 1890, a public meeting waa 
held at the Waldorf-Astoria Hotel New York, and as a 
result the National Automobile Club of America was char¬ 
tered on the following August 6. Six hundred machines 
were produced in 1809. 

Jump-Spark Coil Invented 

Q.: When was the jump-spark coil invented and first used? 

Ans.: In February, 1852, Emperor Napoleon of France offered 
60,000 francs to the man who could produce the most 
important electric invention during the next five years, 
which perioii a os later extended five years. This award 
was finally given to,H. D. Huhmkorff, a Paris instrument 
maker, for inventing the jump-spark coil, often referred 
to as the Ruhmkorff coil or high-tonaion coil. This coil, 
however, was first actually developed by Prof. Charles G. 
Page of Washington, D.C., following the researches of 
Faratlay, Joseph ilenry, and W. Bturgeon, about 1831, and 
really should oo more properly termed Page’s coil. 

Knight Engine: Its History 

Q.: Has the Knight engine been tried out fully, or is it still an 
experiment? What foreign manufacturers use it? 

Ans.: The Knight sleeve-valve typo of engine was invented 
in Chicago in 1003. The engine was under experiment 
until 190.5, at which time it was given severe testa in 
Elyria. Ohio. In lOOtl Charles V. Knight submitted his 
engine to the largest motor car company of England, the 
Daimler Company. After tests, the Dniinlfjr Company 
adopted it. Other leading European automobile manufac¬ 
turers who adopted this typo of engine are the Panhard 
Company, France; MerceciGs Company, Germany; and 
the Minerva Company, Belgium. 


INSTRUCTION No. 84 
DICTIONARY: Meaning of Motoring Terms 


Note. If the Dictionary docs not give the moaning, or if a 

description is desired, see Index for the subject. By referring to 

the Index, the definition of many other words can be found. 

See page 520 for “Storage Battery Words and Terms.’* See 

page 1079 for English-Frcnch Dictionary. 

A 

Abrasion: The act of wearing or rubbing away; a chafe. 

Accelerator; A device, usually in the form of a foot pedal, to 
open the throttle. It opens the throttle more quickly than 
the hand throttle, hence the term “accelerator.” 

Accumulators: A set of secondary cells—also called storage 
bi^tteries containing positive and negative plates, and filled 
with electrolyte. 

Advance Spark Lever: See Index. 

Air: Composed of approximately one-fifth oxygen and four- 
fifths nitrogen, with some carbonic gas. 

Air gap: A term having almost the same meaning as “clear¬ 
ance.” Often applied to the sr^ace between the field pol(» 
of a generator, motor, or magneto and its armature. 

A*LJl.M.: Means Association of Licensed Automobile Manu¬ 
facturers. See second paragraph, page 1042, which will 
explain. 

Alternating current: A current changing its direction of flow, 
or “alternating” backwards and forwards. 

Aluminum: This metal, the chief characteristic of which is its 
lightness, is not generally used in its pure state, but is 
alloyed with a small proportion of cine; sometimes, for 
special requirements, a amall quantity of copper and 
manganese are added. 

Ammeter: An instrument that indicates amperes or rate of 
current flow. 

Ampere: See pages 175, 529, 521. 

Ampere-hour capacity of a battery: A term used to express the 
amount of current that can be gotten out of a battery of a 

E ’ven size. An actual 60 ampere-hour accumulator should 
) capable of giving 1 ampere for 50 hours, or 2 amperes for 
25 hours; but the ratio becomes disproportionate as a higher 
rate of current is taken from the cell. See also pages 560, 
522. 

Asmealini^: Softening of metal. By placing it in a fire and get¬ 
ting It red hot, and then permitting it to cool without 
water, it eoftens. 

Atmular hall bearing: See page 12. 

Aaode: The poaitivt <+) of % current; oppoaed to cathode. 


Anti-clockwise rotation: Same as counter-elockwiBe. 

Asbestos: This material is (»( iiiineral origin (large (luantities 
come from Cana.lu). In its tiuturnl stuto it is fibriMi.s and 
soinewlittt brittle. As it resists gif'nt heat, it lintls eon- 
sidorablt! application in motor work for engine jointing in 
the form of packing washers (of copper sheet anil asbestos). 
Asbestos cord is used for covering exhaust pipes where tliese 
pa.HS through woodwork, etc. Worked up into a fabrio 
with'bruMS wire, it is largely used for brake-band linings 
and clutch covering, os it cannot be burned out by exces¬ 
sive friction. 

Atmospheric pressure; Tlio earth is surrounded by a largo, 
thick envelope of giise.s whicli is known as the atmosphere, 
and is commonly spoken of as the air. Contrary to general 
belief, the air does posse.sH weight. In fact, if wo went to 
the sea-shore and took a column of air one inch square and 
as high as the atmospheric envelope exists, this column 
would weigh about 14.7 Jl>s,; consequently tlieatmospheric 
ressure at sea-level is J 1.7 lbs. per square inch. The 
igher the altitude above soa-levcl, the less will bo the 
atmospheric pre-ssure. 

Atom: The smallost divisible part of a chemical element. 

Aviatrix: Feminine for Aviator. A woman who operates a 
flying machine. 

B 

Backlash; The play between the teeth of two gears which aro 
engaged (in mesh); see also Index under “Backlash.” 

Back-p ressure; Term applied to restricted exhaust discharge, 
unless the muffler is of sufficient size, there will bo back 
pressure, and the exhaust will not be discharged as rapidly 
os it should. 

Ballast resistor: See page 430. 

Bending moment: Applied to a rear axle shaft, it refers to the 
tendency of the axle shaft to be broken by bending action 
from skidding force, static force, etc. 

Benzol: A promising motor fuel. It is a by-product of coke. 
It contains the same elements as gasoline, but the chemical 
formula is slightly different. In England it is used to great 
extent for fuel, also for explosives, dyes, and chemicals. 
All gas plants in England are being equipped to produce 
benzol. It is stated that experiments with the material 
are being made in the United States. See also page 1033. 
The freezing point of Benzol is 43** F. 

Bezel; The groove in which the glass cover of the epeedometer 
or clock ia fitted. 
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Bom and itroke: See Index. 

(Brake horsepower): Measurement of horsepower of 
an engine of actual net work of the engine or horsepower 
delivered at the crank shaft. See page 1044. 

British thermal imit (B.T.U^: The amount of heat required to 
ri^ the temperature of 1 lb. of water 1** F. (at its maxi¬ 
mum density, which is at 39.1* F.). This expression is 
much refeiTM to in the study of the value of various fuels 
(or engines: thus gasoline ranges about 10,OCX) to 20.0(X) 
B.T.uT per lb. A pound of gasoline of 68 s.g. is anproxi- 
mately eight-tenths of a pint. 1 B.T.U. is equivalent to 
778 foot lbs. of work. See also “Thermal effioienoy." 

See “British Thermal Unit.” 

By-pass: A means by which a flowing substance can take a 
course other than its usual one; an extra passage. 

C 

Calorific value: This term is used with reference to various 
fuels, such as gasoline, benzol, paraffin, etc., and represents 
the effective heating power per pound in terms of British 
Thermal Units. 1 lb. of gasoline contains about 10,OCX) 
B.T.U.’s. 

Calorimeter; An instrument to determine the heat content of 
a substance, that is, how much heat it will give off when 
burned. Used to determine the number of B.T.U.’s per 
pound of gasoline. 

Calory: The unit of heat (metric system) to express the amount 
of heat required to raise 1 gram of water from 0® to 1® 
Centigrade. 

Cam shaft: The abaft running through the engine which has 
the cams placed upon it at certain fixed positions. 

Camber: To curve or bend. As applied to the automobile, it 
refers to the camber of the front wheels at the ground. 
See page 006. 

Carbon: One of the well-known non-motallio elements. It is 
an excellent conductor of electricity. As applied to the 
automobile, it refers to the carbon deposit which accumu¬ 
lates in the combustion chamber of an engine. In a hard 
state it works well as a contact medium in ooniunotion with 
copper or brass; it is, therefore, largely used for the 
brushes of the magneto, and also for the brushes of car¬ 
lighting dynamos. Carbon, in its natural form of graphite, 
is usea as a lubricant for gearing. It is generally mixed 
with grease, and is suppliw ready prepared by lubricant 
manufacturers. 

Ctrboaixe: The deposit of carbon upon the points of the spark 
plugs and the various internal portions of the engine 
cylinder and exhaust passages. 

Cardan joint: Same as a universal joint. 

Caster: As applied to the automobile the word refers to the 
“caster" or "cant" or inclination from the vertical, as given 
to the front axle. See page 007. 

Cathode: The negative pole (—) of a current; opposed to anode. 

Cell: An electrical cell is a vessel complete with its contents, 
and a number of these form a battery, or a set of storage 
batteries. Each cell must contain positive and negative 
plates, and some form of electrolyte. 

Celluloid: A compound of camphor and gun-cotton. Its 
transparency and flexibility are its chief characteristics. 
Non-mflammable celluloid is now made for windshields. 

Center of gravity: The point at which a body balances. For 
examine if you lift an engine out of a car with a hoist, you 
iJways try to attach the chain so that the engine will stay 
level when hoisting. In other words, you try to place the 
chain at the center of gravity of the engine. If a car has a 
high center of gravity, it has a tendency to turn over when 
making a turn at high speed. Such a car would be called 
“top heavy," In order to prevent turning over, racing 
oars are built with a low center of gravity. For example, 
the center of gravity of a wheel is the center of the wheel 
hub, because tiiat is where it balances. If a body is placed 
below that center it will have loss tendency to be "top 
heavy" than if placed above the center of the wheel, 
because the center of gravity of the automobile would be 
nearer the ground. 

Centifrade: A scale of temperatures usually used in foreign 
countries and in scientino work. See page 1048. 

Chamfer: A small channel or groove out in metal or wood; the 
corner beveled off. 

Change gears: The transmiseion or system of changing the 
gears in the gear box. 

Chaseis: Pronounced “ohas-sy." Derivation, French; a 
frame in wood or metal; the framework ol a wagon; later 
the term was applied to the framework of a locomotive: 
then to the longitudinal and transverse frame members of 
a motor car. By extension it also designates the whole of 
the mechanical portion of a motor car. More correctly, 
however, the word chassis should only apply to the metal 
framework receiving the engine gearset and controlling 
mechaxusm. 

dMwfifeor; Pronounced “Sho-fur." Derivation. Frencht 
chauffeur, a person or a thing that heata. A chauffeur ia 


a man in <diarge of a furnace or boiler fire. The firet uie 
of the word chauffeur was during the revolution of 1789, 
when bands of brigands heated the feet of their 

victims in order to make them reveal the place where their 
money was hidden. The “chauffeurs" were stamped out 
during the Consular period. The woi^ chauffeur was first 
applied to motor-car drivers under the popular suppoeition 
that they had to tend a fire. On the Frenoh railroads the 
chauffeur is the fireman; the engine driver is the mechanioiaa. 

Chauffeuse: A woman chauffeur. 

Check-valve: A valve which permits the passage of a fluid or 
gas in one direction only. 

Chemical compound; When two or more chemical elements 
are uniteef they form a chemical compound. This can be 
a solid, a liquid, or a gas. 

Chemical element: Matter which cannot be divided into 
simpler chemical forms. It can be a solid, a liquid, or a gas. 

Circuit: The path of the electrical current; the conducting 
material, or wires. 

Circuit-breaker: See “Contact breaker"; “Interrupter." 

Circulating pump: Pump used to circulate the cooling water. 
Operated by the engine. 

Clearance: As applied to the automobile, this refers to the per¬ 
missible space or air-gap between the valve stem and 
tappet; also to the air-gap space between ignition contact 
points when separated; also to the air-gap of spark-plug 
points and other parts. It also refers to the lowest point 
of an automobile which is above the ground. It also refers 
to the space or oil film allowed between a bearing surface 
and the shaft. 

Clockwise rotation: Rotation to the right, or in the direction 
of the hands of a clock. See Index under "Magnetos, 
clockwise rotation from drive end." 

Clutch: A device for connecting and disconnecting the engine 
from the transmission—usually placed in or on the inner 
face of the flywheel rim. 

Clutch pedal: The foot pedal which connects and disconnects 
the clutch. 

Coefficient: A known constant quantity. That which co-oper- 
ates with a variable or unknown quantity.* 

Coil and battery system of ignition: In a battery the electricity 
is obtaiived by chemical means instead of meohaniosJ 
means, as when a dynamo is used. The coil has nothing to 
do with the generation of the electric current, its function 
being “to gear up," intensify, of increase the pressure or 
transform the low-voltage primary current into a high- 
voltage secondary current, to enable a spark to be pro¬ 
duced across the air gap of the plug points. 

Combustion space: The space between the end of the piston 
^'ben on upper dead center) and the head of the cylinder. 
That portion over the valve is also included. 

Compensating air valve: Also termed auxiliary air valve; a 
valve which counteracts the tendency of an over-rich mix¬ 
ture as the speed increases. 

Compensating gear: See "Differential." 

Compound: A mixture of several ingredients. 

Compression: A term implying that the explosive charge of 
gas and air drawn into the cylinder on the suction str^e is 
subjected to a strong squeezing effect on the next stroke. 
The charge is pressed into a space about one-fifth the 
volume or space of that occupied by it on the suction 
stroke, equaling 55 lbs. to 90 lbs. pressure per square inch. 
See also page 116. 

Compression; Just the opposite of tension. As applied to a 
rear-axle shaft, it refers to the tendency to be pushed 
together as when turning corners; the inside-axle shaft 
has a compression horizontally when skidding. 

Compression ratio: see pages 116, 806. 

Compression tap or cock: A small tap placed at the upper end 
of the cylinder, which can be opened to relieve the compres¬ 
sion, to make cranking easier. 

Concentric; The opposite of eccentric. Applied to carburetor 
floats and piston rings. 

Condensation: The mocess of turning a vapor into a liquid. 
As an example: The carburetor takes in raw gasoline and 
air, thus forming a gaseous “mixture” known as a vapor 
and thereby performing the process of vaporization. If 
this mixture (vapor) now comes into contact with a cold 
inlet manifold, it will be turned into small drops of raw 
gasoline; this latter process is called “condensation." 
Another example: Small drops of water often collect on 
the outside of a glass of ice water, due to the condensation 
of the moisture (vapor) in the air, or due to the warm air 
vapor striking the cold glass. If steam comes in contact 
with a cold surface, it condenses into water, as the vapor in 
the air did in example above: the reverse of evaporation. 

Condenser: An important part in a spark-ooil or high-tension 
magneto. See Index. 

Conductor: A material along which eleetrioity will readily flow, 
^etr u copper, platinum, steel, and, in fact, all metala 
Silvw is the b«t conductor, bqt copper is only very slightly 
inferior. Carbon is a non-mctallic element, but an cxem- 
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lent conductor much used in mncneto cooatruotion f6r the 
brushes. The wires or cables of the ignition circuit are 
sometimes referred to as conductors or "leads." 

^oonecting rodi That member which connects thw pston to 
the cn^ shaft of an engine. Has an oscillating movement. 

Cmitant: A value which remains the same under all oouditioiui, 
that is, the value is constant. The word is often used in 
connection with another value which is variable. See 
also page 1044. 

Constant mesh transmission: See "Traffic transmission.** 

Contact-breaker: The interrupter on a magneto Also applied 
to the interrupter arrangement on the "make-and-break** 
igniter. See Interrupter." 

Contact-screw: The small screw, having a platinum point, 
against which the trembler vibrates. 

Contact sector: One of the sectors in a timer or distributor. 

Continuous or direct current: This implies that the current 
flows in one direction. The direct opposite of alternating 
current. 

Contraction: The opposite of expansion, usually the result of 
cooling. 

Counter-clockwise rotation: A direction opposite to clockwise 
rotation. 

Cowl: That portion of the body which surrounds the dash and 
forms a partial enclosure and support for the "instrument 
board," the latter often being called "cowl board." 

Crankshaft: The main shaft in an engine which rotates as a 
result of the force exerted on its cranks which are con¬ 
nected to the pistons. 

Current: The flow of electricity. 

Cut-out (electric): See Index. 

Cut-out (muffler): A valve opening into the exhaust pipe at a 
point between it and the muffler, which, when opened, per¬ 
mits the exhaust gases to escape through it directly into 
the atmosphere instead of being forced through the muffler. 

Cylinder cn-bloc: The cylinders cast together in one piece. 

Cylinder priming cock: Same as the compression relief cook. 
Usually placed in head of cylinder for injecting gasoline. 

D 

Dash: Partition which separates the engine compartment from 
the driver's compartment. 

Dead rear axle: A rear axle that does not turn. Type usually 
used on double chain-driven cars, and internal gear-drive 
trucks. 

Demountable rim: A form of rim that can be taken off the 
wheel without deflating the tire. 

Density: Compactness; mass of matter per unit of volume. 
See also page 530. 

Depolarize: To deprive of polarity. 

Detonation: The now accepted theory of detonation is that the 
knock is due to a secondary explosion caused by an extra¬ 
ordinarily high pressure or compression due to too long a 
flame run from the point of ignition to the combustion 
chamber wall. Detonation is not a spark knock. About 
one one-thousandth of a second after the mixture has been 
ignited, the detonation takes place. Then the pressure in the 
combustion chamber jumps from a low pressure to a very 
high pressure. It is this sudden secondary explosion whicn 
makes the ping. Elimination of this ping was the initial 
purpose of the Ricardo bead which creates turbulence. 

Differential gear: See page 17. 

Dilution test: The amount of gasoline which passes from car¬ 
buretor to combustion chamber down the cylinder walls to 
the crank case is termed dilution of the lubrication oil (see 
also pages 104 and 106). It requires only a small per¬ 
centage of gasoline to dilute the lubricating oil to such an 
extent that it loses its viscosity; thus the oil film which is 
supposed to be between the bearing surface and crankshaft 
is rendered ineffective for lubrication. The most direct 
method for determining the extent of dilution would be to 
measure the viscoeity (page 160) of the mixture. A simple 
approxiraato method for testing the viscosity of oil is to 
rub a small uuantity of the crank-case oil (when at medium 
temi^rature) between the thumb and finger, and compare 
it with the feel of new oil under the same test. It will 
dually bo a very thin, strong-smelling mixture, consbt- 
ing chiefly of kerosene. Oil in the crank case which if 
a distinct black or tar color and thin and watery xisually 
Jhaa lost its lubricating qualities. Another method for 
judging when to change the oil is to note the oil pressure 
when running at a sp^ of about 25 miles per hour after 
the engine and oil have warmed up. If this pressure ir 
noted just after fresh oil of the proper grade has been 
added, it is believed that the oil may be used until the 
pressure under similar running conditions has fallen to 
about one-half this value. This cannot be taken as an 
absolute rule and should be supplemented by the judgment 
of the operator. See also page 1006: oil and fuel reotffier. 

Direct current: Electric current where the current flows con¬ 
tinuously in one direction. Unlike "alternating" current. 
Distributor or Distributen A special form of rotary switoh, 
wbioh directs the high-tenaon ooirent to various spm plufi. 


Dowel pin: A pin to connect two parts to prevent their alidina 
on one another. It consists of a plain cylindrical hard stOM 

K 'n that is not tapered. There are no threads out on it, 
it It has a force fit into one of the parts and fits fairly 
tightly into a hole drilled in the other part. 

Dry battery: Called dry cells or primary colls. A series ol 
primary cells which do not contain liquid electrolyte. 
Dynamo: A generator of electricity. The dynamo is usually 
used on a motor oar to light the electric lights and to 
recharge storage batteries and in some instances furnishes 
ouirent for the ignition, 

B 

Earth connection, or ''ground”: An inaccurate term when 
applied to the electric circuits of a motor car. The oar 
is insulated from the road by the tires, hence the "earth" 
is not used at all. What is meant is that the framework 
of the car is used as a return conductor, so as to dispense 
with some of the wires. 

Sccentric: Two circles (one inside the other) are said to be 
eccentric when their centers are not at the same point. 

E.H.P.:Eleotric horsepower (746 watts). 

Electric ignition: Any form of ignition by which the mixture in 
combustion chamber is ignited by means of an electric spark. 

Electrode: The insulateil part placed in the igniter of a low- 
tension syBletii of "make-ana-break" ignition. The center 
rod of a spark plug. 

Electrolyte: A liquid that undergoes chemical decomposition 
when an electrical current is passeti through it. The solu¬ 
tion used in a storAgo battery. Is generally made by mix¬ 
ing sulphuric acd and distilled water in proportion of two 
parts of acid aid five parts of water. These parts are 
measured out by volume. An earthen vessel must be used 
and the solution stirred while mixing. Never pour the 
water into the acid. See "Spocifio gravity.'* 
Electro-magnet: If an insulated wire is wound around an iron 
core and current is passed through the wire, this is an 
electro-magnet. Sometimes the wire is wound on a spool 
made of non-magnetie material, and is su arranged that 
the core can be inserted or withdrawn as desired. This 
form is known as a solenoid magnet. 

Element: The simplest divisible conception; for example, a 
pencil may be considered as made up of several elements, 
namely, the wooden cose, the load or graphite core, the 
rubber eraser, etc.; as applied to the storage battery, sea 
page 527, and Index. 

E.M.F.: Electromotive force. The voltage. The pressure 
Tension. 8eo pages 175 and 180. 

En-bloc: Cast in one piece, as four or six-engine cylinders. A 
French term. The English expression is "in-block." 

Eneri^: The capacity for doing work. Passing a current of 
^ectricity tbrougn a storage battery causes eriergy to be 
Bttired up in ai chemical form. Then this energy is taken 
off in an electric form. Winding a watch ciiuses energy 
to be stored up in a mechanical form in the spring. 

E.P.M.: Explosions per minute ot a gasoline eugmo. 

Exciter brush: Could refer to the third brush of a thlrd-bnish 
regulated generator, as the current for exciting the field 
windings passes through this brush. 

Exhaust box; See "Muffler" and "Silencer." 

Expansion: When anything becomes larger in Size, it Is said 
to expand. This term is usually ised in connection with 
the effect of heat. For example, If a valve stem is heated 
up, it will become longer; if an engine gylizider is heated, 
toe bore will become greater; if a piston is heated, it will 
become larger in diameter. 

P 

Fahrenheit: A scale of temperatures usually used in English- 
speaking countries. See page 1048. 

Fiber: A slender, thread-like substance, or filament; raw 
material which can be separated into threads for making 
up textile fabrics, such as brake lining, clutch lining, eta 
Also used for insulated bases for electrical purposes. 

Field: The scat of magnetic flow, between the pole pieces of a 
generator or motor. 

Field coil: Coil of insulated wire which surrounds the field pol6'\ 
Fierce clutch: See Index, 
flash point: See page 165. 

FUverboob: A reckless driver; the term is used in the same 
manner that the term "jaywalker" describes the careless 
pedestrian. 

Fltiz, magnetic: Lines of macnetic force that pass or flow 
throu^ a magnetic field. 

Flywheel: A heavy wheel rotating without contact with any¬ 
thing save its axle, by the momentum of which an even 
running of the engine is obtained. 

Foot pound: This is a unit of work or energy. Tb? liftinc of 
one pound one foot. The tame unit Is also applies t 
torque. See pege 1040. 
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QalTtnometer: An instrument for measuring the presence, 
extent, and direction of an electric current. 

Oarage; plural* Mrages: Derivation, French. The word has 
been taken bodily, pronunciation and spelling from the 
French language, in which it is a variation of the word gate, 
a station or terminal for either railway trains or boats. 
Garage, as a noun, means, in both French and English, a 
place in which motor cars are kept, and is sometimes 
applied to shops wherein motor cars are repaired. The 
verb, "to garage," means the act of putting a car in the 
garage building. Pronounced with the final g soft, the 
final a open and the accent upon the last syllable. 

Gas: A substance which readily changes both shape and 
volume according to physical conditions imposed upon it, 
as, for instance, pressure and temperature which determine 
the volume. If the gas is a compound, it can be divided 
into molecules. If the gas is an clement, it can be divided 
into atoms. A gas which is a compound may be divided 
into two or more gas(^, which are elements. Each one 
of these gases can then be divided into atoms. 

Gasoline or gasolene: English, gas; Latin oUum (oil) A 
light grade of petroleum. 

Gearbox: See "Transmission." 

Gear ratio: The nuniber of revolutions of tli«' engine made for 
one revolution of the road wheels—this depending on 
which "spee<l" or gear is in use. Thus the high epoed 
gear ratio may be 4 to 1. i.e., four revolutions of the engine 
to one of the road wheels. Bee Index. 

Gear set: The transmission. 

Governor: A device to regulate the speed. 

Gram: A metric unit of weight. One pound equals 4A4 grams. 
A gram is, therefore, the 1 /454th part of a pound. 

Gravity: The attrection between the earth and various matter; 
the force which causes bodies to fall, water to run down 
hill, etc. The term is usually applied to the gasoline fuel- 
feed method, where the gasoline is fed to the carburetor 
by gravity or from a higher level to a lower level; also often 
applied to tlie apeoifio gravity cf a storage battery. Bee 
also poge 528 

Ground: Connection of electric wiring to the frame of the oar 
or metal part of the engine. The term was originally 
derived from the fact that witli telegraph and telephone 
systems one wire was used, which was insulated from the 
ground. For the other, or return wire, to complete the 
circuit, the ground was used. A piece of wire was attached 
to an iron pipe and driven deep into tlie ground at each 
end of the circuit. This same principle is used in automo¬ 
biles. One wire is insulated from the frame or metal part 
of the car. The frame is used as the return wire. 

Gudgeon pin: The wrist pin, also referred to as the piston pin. 
the latter being the correct term. 

• H 

Half-speed shaft: The small shaft, revolved at one-half the 
speed of the crank shaft by means of any suitable gearing 
—the cam shaft. 

Heat units: The unit of heat. See "British Thermal Unit.’ 

Helical: Shaped as a helix. 

Helix: Aline shaped like a screw thread or a coil of wire 
(page ^81), or a coil tube. 

High gear; Combination of gears ordinarily used in running. 
The highest ratio of gearing—on some cars 2H to 1, oiner- 
3 to 4^ to 1. 

High tension and low tension: See Index. 

Hydraulic: Pertaining to fluids in motion. For example, 
hydraulio analogy is often mentioned in this book, and 
refers to water. 

Hydraulic analogy: A method of explaining something by 
moans of stating how water would act under like condi¬ 
tions. Often used in this book to show how a current of 
electricity acts in a manner similar to a current of water. 

Hydro-carbon engine: A gasoline, kerosene, or gas engine. 

I 

Idling: Refers to the engine when running slow, and the oar 
is standing still. 

Igniter: Has various meanings. On "make-and-breok** 
ignition, the part that makes the spark. On high tension 
it sometimes means the spark plug, and others call the 
"commutator" or "timer" the igniter. The correct mean¬ 
ing should be the part that ignites the gas. 

Ignition cam: The small cam on the half-speed shaft which 
either causes a make-and-break of the current, or is notched 
to receive the nose of the trembler in timers of the mechan¬ 
ical vibrator type. 

In-block: English form of the French expression "en-bloo." 

^dicated** horsepower or The power delivered to the 

piston inside of the cylinder: it can be measured by taking 
an indicator diagram which shows the pressure of the 
erosion in pounds per sauare inch. From this the mean 
eCl^tive pressure during the stroke can be calculated. 


Induced current: momentary ourrent set up in a oircultv 

by the proximity of wires conveying the pnmary current* 
but not connect^ with those wires. 

Induction: An influence exerted by an electrically charged 
body, or by a magnetic field, or by neighboring bodies, 
without apparent communication or connection. 

Induction coil: A step-up transformer. An apparatus through 
which the primary current is made to pass close to tns 
secondary wires, thus setting up the induced, or high-ten¬ 
sion current. 

Inductor: See Index under "Magnetos, inductor types.” 

Inertia: A property which tends to keep still bodies at rest 
The same property also tends to keep movinif bodies in 
uniform motion. For example, an automobile is standing 
still on a level road. It will require considerable effort to 
move it, because the inertia tries to keep it at rest. 
Another example: an automobile is traveling at the rate 
of (JO m p.h. It will require considerable effort to stop it, 
because the inertia tries to keep it in uniform motion. 

Inlet-valve cage: A housing used over an inlet valve. 

Inspiration: Means the same as "suction" or "intake," as, 
suction stroke, intake stroke, or inspiration stroke. 

Insulated: When one conductor is separated from anothx^ 
conductor by an insulator they are insulated from each 
other. In the single-wire system, the conductors con¬ 
nected to the negative (—) terminal of the battery are 
insulated from the cur frame when the positive (-F) 
terminal of the battery is connected to the frame. 

Insulation: The protection of wires, or leads by some suitable 
material which is a non-eonduotor of electricity. 

Insulator: A material through which electricity cannot flow, 
for instance, porcelain, mica, india-rubber, fiber, vulcanite, 
glass, celluioid, paraffine-wax, silk, shellac, steatite, slate, etc. 

‘Tnt”; When found stamped on a coil or terminal, means inter 
rupter connection. 

Integral: The whole made up of parts. 

Intensify: To increase, to render more intense—to intensify 
the voltage (pressure) means to increase the voltage. 

Intensity coil: See "Induction coil." 

Intermediate gear; Combination of gears intermediate in power 
and speed, between the low gear and the high gear, usually 
"second gear." 

Intermittent: Applied to a cam on the engine, moaning that 
the motion is not steady but at intervals. 

Internal combustion engine: See Index. 

Interrupter: A device used on Ignition systems for interrupting 
tlie flow of ourrent in the primary winding of a coil or mav,- 
neto. Also termed "contact-breaker" and "eircuit 
breaker” (which see, under respective headings). 

J 

Jaywalker: A eareloss pedestrian. One who does not observe 
regulations. 

Jump spark: A spark which jumps from one terminal of the 
secondary ooii to tbe other. See " Induction coil.” 

Jump-spark coil: Another name for induction coil, spark coil, 
or high-tension coil. 

Jump-Spark plug: See Index. 

K 

Kilometer: 1,000 meters, or ^ of a mile. 

Kilowatt: 1,000 watts, or 1 1/3 horsepower. 

L 

Laminate: Built up of thin plates of metal, as shims or a 
"laminated core" in armatures. 

Lapping: A term applied to the operation of grinding in or 
fitting rings, pistons, etc. 

Limousine; plural limousines: Derivation, French. A motor 
car body with a permanent top projecting over the driver 
and having a protecting front. The name was originally 
applied to a cloak worn by the inhabitants of Limousine, 
an old province of central France. It was later extended 
to the covering of a carriage, and then to one type of 
enclosed motor-car body. At present, the term often is 
applied to a complete car having a limousine body. (See 
page 5.) 

Liners: Metal plates, usually very thin, placed between two 
halves of a bearing so that by taking out a liner the bear¬ 
ings can be tightened. 

Lines-of-force: Imaginary lines, in tbe direction of which it is 
assumed that the lines of magnetic attraction and repul¬ 
sion pass or act. See also pages 170* 180* 250,338. 

Liquid: Any substance which remains constant in volume, but 
readily assumes the shape of the vessel in which it is con¬ 
tained. 

Live: The parts connected to the negative (—) or insulated 
battery terminal are referred to as "live*' when the (-H) 
terminal ia conneetod to the (rame of the oar. 

Live axle: See page S 
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Lott motion: Suppose that, for the purpose of towing, we 
attached a tow rope between a disable automobile and a 
trouble car. Owing to the slack in the rope, the trouble 
car when started would move a certain distance before it 
started to pull the disabled car. This distance would be 
“lost motion.” In general, when one mechanical device 
is connected to a second mechanical device (as, for ex¬ 
ample, two gears where the teeth are meshed), and the first 
moves a certain distance before it imparts motion to 
the second, this distance is known as “lost motion.” 
There is also lost motion between a shaft and a worn bear¬ 
ing, more often termed “clearance” (see Index.). 

Louver: Opening or vents in the hood or bonnet sides. They 
should be closed during extremely cold weather to pre¬ 
vent the escape of heat around the engine, and to a.s.sist 
in keeping the bonnet temperature as close to summer 
conditions as possible. 

Low speed: The ratio of gearing in a transmission for running 
the rear axle at the lowest speed. 

M 

Magnetic circuit: The complete circuit, or course through 
which magnetic lines-of-forco pass from N pole around 
the circuit returning to the same N pole. See page 179. 

Magnetic field: The field surrounding a magnet through which 
the magnetism flows from N pole to S pole. 

Magneto: A device operated mechanically and driven direct 
from the engine, and which generates electric current but 
“alternating” instead of “direct.” There are two forms: 
the low tension and the high tension. 

“Make-and-break” ignition: Low-tension system. No spark 
plug used. 

Manifold: That part which connects to the inlet and exhaust port 
openings of a gasoline engine cylinder, to which the inlet 
pipe and exhaust pipe are connected. There is usually an 
inlet manifold and also an exhaust manifold. See page 48. 

Manganese bronze: Composed of copper, zinc, and manganese 
It makes very strong and tougn castings. Forged front 
axles of this alloy are used on some American cars. 

Mechanical efiSciency: The ratio between the indicated h p. 
and the h.p. available for useful work at the engine shaft. 

Mechanical equivalent of heat: This is represented by the 
number 778, which is the number of foot pounds of work 
eciuivalcnt to one British thermal unit of heat. 

Mechanical valve: Applied to either the exhaust or inlet valves 
when operated by a cam or mechanical means. The 
exhaust valve is always mechanically operated, whereas 
the intake is sometimes opened automatically by the suc¬ 
tion of the piston. 

Mechanician: A racing driver's helper. 

M.E.P.: See page 1044. 

Mesh: Usually applied to the meshing of the teeth of two gears; 
for instance, tlie teeth of the large half-time gear, in Fig. 
82, page 62, (G2), meshes with drive gear (Gl) on the 
cranlc shaft. 

Misfiring: Term applied to missing of one of the spark plugs. 

Molecule: The smallest divisible part of a chemical compound. 
Iron or steel is said to be made up of molecules. They 
may be considered as little magnets. See Index. 

Mono-block cylinders: Another name for in-block, or all in one 
casting. 

Motor: The engine or motive power. Technically it refers to 
an electric motor, and should never be used when referring 
to the engine. 

M.P.H.: Miles per hour. 

Muffler: A device used to muffle or silence the noise of the 
exhaust gEtses passing from the exhaust valve of an engine. 
See page 48. 

N 

Negative pole—minus sign: The point to which the current 
returns after passing through the circuit. Designated 
thus: (—) 

Nickel: Used in the form of an alloy with steel, viz., nickel- 
steel. For exhaust valves a high percentage (20 to 26 per 
cent) nickel steel is the moat suitable material, as it 
effectively resists the intense heat and oxidizing action of 
the exhaust gases. Nickel is now the standard material 
for spark-plug electrodes. 

North pole: The pole of a magnet from whence the lines-of- 
force start. 

O 

O: A small (°) placed alongside of a figure expresses degrees. 
See Index for meaning of degrees. 

Ohm: A unit of electrical measurement of resistance. The 
resistance that an electric current meets in flowing through 
a conductor is measured in ohms. 

Open circuit: If a conductor is broken, or if it becomes loose 
from ita connection, the electrical circuit ie open and no 
eurrent can pass. 


Oscillate: To swing back and forth like a pendulum. A con¬ 
necting rod has an oscillating movement. The word also 
refers to the action of a condenser of an ignition system 
where the electric current oscillates when the condenser 
is in action. See page 191. 

Oscillating discharge of condenser. See page 191. 

Otto, or four-stroke “cycle.” is an expression often used in con¬ 
nection with gasoline engines. It means that the power is 
devclopeti during a complete cycle or four strokes, the 
principle first adopted in the Otto gas engine. The com¬ 
plete cycle comprises four distinct operations, one occur¬ 
ring at each halt-revolution or every stroke of the piston: 
thus (i) suction stroke, (2) compression stroke, (3) impulse 
or firing stroke, and (4) exhaust stroke. 

P 

Pantasote: An imitation leather used for tops, upholstering, 
and various other purposes. 

Parabolic: Pertaining to, or formed like a parabola. One of 
the conic sections. Boo also page 430. 

Periphery: That part of a wheel or disk farthest from its center. 
The circumfcTcnoe. 

Permanent magnet: A magnet made of hard steel that pos¬ 
sesses magnetic power and tends to retain it. 

Pet cock (also called relief cook and compression cook): A small 
valve usually placed in the head of a cylinder or on the 
carburetor. 

Petrol: (lasolmc. 

Phosphor-bronze: An alloy mainly consisting of copper and 
small proportions of tin, lead, and phosphorus, the pro¬ 
portion of the latter being very small. It is a very tough 
hanl-wcaring alloy. Largely used for engine bearings. 

Pinions: Gears that havo the teeth cut right in the hub. 

Platinum: This very expensive rnetal (price ranging from f3C 
to g40 per oz., according to the market) is used for the 
contacts of the magneto. It is practically infusihlo (it has 
a very high melting point) and non-corrodiblo, and thus 
effectively resists the burning and oxidizing action of the 
electric spark. It is also used for the “leading in” wires 
of the electric bulbs used for car lighting, as its ratio of 
expansion (due to heat) is the same as glass. Sparking' 
plug electrodes are, in a few instances, also made of it. 
Tungsten is now extensively used instead. 

Polarity: llcfers to the North or South pole of a inagnet; thr 
positive or negative terminal of an electric circuit. 

Poppet valve: The word poppet probably is a corruption of the 
name puppet applied to this tyi>e in England, on accuun/ 
of its resemblance to the popping up and down of the 
puppets in the old-time Punch and Judy shows. 

Porcelain: The insulating material of the spark plug. 

Port: Openings in the cylinder for exhaust, inlet, water, of 
valves. 

Positive pole: Usually indicated with a plus sign (^+), means 
the positive terminal, or wire from which the current 
starts in an accumulator or dynamo. The carbon terminal 
of a primary or dry battery is positive. 

Potential: Refers to ability to exert electrical energy. Usually 
expressed in terms of volts. 

Potential difference: Difference of electrical pressure which 
causes an electric current to flow. Bee also page 176. 

Potential drop: Loss of electrical pressure. Bee also page 175. 

Precision: Accuracy. 

Pre-ignition* Ignition occurring earlier than intended. 

Primary battery: A series of either wet or dry cells depending 
upon chemicals for the generation of electricity, without 
charging from a dynamo or other battery. 

Primary wires: The wires, or leads, conducting the primary or 
low-tension current to the place, or places, where it is 
re<iuircd for use. 

Propeller shaft: The drive shaft from the transmission to the 
rear axle. 

Q 

Quadrant: Usually applied to the quarter-circle on which spark 
lever and throttle lever is attached on steering wheel. 

R 

Radial type eni^e is one in which the cylinders are placed 
radially with respect to one another. In other words, the 
center lines of the cylinders meet at a point. This form of 
cylinder arrangement is illustrated by the Gnome (pages 
91, 1151). The cylinders may revolve as in the cose of 
the Gnome, or they may be stationary and cause the crank¬ 
shaft to revolve. 

Reciprocating: A back-and-forth movement applied to the 
action of the pistons in the engine. 

Rectifier: An electrical device (see page 568) for changing 
alternating into direct current (see also fuel and oil rectifier, 
p. 1(X)6). 

Relay: An electrical device uaually termed a “oul^t.” Sm 
’*C ut-out, eleotrio” in Index 




1078 


DYKE’S INSTllUCTION No. 84 


Resistor. See pages 547,554.664. 

Retard: A decrease in the speed. Usually applied to “retard¬ 
ing tite spark,” meaning to set the timer back so that the 
ignition will be later or slower. 

Rotary: Revolving motion; opposite of reciprocating motion. 

Rotarv type engine is one in which the cylinders revolve as in 
tne case of the Gnome (pages 91, 1151). 

Rotary valve: See page 52. 

R.P.M.: Revolutions per minute. 

Rubber: For tire construction rubber supplies come from 
various parts of the world. Among the finest grades is 
the well-known “Para” or Brasil rubber. South America 
rubber generally is considered very aood, but excellent sup¬ 
plies now come from Borneo, India, Ceyion, Federate 
Malay States, and, in fact, many other tropical lands. 
Pure rubber lacks certain important physical characteris¬ 
tics indispensable for tires, such as stability under change 
of temperature. Pure rubber becomes soft under the 
infiuence of heat, and hard and brittle when subjected to 
cold. The process of vulcanization renders the rubber 
proof against heat and cold, and also renders it tough and 
resilient, so as to possess “life” and vibration-absorbing 
properties. 


8 

Scored: Marred by ridges or grooves. Usually referred to in 
connection with cylinders. 

Seats: That part of the chamber upon which the valve rests. 
Applied to the valve in the engine. 

Secondary battery: A storage battery. 

Secondary coil: The winding in which the high-tension currentis 
generated, which is quite distinct from the primary current. 

Seize: As applied to the automobile, this refers to the piston, 
as when it is said that tlie “piston seises” or sticks to the 
wall of a cylinder when unduly heated as a result of expan¬ 
sion. It also applies to the bearings when they “seise.” 
Generally oauseid by lack of lubrication or too tight a fit 
of the piston. 

Shim: Thin sheets of paper or metal which are used as spacers 
to regulate the distance between two objects, such as two 
halves of a bearing. See pages 36,783. 

Short-circuiting: Providing a shorter path: placing a wire or 
other conductor from positive to negative side. 

Shunt: To turn aside or branch off. See also Index. 

Silencer: See “Mufl91er.“ 

Skidding force: As applied to ike rear axle shaft, this refers to 
the ten<lonoy to pull a wheel off or push it farther on the 
axle shaft, as a result of skidding against an obstacle, such 
as a street-car track or curb, and also due to unevenness 
in roads or pavement and turning corners. Usually the 
cause of a wobbly wheel and bent axle shaft or housing. 

Sleeve valve: See page 88. 

Solid: A substance which does not readily change either shape 
or volume. 

Solenoid: An electromagnetic helix. See page 181. 

South pole; The pole of a magnet where the linee-of-forCe flow 
into it. 

Spark: The spark which passes between the points of the 
spark plug. 

Spark CO 1: A coil through which electric current is passed and 
intensified. 

Spark control lever: The lever on the steering column (usually 
the short one) attached to the timer. 

Spark gap: A safety device on a magneto to prevent the arma¬ 
ture windings being strained or short-circuited owing to a 
faulty spark plug or wiring circuit; also applies to the gap 
between the points of the spark plug. 

Spark plug: A device consisting of two electrodes separated 
by an air-gap and used to obtain a spark from high-tension 
electricity, thus igniting a charge of gas. See pages 
188, 233. 

Specific gravity: The relative weight of a substance as com¬ 
pared to water at 4*’C. Thus if a cubic foot of a substance 
weighs twice as much as a cubic foot of water, the specific 
gravity of that substance is 2. See page 530. 

Spelter: Zinc; used for brazing, etc. 

Starting crank: A crank for starting the engine. 

Starting dug: A small brass plug which fits into an opening on 
the dashboard and closes the circuit. When removed, the 
circuit is broken. 

Static force or protsure: As applied to a rear axle shaft, this 
refers to the dead load on it. 

Streamline body: See Index. 

Stress: The forces or strains which are acting on a body, snob 
as an axle shaft. 

Stroke: Usually referred to as the stroke of an en^ne, meaning 
the length of the up-and-down motion of a pistoil. 

Strok# of angint: Seepag#48. 


Studs: Bolts, with threads cut on both ends, •orewed into 
engine cylinders to fasten them to the base; also used to 
fasten down cylinder beads. 

Substance: Refers to any type of matter, such as solids, liquids, 
or gases. 

Suction: Assume two tanks A and B. In tank A, we have any 
kind of gas such as air, gasoline, vapor, etc., at a preeeure 
of 20 lbs. per square inch, while in tank B, wo have a gas 
at a pressure of 10 lbs. per square inch. If we now con¬ 
nect the two tanks with a pipe, it is obvious that gas will 
fiow from A to B, that is, from the high pressure to the low 
pressure. In this case, since B has a lower pressure than 
A, we should consider that B exerts a suction on A. In 
ordinary usage, we consider that suction exists when the 
pressure is lower than atmospheric pressure. Thus if 
we had gas in tank B which was at a pressure lees than 14.7 
lbs. per SQuare inch, and opened a valve in this tank, air 
would rush into the tank and we should consider the tank 
as exerting a suction on the air. (See “Vacuum.”) 

Super-charging en^e: The engine in some oi the German 
Mercedes cars is of this type. The object is completely to 
fill the cylinders with explosive mixture at high crank¬ 
shaft speeds, for on a normal engine, w^here the gases are 
forc^ in by the atmospheric pressure (see definition of 
suction). this pressure is not great enough to force the gases 
in rapidly enough to fill the cylinders completely when the 
engine is running at high speeds. It is largely owing to 
this problem that high efficiency engines, both for automo¬ 
bile and for aviation work, have been developed with a great 
number of overhead valves ami with several carburetors. 
It is obvious that if we can increase the pressure on the 
incoming gas, it will be admitted faster, and therefore a 
peater Quantity will be introduced into the cylinder. 
This is the principle involved in the super-charger. A 
blower forces air through the carburetor, thus increasing 
the pressure, increasing the speed of the gas, and therefore 
increasing the quantity entering the cylinder. 

Symbols: See Index. 

Synchronization: The act of synchronizing. 

Synchronize: To cause to happen at the same time. To time 
two or more sparks to occur exactly at the same instant, or 
at a similar period in a given cycle of operation. To set 
the distributor brush on contact with a spark-plug terminal 
at the same time that the contact-breaker is made to open 
—timing the ignition, for example; termed “synchroniza¬ 
tion.” 

Synchronous: Happening at the same time. For example, on 
an ignition system, where a distributor and contact- 
breaker are used, the contact points of the timer are made 
to open or close at the same time that the distributor 
brush makes contact with a spark-plug terminal. See 
page 195. 


Tandem flywheels: An expression coined by Rickenbacker 
Motor Co., to divide the weight of the former single heavy 
flywheel which was on the rear end ol the crankshaft, and 
put two (a light flywheel on each end), thus tending to 
equalize the stress and eliminate violent periods of vibration 

Tappet: A push rod connected between the cam and valve; 
also termed a plunger. 

Tension: As applied to a rear axle shaft, refers to the tendency 
to be pulled apart, as, when turning corners, the outside 
axle shaft has a tension horizontally; also when skidding, 
if thrust is not provided for in wheel bearings. 

Thermal efficiency: The ratio of work actually done, when 
expressed in heat units, to the total heat supplied in the 
fuel that enters the combustion chamber is always less 
than 100 per cent. For example: Suppose we introduce a 
pound of gasoline (approximately .8 pint) into a cylinder. 
This amount of gtooUne oontains about 19,000 B.T.U.’s 
(see “B.T.U.”). Now suppose we received from the crank 
shaft, during the consumptioa of this pound of gasoline 
an amount of work equal to 4,424,600 foot pounds of work. 
One B.T.U. is a unit or quantity of heat, tnerefore energy, 
and bv experiment has l^n found to be equal to 778 foot 

f iounds. The 4,424,600 foot pounds of work we received 
rom the crank shaft could be expressed as 


4,424.600 

778 


or 5700 B.T.U. 


The thermal efficiency of the engine would then be 5,700 
B.T.U. + 19,000 B.T.U., or 30 per cent thermal effioienoy. 

Third brush: Refers to an auxiliary brush used for the purpose 
of exciting the field-windings. It is so placed on the com¬ 
mutator in relation to the main brushes that it serves to 
regulate or govern the current output of the generator. 

Throw: Usually referred to as the crank, or the part where 
the big end of the connecting rod attaches to the orai^ 
shaft. 

Timer: Refers to the ignition commutator. Also often 
referred to as the “ignition interrupter” or “contact- 
breaker,** 


Timing gears: The gears oonneoted with the crank shaft of 
the engine and the cam shaft, which, when timed or 
, meehed correctly, oaua# the valve# to open and oJoee at 
woorreot Ume. 
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TDe-in: Refers to the **toe-in" of the front whe^, at the front, 
opposite the hubs. See page 006. 

Tolertace: An allowable limit between dimensions. For 
example, the proper valve clearance on a Ford engine is 
.025'^ but a slight variation from this dimension is per* 
missible, namely, a tolerance of from .022^' to .02S^\ 

Tonneau ^ural Tonneaux): Derivation, French word mean¬ 
ing a barrel; a wooden vessel formed of etavee and hoops 
and made to contain a tonneau (1,000 kilogrammes) of oil. 
Later, a horse-drawn carriage, known in England as a 
governess car, having a rear entrance. A similar type of 
body was first applied to a motor oar by M. Huilher. of 
Pans, and by reason of its resemblance to a barrel and to 
the horse-drawn tonneau already existing, was known as a 
tonneau. 

Torque: The word torque is a definite one and means the same 
whether referring to automobiles or to any other piece of 
mechanism, and means the twisting or wrenching effect. 
See also page 1043. 

Torque and driving stresses: As applied to a rear axle shaft it 
refers to tne twisting strain to which an axle shaft is 
subjected as it turns the rear wheel in driving the car, 
which force is greater when starting. 

Touche: The small plug used in the switch to complete the 
electrical circuit when required. (French.) 

Traffic transmission: A transmission used and built by Chandler 
under Campbell patents. In the type of transmission 
shown on page 28 (Fig. 18) the gear shift or change of gears 
is made by sliding the gear wheels (5) and (8) along the 
square or splined main shaft (4). These sliding gears must 
at all times revolve with this shaft. In the traffic trans¬ 
mission (not illustrated) the shaft is free to revolve within 
the gears, which, however, do not slide back and forth. 
The gears remain in mesh with their corresponding gears 
on the countershaft at all times. In order to engage any 
particular g^r, the shifting lever is moved to the dwiired 
position. This causes heavy keys to slide in deep grooves 
m the shaft which bind or lock the gear to be engaged to 
the shaft. By this method the actufd shiftily of the gears 
is avoided. In general appearance otherwise the trans¬ 
mission is similar to that shown on page 2S. 


A similar transmission, known as the “constant mesh 
transmission,” has been used on motor trucks. 

Transformer: Another name for a high-tension coil. An 
electrical device for transformir^ the current from a low 
tension to a high tension, .^n induction or secondary or 
high-tension, double-wound, coil. 

Transmission: A system of gearing for reducing the ratio of 
the driving member (engine crank sliaft) to that of the 
driven member (rear axl^ of an automobile. 

Trembler: The small vibrating spring used for making and 
breaking the primary circuit of a coil. 

Tube ignition: A small tube, usually of platinum —having its 
outer end closed—is screwed into the combustion chamber. 
This tube is so placed that the fiame of a blow-lamp, gener¬ 
ally supplied from a separate and small tank of gasoline 
acta upon it and causes it to become incandescent. An 
old method of ignition now out of date. 

Tuning an engine: Extreme care and special adjustment—as 
tuning up a car for a race, etc. 

Turning radius: See page 10. 

Two-to-one gear: The gearing, usually consisting of two-gear 
wheels, one having exactly double as many teeth as the 
other; abo called "‘timing gears” and “half-time gears.” 

V 

Vacuum: Exists where there is absolutely no pressure. A 
perfect vacuum has never been made. In connection with 
the automobile, this word is used to define a pressure less 


than atmospheric pressure, that is, a suction. The vacuum 
in a cylinder means the suction; a vacuum tank is a suc¬ 
tion tank. (See “Suction.”) For example, when the 
piston of an engine starts down on suction stroke, a vacu¬ 
um is created within the cylinder because the pressure 
in the cylinder becomes less than atmospheric pressure; 
therefore the atmospheric pressure behind the gas in the 
carburetor pushes it into the cylinder. Thus it will be 
noticed that the piston does not draw the gas into the 
cylinder, but serves to decrease the pressure in the cylinder 
so that the atmosphere can force the gas into the lower 

g reasure of the cylinder. In an inlet manifold the vacuum 
I greatest at dosed throttle when the least amount of fuel 
is Deini^ used; and with wide-open throttle, when the 
engine is consuming the greatest amount of fuel, the 
vacuum is oonsiderably less. 

Vacuum gauge: A type of gauge which is just opposite to a 
pressure gauge, i.e., in the bourdon tube (B) (Fig. 16, 
page 162) the atr is withdrawn from the tube and contracts 
It, whereas in the pressure gauge, **ir is forced into the tube 
and eimanda it. They usually read in inches of mercury 
instead of in pounds per square inch, explained as foUoa's: 
Atmospheric pressure equals a column of mercury 30” 
high. Therefore, a perfect vacuum, which means xero 
pressure, permits the atmospheric pressure to force a 
column of mercury 30” high; 30^' of mercury equals 
14.7 lbs. per square inch, wnioh is atmospheric pressure 
at sea level. 

Valve lifter: An additional lever by means of which the 
exhaust valve may be raised and kept out of action, thereby 
reducing the compression and preventing the creation of a 
vacuum within the cylinder, so causing the inlet valve to 
remain closed. Used extensively on aero and stationary 
(gasoline engines. This term also applies to a “valve spring 
lifter.” 

Vaporizer: An early form of carburetor valve. The vaporiser 
is also a means of heating the fuel. 

Venturi: Applies to the mixing chamber of a carburetor; 
Venturi shaped. See page 1)8. 

Vibration damper: A device to reduce tlio torsional (twisting) 
vibration in a multiplo-cylindor engine orunkshaft. It 
consists of a small flywheel located on the front of the engine 
and engage^! with the crankshaft through friction disks 
until a certain high speed or acceleration is given to the 
engine, at wliich time the crankshaft starts to vibrate and 
the friction disks then permit the damper flywheel to slip. 
These damper flywheels, now revolving at a different speed 
from that of the crankshaft, tend to break up the period 
through which the orunkshaft vibrates and thus decreases 
the vilirational effect. 

Viscosity: The adhesive or glutinous oharacteristio of oils used 
for lubrication. 

W 

Water: Composed of two parts hydrogen and one part oxygen 
Its greatest density and the point at whidi it occupies 
least space is at 39® F. 

Watt: The unit of electrical power obtained by multiplying 
volts by amperes. 

Wet-cell: A battery using a liquid solution. 

White metal or anti-friction metal: An easily fusible alloy of 
leati, antimony, and tin used for “limng” re-metalling 
bearings. 

Wind resistance: Increases in proportion to the “stiuare” of 
the speed: thus at 20 niiles per hour it is four times what 
it is at 10 miles, and at 30 miles per hour nine times, and 
so on. 

Worm gear: A device for transmitting power, consisting of a 
screw as the driving member, which engages with a toothed 
wheel as the driven member. See pages 7, 17 “Worm 
gear”: see page 956, “Worm-gear ratio.” 


EnglUh-French Dictionary of Some of the Motoring Terms 


Ammeter. 

.. .AmpfiremStre 

Armature. 

.. .Induit 

Automobile (small) .Voiturette 

Axle. 

... Essieu 

Blacksmith.... 

. . . Forgeron 

Carburetor. 

. . .Carburateur 

Clutch pedal... 

.. .P6dale de dfibrayage 

Copper wire.... 

.. .Fil de cuivre 

Dnver. 

.. .Chauffeur 

Electricity. 

.. .Electricitfi 

Engine. 

.. .Engin 

Explosion. 

French ohaUc. . 

,.. Explosion 
. . .Talc 

Full speed. 

.. .Toute vitesse 

Funnel. 

.. .Entonnoir 

Gas. 

.. .Gas 

Gasoline... 

.. .Essence de pfitrole 

Generator. 

.. .G6n6rateur 

Grease. 

.. .Graisse 

Hammer. 

... Marteau 

Hood. 

.. .Capote 

Horn. 

.. .Corte 

Horn bulb . 

., .Poire. 

Horn reed. 

.. .Auohe 


Hub. 

.Moyeu 

Rope. 

, .Cordo 

Ignition advance.. 

.L’allumage k avance 

Screw. 

.Vis 

Insulation. 

. Isolation 

Shaft. 

, .Arbre 

Jack. 

.Cric 

Speed.. 

. .Vitesse 

Jet (carburetor)... 

, .Gicleur 

Speed (high). 

. .Vitesse grande 

Lamp. 

.. Lampe 

Speed (low). 

. .Vitesse petite 

Lamp oil. 

.11 idle k bruler 

Start, to. 

, .Partir,r dfimarrer 

Lamp wick. 

. M6chc 

Steer, to. 

, .Diriger 

Link (chain). 

.Maillon 

Steering gear. 

, .Direction 

Magneto. 

. .Magneto 

Switch. 

. .Interrupteur 

Magneto ignition.. 

,. Allumage par magneto Terminal. 

. .Borne 

Map. 

.Carte 

Tire (rubber). 

. .Caoutchouc bandag'- 

Mii^e. 

.. Rate 

Tools. 

.Outils 

Nail.. 

. .Clou 

Universal joint..., 

.Cardan 

Nut. 

, .Kcrou 

Valve seat. 

. .Sikgc dc soupape 

Odometer. 

. .Odomttre 

Valve, single. 

.Monusoupape 

Oil.. 

..HuUe 

Vise. 

. .Etau 

Oil can. 

. .Burette 

Voltmeter. 

. Voltmfitre 

Overheating. 

. .Surchauffage 

Vulcanized. 

• Vulcanise 

Pressure Qugh).. . 

, .Haute pressioii 

Water circulation. 

.Circulation d'eau 

Pressure (low)... 

.. Basse pression 

Weight. 

.Poids 

Pump. 

. .Pompe 

Wheel. 

.. Roue 

Radiator .. 

, .Radiateur 

Wire. 

.Fil 

Rim. 

. .Janta 

Wrench .... 

CUf 
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SUPPLEMENTARY DICTIONARY 


The definitions of the following words and terms are an 

addition to the main dictionary on pa^es 1073-1070. 

Allen wrench: One which fits into a hex hole. 

Centrifuse brake drums: Cast iron produces a better frictional 
surface aeainst brakelinins than doessteel. For this reason 
castiron brake drums usually result in smoother and better 
braking action than is obtained through the use of steel 
drums. On the other hand, as steel is much stronger 
than oast iron, steel brake drums can be much lia^ter than 
cast iron brake drums of the same strength. To obtain 
the desirable friction characteristics of cast iron and the 
superior strength of steel, some brake drums are made of 
steel with a cast iron lining. The centrifuse process con¬ 
sists of ginning molten cast iron into a hot steel brake 
drum. The spinning action causes the centrifugal force 
to assist the fusing of the two metals, hence the name 
centrifuse. 

Centrifugal force: The force exerted away from the center of 
rotation of a body. Any object which is moving in a circle 
or curve tends to pull away from the center. A very clear 
illustration is the wliirling around of a weight tied on tho 
end of a string. The pull on the string is caused by centrif¬ 
ugal force. Even though tho string is strong enough to 
hold the weight when stationary, it may break when 
whirled rapidly on account of the centrifugal force. It is 
centrifugal force which causes a car to skid when making a 
sharp turn. The greater the weigut of the object, tho 
greater will be the centrifugal force. The greater tho 
ywed of the object, the greater will be the centrifugal force. 
The greater the raaius or diameter of the curve, the less will 
be the centrifugal force (gradual or large radius curves 
cause less centrifugal force than sharp or small radius 
curves). 

Chromium steel: A steel alloy containing from 0.60 per cent to 
1.50 per cent of the chemical element known as chromium. 
It also contains very small percentages of manganese and 
silicon. Tho element chromium is also used in other alloys 
of steel known ns “nickel chromium steels,” “molybdenum 
steels,” “chromium vanadium steela,” “tungsten steels” 
and “corrosion and heat resisting alloys.” Hee also tho 
definition of oxidation. 

Copper cooled valve: A one-piece exhaust valve made of steel 
with copper forged into the head and valve stem. The 
purpose of the copper is to rapidly conduct the heat from 
tho valve head to the valve stem and dissipate it through 
the water jacket surrounding the valve stem guide thus 
iving a lower temperature of valve and reducing valve 
urniiig. Made by the Thompson Products, Inc., Cleve¬ 
land, Ohio. 

Ethyl gasoline: Is made by adding Ethyl fluid to a good grade 
of gasoline. Ethyl fluid is a liquid composed of tetraethyl 
lead, ethylene dibromide, et^Iene dichloride and a small 
amount of oil soluble dye. To be called “^’Ithyl gasoline” 
a sufficient amount of Ethyl fluid must be added to produce 
an anti-knock or octane rating of 76 or morc.^ Ethyl does 
not speed up the burning of the fuel nor does it slow it 
down, but It allows higher pressures and temperatures 
without detonation, thus permitting high comprea.sion 
engines to develop their full power and efficiency. It is 
not possible to state in very simple terms a satisfactory 
theory of detonation and the action of anti-knock agents. 
It has been shown that detonation is always preceded by 

f mrtial oxidation of the fuel ahead of the flame front (the 
uel combines with some oxygen before the flame reaches 
it) and that anti-knock agents reduce this oxidation. 
They are, therefore, believed to be anti-oxidants preventing 
the charge from undergoing oxidation until the actual flame 
passes through the cylinder. The exact explanation of how 
or why they do this i s sti 11 unknown. Evaporation of Ethyl 
gasoline loaves a red stain of dye which is not a lead com¬ 
pound and is not injurious to engine parts. 

Extreme pressure lubricants: Lubricants designed to with¬ 
stand higher pressures than ordinary transmission or rear 
axle lubricants. It is intended particularly for use on 
gears having a high tooth pressure. Tho abbreviation 
(E.P.) is used to designate lubricants of this class. 

Hypoid gear and pinion: A design of differential ring gear and 
pinion in which the pinion is mounted underneath the 
center line of the ring gear as compared with the pinion 
mounting at the centerline as used i n spiral bevel gearing. 
The advantages claimed for this design are: (1) because 
of the angle on which they are cut, the gear and pinion 
teeth are longer, which permits more tooth surface to be in 
contact at the same time thereby producing a materially 
stronger construction; (2) the design permits the use of 


1 See footnote 1, page 45 of Addenda. 


larger and stronger teeth as well as increasing the number 
of teeth in contact with each other; (3) the lowering of the 
position of the pinion permits the operation of the gear 
and pinion in oil; (4) these features add very much to the 
life of these parts and bring about a silent operation 
superior to the spiral bevel gear. 

Needle bearing: An anti-friction bearing of the straight roller 
type. The rollers have a very small aiameter from which it 
derives its name. They withstand radial loads and are 
sometimes used on automotive universal joints, engine 
cooling fans, steering knuckle pivots (kingpins), etc. This 
bearing is sometimes called a quill type bearing. The 
needle bearing assembly can be applied without an inner 
race. If no inner race is provided, the contact is direct 
with the shaft which must be hardened and ground 
at this point. Needle bearing assemblies are maoe with 
or without cages. Needle bearings are sometimes used in 
place of plain Gearings at points that are difficult to lubri¬ 
cate and where excessive friction and heat might be pro¬ 
duced by plain bearings. 

Oil pump clearance: On a gear type of oil pump thi.s is the 
clearance between the oil pump gear teeth and housing 
measured with a feeler gauge. Desirable clearance is 
.601" to .002", but can still be serviceable up to .004" 
clearance. When .(X)6" or more, repair or replace. 

Oxidation: Tho chemical combination of oxygon with a sub¬ 
stance (any material). This proce.ss is usually, but not 
always, accomplished by combustion (burning). The 
process of burning is, however, always a proeess of oxida¬ 
tion. Examples: (a) when carbon burns, it combines with 
oxygen to form carbon dioxide or carbon monoxide ; (b) 
when iron rusts, the iron combines with the oxygen i n the 
air to form an oxide of iron and this process of rusting is 
technically termed oxidation; (r) the oxidation of steel- 
alloy sparlc plug points changes their surface from steel to 
a steel-oxide; ((/) the surface of tungsten-si eel interrupter 
points combines with the oxygeni n the air,by the pro(’e.s 3 
of oxidation, to form an oxide of tungsten-steel. Tungsten- 
steel oxide has a high electrical resistance and consetj uently 
the oxidation of tung.sten-8teel tafem/phr points will reduce 
the primary current (amperage) and may cause missing. 
In the same way, steel oxide forming on the spnrk plug 
potnts will increase tho resistance of the secondary circuit 
thereby reducing the higli-tcnsion current (amperage) and 
weakening the spark. (Jxidixed spark plug points have ii 
very harcTsurfuco which can bo removed with a very hard 
file. It docs not always, however, pay to remove this 
coating but frequently it is better to install new plugs, 
particularly w’hen the spark plugs have seen considerable 
service, as the oxide may reappear very rapidly thereby 
weakening the spark. Chromium-steel alloys of the cor¬ 
rosion re.sisting type resist oxidation and consequently are 
frequently used for valves, headlamps, radiator shells, or 
any other parts where resistance to oxidation is desired. 
Oxidation occurs to nearly everything that is exposed to 
the air. Even the finish on an automobile becomes dull 
on account of oxidation, and oxidation of gasoline vapor 
is what causes the engine to produce power, 

Silcrome steel: Tho trade name of an alloy of steel containing 
a high percentage of silicon and chromium and some car¬ 
bon. It was developed by the Ludlum Steel Co., and is 
used extensively for one-piece exhaust valves by Thompson 
Products, Inc. and some other manufacturers. The par¬ 
ticular advantage of this alloy is that i t resists oxidation 
and burning to a very high depee and is practically bee 
from warpage and is machinecT without much difficulty. 
Inlet valves usually are of a lower priced alloy such as 
chromo-nickel steel with a low percentage of tungsten, 
which give excellent results, because it is not necessary to 
have a non-oxidizing and heat resisting steel on the intake 
side. 

Sprung and unsprung weight: Sprung weight is the weight which 
is carried by the springs including the frame, radiator, 
engine, clutch, transmission, body, passengers, etc. Un¬ 
sprung weight is the weight of the various parts that are not 
carried on the sprinj^s such as wheels, axles, brakes, etc. 
Naturally, sprung weight rides easier than unsprung weight. 
BO car manufacturers try to r^uce unsprung weight as 
much as possible. Transferring unsprung weight to 
sprung weight tends to improve the riaing qualities of a 
car. It is better to have parts sprung than to have them 
unsprung because they are then better protected against 
road shocks. One advantage claimed by the users of inde¬ 
pendent front wheel suspension is that lighter front axles 
can be used thereby reducing the unsprung weight. 
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Stellite: An alloy of cobalt chrome and tungsten which has very 
good corrosion resistance and hot haidneas. Frequently 
used for exhaust valve seat inserts. 

Volume: The measure of space. It is usually expressed as so 
many cubic inches, cubic feet, cubic yards, cubic centi¬ 
meters, etc. In speaking of ffoses many people confme 
tohime vnih quantity. No matter how much or how little 
gasis putinto a closed vessel (such as a bottle, tank, engine 
c^inder, etc.), the gM will occupy the entire volume of 
the vessel that contains it. It can therefore bo seen that 
the volumei 8 not always a vei^ accurate means o Imeasur- 
ing the quantity of a gas.^ The best wa^ of measuring 
the quantity of a gaa is by its u*eight. It is true that the 
volume of a certain kind of gas is an accurate measure of 
its quantity, providing the preesure and temperature are 
also known, becaiwe if the volume, pressure, and tempera¬ 
ture of any certain kind of gas is known, its weight can be 
accurately calculated. 

Volumetric efficiency: The volumetric efficiency of an internal 
combustion engine is a rather highly technical t^erm and 
somewhat difficult to understand. In brief, it may be con- 
sidereii as a comparison bettnen the quantity (weiynt) of gas 
muture that is actually drawn into the cylindrr and the 
quantxtytha should be drawn in if conditions were theo¬ 
retically i deal. The greater the volumetric efficiency of 
a certain type of engine, the higher wil I be its power out¬ 
put. If the engine actually drew into the cylinders as much 
gas as it should under theoretically ideal conditions, the 
volumetric efficiency of the engine would be 100 per cent. 


The chief factors which tend to reduce the volumetric 
efficiency of an automotive engine are (1) the friction oi 
the gases, (2) thei nertia of the gases, (3) the temperature 
of the ga&es after entering the c^inder, (4) the preesure of 
the air entering the carburetor. 

(1) Gas friction is produced when the moving gases come 
into contact with th3 surfaces in the air deaner, the car¬ 
buretor. the intake manifold, the intake ports, asi t passes 
around the i ntake valve, etc. Large smooth round mani¬ 
folds with easy bends,large valves,large carburetors and 
large air cleaners will tend to improve the volumetric 
efficiency, but i t is often possible that the onlargoment of 
these devices and easy bends will have disadvantages that 
render them inadvisable. 

(2) Gas has tnsrfta Just like solid bodies. This tends to 
slow up the gas so i t does not flow into the cylinder as fast 
as the piston is descending on the intake stroke. 

(3) Gases expartd when heated; consequently if the gas in 
the cylinder volume is hot, there will be less quantity of it 
than I f 11 were cool. On many engines the gas i s preheated 
to Hid vaporisation. Another source of heat is the hot 
cylinder walls of the engine which give off heat to the in- 
Cuming gas. 

(1) The greater the pressure of the atmosphere, the greets; 
(he quantily f'f gas it will force into the cylinder, fiuper- 
chnrgiTs iurreaso the presaiire (and consequently th* 
quantity) of the entering air and therefore improve M»o 
volumetric efficiency. 




INSTRUCTION No. 84A 

MISCELLANEOUS SUBJECTS: Bendix-Westinghouse Automotive Air Brake 
Equipment; Vacuum Brake Assister; Lockheed Hydraulic Brake System; 
Bendiz Duo-Servo Brakes; Borg and Beck Clutches; Long Semi-Centrifugal 
Clutch; Wheel-Alignment Principles; Steering Troubles and Remedies; 
Correcting Misalignment of Wheels; Wheel Bearings and Kingpin Bear¬ 
ings; Wheel Wobble, Run-out and Balance 

BENDIX-WESTINCIIOUSE AUTOMOTIVE AIR BRAKE EQUIPMENT 


The fundamental characteristics of the air brake 
for motor vehicles is that, instead of the application 
of muscular force from the foot of the operator, the 
brakes are set by the power of compressed air, acting 
in brake chambers, connected through slack adjust¬ 
ers to the brake camshafts and controlled through a 
foot-operated brake valve. 

The advantages are effectiveness, ease of control 
and flexibility of operation which, in turn, affords a 
number of additional possibilities such as: shorter 
stops from high speed; greater average speed without 
increasing the maximum speed; effective brake con¬ 
trol under all conditions of speed and loading with 
no more muscular effort than is re<iuired to control 
the gas throttle; inherent equalization of the brakes, 
on two or four wheels; and the practical use of truck 
and trailers in classes of service which would be pro¬ 
hibitive with foot brakes alone. 

Air brakes for automotive work are used on 

bus(‘s, trucks, tractors, semi-trailers and four-wheel 
trailers. 

Bus or Truck 

Parts of equipment for bus or truck (see Fig. 1): 
When used on a four-wheel-brake bus or truck the 
air brakes are applied to both the front and rear 
wheels. The parts and their functions are: 

Air compressor: Driven directly from the engine 
crankshaft or from one of the auxiliary shafts, 
furnishes compressed air for brake operation. 



Fig. 1. Brake equipment for bus or truck with four-wheel 
brakes (dot and daMh Iiiie.H show eonnectiona on truck for 
trailer). 

The automotive compressor is known as the iyite 
'‘B’* of which tw o sizes are furnished, one with a 
displacement of three cubic feet and the other of six 
cubic feet displacement per minute. Both sizes are 
of the same general construction. This tyi^ of com- 
pre^or is single acting and operates at high speed 
against 85 to 90 pounds air pressure. The three- 
cubic-foot size has two vertical cylinders, while the 
six-foot size is supplied either vertical or horizontal 
depending on the method of drive; vertical when 
driven from an auxiliary shaft of the engine, and 
horizontal when driven directly from the engine 
crankshaft. 

Note: Subjects formerly on these pages referring to the 
model “T” Ford, have been taken out, See Instruction No. 85. 


The inlet valve is of the rotary type, located in the 
cylinder block^ and consists of two bronze shoe.s 
which are applied to the end of the »nlet valve shaft. 
Springs extend through the rectangular valve shaft 
end and exert their pressure to hold the shoes 
against the cylinder wall so that rotation of the inlet 
valve shaft imparts rotation to the valves. The inlet 
valve shaft is driven from the crankshaft through 
helical gears, integral with these shafts. The inlet 
valve functions to allow the entry of air to one cylin¬ 
der while closing the port to the second. The dis¬ 
charge valves are of the disc type, spring loaded, 
and located in the cylinder head.* 

Suction strainer: Filled with curled hair and con¬ 
nected to the intake port of the compressor; removes 
foreign matter from the air. 

Reservoir (or in some installations two rtjser- 
voirs): Receives the air from the compressor and 
stores it for use in the brake sy.stem to permit several 
applications of the brakes. 

The compressed air in reservoir can also be used 
to supply air for the operation of auxiliary devices 
such as windshield wipers, air horns, inflation of tires, 
regardless of size, clutch control and for opening 
and closing bus doors. 

Governor: Regulates the reservoir pressure be¬ 
tween minimum and maximum settings. When the 
reservoir pressure reaches the governor setting, 
usually 85 to 90 pounds,* the pressure is delivered to 
the iinloader diaphragm, causing unloading valves 
in the head of comprc.ssor to open, thercqjy per¬ 
mitting air to flow from the cylinder with piston 
on the up-stroke, to the cylinder with piston on the 
dow n-stroke, through a connecting cavity, therefore 
there is no further compression until the reservoir 
pre.ssure drops 15 to 20 pounds when the governor 
tube returns to its original position bo that compres¬ 
sion is resumed past the discharge valves to reservoir. 

Safety valve: Located on the reservoir, protects 
against the possibility of excessive pressure in the 
reservoir. 

Brake valve: Operates through the brake pedal by 
foot pressure- W hen brake pedal is depressed, a 
valve is opened which connects the air reservoir to 
the brake chamber, thereby applying the brakes. 
W hen the brake pedal is reieaj^, the brake valve 
closes the connection between the reservoir and 
brake chamber and opens a valve connectinj^ brake 
chamber to the ataaaospherej thereby permitting the 
brake chamber to exhaust its air and consequently 
releasing the brakes. 

Quick release valve: Assists the brake valve in 
release by exhausting the front brake chambers and 
thereby producing speedy and simultaneous release 
on all wheels. Air gauge: Located on the dash, 
indicates the air pressure in the reservoir. Brake 
chambers: One for each wheel^. convert the stored 
energy of the compressed air into mechanical 


»In the later UVW type ctmipresBor, this rotary inlet valve 
is eliminated, the piston acting aa the valve by uncovering 
ports in the cylinder. It is made in sisee up to 12 cu. ft. per 
minute. ^ 

* Later practice favors pressure governor settings of 100-105 
lb. insteaa of 85-90. 
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force to apply the brakes. Consists of an air tight 
metal chamber containing a rubber diaphragm and 
a push rod. The push rod is directly connected by 
mechanical means to the brake rigging. 

When a truck is equipped to haul trailers, the 

air lines are extended to the rear frame where they 
end in rigidly mounted couplings, ^ shown in dotted 
lines on Fig. 1. The emergency line is on the right- 
hand side of the center line of the frame and the 
service line on the left, when facing the couplings. 
A cut-out cock, located behind each coupling, is 
closed when the truck is used alone, and ofxmea to 
establish connection with the respective air lines 
of the trailers when the latter are hauled. Emer- 
genev line is connected to the truck reservoir from 
which it carries air to the trailer reservoir. Service 
line is connected to the brake valve and through it 
the trailer brakes are controlled. 

Tractor 

Brake equipment for a tractor, as showm in Fig. 
2, is the same as for bus or truck except that no 
quick release valve is used since tractors generally 
are compact, bringing brake chambers closer to¬ 
gether so that the release tlirough the brake valve is 
sufficiently rapid without the assistance of this valve ; 
also the rigidly mounted couplings on the tnick are 
repla(!ed by flexible hose and couplings to join with 
the rigidly mounted couplings used on semi-trailers. 



Trailers 

Brake equipments for trailers are shown in Fig. 3, 
which is for semi or four-wheel trailer. Parts of 
the equipment are: 

Combined application-release and emergency 
valve. Purpose of each is as follow^s: 

P^ose of the application valve (connected from 
service line coupling) is to connect reservoir on trailer 
to brake chambers on trailer, thereby applying the 
brakes. The release portion of the application 
valve is to close connections between reservoir and 
brake chamber and also to connect brake chambers 


to the atmosphere, thereby permitting them to 
exhaust and r^ease brakes. 

Purpose of the emergency valve is to connect the 
trailer reservoir to the trailer brake chambers if the 
trailer should break away from the tractor,'^ thereby 
applying automatically the brakes on the trailer. 

A reservoir on trailer stores air for brake applica^ 
tion on the trailer. Two brake chambers, one for 
each wheel braked, are provided. 

The emergency line (also called charging line) per¬ 
mits charging the reservoir of the trailer with com¬ 
pressed air from the compressor on.the tractor or 
truck. The service line jiermits the normal ai>- 
plication and relea.x^ of trailer brakes. 



Dot and dash lines on Fig. 3 show the extensions 
of service and emergency lines which are furnished 
when a second trailer is to be operated back of the 
first. It wnll be noted that rigid couplings are used 
on both ends of the trailer, Fig. 3. Therefore, for 
example, in operation of tractor, semi-trailer, and 
four-wheel trailer, the air lines are connected to¬ 
gether, making them continuous throughout the 
train; the flexible hose on tractor connects to the 
rigid couplings on the front end of the semi-traihu* 
and suitable lengths of flexible hose, with couplings 
on each end, connect with the rigid couplings on the 
H'ar end of the semi-trailer and on the front end of 
the four-wheel trailer. Service line is on the left and 
emergency line on the right of horizontal center-line 
of all vehicles when facing couplings and are identi¬ 
fied by metal tags. Consequently, when making 
(!onne(!tion between vehicles, the flexible hose are 
crossed Over each other. 

The weight of the brake equipment, including 
necessary fittings, varies from 65 pounds for semi¬ 
trailer to 125 pounds for truck or bus with four-wheel 
brakes. 

Additional information; An instruction pamphlet dealing 
with desrription, operation, maintenance and ntting of the 
itendix-WeMtinghouse automotive air-brake equipment can bf 
obtained by writing to tlio Uendix-W^estinghouee Automotive 
Air Itrake Co., 5001 ('emre Avenue, Pittsburgh, Pa., and en- 
cluoing Btarppaj^Qjyi petitioning, 

Kncyrioj}e(na. Abk lor i».»»." lootnote, page 8SC, 


VACUUM BRAKE ASSISTER 


The principle of operation of the vacuum brake 
assister used on the Cadillac V-16, series “452" car, 
is briefly described in the following paragraphs. The 
assister does not affect the adjustments of the brakes 
or of the brake connections up to the pedal. 

The aasitter is connected at the rear end to the 
center cross member of frame, and at the front end 
to a lever oa the pedal shaft. Vacuum from the 
two intake manifolds exerts a force on a piston and 
rubber diaphragm in the assister, and this force is 


applied to the lever on the pedal shaft and is twldcd 
to the force applied by the driver to the pedal. 
Although the assister is connected to the brake fied- 
al, it does not interfere with the pedal action and 
the foot brakes can be applied w:hether tlie engine 
is running or not. 

The control is positive, the valves being regulated 
by the movement of the pedal itself. The assister 
develops power only as long as the driver continues 
to pusn on the pedal. As soon as the driver ceases 
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to push on the pedal, the assister ceases to build up 
any force and merely holds the position which has 
been reached. The assister releases automatically 
when the driver removes his foot from the pedal. 

Assister operation: Figures 1 to 6 show the various 
sta^s in the operation of the vacuum brake assister. 
In Figure 1, the brakes are in the released position. 
It will be seen that the valve rod is all the way 
forward with relation to the piston, and in this posi¬ 
tion the vacuum valve is closed and the atmospheric 
valves are open. 



Fig. 1. Brake assister in normal released position. The 
wicuum valve is closed and the atmospheric valves are open. 
The pressure on both sides of the diaphragm is equal. 


In Figure 2, the pedal has been depressed only 
enough to push the valve rod and cup ba<!k to a 
point midway in their free travel, closing the at¬ 
mospheric valves but not yet opening the vacuum 
valve. There is, therefore, no passage between the 
vacuum chamber and the intake vacuum Hne. 



Fig. 2. The brake pedal has been depressed just enough to 
close the atmospheric valves. The pressure on both sides of 
the diaphragm is still equal. 

In Figure 3, a slight additional pedal movement has 
pushed the valve rod and cup back the rest of the 
way and has opened the vacuum valve, thereby oi^n- 
ing the vacuum chamber to the intake vacuum line. 



Fig. 3, Further pedal depression has opened the vacuum valve. 


In Figure 4, the diaphragm has been drawn back 
b^ the vacuum to assist the pedal in making a par¬ 
tial application of the brakes. 



Fig. 4. The intake vacuum has drawn the diaphragm back. 
The pedal is still moving downward so as to keep the vacuum 
valve open. 


Further depression of the pedal by the operator 
keeps the intake valve open until, in Figure 5, the 
o{>erator has applied the desired braking force and 
pedal movement has ceased, thus closing the vacuum 
valve. 

The atmospheric valve also remains closed until 
the j:>edal is allowed to return to its normal position. 
With all valves closed, the assister ceases to build 
up force and simply exerts a sustained breaking effort 
as long as the pedal remains stationary. 



Fig. 6. The pedal movement has cea.sed, allowing the 
vacuum valve to close automatically, holding the diaphragm 
stationary. 


In Figure 6, the operator has removed his foot 
from the pedal. This allows the valve rod and cup 
to be pulled all the way forward by the action of the 
pedal spring and the brake retracting springs. 
This forward motion has opened the atmospheric 
valves so that the pressure on both sides of the 
diaphragm is equalized, allowing the brake retract¬ 
ing springs to pull the pedal and diaphragm back to 
the normal released position as shown in Figure 1. 



Fi^. 6. The pedal has been released, allowing the atmos- 
pheno valves to open. This equalises the pressure on the 
diaphragm, allowing the pedal to retuhi to ita normal released 
position. 
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LOCKHEED HYDRAULIC BRAKE SYSTEM 


The Lockheed hydraulic brake system consists of 
four essential parts namely:^ (1) master cylinder; 

(2) wheel-cylinders; (3) a supply or reserve tank; 
(4) the line consisting of copper tubes, flexible hoses, 
and various brackets and unions. 

The fundamental operating principle of the Lock¬ 
heed hydraulic brake is the use of a nuistcr cylinder 
to originate pressure and the use of four wheel- 
cylinders to deliver the pressure to the brake shoes 
against the brake drums. See pap S86, which 
further describes the f uridamcntal principle of opera¬ 
tion. 

Master Cylinders 

The master cylinder is a device used to displace 
fluid from a central source into the four wheel- 
cylinders. 

There are four t 3 rpes of master cylinders now in 
use: Plain, barrel, combination, and box type. 

The plain-type master cylinder is a simple 
cylinder used in conjunction with a <lash supply 
tank. The supply tank is equipped with a plunger 
pump assembly which is used to replace fluid lost 
owing to gravity seepage or when bleeding the 
system. 

The other types are known as compensators and 
perform several other functions not evident in *^the 
plain ipasfer cylinder, namely: (1) constantly main¬ 
taining the correct volume of fluid irrespective of 
changes in temperature; (2) automatic replacement 
of fluid lost through gravity seepage or slight leaks; 

(3) elimination of pump in supply tank necessary 
during bleeding operation. 

The combination-t 3 rpe compensating master cyl¬ 
inder is shown in Fig. 1. It consists of barrel and 
tank casting, double valve (U and L), piston cup 
return spring (I), piston cup (D), piston (B), piston 
stop (P), boot (G), and connecting link to i)u.sh 
rod (A). 

The combination-type master cylinder is also 
known as a compensating type. Its primary com¬ 
pensating function is to maintain a constant volume 
of fluid in the system at all times, regardless of ex¬ 
pansion (heat) or contraction (cold). The second¬ 
ary compensating function is the replacement of ad¬ 
ditional fluid into the system to counterbalance any 
loss due to gravity seepage. 

Operation: Depression of the foot pedal through 
a direct mechanical connection moves connecting 
link (A) inward (to the right as seen in Fig. 1). 
Approximately 1/2" movement of the foot j^edal pad 
will cause link (A) to contact piston (B). A very 
small forward movement of cup (D) closes com¬ 
pensating port (C) and the pressure stroke com¬ 
mences. 

Actual pressure is not built up until the fluid dis¬ 
placed has caused all shoes to go into contact with 
their drums. Additional pressure on the foot pedal 
produces hydraulic pressure within the brake system. 

Removal of operator's foot from the brake pedal 
after each brake application permits the brake pedal 
and push rod (A) to return independently to their off 
position. 

The return of piston (B) and cup (D) is accom¬ 
plished by the piston return spring (I). 

The piston for this tvpe of unit is designed to 
carry a primary cup (D) and a secondary cup (E). 


The construction of the piston is such that reserve 
fluid from the tank passes through vent (R) in a 
recessed area. Thus we have fluid on both sides of 
the primary cup. The secondary cup (E) is merely 
a seal to prevent loss of reserve fluid into boot (G). 



Fig. 1. Combination-type compensating master cylinder 
of tlie barreFtype compensating master cylinder 
integral with the tunic ouHtiug. Name of parts: (A) connecting 
link toj)ush rod . (B) pi.ston; (C) compensating port; (D) piston 
cup; (E) secondary cup; (JP) hole; (G) boot; (H) piston stop 
washer: (I) piston return spring; (J) outlet fitting leading to 
the lines: (K) plug; (L) outlet valve; (M) signal light switch; 
(N) combination filler and breather plug; (O) cover cap screw; 
(P) piston stop wire; (R) input port; (S) boot clip. 
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Fig. lA. Enlarged view of com¬ 
bination inlet and outlet valve: (L) 
outlet valve; (T) inlet valve seat, 
(U) inlet valv(‘: (V) outlet valve 
spring; (W) puswage. 


The return to off position of i)i8ton (B) and cup 
(D) is much faster in disi)laced volume than the re¬ 
turn of the fluid through fitting (J) into the master 
cylinder. A momentary vacuum is created in the 
cylinder barrel, and additional fluid is drawn into 
the system through the drillt^l holes in piston (B) 
and past the lip of cup (D). The operating fluid re¬ 
turns more slowly from the wheel cylinders and linos 
back into the master cylinder barrel. Any excess is 
by-passed by port (C, Fig. 1) into the reservoir. 
Thus we liave a cylinder full of fluid fur the next 
brake ap])lication. 

The comhination inlet and outlet valve (Figs. 1 and 
lA) is primarily for the ])urpose of bleeding, but in 
addition performs two functions: (1) acts us a seal 
to prevent flui<l being redrawn into the master 
cylinder from the lines during the bleeding ()j)era- 
tion; (2) keeps a slight pressure (lO-lfj Ib. per square 
inch) on the lines and wheel cylinders at all times 
to assure a positive seal at the wli(‘el-cylinder cup 
packing. 


^This subject is compiled from information containc'd in 
booklet entitled: Service InatrucCwna and 

nance Hints" (8D .34411) inaued by Wagner 

Electric Corporation, Automotive Parta Division, 6400 Ply¬ 
mouth Ave., St. Louis, Mo. It will be mailed free to readers of 
Dyke's Automobile Encyclom’iiia. A catalogue (HU-39) for 
ordering genuine Lockheed brake renewal parts is available to 
service stations and fleet operators by writing to the Wagner 
Electric Corporation (the official national service organisation 
for Loekheed brakes). Mention Dyke's Autonutbile and Gaso¬ 
line Engine Encyclopedia when writing to above concern. 


8m next Instruction No. 85, for Model "T’* Ford subjects formerly on this page. 
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During the process of bleeding, the oj>eration of 
the valve is explained as follows: When brake pedal 
is depressed, piston cup (D) is moved to the right, 
thereby compressing the fluid. This pressure opens 
outlet valve (L) against tension of its spring (V), 
permitting fluid to pass through the passages (W) 
and thence into the lines through the connection 
(J), forcing air out of the system through the open 
bleeder screws. 

When the brake pedal is released and the fluid 
tends to flow from the wheel-cylinders through the 
lines back to the master cylinder, it cannot return 
through the passages (W) because the )>rossure and 
spring (V) will close valve (L). In this manner, 
va(aium is created in the master cylinder chamber 
and fluid is drawn past the primary cup to refill the 
cylinder. 

Ir normal braking operation, return spring (I) 
close> valve (U) upon its seat (T) when the pressun* 
in the lines decreases to 10-15 Ib., thereby prevent¬ 
ing any further return 6f fluid to the nuister cylimler 
and maintaining this pressure in the lines an<! wheel- 
cylinders. 

The barrel-type master' cylinder is essentially 
similar to the lower part of the combination type 
(Fig. 1). However, the tank is not included, but 
in lU place a dash-type supply tank, feeding by 
gravity, is used. 

The box-type master cylinder (Fig. 2) is a com¬ 
pensating type consisting of supply tank, or reser¬ 
voir, nm.ster cylinder proper, inside lever (A), out¬ 
side lover (F), brake shaft, and filler cap (J). 

The master cylinder proper (B) consists of a head 
and barrel, i)i8ton stop, piston, piston cup, and 
piston-cup rcUirn spring. This unit is contained 
within the sujiply tank (Fig, 2). 

llic supply tank serves as a reservoir to carry the 
reserve supply of fluid and prote(d.s the master 
cylinder from taking in air, dirt, or water. 

The complete assembly is mounted to the frame 
of the ear and i^onneeted to the brake pedatb}' means 
of pull rod (Fig. 2). 


The master cylinder is submerged in thc^ fluid 
and 1*8 a compensating type. 



Fi&. 2. Lockheed box-type compensating master cylinder 
which includes a compennating master cylinder submerged 
within a box-type tank. 


The general principle of operation is the same as 
explained for the combination-type master cylinder, 
inmuding the valve and all other parta 

See next Instruction No. S6, for Model 


Wlieel-Cylinders 

The wheel-cylinder is the unit which changes the 
^plied hydraulic pressure into mechanical force. 
There are two distinct types of wheel-cylinders', first, 
the cylindrical bored, opposed piston type (Fig. 3); 
second, the compound or step-bored unit having 
opposed pistons of different diameters (Fig. 4). 

In the compound wheel-cylinder (Fig. 4), the 
hydraulic pressure (in pounds per square inch) is 
the same on both pistons, according to Pascal’s law. 
As one i)Lston is larger than the other, it presents a 
surface containing more square inches than the other. 
It therefore follows that the large piston will exert 
a greater force on the brake shoe than w'ill the small 
piston. 



DBA 


Fig. 3. Lockheed conventional wheel-cylinder with oppoaed 
pi.st1Sn« of eciuul diameter. (A) easting; (B) return spring; (C) 
cup; (D) pi.ston 



Fig. 4. Lockheed compound wheel-cylinder with opposed 
pi8ton.s of dilTerent diameters. 



Fig. 5. Lockheed wheel brake section shoes actuated 
by Lockheed compound hydraulic wheel-cylinder and with 
parking brake linkage. (Drum removed). 

T‘* Ford subjects formerly on this page. 
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"T- 

Anchor PlM 


Fig. 6. Lockheed “T" section backing plate with pHrkiuK 
brake linkage. (Adjuatment aide.) 

Brake-shoe cams actuated by wheel-cylinders: On H<m\e 
installations of heavy-duty brakes/or buses and trucks, the wheel- 
cylinders, instead of working directly against the brake shoes, 
as shown in Fig. 5, are mounted on the opposite skle of hacking 
plate (Fig. 6) or on the axle. They are then use<l to rotate 
entns which actuate the brake shoes. 

Maintenance of Master Cylinders 

Proper pedal adjustment is an im[)ortant factor 
in obtjiiiiing inaxiinuin braking efficiency, as it af¬ 
fects the operation of the master cylinder. 

It is imperative that connecting link (A, Fig. 1) 
be adjusted for clearance where it seat^ in piston 

(B) . There should be 1/2'' free movement of brake 
pedal pad before the pressure stroke starts. 

Should connecting link (A) be adjusted tightly 
against piston (B), compensating port hole (C) will 
be blocked by cup (D), and the compensating action 
of the master cylinder will be destroyed. Cup (D) 
must be clear of port (C) when piston (B) is in its 
off, or returned, position. This can be determined 
by assuring yourself that there is a slight amount of 
free movement of the pedal before the piston starts 
to move. 

Secondary cup (E) prevents fluid from leaking 
from reserve supply into boot (F), 

A conventional layout where the box-type com¬ 
pensator is located directly back of the bralce pedal 
is shown in Fig. 2. 

Proper adjustment of brake pedal, as shown in 
Fig. 2, is made as follows: 

Lever (F) (when in the ^‘ofT" position) must be 
back of an imaginary center line drawn vertically 
through brake shaft. The location of lever (F) is 
such that it crosses tlie imaginary vertical center line 
at two-thirds of its ai^tual stroke. After brake 
pedal has been adjusted to clear floorboard, loosen 
lock nut on clevis (E). 

^move clevis pin from pull-rod clevis (E) and 
adjust until 1/2" free pedal-pad travel is obtained 
before internal lever contacts piston (B). 

With 1/2" free pedal-pad movement before pres¬ 
sure stroke starts, the best possible pedal adjust¬ 
ment has been obtained. 

Brakes will dra§ if the by-pass compensating port 

(C) is blocked, either from improperly set brake 
pedal oi; swollen cups (caused from mifiBral oil), and 
pressure will be built up in the system, thus forcing 
shoes into contact with drums. 


Repairs to master cylinders: The compensating 
master cylinders, as used with all Lockheed hydraulic 
internal two-shoe brakes, are fully protect^ from 
dirt, water, etc. It may become necessary, after 
lengthy service, to remove this unit, hone the cyl¬ 
inder barrel, and replace the cup. 

The barrel type and comhinaiiofi type (Fig;. 1) tnual 
he removed from the car when repairs are being made. 

Repairs may be made on the master cylinder proper 
of the box-type unit without removing the complete 
assembly from the car (Fig. 2). 

To remote the barrel assembly from the. box-type moHtftr oylitulor, 
<lrain tho reservoir by removing drain plug. Disconnect the 
linc.s nt tho master cylinder. Ilemove the four retaining cap 
screws; cylinder may then be lifted out of supply tank. 

Maintenance of Wheel-Cylinders 

To remove front wheel^ylinder: Disconnect 
CO).per tubing from hose union at tho frame, then 
remove nut iind lockwasher; liose union may then 
be removed from bracket. Ifiihook brake-shoe ro- 
tiirn spring. 

Rt'movjil of tho two cap screws holding cylinder 
to brake dust shield allows cylinder to bo withdrawn 
With hose. 

To remove rear wheel-cylinder: Follow above in¬ 
structions, except that the copper tubing must bo dis¬ 
connected at the cylinder inlet fitting (Fig. b). 

Refinishing bore: When examination of cylinder 
shows that the walls arc rough or scratched, it is 
necessary to either repair or refilace the unit. 

The manufacturer recommends that the unit be 
taken to the nearest Wagner service branch or au¬ 
thorized station for repairs. 11 is possible to rehone 
the majority of cylinders for a nominal sum and 
place them in good working con<lition. 

Tho use of plua gauges and up-to-date honing 
equipment asaurea the public the best fiossible Bc'.rvice. 
This honing operation only removes a slight amount 
of metal, however, so that the same pistons may be 
used. In fact, oversize pistons arc not made. 

In Wagner service stations a plu^ gauge is used 
which is .007" oversize. If tho honing required to 
remove all pits permits this plug gauge to go in, then 
the cylinder is too big and will leak. The only 
remedy then is a now master cylinder. 

Cylinders and parts must not be washed in 
gasoline, kerosene, or oil. Nothing but clear de¬ 
natured alcohol should be used. 

In reassembling unit, all parts must be dipped 
in Lockheed fluid. (Special No. 5.) 

Bleeding the Lines 

Whenever any part of the system has been dis¬ 
connected, it is necessary to "bleed" the system in 
order to expel all air. 

Procedure: Fill the supply tank with genuine 
Lockheed brake fluid before starting this operation, 
and keep tank at least half-full of fluid. 

It is of vital importance that only genuine Lock¬ 
heed fluid be used. Any deviation from this recom¬ 
mendation automatically cancels the manufacturer’s 
standard warranty. 

Remove bleeder screw (Figs. 6 and 4) from end of 
bleeder connection and screw in bleeder drain pro¬ 
vided for this purpose, which is a brass fitting with 
nibber tube attached (Fig. 7). Allow tube to hang 
in clean container, such as a pint mason jar. Un¬ 
screw bleeder connection three-quarters of a turn 


Note. Floid in master cylinder reservoir must be kept to the correct level with proper kind of brake fluid (ftr-e p. 10S6), 
Intufficieni fluid will result in air getting into system. This will cause the brakes to feel “spongy” and ineffective^ necessitating 
MftArim g the air from the hydraulic system. Do not permit level to get below halfway mark, also Insert 6, p. 10). 
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and depress foot pedal slowly by hand, allowing re¬ 
turn spring to return pedal to ‘^off” position. This 
gives a pumping action which forces fluid through 
tubing and out at wheel cylinders, carrying with it 
any air that may be present. Approximately ten 
complete strokes of pedal will be necessary to bleed 
each wheel-cylinder. 



Fig. 7. Air-bleeding operation. 

Watch flow of fluid from hose, the end of which 
should be kept below surface of fluid (Fig. 7); and 
when all air bubbles cease to appear or when stream 
is a solid fluid mass, close bleeder connection. Open 
connection again to allow a slight amount of fluid 
to drain; then tighten bleeder connection securely. 

Use new fluid; Fluid withdrawn in ^^bleeding'^ 
operation should not be used again. The bleeding 
operation should be repeated on each wheel-cylinder, 
and fluid should be replenished in the supply tank 
each time. Should supply tank be drained during 
bleeding operation, air will enter the system and “re- 
bleeding” will then be necessary. 

Fluid Leaks 

Fluid leaks: If fluid leaks at or from master 
cylinder, or wheel-cylinders, examine for loose con¬ 
nections, and also examine the piston cup and the 
cylinder bores. If bores are in good condition, re¬ 
placement of cups will be sufficient. Scored cyl¬ 
inders should be reconditioned. 

Brake Fluid 

Brake fluid: The fluid used in this system is known as 
'*Lookheed hydraulic brake fluid.’' For extremely high or low 
temperatures, special brake fluid is recommended. 

Repair Equipment and Parts 

Hones, honing sets, plug gauges, bleeder tubes, and various 
Lockheed parts amd fluid can be obtained of the nearest Wagner 
service branch. 

Maintenance Hints 

No. 1. Pedal Goes to Floorboard 

CAUSE 

a) Normal w-aar of lining 

b) Brake shoes not properly adjusted 

c) Leak in system 

d) Air in system 

e) Pedal improperly set 

f) No fluid in supply tank 

REMEDY 

a) When brake linings become worn, it is necessary to set 
the aboea Into closer relation to brake drums. jThis condition is 
usually accompanied by the remark that it is necessary to 

See next Instruction No. 85, for Model 


TOmp the pedal several times before a brake is obtained. 
Shoes should be set as close to brake drum as possible without 
drag. Do not disturb anchor pins making this adjustment. 
Adjustment must be made while drums are cool. . 

b) Adjust brake shoes as explained under ’’Lockheed two- 
shoe brake.” 

c) A leak in the system will allow the pedal, under pressure, 
to go to the toe board gradually. If no leaks are found at 
wheels or joints, remove master cylinder and check bore of 
barrel for score or scratches. 

d) Air in the system will cause a springy, rubbery action of 
the pedal. Should a suflicient quantity be introduced into the 
system, the pedal will go to toe board under normal pressure. 
System should be bled. 

e) Brake pedals should be set with approximately 1/2" free 
motion before the pressure stroke starts. Additional free mo¬ 
tion reduces the active travel of the master cylindeif piston, 
which in turn determines the amount of working fluici to be 
expelled from the master cylinder into the lines or system. 

f) The fluid level in the supply tank should be checked at 
regular intervals. Should the tank beeome empty, air will be 
introduced into the system, necessitating bleeding. 

No. 2. All Brakes Drag 

CAUSE 

a) Mineral oil in system 

b) Pedal improperly set 

REMEDY 

a) The introduction of mineral oil, such as engine oil, kero¬ 
sene, or any fluid with a mineral base, into the system will 
cause the cups to swell and distort, making it necessary to re¬ 
place all cups and flush system. 

b) Directly ahead of the master cylinder piston cup (when 
in norinal release position) is a relief port. It is imperative 
that this port be opened when the brakes are released. Brake 
pedal should be set with 1/2" free movement behire pressure 
stroke begins.^ Should this port be blocked by piston cup not 
ret,urning to its proper release position, the pressure in the 
system will gradjially build up and brakes drag. Opening a 
bleeder screw (L, Fig. 14) will allow built-up pressure to escape 
and give temporary relief. Bleeder screw must be secure before 
car is driven. 


No. 3. One Wheel Drags 

CAUSE 

a) Weak brake-shoe return spring 

b) Brake-shoe bearing seized to anchor pin 

c) Brake shoe set too close to drum 

d) Cups distorted 

e) Loose wheel bearings 

REMEDY 

a) Springs sometimes lose their contracting power and take a 
set. Replace spring. 

b) Lubricate bearing at anchor pins. 

c) Readjust shoes to proper clearance. Do not change 
anchor pin setting. 

d) If in repairing wheel-cylinders, kerosene, gasoline, and 
other fluids are used as a cleaner, instead of alcohol, the cups 
win swell and distort. The return action of the shoes will be 
retarded and the brake drum will heat. Replace cups and wash 
unit in alcohol and dip all parts in fluid before reassembling. 

e) Tighten bearings. 

No. 4. Car Pulls to One Side 

CAUSE 

a) Grease-soaked lining 

b) Shoes improperly set 

c) Dust shield loose on axle 

d) Front spring U-bolts loose 

e) Different makes of lining 

£) Tires not properly inflated 

REMEDY 

a^ Replace with new lining of same make. Grease-soaked 
linings cannot be salvaged by washing or cleaning. 

b) See ’’Shoe adjustment (major) under Lockheed two-shoe 
brake.” ^ 

"T" Ford Bubjeota fonnerly on this page. 
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c) Loose shields permit the brake assembly to shift on the 
locating bolts. This shifti^ changes the predetermined cen¬ 
ters and causes unequal efficiency. Tighten shields and re¬ 
adjust shoes with gauge. 

d) Loose spring U-bolts permit the axle to shift on the 
springs and run out of line. This is noticed especially when a 
high oraking torque is developed. Tighten U-bolts at their 
proper location on spring. 

e) Different makes of lininira have different braking efficiency. 
Two different makes, one with high efficiency and one with low 
efficiency, would cause car to pull to one side. 

f) All tires should be properly inflated. 


No. 5. Springy, Spongy Pedal 

CAUSK 

a) Brake shoes not properly adjusted 

b) Air in system 

REMEDY 

a) Consult remedy (b) under No. 1. 

b) Consult remedy (d) under No. 1. 


No. 6. Excessive Pressure on Pedal, Poor Stop 

CAUSE 

a) Brake shoes not properly adjvwtcd 

b) Brake pedal leverage wrong 

c) Improper lining 

d) Oil in lining 

e) Lining making partial contact 


REMEDY 

a) Consult remedy (b) under No. 1. 

b) Master cylinders of the box type which are mounted to 
the rear of the brake pedal are connected to same by pull or 
push rod. This rod is fasteiietl to the master cylinder by 
means of an outside lever. The outside lever should be set so 
that at two-thirds of its active arc it is crossing an imaginary 
line drawn at right angles with the push or pull rod. A lever 
BO set gives maximum leverage and piston travel. 

c) Improper grades of brake lining lose their gripping quali¬ 
ties after a few thousand miles. As the frictional quality de¬ 
creases, the pressure on the brake pedal is naturally increased 
to get the equivalent stop. 

d) Clean or replace lining. 

e) Remove high spots. 


No. 7. Light Pressure on Pedal, Severe Brakes 

CAUSE 

a) Brake shoes not properly adjusted 

b) Loose dust shield on axles 

c) Grease-soaked lining 


HEMEDY 

a) Consult remedy (b) under No. 4. 

b) Consult remedy (c) under No. 4. 

c) Consult reniedy (a) under No. 4. 


BRAKE-SHOE ASSEMBLIES; LOCKHEED, BENDIX DUO-SERVO 


There are several makes of brakes usin^ difTerent 
types of brake shoes and different inetluids of 
mounting the shoes on the dust shield or backing 
plate. Some of tlie ])()pular types are here descTibed. 
Brake shoes may be actuated by means of mechanical 
connections to brake pedal, by hydraulic fluid, by 
vacuum cylinders, or by compressed air. It is not 
our purpose here to discuss the actuating system, 
but to consider the brake-shoe assemblies. 

Lockheed Two-Shoe Brake 

Lockheed two-shoe brake is shown in Figs. 5 
and 6. This is only one of many types of Lockheed 
brakes. In this csisc, the actuating hydraulic! wheel- 
cylinder forms part of the brake-shoe assembly. 

Construction: The brake shot*s are pivoted on 
eccentric anchor pins supported by the anchor-pin 
strap. The pistons of the wheel-cylinder actuate the 
shoes. The return spring keeps the brake shoes in 
a retracted position against the adjustment cams. 

The constmetion of this type of brake assembly 
iiermits the use of a combination shoe adjustment 
Dolt and ^ide pin. The adjustment cam is riveted 
to the adjustment bolt in a position to come on the 
under side of the shoe web. The upper part of the 
bolt projects through the shoe web ana acts as a 
guide. Washers are used on both sides of the guide. 

Parking brake linkage is located between the upper 
end of the rear brake shoes. 

To remove brake shoes (Figs. 5 and 6): Remove 
return spring, “C’’ washers and anchor pin nuts. 
Force toe of shoes outward to clear boots, and both 
shoes may be removed along with the anchor pins 
and anchor pin strap. 

The operations are reversed to reassemble the 
unit. Precautions must be exercised to reassemble 
the eccentric cam and anchor pin so that full cam 
eccentricity is toward a vertical line through axle or 
spindle. Oil these parts when reassembling. 


Brake-shoe adjustment (minor) is r(‘quircd when 
brake lining becomes extensively worn, manifesteil 
by foot pedal going almost to floorboard. Neces¬ 
sary adjustments can readily be made to bring 
brake shoes into closer relation to the drum, as 
follows: 

Jack up wheel to clear ground. Adjustment is 
made by rotating the shoe adjustment cam (Fig. 5) 
by turning the shoe adjusting bolt (Fig. (>). The 
earn bears on a pin in the brake shoe or on the inner 
surface of the brake-shoe flange. Rotation of the 
cam causes the brake shoes to rotate on the anchor 
pins and, by acting as stojis, limits the degree to 
which the return spring can (ontrairt the shoes when 
in position. 

Rotate the shoe adjusting bolt with wrench until 
shoe comes into (contact with drum; then back off 
adjustment slightly until wheel rotates freely. Pro¬ 
ceed in like manner on the brake shoes of all wheels. 
To bring shoe into closer relation with drum, adjust¬ 
ment nut must be turned toward rirn of wheel when 
wrench is pointing upward. The tension of friction 
spring automatically keeps the cam locked in any 
position. 

On some models the friction spring is removed and 
a lock nut used on the outside of dust shield. In 
adjusting this type, it is necessary to loosen lock nut 
before adjusting. This type mav be identified by 
the 1/2" bolt with flats machincii on opposite sides 
to carry the adjusting wrench. 

Brake-shoe adjustment (major): After rclining 
and reassembling shoes to dust shields, it becomes 
necessary to readjust the contacting surface of the 
shoes to the arc of the drums. This is necessary if 
efficient brakes? are expccteil. 

To obtain the best results, a dummy drum or ring 
gauge is required if provisions have not been made 
such as slotted shields or inspection holes in dnims. 
The adjustment is as follows: 

With shoes reassembled and adjusting ring gauge 


See next Instruction No. 85, for Model **T’* Ford subjects formerly on this page. 
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(or brake drum with inspection holes) in place, 
loosen the lock nut on anchor pin (Fig. 6). Adjust¬ 
ment is made by turning the eccentric anchor pin 
with a wrench on the flat milled surfaces, in con¬ 
junction with movement of the brakenshoe adjust¬ 
ing (!am until the shoes are set in the proper position. 

The recommended shoe setting is .005'' clearance 
at the heel or lower end of shoe, and .010" at the 
toe or upper end. 

Clearances are measured with feeler gauge 1 1/2" 
from ends of lining. 

Ring gauges and adaptor bushings may be procured for all 
typ€» of internal hydraulic brakes from the nearest Wagner 
service branch. 

Heiidix Duo-Servo Brakes 
Single-Anchor Type' 

The Bendix Duo-Servo brake is a two-shoe brake 
with “servo" action both when the car is going 
forward or in reverse. 



as seen in Fig. 8. The anchor-pin end of shoe (4) 
is against the anchor pin (6), thereby preventing 
actual rotation of this end of the shoe. The force 
exerted by (2) must therefore cause an increase in 
the force of the shoe against the drum. This action, 
whereby the rotation of the drum is used to increase 
the force between shoes and drums, is known as 
“ficrvo" action and is sometimes called “self-energiz¬ 
ing effect." 


Anchor Tin 
Ends of 
Bnko Shoes 




Fii^. 9. Bendix Duo-Servo brake of the single-anchor type 

showing relationship of cable, operating lever (12), shoos, and 
anchor pin (5). Right front brake. 


Fig. 11. Adjusting for wear by adjusting cloHrance between 
the brake-shoe lining and drum. The notched adjusting screw 
(2) is being turned by tool. 


Fig. 8. Bendix Duo-Servo brake of the single-anchor type 
shown with mechanical cable and conduit control, belt rear 
brake. (Drum removed). 

Names of parts: (1) primary shoe; (2) adjusting-screw; (3) 
adjusting end of shoe; (4) secondary brake shoe: (8) anchor pin; 
(8) primary-shoe return spring; (7) cable return .spring; (8) 
backing plate; (9) adjusting screw spring; (10) secondary-shoe 
return spring; (11) operating lever anti-rattle spring; (12) 
operating lever; (18) brake-shoe hold-down spring; (^14) ec¬ 
centric. Primary and secondary brake shoes are marked (P) 
and (S) respectively. The heavier shoe return spring must 
always be attached to the shoe which ^'hides’’ the brake operat¬ 
ing lever. 

Principle of operation of the Duo-Servo single¬ 
anchor type of brake (sec Figs. 8 and 9). The shoes 
(1) and (4) are not positively pivoted on the anchor 
pin (6), but rest upon it. in this manner, it is 
possible for the shoes to pull away from the anchor 
pin. thereby increasing the force between shoes and 
brake drum. Depressing brake pedal pulls on the 
cable, therebv rotating operating lever (12) around 
anchor pin (6). Rotation of the operating lever 
lugs against which bear the anchor-pin ends of brake 
shoes causes the latter to separate, thereby expand¬ 
ing the brake. 

When car is moving forward ^ the left rear brake 
drum is rotating counterclockwise, as shown in Fig. 
8. When the brakes are applied, causing the shoes 
to grip the rotating drum, the tendency will be to 
impart this counterclockwise rotation from the drum 
to primary shoe (1). The shoe (1) starts rotating 
by pulling away from anchor pin (5). This tends to 
increase the force of the shoe against the drum. The 
other end of the shoo (1), by rotating counterclock¬ 
wise, exerts a force through the adjusting screw ( 2 ) 
to the secondary shoe (4). This force is down 

s-iaa. AddreM (with aUmpt eooloted) to Bendix Product# Di' 



1 ne snoes Pig jq Adjustment side of backing plate deft front brake). 
[16 anchor Name of parts; (14) eccentric adjustment screw; (2) notched 
ner, it is adjusting-screw cover plate; (5) anchor-pin nut. 

le anchor When the car is in reverse^ the action is reversed, 
snoes ana imparts force through adjusting 

iis on tne g^rew (2) to the shoe (1). Since this brake exerts 
i) around geryo action in both forward and reverse directions, 
so?brake known as a ^‘Duo^Servo** brake. 

y expand- Adjustment for brake-lining wear only; There are 
only two adjustmente in a braking system of this 
r 1 ]c compensate for brake-lininc wear. These 

vn in Fig^ points (at the brakes proper) are as follows: 

the shoes 1. The eccentric adjustment (14) (Figs. 8 and 10), 
will be to which centralizes the brake shoes in the brake drum, 
the drum _ 

9 rotating > 0>m]»iled from Bendix Products Corp. literature (1035). 

S tends to Bendix Products information: The following booklets are 
Lim. The available at 15c each: Eleven-Point SaUv Plan for Qtoaier 

nf^rplrv»lc- Brake Profit'' Form 11-7; "The Profit Opportunitu in Neva, 

te Factory-Lined Brake Slioee," Form 8-3; " BmdivFeragen Sci/ety 

screw \Ta) Bqpiivmeni CcUaioQt" Form 11-D; "The Story of B-K Veicuum 
is down Potver Brakse^" Form 0-110; "ModemizaUon Chart* and 
Diaqranu for B-K Vacuum Power *^Brake Syeiemt,'* Form 
Product# Diviidoo of Bendix Aviation Corp., South Bend, Ind. 
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2. The adjusting screw (2) (Figs. 8, 10. and 11), 
which adjusts the clearance between the bralce- 
lining surface and brake drum to compensate for 
lining wear. 

Procedure to adjust for brake-lining wear is as 
follows: 

1. Jack up all four wheels in a safe manner. 

2. Remove adjusting hole covers from brake 
backing plates and inspection hole covers from 
brake drums. 

3. Lubricate brake pedal, hand-brake lever, cross¬ 
shaft bearing, over-running linkage, and all clevises. 
See that pedal, hand lever, and cross-shaft operate 
freely and that linkage returns sharply to release 
stop when pedal and hand lever are released. 

4. Inspect brake cables. If loose or unequal, fol¬ 
low instructions in paragraphs 10, 15, and 16, 

Note: What may appear to be loose (saMing) cables may bo 
the result of the cablee not returning properly, owing to lack of 
lubrication in the conduits. 

5. At all wheels: Loosen eccentric lock nut on 
eccentric adjustment (14) (Fig. 8) and insert a .010 ' 
feeler gauge oetween the lining of top shoe and brake 
drum. Turn the eccentric adjustment in the dircM*- 
tion of forward wheel rotation until the .010" feeler 
is just snug at anchor and adjusting ends of top 
shoe. Tighten eccentric lo( k nut. 

The clearance at both ends of top shoe should not 
vary more than .003". Should the variation at 
both ends be greater than .003" it will be necessary 
to re-locate anchor pin as outlined in paragraphs 13 
and 14. (In case of clearance variation, it is desir¬ 
able that clearance at anchor end of shoo be loss 
than at adjusting end.) Do not adjust anchor ]nn 
unless this inspection shows it necessary, 

6. At all wheels: Expand the brake shoes by 
turning notched adjusting screw (2) (Fig. U) toward 
rim of backing plate, using Bendix adjusting tool or 
screwdriver (insertea through backing plate), mov¬ 
ing outer end of tool toward center of wheel. W hen 
light brake drag is felt on brake drum, release adjust¬ 
ing screw until brake drum is completely free of 
brake drag. 

7. Depress brake pedal with pedal jack or tighten 
hand lever until wneel with the least brake drag 
can just be turned over by hand. Then back oft 
the adjusting screw on the tight brakes until the 
brake drag is alike on all four wheels. Pedal reserve 
should not be less than one-half of total pedal stroke. 
Recheck adjustments if pedal reserve is less than 
this. 

8. Reassemble the covers at each drum inspection 
and adjusting hole. 

9. Lower car and test on brake testing machine 
or road. Always loosen adjusting screw on tight 
brakes rather than tighten adjusting screw on loose 
brakes. This is a safeguard against a car going into 
service with one or more brakes too tight. 

Complete brake adjustment; Note this complete 
brake adjustment is to be followed in cases where an 
inspectionf as in paragraph (5), shows that an adjust- 
mentfor lining wear only will be inadequate or where 
new shoes have been installed. 

When complete brake adjustment is required, it 
is recommended, by the manufacturer, that all 
brake drums be removed and brakes cleaned and 
inspected as to lining condition. After cleaning 
with a stiff brush and air hose, Bendix Lubriplate 


grease should be lightly applied to cable ramp, shoe- 
support ledges on backing plate, eccentric, shoe ends, 
and all moving ports at frictional contact points. 

Two types of anchor pins are used: sliding^ or 
radially adjustable (Fig. 12); and eccentric (Fig. 13). 
The eccentric type of anchor pin is identified by 
the slotted nut end. The hijph end to one side of 
slot indicates the high side or the eccentric section 
of the pin. 


Kig 12 (left). Sliding-type <»j radially adjustable anchor 
pin. 

Fig. 1.1 (right). Eccentric-type anchor pin. 

After the car has been jacked up, and the drums 
and. shoes removed and reinstalled as recommended, 
continue as follows: 

10. Disconnect all cables at the cross-shaft. 

11. Lubricate cable and conduit assemblit's 
through lubrication fittings if conduits are so 
(Mpiipped, being careful not to force oxce.ss lubricant 
into the brake assembly. 

Otherwise, disconnect cable at brake operating 
lever and clean exposed portion of cable, ami then 
pull cabk's through conduits from the brake end to 
expose that portion of c.ablo which is sheathed by 
comluit. Clean this portion of cable; lubricate free¬ 
ly with Bendix cable lubricant. 

12. Reassemble conduits, leaving cross-shaft 
clevises disconnected. Conduit ends must be firmly 
bottomed in abutment brackets. 

With brakes disassembled, tlic cables may be 
lubricated without disturbing conduit anchorage. 
Clean exposed portion of cable, draw cable through 
conduit, and lubricate that section normally covered 
by conduit. 

13. Brakes with sliding-type anchor pins. At all 
four wheels loosen the anchor ]>in nut one turn and 
tap anchor pin slightly in necessary direction with a 
soft hammer, and turn the eccentric adjustment ( 14 ) 
in the direction of forward wheel rotation to give the 
specified clearances of .010" at the adjusting-screw 
end and .010" at the anchor end of the shoe against 
which the eccentric operates. Tighten the anchor 
pin nut as tight as possible with a 16" wrench. Tighten 
eccentric lock nut. 

14. Brakes with eccentriotypc anchor pins. At 
all four wheels, loosen the anenor-pin lock nut and 
rotate anchor pin in the direction of forward wheel 
rotation, meanwhile adjusting the eccentric adjust¬ 
ment (14) in the same direction so as to provide 
.010" clearance between the drum and shoe lining, 
at both anchor and adjusting ends of the shoe against 
which the eccentric operates. Hold anchor pin, 
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when the recommended shoe position has been ob¬ 
tained, and tighten anchor pin nut as tight as possible 
with a 16" wrench. Tighten eccentric lock nut. 

15. At each of the four wheels, spread shoes by 
means of notched adjusting screw (2) (Fig. 11) until 
the shoes are expanded against brake drum so 
drum can just be turned by hand. 

16. Pull cables tightly toward cross-shaft levers 
to remove all cable slack and Lost motion at cam 
levere. Adjust clevises so that pins will barely enter 
clevises and cross-shaft levers easily (all four cables). 
Lock clevis jam nuts and insert clevis pin cotters. 

17. At all wheels, release adjusting screw until 
brakes are just free of drag. 

18. Continue adjustments as outlined in para- 
• graphs 7, 8, and 9. 


Bendix Duo-Servo Brakes 
Double-Anchor Type 

The general operating principles for the double¬ 
anchor type of Duo-Servo brakes (Fig. 14) arc es¬ 
sentially similar to those of the single-anchor type 
(Fig. 8). 



Fig. 14. Bendix Duo-Servo brake of the double-anchor 
type with mechanical cable control. I-cfi front brake. (Drum 
removed.) 


Names of parts: (4) primary brake shoe; (6) secondary 
brake shoe; (6) anchor pins; (7) primary and secondary brake- 
shoe return spring: (8) primary-shoe return spring; (9) anchor- 
pin ends of brake shoes; (10) adju.sting-scrcw ends of brake 
shoes: (11) steady rest pins; (18) pivot nuts; (13) backing plate; 
(14) brake actuating cam. 


The main points of difference with respect to the 
single-anchor t 3 rpe are as follows: (a) There are two 
anchor pins (6) instead of one; {h) the operating 
lever rotates a cam (14) equipped with ram blocks 
to separate the shoes. 



Fig. 1.5. Showing the cam 
blocks between the primary and 
secondary shoes. 


The adjusting screw as show n in (2) (Fig. 8) is not 
shown in Fig. 14 but is between the pivot nuts (12) 
(Fig. 14). The eccentric adjustment is not shown 
but is similar to (14) (Fig. 8). 


Adjustments of the Duo-Servo double-anchor 
t3rpe brake are the same as for the single-anchor 
type, with the following exceptions: 

Loosen the two anchor-pin nuts completely free 
of the lock washers (anchor pins pass through the 
backing plate in elongated holes). 

Remove cover plate (2) (Fig. 10) and, with a 
screwdriver or other suitable tool, turn the notched 
wheel of adjusting screw under (12) (Fig. 14) (see 
also Fig. 11; toward the rim of the backing plate 
until the two shoes are extended against the brake 
drum sufficiently to cause enough brake drag so that 
wheel can barely be turned over with both hands. 
Then, using a soft hammer, tap the anchor pins on 
the threaded ends to insure their assuming their 
correct position. The anchor pins will shift in the 
elongated holes when shoes are expanded and the 
anchor pins tapped. 

Tighten anchor nuts as tight as possible with a 16" 
urench. 

Back the adjusting screw' until the wheels are just 
free of brake drag. Alake preceding adjustments at 
each of the four wheels. 

A check of the above adjustments may be made as 
follows: 

Remove cover plate from inspection hole in drum. 
Shoe clearance can then be checked with feeler 
gauges. With correct anchor pin and other adjust¬ 
ments properly made, the feeler gauge will show 
ap{)roximately twice as much clearance between the 
drum and the brake lining at the screw-adjusting 
end of the shoes as at anchor end of shoes. A check 
showing about .008" (.2 mm.) clearance at anchor 
end and about .014" (.35 mm.) clearance at screw^- 
a<ljusting end of each shoe will indicate that adjust¬ 
ments have been propc^rly made. Replace inspec¬ 
tion-hole cover plate after this check and adjust¬ 
ments are made. 

.Hydraulic-Operated Bendix Brake 

The hydraulic-actuated Bendix single-anchor type 
Duo-Servo brake is shown in Fig. 16. 



Fig. 16. Bendix sinple-anchor type Duo-Servo brake actu¬ 
ated by a hydraulic cylinder. (Drum removed.) 

The brake is essentially similar to that shown in Fig. 8 except 
that the cable and the operating lever are replaced by hydraulio 
lines and the hydraulic wheel-cylinder. With this exception, 
the principle of operation is the same. 

The adjustments are similar except that during inspection or 
disassembly of brakes, the hydraulio portion of the system 
should be left intact, so that bleeding of the lines will not be 
required. This is easily accomplished by disconnecting the 
brake shoes from the cyhnder or piston rods, without disturbing 
hydraulic connections. The brake pedal must NOT be de¬ 
pressed at any time when brake drpma are not in place. 
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BORG AND BECK Cl 

Borg and Beck clutches, models 9A3, 10A3, 10A4, 
11A3, and 11A5 were produced in 1934 and models 
9A6, 10A6, and 11A6 in 1935. All of these models 
are essentially similar. The number preceding the 
letter refers to the size of the clutch. The iirinciple 
of operation is the same. The A6 models differ from 
the A3 models in the shape of the clutch cover and 
that fins have been added to the pressure plate on 
the A6 to provide more rapid dissipation of heat. 



Fiff. 1. Borg and Beck type clutch. Names of parts: (1) 
clutch housing: (2) clutch cover liolding screw; (3) clutch 
cover; (4) clutch release bearing oil tube; (ft) clutch prcssiire 
spring; (6) clutch driven plate; (7) release bearing ptill-back 
spring; (8) release bearing sleeve; (9) transmission drive pinion 
bearing retainer; (10) release bearing; (11) release lever; (12) 
anti-rattle spring; (13) eye-bolt ana nut (N) assembly; (14) 
release lever pin; (1ft) release lever strut; (16) pre-ssure plate; 
(17) flywheel bolt; (18) engine crankshaft; (19) tramsmission 
drive pinion shaft; (20) transmission drive pinion pilot bushing; 
(21) flywheel; (D) oil drain; (Y) throw-out yoke. 

Principle of Operation 

Construction: The clutch is a single plate dry disc 
type. 

When clutch is engaged, clutch pressure springs 
(6) (Fig. 1) force pressure plate (16) to the left 
(as seen in Fig. 1), exerting a pressure on the driven 
plate (6) and flywheel (21). This establishes a fric¬ 
tion contact between (21), (6), and (16), so that they 
revolve as a unit. The transmission of power is 
then from engine crankshaft (18) to flywheel (21), 
to clutch driven plate (6), through the splines in the 
hub of (6) to transmission drive pinion shaft (19), 
to the transmission. The clutch release lever (11) 
assumes the position shown in Fig. 2. 

When clutch pedal is depressed to disengage the 
clutch, the throw-out yoke (Y) forces release beping 
sleeve (8) to the left (as seen in Fig. 1). The inner 
end of sleeve (8) presses against the faces (F) of the 
three clutch release levers (11) (Fig. 3). This tends 
to move release lever pins (14) to the left, but they 
can only move a very short distance in the elongated 
hole in eye-bolts (13). Eye-bolts (13) cannot move 
to the left because adjusting nuts (N) bear against 
clutch cover (3). The result is that clutch release 
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Fig 1' (loff). Engaged position of olutrh rolouRc lever. 
Fig. (right). Released position of clutch roleiiHO lever. 


lovers (11) pivot on pins (14) in eye-bolts (13) 
oau.sing the outer ends (lower end lus scuui in Fig. 1) 
of rel(‘a.s(‘ levers (11) to move to the right or from 
the iiosition shown in Fig. 2 to the position shown in 
Fig. 3. 'Vho outer ends of levers (11) exert a pres¬ 
sure on release lever struts (16), whieh in turn force 
the pre.ssure jdatc^ (16) to the right compressing 
springs (6). This n‘le{is(\s the i)res.sure between the 
pr(‘ssure jdnte (16), driven jdatc (6), and flywheel 
(21), thereby reh'Msing the elut{‘h and permitting 
flywheel (21) to revolve while transmission pinion 
shaft (19) and driven plato (6) remain stationary. 

The purpose of the struts (16) is to provide a knife- 
edge contact bet ween release levc'rs (11) and pressure 
I>late (16), thi'ieby eliminating friction at this point. 

When the foot pressure is removed from clutch 
pedal to engage the clutch, the clutc'h Hi)rings (6) 
force, the pressure jilate (16) to the left against the 
driven plate (6), gradually and smoothly applying 
the power of the engine to the rear wIkjoIs. 

As the clutch facings (C) (Fig. 2) nnuir, t he pre.ssure 
jdate (16) moves closer to the flywheel face and the 
outer ends of the release levers (11) follow. This 
causes the inner ends of the lovers to travfd farther 
toward the transmission and decreases the clearance 
between the release levers (11) and the release bear¬ 
ing (10). The effect on clutch pedal is to decrease 
the clearance or free travel un<ler toe board, which 
is the distance clutch pedal moves down away from 
the under side of tc t board before release bearing 
comes in contact wi h rel(;ase levers. Home clear¬ 
ance must always be maintained to prevent clutch 
pedal riding on the too board and causing clutcli to 
slip. This clearance is restored by adjusting the 
clutch pedal. 

To Adjust Clutch Pedal 

No adjustment for wear is provided in the clutch 
itself, as in some other types of Borg and Beck 
clutches. An individual acljustment is provided for 
locating each release lever (11) in manufacturing, 
but the adjusting nut (N) (Fig. 3) is locked in place 
and should never be disturbed, unless the clutch is 
dismantled for replacement of parts. 

All cars are provided with one or more adjust¬ 
ments on the clutch pedal and pedal shaft, and these 
should be adjusted in accordance with instnictions 
supplied by the car manufacturer. In general pro¬ 
ceed as follows: 
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Shift the pedal down away from the toe board 
until cloarance or free movement 1" to li". The 
pedal pad should come in contact with toe board 
when pedal is pressed down fully. If it does not 
move that far, making it nccesdhry to spring pedal 
to msdce pad touch toe board, shift pedal down a little 
more. 

Press pedal down and not>e distance release bear¬ 
ing (10) travels after it comes in contact with re¬ 
lease levers (11). To obtain a clean release, the re¬ 
lease levers (11) should be pushed toward the fly¬ 
wheel 3/8" for 9A3 and 9A6; 7/16" for 10A3,10A4, 
and 10A6; 7/16" for HA3, 11A5, and 11A6. If it 
does not travel that distance, shift pedal up. bearing 
in mind that pedal pad must touch toe board as 
above. 

No other adjustment is necessary. Do not turn the 
adjusting nuts (N) (Fig. 3), because that will throw 
pressure plate (16) out of position and cause clutch 
to chatter. 

Servicing Clutch 

1. Remove transmission and clutch housing, or 
pan. 

2. Mark with punch the flywheel (21), cover (3), 
and pressure plate (16), so that these two parts may 
be assembled in their same relative position and in 
same position on flywheel. This is important be¬ 
cause they are balanced as an assembly. 

3. Loosen the holding screws (2) a turn or two 
at a time until the soring pressure is relieved (this 
should be carefully done to prevent springing the 
flanged edge of cover). The screws can then be re¬ 
moved and the complete clutch lifted off of the fly¬ 
wheel, all parts except driven plate (6) (Fig. 1) 
being assembled to the cover. 

If it is foimd necessary to replace parts of the 
cover assembly, it can be dismantled, reassembled, 
and adjusted with the aid of an arbor press or drill 
press as follows: 



Fig. 4 (left). Compressing clutch 

Fig. 5 (right). Installing release 'ever (11) and release lever 
atrut (15). 


To Disassemble Clutch 

1 . Place the cover on the bed of the press as 
shown in Fig. 4 with a block under the pressiu-e plate 
so arranged that cover is left free to move down. 
Place a block or bar across the top of the cover, rest¬ 
ing on the spring bosses. 

2 . Compress the cover with the spindle of the 
press and, holding it under compression, remove the 
adjusting nuts (N) (Fig. 3) and then slowly release 
the pressure to prevent the springs (6) from flying 
out. The cover (3) can then be lifted off and aU 
parts will be available for inspection. 

3. To remove release levers, grasp the lever and 
^ebolt between the thumb and Angers as shown in 
Fig. 5 so that inner end of lever and upper end of 
eyebolt are as near together as possible, Keeping the 
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eyebolt pin seated in its socket in the lever. The 
strut (16) can then be lifted over the ridge on the 
end of the lever as shown in Fig. 6, making it pos¬ 
sible to lift the lever and eyebolt off of the pressure 
plate. 

It is advisable to replace any parts which show 
wear. 

To Reassemble Clutch 

1. Lay the pressure plate (16) (Fig. 1) on the 
block in the press. 

2. Assemble a lever, eyebolt, and eyebolt pin, 

holding the threaded end of the eyebolt between the 
thumb and index finger and allowing the end of the 
lever to rest on the second finger. Hold the end of 
the lever and the end of the eyebolt as close together 
as possible (see Fig. 5). With the other hand grasp 
strut (16) between the thumb and first finger as 
shown in Fig. 5, and insert strut in the slots of the 
pressure plate lug. Then drop slightly and tilt 
lower edge of strut until it touches the vertical 
milled surface of the lug (see Fig. 6). 



Fig. 6 (left). Installing release lever (11) and release lever 
strut (16). 

Fig. 7 (right). Final step in installing release lever and 
strut. 

Insert the lower end of the eyebolt in the hole in 
the pressure plate. The short end of the lever will 
then be under the hook of the pressure plate and 
near the strut. Slide the strut upward in the slots 
of the lug, lift it over the ridge on the short end 
of the lever, and drop into its groove in the lever 
(see Fig. 7). 

3. Then place springs (6) on pressure plate in 
vertical position, seating them on the small bosses 
on the pressure plate, as shown in Fig. 8. 



Fig. 8 (left). Assembling clutch. 
Fig. 9 (right). Gauge plate. 


Lay the cover on top of the assembled parts as 
shown in Fig. 8, taking care that the anti-rattle 
sprinra (12) are in the position shown in Figs. 2 and 3 
and that the tops of the springs are directly under 
the embossed seats on the cover. Also, be sure the 
marks made by you on cover and pressure plate are 
in correct location. 

4. The bar can then be laid across the cover and 
the assembly slowly comj^essed to be sure that 
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the eyebolts and pressure plate lugs are guided 
through the proper holes in the cover. Care must 
also be taken that the springs remain in their seats. 

5. By holding the clutch under compression, the 

adjusting nute (N) can then be screwed down on the 
eyebolts until their toj)s are flush with the tops of 
the eyebolts (13). 

6. The spindle of the press can then be released. 

7. The clutch should then be released several 
times, so that all moving parts will settle into their 
working: positions. This can be done with the press 
by applying spindle to inner ends of levers (11). 

To Adjust Release Levers 

Satisfactory operation of this type of clutch is 
absolutely dependent on accurate adjustment of 
release levers (11), so that pressure plate face is 
parallel to the flywheel face. This cannot be ac¬ 
complished by setting levers (11) jiarallel to face of 
release hearing (10) after clutch has been assembled 
to flywheel, because of viiriation in thickness of 
driven plate. The only aeciirate method is to adjust 
levers, while the pressure plate is held parallel to 
flywheel, by using the Borg and Heck AI typo gauge 
plate, shown in Fig. 9. 



Fifg. lu. Setting release levers (11) with gauge plate (22). 


1. Place this gauge plate (22) in the flywheel 
(Fig. 10) in the position normally occupied by the 
driven plate and mount the cover on the flywheel 
turning the holding screws (2) only a turn or two 
at a time when pulling against the spring pressure; 
otherwise the cover may be sprung. Before the 
cover is tightened down, be sure the gauge plate (22) 
is centered and the three flat machined lugs (L) (Fig. 
9) are directly under the levers, except in types 
11 A3,11A5, and 11A6, which have four levers. Any 
position of these lugs in types 11 A3, 11A5, and 
11A6 will give satisfactory results. If clutch is 
equipped with release lever plate attached to levers, 
this release lever plate must be left off when setting 
levers. 

2. After the cover has been moimted (Fi^, 10), 
a short straightedge or scale (approximately 3 inches 
long) can then be laid across the center boss of 
gauge plate (22) and the bearing surface of one 
lever. Then turn adjusting nut (N) until these are 
exactly the same height. By tilting the straightedge, 
a “knife edge*’ setting can be obtained. The other 
levers can then be set in turn by the same method. 
If carefully done, this setting will be within .005'*. 
After adjustment is completed, lock the nuts with a 


small chisel, peening portions of the nut into the slot 
in eyebolt (13). 

3. Loosen holding screws (2) a turn or two at a 
time until spring pressure is relieved, which will al¬ 
low clutch and gauge plate to be removed. 

4. Assemble driven plate and clutch to flywheel in 

accordance with any instructions founcl on the 
driven plate. Usually the end of hub with machined 
chamfer should be tow^ard rear of car. 

Line up driven plate and pilot bearing with a 
dummy shaft before tightening cover holding screws. 
Tighten screws (2) before removing dummy shaft. 

After transmission and floor boards have been 
assembled, adjust foot pedal udjustment as previous¬ 
ly directed. 

Do not. uiuler any circumstances, let transmission 
hang in clutch a,ssembly. 

Do not put oil or kerosene in the clutch. Keep fac¬ 
ings dry and free from oil. 

Do not drive with foot on clutch jxjdal. 

Do not slip clutch excessively instead of shifting 
g('ars, ns this causes rapid w'oar of clutch facings. 

Driven Plules 

The various styles of driven plates used are all of the cuahioa 
type, i.e., crimped unti perforated »inder tlie facing for softer 
eiiKageinent. The hasie form is ti>e ngid'CMwhion type (A) (Fig. 
11). To aid in elirninatinK torsiuoal vibration originating out¬ 
side the oluteh (either in the engine or drive system), it is also 
su[>plied III the star flfxibU-cvnh\(m (B) and tiie sprine- 
flexihle-cushion type (C). Tim purpose of the flexible center is 
strictly that of a vibration dampener and serves no clutch func¬ 
tion. A rigid-cushion type plate is recommended unless a 
dampener type is indispensMbh'. 



Fig. 11. Borg and Beck driven plates. (A) rigid-ouRhion 
type; (B) star flexible cushion-type; (C) spring-flexible-cushion 
type. 



Fig. 12. Detailed view of the spring-flexible-cusbion type 
driven plate (C). The left view shows a sectional view as it 
would appear if the driven plate were cut along the lines ABC, 
shown at the right. For names of parts see Fig. Kb 
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Fig. 13. Extended view of the 8pring*flezible<-cushion type 
driven plate. This particular type of driven plate is classified 
as a “horseshoe cusnion.” The tongue formed by the horse¬ 
shoe is riveted (26) to the facing <24, 28) on the opposite 
side of the driven plate from that against which the crimped 
edges of the driven plate segment (26A, 26B) bears. This re¬ 
sults in greater flexibility at the point of contact and smoother 
engagement. Names of parts are: (28) facing; (24) facing; 
(25) facing rivet; (26) driven plate with portions of facings re¬ 
moved; (26A) section of driven plate (26); (26B) section of 
driven plate (26); (27) hub; (28) retainer plate; (29) lock wire 
plate or clip; (80) stop pin; (81) lock wire; (82) torsion spring. 


LONG SEMI-CENTRIFUGAL CLUTCH (SERIES CFy 


The “CF” series Long clutches are called “semi¬ 
centrifugal” on account of the action of centrifugal 
force on its holding ability. A centrifugal clutch 
is one in which engagement and release is controlled 
by centrifugal force without any necessity of de¬ 
pressing the clutch pedal. The scmi-ccntrifugal 
clutch employs centrifugal force to increase the pres- 
siure between the driving and driven members as the 
speed of the engine increases; but clutch pedal, which 
requires much less pressure than usual, is einfiloyed 
to release and engage the clutch. The “CF” clutch 
is of the single plate dry disc type. 

Principle 

When clutch is disengaged, the clutch rolcjusc 
bearing bears against the adjusting screws (11) forc¬ 
ing them to the left as seen in Fig. 1. Release lever 
( 10 ) pivots on bearing ( 9 ), moving needle bearing ( 7 ) 
to the right, thereby moving pressure plate ( 13 ) to 
the right, compressing sjirings (12), and releasing the 
pressure between pressure plate ( 13 ), driven plate 
(1), and the engine flywheid. 



Fitf. 1. Long semi-centrifugal clutch.* Names of parts: (1) 
i^lutcn driven plate, (2) clutch facing, (8) vibration darnpner 
spring, (4) driven plate hub. (6) clutch cover, (6) centrifugal 
weight, (7) release lever needle bearing, (8) release lever yokQ 
(9) release lever to yoke single roller bearing, (10) release fever, 

(11) adjusting screws, (12) pressure spring, (13) pressure plate. 

When clutch is engaged, by removing foot from 
clutch pedal, release bearing (not shown) and adjust¬ 
ing screws ( 11 ) move to the right. Release lever ( 11 ), 
pivoting on ( 9 ), permits bearing ( 7 ) and pressure 
plate ( 13 ) to move to the left, and pressure springs 

( 12 ) exert a pressure of about 1,035 pounds (on the 
10" clutch) between pressure plate ( 13 ), driven 
plate (1), and engine flywheel. 


As the engine speed increases, centrifugal force 
causes weights (6) to fly outward (upward as seen in 
Fig. 1). This action causes release lever to pivot 
counter-clockwise on bearing (9), thereby moving 
bearing ( 7 ) and pressure plate ( 13 ) to the left (as 
seen in Fig. 1), producing an increase in the pressure 
between ( 13 ), ( 1 ), and flywheel. The higher the 
speed of the engine, the greater will be the pressure 
e.xertcd. The apfiro.ximate pressure produced on a 
10" clutch is 1,035 pounds with engine stopped, 
1,200 pounds at 1,250 r.p.m., 1,400 pounds at 2,(XX) 
r.p.m., 1,600 pounds at 2,500 r.p.m., 1,860 pounds 
at 3,000 r.p.m., 2,140 pounds at 3,500 r.p.m., and 
2,440 pounds at 4,000 r.p.m. 

This action permits of lower total pressure spring 
load, with a (corresponding decrease in necessary 
pedal pressure to release clutch at low engine speeds. 
This dccreastis foot iirossurc required to hold down 
the clutch pedal for fairly long periods, such as while 
waiting for a traffic light. 

Construction 

The cover plate stamping (6) is triangular in 
shape, with three legs (L) extending down to meet 
the flywheel surface. The straight side walls (W) 
are arched for rigidity and to clear the pressure plate 
( 13 ), providing excellent means of ventilation for 
the pressure plate. Three large rectangular slots 
(S) in the leg portions provide the means of driving 
the pressure plate through the cast bosses (B). 

The rear surfaces of the pressure plate ( 13 ) are 
left rough to aid in surface radiation or cooling. 
The front face of the pressure plate, instead of being 
ground, is machiiKi turned, to aid in engagement. 

Adjustment 

No adjustments can be made on clutch itself. It 

is assembled, adjusted, and locked in special factory 
fixtures. The design permits of full facing wear 
without any clutch adjustment. Only the clutch 
pedal should be adjusted. This should have 1 1/2" 
to 2" free play or lash and should be readjusted 
when this reduces to 1". Because of the design of 
the clutch, it is extremely important that these 
adjustments be maintained. 


* The CF series Long clutch is used on the 1935 Model 120 
Packard, 1935 Ford V-8 passenger cars and trucks, passenger 
car being a 9" clutch and the truck 11 '. 

> niuBtration from “Packard One Twenty Technical Data.*' 
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WHEEL ALIGNMENT PRINCIPLES^ » 


Wheel alignment may be defined as a system of 
interrelated angles of the axles, wheels, tires, and 
their component parts to permit easy steering, 
safety, and freedom from tire wear. 

The most important angles that affect steering 
are; (1) caster of front axle; (2) camber of front 
wheels; ( 3 ) front wheel toe-in; ( 4 ) king-pin inclina¬ 
tion. 

Caster of Front Axle 

Caster is the backward tilt of the front axle. It 

i.« the most important angle in wheel alignment. 
By tilting the front axle backward, as shown in Fig. 
lb, the king pins are also tiltCMi, as shown in Fig. l.'i. 



Fig. 15 (left). Caster angle of a spindle. Note Hint the 
center line (A) of the king pin is tilted to the rear of the verlifal 
line (B). The angle between lines (A) and (B) is the castor 
angle. 

Fig. 16 (right). An exaggerated illustration showing how to 
wedge between the front spring and the spring seat to give a 
caster effect to the axle. Springs are usually arched in a 
manner that tilts the axle (as can bo seexi la Fig. 42), or some¬ 
times the spring seats are made at an angle with the axle, 
thereby providing the necessary caster. The use of separate 
metal wedges or tapered shims, as shown, may or may not be 
required. 

The main purpose of the caster angle is to give a 
trailing effect. In a furniture caster, the center of 
the wheel is set off the line of the pivot; and no 
matter in which direction the piece of furniture is 
pushed, the caster turns and follows the line of the 
pivot, thereby lining up with the direction of motion. 
The same is true in the front wheel of an automobile. 
In Fig. 17 the line drawn through the inclined king 
pin (A) touches the road at (T), whi(!h is in front of 
the contact point (C) of the tire with the road, ^'he 
effe(!t is the same as though the pivot or king j)in 
were vertical and placed forward as at (B), and is 
consequently the same effect as in the furniture 
caster. A similarly inclined or ciistered pivot (A) 
is employed in the construction of a bicycle (Fig. 
18). This explains why an experienced bicycle- 
rider can travel straight ahead without touching the 
handle bars. The front wheel will reniain straight 
ahead as long as the bicycle frame is in a vertical 
position. 




Fig. 17 (left). Castered king pin of an automobile. 
Fig. 18 (right). Castered pivot of a bicycle. 


Caster is obtained in the front axle of an auto¬ 
mobile by means of its mounting to the front spring. 
If the ciuvature of the front spring changes, tlie axle 
caster will also change. Springs which have seen 
severe service may develop a “permanent set” or 
sag, thereby causing a permanent change in the 
caster angle. This can be corrected by the uso of 
wedges, as shown in Fig. 16. Any spring in normal 
service is continually changing its curvatwro as it 
deflects and rebounds, and it is therefore evident 
that the caster angle is continually changing as the 
car is driven over a rough road. 

When the vehicle is loaded, the rear springs 
usually settle more than the front springs, so that 
the front-axle caster increases. Sometimes weak 
front springs take a reversed arch (deflect beyond the 
flat point) and cause the caster to decnvisc. 

Front-wheel brakes, owing to the rearward reac- 
lion of the braking force, tend to roll the bottom of 
the axle, rearwanl and the top of the axlo forward, 
thereby dccrcMUsing the caster angle, particularly if 
the spring clips are loose. 



Fin. 10 (left). Tho npindle of a vortical king pin (SwingB in n 
horizontal plane. Fig. 20 (right), The epindlo iti a cuHtered 
king pin HwingH on a HUinting plant) (A- A). 


When turning a comer, if there is no (taster, that 
is, if the king pin is vertical, as shown in Fi^^. 19, the 
spindle swings in a horizontal plane. By giving the 
spindle caster as shown in Fig. 20, the spindle rises 
as it swings forward and falls as it swings backward 
(along the line A-A). In .making a left turn, the 
left spindle tends to fall and the right spindle tends 
to rise. The spindle cannot actually rise or fall, be¬ 
cause the distance from the spindle to the road is 
always the radius of the wheel. What really does 
happen is that the left end of the axle will be raised 
and the right end will be lowered. The reverse is 
true when making a right, turn—or in general terms, 
whenever a turn is made, the inner end of the axle is 
raised and the outer cncl is lowered. The ultimate 
effect is to bank the car in the wrong direction as it 
rounds the curve. The force of gravity tends to 
right the car, so that it is not banked in either direc¬ 
tion. This effect causes the wheels t<3 return to 
straight-ahead position, automatically, if the steer¬ 
ing wheel is released. The front wheels are then 
again trailing behind their pivots (king pins). 

The effect of the amount of caster can therefore 
be understood. ( 1 ) Too little caster will cause 
wandering and weaving, as the steadying effect of 
trailing the pivot will be too weak. ( 2 ) Too much 
caster will cause hard steering around corners or in 


• Much of thci material in this subject of "Wheel Alignment 
Principles" was. derived from the copyrighted booklet, The 
Princxplen of Wheel Alignment, published by the Bear Manu¬ 
facturing Co., Rock Island, Illinois. This book and The Bear 
Service Manual may be obtained by readers of Dyke*a Auto 
Encyclopedia by sending SI .00 to this firm. See on page 1110 
where to obtain other literature and service manuals. 

’ Several illustrations under this heading are exaggerated in 
order to more clearly show the principles. 

*6ee Instruction No. 86, for subjects formerly on this page. 
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close parking, where the wheels must be cramped. 
Too much caster will cause low speed shimmy be¬ 
cause the swing back to straight-ahead position will 
be so violent that the wheels will swing past straight¬ 
ahead until they are headed in the opposite direc¬ 
tion, and this back and forth oscillation may con¬ 
tinue. 

Unequal caster (not the same on both sides) may 
be caused by a bent or twisted axle or by weak or 
broken springs. The unequal trailing effect pro¬ 
duces an abrasive action on the tires which causes 
them to become cupped or pitted. Other factors 
being equal, there is a decided tendency of the car 
to pull to the side having the lesser amount of 
caster. 

Proper caster angle tends to cause the wheels to 
follow smoothly without abrasive action on the 
tires. 

Front-axle radius rods, such as used with the 
transverse spring in Ford cars, provide a means of 
maintaining a rather fixed caster angle. Flexing 
and sagging of the springs causes less change in the 
caster angle (it is increased slightly). 

Knee-action cars using coil springs, as shown on 
Addenda, pages 36-33, control the caster angle by 
the position of the knuckle supports. Adjustment 
bolts are provided. The lower control arm with¬ 
stands most of the brake torque, so that application 
of front-wheel brakes causes no change in the ca.ster 
angle. As the springs flex, the spindles move 
straight up and down, they qo not roll, and there¬ 
fore the caster angle remains unchanged. 

The d'ank arm type of front-wheel susi)cnsion, as 
shown in Fig. 1 on Addenda, page 34, employs a 
different principle of caster. The wheel spindle (17) 
is about behind the king pin (2), and the wheel 
therefore actually trails behind the king pin. The 
caster angle for some cars using this type of front- 
wheel suspension is specified as 0”. 

Camber of Front Wheals 

Camber is the outward sloping of the front wheels 
at the top so that the distance between the front 
wheels is considerably greater at the top than at the 
bottom. It is probably the so<‘ond most important 
angle in wheel alignment. 



Fig. 21 (left). W^heel with straight spindle, without camber. 
Fig. 22 (center). Cambered wheel. Spindle is inclined. 

Fig. 23 (right). A cambered wheel tends to roll outward like 
a cone. 


top of the wheel twist in the direction of the arrow 
(Bb As can be seen, this action causea binding at 
both the top and bottom of the king pin, and conse¬ 
quently would cause hard steering. In Fig. 22 the 
fine of action of load (L) p^es through the point 
(C); there is no distance (D), therefore there is ho 
twisting action on the wheel and no binding on the 
king pin. 

Another desirable result of camber is the effect of 
the forces exerted on spindle nut (N). In Fig. 21 
the twisting action of the wheel produces an out¬ 
ward force on the spindle nut (N), and the front 
wheel could easily be thrown off if the nut worked 
loose. In Fig. 22 it can be seen that the load tends 
to hold the wheel on the spindle even though the 
nut (N) were removed. 

Front-wheel brakes produce a reaction which is 
resisted by camber. If front-wheel brakes were ap¬ 
plied in Fig. 21, the reaction of the road would exert 
a backward-acting force on the tire at (C). This 
would cause the wheel to pivot on the king pin in 
a backward direction, tending to shorten the tie-rod 
and l^ending it. Another trouble would result from 
unequal bra Icing force between the two wheels as the 
cor would dive toward the side with the most severe 
(tightest) brakes and would dart from side to side 
as the linings came into contact with the drums. 

It can therefore be seen that camber reduces the 
strains on the steering system. 

The effects of camber on the steering action of 

the vehicle are somewhat complex. A wneel which 
is vertical will tend to roll in a straight line, but a 
wheel which is tilted or cambered will tend to curve 
toward the direction to which it is leaning. The 
bicycle-rider who removes his hands from the handle 
bars will travel straight ahead as long as he keeps 
the bicycle vertical; but if he leans to the right, the 
bicycle will curve to the right. The same effect can 
be seen by rolling a coin on a table. While the coin 
is vertical, it rolls straight; but when it leans to one 
side, it rolls in a curve. 

The cambered wheel, Fig. 22, will roll outward 
like a cone with its apex (tip) at point (A). It will 
roll like the cone shown in I4g. 23. When driving 
straight ahead, the right wheel therefore tends to 
turn to the right and the left wheel tends to turn to 
the left. The two wheels acting against each other 
tend to scuff the tires sideways. Should the camber 
be unequal, the vehicle would tend to roll in the 
direction ot the wheel having the greater camber, 
resulting in scuffing away the tread of the opposite 
tire. These difficulties must be offset by other 
alignment angles. 

When making a turn, the inside cambered wheel 
is banked in the right direction, to brace itself against 
the sideways thrust, which forces the car into the 
turn. The outs^e wheel, on the contrary, leans in 
the wrong direction, thereby imposing a considerable 
downward bending force on the spindle and axle. 
This force is further increased because most of the 
axle load is shifted to the outside wheel. This diffi¬ 
culty, also, must be offset by other alignment angles. 


The purpose of camber is to bring the point of 
road contact with the wheel closer to the point 
directly imder the load. In Fig. 21 the weight of 
the car is transmitted to the axle through the springs 
at (W). This weight is transmitted by the axle to 
a load (L) on the spindle. The downward force 
(L) is transmitted to the road at (C), The distance 
from (L) to (C) is (D). This distance (D) produces 
a twisting effect on the wheel, tending to make the 


The effect of load on cambered tires, particularly 
on balloon tires, is shown in Fig. 24. The camber 
causes the tire to roll on a number of different 
diameters, three of which are shown by dotted lines 
(A), (B), and (C). The center diameter (B), being 
the average, establishes the speed at which the 
wheel revolves. The outside diameter (A), being 
smaller, tends to cover less distance per wheel revo¬ 
lution; and the inside diameter (C) tends to cover 


See SuppUmentary Index for *TlaneUry traoemission, principle of” formerly on this page. 
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more. These differences in tendencies cause tire 
slippt^e on both inner and outer diameters and 
explains why an underinflated tire shows little wear 
at the center of the thread but considerable scuffing 
at both edges. 



Fig. 24 Effect of cumber on a loaded tire. 


Fig. 25 (center). Wheel with camber but without any cu«(er. 

Fig.* 26 (right). The axle aHsembly in Hg. 2.” rolled over 
90°; thereby ^iminatiiig the camber. 

The relation between camber and caster is shown 
in Figs. 25 and 26. Fig. 2.5 shows a <!arnl)tTc<l wheel 
without any caster. In Fig. 26 tlie entire axle as¬ 
sembly has been rolled over, so that the top of the 
axle faces toward the rear of the car. The king 
pin is therefore hori^^ontal or has been given a caster 
angle of 90°. The wheel is now vertical; it do(‘s not 
lean in either direction, that Ls, it now has no camber. 
By changing the ca.ster from 0° to 90°, the camber 
has therefore been reducecl from its maximum to 0°. 
It is equally true that any change in caster angle 
makes an indirect change in caml)er. 

In the regular solid axle, whenever one wheel 
is raised bv piussing over an obstruction, the entire 
axle assembly is tilted, thereby changing the (^arnlx'r 
of both wheels because both spindles are fastened 
to the axle I-beam, 

Independent front-wheel suspension does not act 
in the same manner. In the articulated type of 
axle (Fig. 1, Addenda, p. 36), no change takes 
place in the camber angle as the wheels arc raised 
or lowered. The same holds true of the crank-arm 
type (Fig. 1, Addenda, p. 34). In the link parallelo¬ 
gram type (Addenda, pp. 30-33), the camber angle*, 
changes somewhat, and it is possible to allow for 
individual action of each wheel and yet maintain 
constant tread. 

Front-Wheel Toe-In 


Toed-in wheels are closer together at the front 
than at the rear, as shown in Fig. 27. Toe-in is ac¬ 
complished by adjusting the length of the tie-rod. 



Fig. 27. Toe-in of the front, wheels means that the front 
whe^s are closer together at (A) than at (B) (checking in center 
of tread). 


By giving the front wheels cumber, they tend to 
roll outward like cones, as shown m Fig. 2^. By 
giving the front wheels toe-in, the points of the cones 
are brought forward of the axle as shown in Fig. 29; 
and, as can be seen, the cones must first roll inward 


Ijefore they start rolling outward. By keeping the 
points of the cones continuously forward just the 
right amount, the tendency to roll either outward 
or inward is onset and they will roll straight forward. 
In tlie same way, if each front wheel has its spindle 
inclined forward the correct amount, they wdl roll 
straight forwjird. From this, it can bo seen that 
one purpose of toe-in is to offset the tendency of 
the wheels to roll outward. 



Fig. 28 (loft), (timbered wheels roll outward. 

Fig. 29 (right). Toe-in offsot.i the outward-rolling tendency. 


As shown in 1 ig. 21, camber brings the load upon 
the «>utcr shouhlcr of the tire. l:ly toe-in, the for¬ 
ward motion of the car forces the load back upon the 
center of the tire. 

The purpose of toe-in may thcri’fore be considered 
a.s the clunination of the undesirable ellects of 
camber when driving straight ahead. 

It has been explained that tlie correct amount of 
loe-iii depends ori the camber and also that any 
change in caster will affect the camber. On account 
of the relationship between those three angles, a cai 
may have wrong toe-in; but toe-in should not bo 
checked or corrected until both the angles of caster 
and camber have been gauged and adjusted. 

King-Pin* Inclinalion 

King-pin inclination means the angle at which 
the king pin a|)pears to be tilted wlum viewed from 
the front of tiu* car, as shown in I5g. 30. 



l-'ig. 20. King-pin inclination mruuM tlmt the ton of the king 
pin iM cloHcr to the router line of the car Uian the bottom. 

It has been exjGained that the purpose of camber 
is to bring the contact point of the tire directly in 
line with the king pin. Whon largo wheels were 
used and before the adoption of four-whed brakes, 
this could be done with a comparativ(*lv small cam¬ 
ber angle (C), as slu>wn in Fig. 31. \\ ith the intro- 



Fig, 31. A’ small camber angle (C) can be used with Urge 

wheels. 

Fig. 32, Smaller wheels cau.se an increase in camber angle 
(C). 

Fig. 33. Front-wheel brake drums cause a further increase 
in camber angle (C). 

Fig. 34. King-pin inclination (I) reduces the amount of 
camber (C). 

iThe 8.A.E. name for “king pin“ is “steering-knuckJe 
pivot.” See page 898. 


^ next Instruction No. 85 for Model ”T” Ford subjects formerly on these pages. 
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duction of balloon tires and smaller wheels, it 
would have been nece^ary to increase the camber 
angle (C) if the king pin were to remain vertical, as 
shown in Fig, 32. The application of a brake drum 
to the front wheel required an increase in the length 
of the spindle, as shown in Fig. 33. This would 
cause still a further increase in the caml>^ angle 
(C), as can be seen in Fig. 33. To avoid the neces¬ 
sity of an excessive camber angle, as shown in Fig. 
33, the king pin is inclined at an angle (I), as in 
Fig. 34. Note that the contact point of the tire in 
Pig. 34 is still in line with the king pin but that the 
camber angle (C) is quite small. 

The purpose of king-pin inclination is therefore 
the same as the purpose of camber but avoiils the 
necessity of excessive camber with small wheels and 
long spindles. 

A desirable effect on steering is also produced that 
is not present in axles having a non-inclined king 
pin. It was shown in Fig. 20 that the caster angle 
in an axle not having an inclined king pin caused the 
inner spindle to fall when turning a corner. As the 
st/coring knuckle turns, the end of the spiiKile moves 
in an inclined straight line (as viewed irom the side 
of the ear) as shown at (A-A) m Fig. 20. With an 
inelined king pin without caster as shown in Fig. 35, 
the end of the sjiinfllc swing.s in a curve (B- B) (as 
viewed from the side of tlic car). 



^ rnoNT I 

INSIDE 
I SPINDUC' 


ou rsiDK: 

hMINULE 



Fig. 35 (loft). Kini?-piii inclination oauROH the spindle to 
swing in a curve. 

Fig. 30 (right). The line (H H) is horizontal. The line 
(A-A) is the path of a spindle having caster but no king-pin 
inclination. The line (B-B) is the path of rf’spindle having 
kin«-pin inclination but no castor. The line (C-C) is the 
path of a spindle having both caster and king-pin inclination. 


This causes the spindle to drof) (actually ctiusca 
the axle to rise) as the wheel is turned in either cliret;- 
tion. The weight of the ear will naturally cause 
the axle to drop to its lowest point (spindle at 
highest point on curve [B-B] which occurs when the 
wheels are straight ahead. King-pin inclination 
therefore assists caster in keeping the wheels steady 
in straight-ahead position and helps to straighten 
the wheels after a turn is completed. 

As king-pin inclination causes both the outside 
and inside spindles to fall when turned in either 
direction, it causes an increase in the camber of 
both the outside and the inside wheel. The path 
of the spindles is shown by the curved line (B-B) in 
Fig. 36. As already explained, the effect of the 
caster angle is to cause the outside spindle to rise 
along the lino (A-A) in Figs. 20 and 36 and to cause 
the mside spindle to fall along the line (A-A). 
Caster will then cause a decrease in camber of the 
outside wheel and an increase in camber of the in¬ 
side wheel. By combining caster and king-pin 
inclination, the end of the spindle travels in the path 
(C-C), as shown in Fig. 36. The inside spmdle 
fails considerably, and the camber is considerably 
increased. The outside spindle tends to be lowered 
by the king-pin inclination and raised by the effect 
of the caster. The result of the offsetting tenden¬ 
cies is to cause the outside spindle to swing almost 
level. 


Since the inside spindle cannot actually fall, the 
inside end of the axle is actually raised, thereby 
banking the axle in the opposite direction of the 
turn, which is the purpose of caster. As the outside 
spindle s^ngs nearly horizontally, the outside wheel 
remains in a nearly vertical position. The inside 
wheel is therefore banked in the proper direction to 
roll around the curve easily while the restraining 
camber of the outside wheel is very small. The 
final result is that the car rolls easily aroimd the 
curve. 

The spindles do not rise and fall as much as indi¬ 
cated by the exaggerated illustrations. The actual 
amount is often not over 5/16"; yet it is quite im¬ 
portant that the angles be correct. It is therefore 
important that accurate devices be used to check 
the king-pin inclination. Checking both the king¬ 
pin inclination and the camber will show whether 
the axle, spindle, or knee-action unit is bent. 


Turning Haciiiis (Toe-out on Curve) 

To make a turn, it is necessary that the inside wheel 
swing through a greater angle than the outside wheel. 
To accomplish this, the stccring-knuckle arms are 
inclined toward each other, as shown in Fig. .37 and 
as explained ou page *10. The sharper the turn, 
the greater will be the difference between the angles 
and the greater w ill be the distance that tlie wheels 
spread apart. In tlieir full cramped position, tliey 
may toe-out as much as 3-5". On ears cquipiied 
with an intermediate steering arm, as shown in Fig. 
2, Addenda, page 31, the bx'-out is also increased 
by the shortening effect of the tie-rod as the wheels 
are turned. 
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KNUCMLE SPINDLE 



Fig. 37. Front-axle aNsembly. 


After caster, camber, toe-in, king-pin inclination, 
and tracking have been adjusted to the correct 
specifications, the turning radius angle should be 
checked. Car manufacturers specify the correct 
amount of toe-out when the wheels are turned 
through a certain specified angle. Both spindle 
arms must be inclined the same and the correct 
amount, so that correct totvout will be maintained 
when turning in either direction. Too much toe-out 
indicates that the spindle arm is inclined too much, 
and too little toe-out indicates that the spindle arm 
is too nearly square with the wheel spindle. 


Rear-Wheel Alignment, Tracking 

Rear wheels should have neither camber nor toe- 
in, but it is necessary that proper tracking be ob¬ 
tained. Correct tracking is obtained when the rear- 
wheels tend to travel straight behind the front 
wheels, that is, when the centers of both front and 
rear axles are on the center^line of the vehicle and 
both axles are perpendicular to this center line. 
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There are four distinct causes of improper track¬ 
ing, as shown in Figs. 38*^1, each of which will 
cause tire scuffing and difficult steering. These il¬ 
lustrations show how misalignment can be detected 
by a tracking gauge.^ The gauge points are ad¬ 
justed to touch the center of the front spindle and 
two points of the rear wheel felloe on the right side 
of the vehicle. The gauge is then transferred to 
the left side of the vehicle without disturbing the 
adjustment of the points. Misalignment is then de¬ 
termined, as described under each illustration. 



Fig. 38 (left). Swung rear end. A and B are equal. C and 
D are not equal. Gauge point fails to tourh rear wheel felloe. 
Dietancea M to N and O to P arc not equal. 

Fig. 39 (right). Swung front end. A and B arc not equ.al. 
C and D are equal. Gauge points cheek OK on rear-wheel 
felloes. Distances M to N and O to P are not equal. 

A swung rear end can be caused by the rear axle 
housing slipping on the spring, by weak springs, by 
broken springs. In this position (Fig. 38), the rear 
wheels tend to run to the right, causing the car to 
tend to turn to the left. To offset this effect, the 
driver turns the front wheels to the right, and the 
improper position of the wheels will cause tire 
scuffing. 

A swtmg front end is a very common occurrence, 
often caused by bumping the right wheel against 
the curb when parking, thereby slipping the front 
axle on the spring. This condition might also be 
brought about by a weak or broken spring or bent 
frame horn. The front wheels in Fig. 39 will turn 
the vehicle to the right, and consequently the driver 


Fig. 40 (left). Swayed frame. A and B are equal. C and 
D are equal. Gauge point fails to touch rear wheel felloe. 
Distances M to I? and O to P are not equal. 

Fig. 41 (right). Diamond frame. A and B are equal. C 
and D are eauhi. Gauge point fails to touch rear wbe^ felloe. 
DistaBcas M to N and 0 to P are equal. 


will steer to the left. If the left wheel is brought 
into alignment, the entire scuffing action will be 
placed on the right front tire. Usually, both front 
tires will show considerable wear. 

A swayed frame may exist even though both axles 
are in correct position on the springs. The tendency 
in Fig. 40 is for the car tx) travel to the right, and 
constant steering to the left will cause tire scuffing. 

The diamond frame is the most difficult tracking 
misalignment to detect. Both axles are in proper 
position on the springs, and the distances from front 
.‘jpindles to center of rear axle are the same on both 
sides. The tendency in Fig. 41 is for the rear wheels 
to run to th(^ left, thus pushing the front end to the 
rigjit. The front wheels also have a tendenejr to 
run to the left, so that the direction of the car might 
remaiii time; but all four tires would be severely 
scuffe<l. 

Misalignment of tracking causes a disturbance in 
the. functions of the various steering angles which 
may be dangerous. 

Overloaded trucks may bend the rear axle so that 
the rvi\r whe<'ls liavo reverse camber, which would 
cauKc them to roll iinvard. As tliero is no toe-out to 
reduce this f‘ITect, serious tin^ wear results. 

l)rag-l.iiik‘ Alignment 

Tile forward end (B) of the drag link (Fig. 42) is 
fastened t-o the. stisa’ing arm of the steca ing knuckle 
and therefore moves with the front axhu As the 
spring flexes and rebounds, the front axle and the 
end (B) of the drag link move up and down. The 
rear end of tlio drag link (E) (h"ig. 42), however, 
nunains stationary with the frame as it is fastenecl 
t<j the I’itman arm^ (P), which is jiart of tlie stcicring- 
gear assembly that is liolled to the frame. 





Fig. 42. Front Rpring with fthaokle (S) at rear. Drag link 
aligned with spring eye (A). 

The most common arrangement of front-spring 
suspension and drag link is shown in Fig. 42. The 
spring is shackled at the rear, and the drag link 
moves fore and aft (forward and rearward). As the 
spring flexes, the axle and the ball (B) of the steer¬ 
ing arm move upward in nii arc (C) having its center 
at the spring eye (A). If the Pitman arm (P) were 
to remain stationary, (E) would remain stationary. 
If (E) were to remain stationary and (B) were to 
move upward, the drag link would revolve on the 
arc (D) with (E) as its center. This is impossible 
because (B) is fastened t/O the axle, and it must there¬ 
fore actually move in the arc (C) and assume some 
position as at (G). Now note that if (B) moves to 
(G), the end (E) must move to (H), thereby moving 
the. Pitman arm (P) forward as shown by tne dotted 
lines. If the spring deflection is so great that the 
movement exceeds the play in the steering system 
and steering gear, a sharp jerk will be transmitted to 
the steering wheel. 


1 llluatrations from Bear Mfg Company’s copyrighted booklet 
The Principles of Wheel Alignment showing the Bear tracking 
gauge No. 60. * The 8.A.E. name for "drag link** is “steering- 
gear connecting rod.” * The 8.A.E. name for "Pitman arm" 
"steering-gear arm." See also page 898. 
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Drag'link alignment means that the drag link 
lines up with the spring eye as shown in Fig. 42, 
that is, the points (A), (B), and (E) are all on a 
straight line. If the center line of the drag link is 
not in line with (A), misalignment exists, as shown 
in Fig. 43. 



f'ig. 43. 1>rag link out of line with upring eye (A). Shackle 
at rear. 

When drag-link misalignment occurs, the angular 
movement of the Pitman arm is increased. Fig. 43 
shows the same arrangement as in Fig. 42 except 
that the drag link is not properly aligned; the points 

(A) , (B), and (E) are not on the same straight line. 
The amount of spring deflection (the distance from 

(B] to [G]) is the same in both illustrations. Note, 
however, that the Pitman arm is moved forward a 
greater amount in Fig. 43 than it is in Fig. 42. 
S’or the same amount of spring deflection, the steer¬ 
ing-wheel jerk will be much greater if the drag link 
is out of line. 

Misalignment can be caused by sagging front 
springs. To line up the drag link, the front springs 
should be re-arched or the steering arm ball (B) 
should be lowered, perhaps necessitating bending 
the arm. 



Fig. 44. Front npring with shackle (S) at the front. 


Some automotive vehicles are constructed with 
the front spring shackle (S) at the front and the 
stationary eye bolt (A) at the rear, as shown in 
Fig. 44. The arcs (C) and (D) are quite close, and 
consequently considerable flexing of the springs is 
possible without sufiScient drag-link movement to 
exceed the play in the mechanism. The same 
amount of spring deflection (the distance from [B] 
to [Gp is the same in Figs. 44 and 42. In Fig. 44 
the Pitman arm (P) moves much less than in Fig. 
42. Conseouently, steering-wheel jerk is less likely 
to occur witn this arrangement. 

With a transverse front spring and a front-axle 
radius rod as used on the Ford car, the arc of the 
drag link is very close to the arc of the radius rod, 


and considerable spring flexing can occur without 
steering-wheel jerk. 

Other arrangements of the drag link besides the 
conventional fore-and-aft arrangement as shown in 
Figs. 43 and 44 are cross steering, as illustrated in 
Fig. 5 (p. 10) and center control steering. Center 
control steerine may use a fore-and-aft steering-gear 
connecting rod (drag link), as shown in Fig. 2 of 
Addenda, page 31; or it may use a cross-steering 
drag link, as shown in Fig. 2 of Addenda, page 32, 
and on Addenda, page 33. 

Independent front-wheel suspension permits con¬ 
siderable spring flexing without wheel jerk. In Fi^. 
1 (Addenda, p. 31), the lower susf)ension arm is 
anchored to the frame, and the centers of the tie- 
rods also are anchored to the frame through the 
intermediate steering arm. The arcs of these two 
parta are quite close, as can be visualized by exam¬ 
ining the illustration. In Fig. 1 (Addenda, p. 33) 
the arc of the lower cont’-ol arm (48) is very close to 
the arc of. the steering tie-rod (112). In Fig. 1 (Ad¬ 
denda, p. 34), as the king-pin support (2) and 
consequently the steering arm (20) are fastened to 
the frame, up-and-down movement of spindle (17) 
does not affect steering connecting rod (drag link). 


Front-spring steering road-shock eliminators or 
kick shackles are used on some cars to offsc^t steering- 
wheel jerk. They consist of devices that permit 
movement of the otherwise stationary spring eye 
(A) (Figs. 42, 43, and 44) so that the ball (B) is not 
forced to move on the arc (C) but can move along 
the arc (D) or near to it. The jerk to the drag link, 
Pitman arm, and steering wheel is therefore elimi¬ 
nated or reduced. The shock eliminator consists of 
a spring-loaded shackle. When on smooth pave¬ 
ment, the small springs (usually coil springs) in the 
shackle hold it stationary, so that it acts as the usual 
stationary spring eye; but a severe bump will over¬ 
come the restraining effort of the kick-shackle 
spring and the kick shackle will swing, thereby 
permitting movement of the end of the re^ar front 
spring. If the front springs are equipped with regu¬ 
lar shackles in the rear (as in Fig. 42), the road- 
shoek eliminator (kick shackle) is placed at the front 
of the left front spring. If the front springs are 
equipped with regular shackles at the front (as in 
Fig. 44), the road-shock eliminator is placed at the 
rear of the left front sT)ring. 



Fig. 44A. Front 
spring steering shock 
eliminator (DeSoto 
82, mounted at the 
front end of left front 
spring). 


STEERING TROUBLES AND THEIR CAUSES 


Steering troubles may be listed as: 

1. Shimmy. 

2. Pull to one side. 

3. Wander or weaving. 

4. Hard steering. 

5. Jerky steering or road shock. 

6. Tire wear. 

Some of these troubles are caused by the tires, 
wheels, or springs; and some are causecl by defects 
in the mechanism of the steering system illustrated 
in Fig. 1, p. 898. Following causes of steering 
-trouble are iriven to oromote understanding of the 


subject. They may be used to assist diagnosis but 
should not be relied upon for that purpose. To 
assure correct diagnosis of troubles, every part of 
the steering system should be inspected and every 
alignment angle should be measured with reliable 
equipment. 

Shimmy 

Shimmy is an excessive* vibration of the front 
wheels from side to side or up and down, cauainig 
a jerky motion of the steenng wheel. Up-aneP 
down motion is sometimes called tramp. There are 
several types of shimmy. 
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Low-speed shimmy occurs at speeds less than 
about 30 m.p.h. and is usually caused by excessive 
caster, as explained under the subject of caster. It 
may caused by excessive looseness in any part 
of the steering system. Increasing the ^eed of the 
oar will usually stop low-speed shimmy. The steering 
knuclde should be reset to the prof^r caster angle, as 
explained under “Steering Remedies” later. 

High-speed shimmy occurs at speeds above about 
35 m.p.h. and may be caused by any of a number of 
factors, as follows: 

1. Low or unequal tire prt;ssare sets up a vibra¬ 
tion. 

2. Unequal resiliency of tires sets up a vibration. 

3. IJnbdanced front wheels, owing to the centri¬ 
fugal force of the heavy portions, cause the wheels 
to bounce excessively. 

4. Radial run-out of tires. 

5. Improperly acting shock absorbers fail to snub 
the springs and permit excessive spring oscillation. 

6. Springs that are too flexible may be weak or 
may have broken leaves. 

7. Loose wheels or loose steering connections. 

8. Incorrect to(?-in. 

Critical speed shimmy is noticeable at certain 
definite speeds. 'W hen the speed of the car is slightly 
decreased or increased, the sliimmy may disapix^ar 
but reoccurs whenever the car is again brought to 
that same partic\ilar speed. It is usually the result 
of some part of the steering system vibrating in 
harmony with some other part of the car, such as the 
engine. The vibration is usually very slight, is not 
very serious, but is very difficult to eliminate. 

Shimmy that developes after lubrication of the 
steering system and steering gear is evidence that 
parts should be checked for wear or looseness. 

Pull lo One Side 

The most likely causes of the car i)ulling to one 
side are: 

1. Unequal camber. 

2. Unequal caster. 

3. Unequal tire inflation. 

4. A dragging brake. 

5. Tight wheel bearings. 

6. Improper tracking. 

7. One rear wheel cambered. 

Wander or Weaving 

Wandering or weaving is gradual swinging of the 
car to one side of the road or the other. It may 1x5 
produced by any of the following causes, many of 
which l^ve already been explained. 

1. InsuflBcient or reversed caster. 

2. Excessive tightness in any part of the steering 
system that overcomes the steadying effect of the 
caster so that the driver steers first to one side and 
then to the other side. 

STEERING 

The various means employed to correct steering 
troubles may be classified as; 

1. Correcting troubles in the steering gear. 

2. Correcting looseness in the steering system. 

3. Correcting tightness in the steering system. 

4. Maintenance of wheel bearings. 

5. Balancing wheels. 

6. Correcting misalignment of wheels. 


3. Excessive play in the steering system destroys 
the driver’s control, so that he must mo\'e the steer¬ 
ing wheel an excessive amount before there is any 
turning of the front wheels and then the action oc¬ 
curs so suddenly that the V(‘hicle darts into a turn 
that is greater than desired. The result is steering 
first in one direction and then in the other. 

4. Unequal caster. 

6. Unequal camber. 

6. Unequal tire bulge. 

7. Improper tracking. 

8. Underinflation of rear tires. 

9. Incorrect toe-in. 

ilurcl Steering 

The causes of difficulty in steering arotmd turns 
are: 

1. Excessive caster. 

2. X twisted axle. 

3. Improper camber. 

4. Unequal or reverse camber (owing to l)ent 
axle or to worn king pin bearings or bushings). 

5. Excessive tightness in the steering system. 

Low or unequal tire inflation. 

Jerky Steering (Houcl Shock) 

Quick jerks are sometimes felt on the steering 
wheel when driving over rough roads. They are 
caused by: 

1. Misaligned drag link. 

2. Excessive spring flexibility. 

3. Too much or too little tension on road-shock 
eliminator. 

Tire Wear 

Tire scuffing is abrasion of the entire tread |is it is 
dragged over the road surface instead of rolling on 
it evenly. It may be caused by incorrect toe-in, im¬ 
proper tracking, or possibly, but not very likely, i)y 
incorrect turning radius. 

Shoulder wear (excessive wear on one side of the 
tread) is caused by incorrect camber. 

Pitting or cupping (cuplike depressions around the 
tire) is caused by unequal caster from a twisted 
axle or by underiiiRation of the tire. Slight cupping 
on the shoulder of the tire may be caused by incor¬ 
rect toe-in. 

Several worn spots are usually due to a wobbly 
wheel. 

One worn spot is usually caased ))y an unbalanced 
wheel. 

Uneven wear may be caused by springs that are 
too flexible, permitting too great a variation in 
caster, caml^r, and toe-in. 

Brakes that chatter or that lock the wheels will 
cause tires to skid and they usually wear in one spot. 

REMEDIES 

Correcting Steering-Gear Troubles 

The adjustments of several models of steering 
gears have been described in the early part of 
Instruction No. 75, pages 898-910. 

Steering-wheel pull is specified by some car manu¬ 
facturers as a means of checking the steering-gear 
adjustment. The test is made by disconnecting the 
drag link, attaching a spring scale to a steering-wheel 
spoxe near the staring-wheel rim, and noting the 
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pull required to move the wheel through the tight 
spot (usually at mid-position). Some examples of 
these specifications for 1934, 1935, and 1936 cars 
are: Pontiac 1 3/4 to 2 1/2 lb.; Chevrolet 1 3/4 to 
2 1/4 lb.; Cadillac 2 1/4 to 2 3/4 lb.; Packard “120" 
2 1/2 to 3 lb.; Buick, 1934, specifies 2 1/4 lb. and 
Buick, 1936, specifies 2 lb. Some manufacturers, 
in addition to specifying the pull on a completely 
assembled gear, ^so sixjcify the pull when the sector 
or roller is out of rnesh with the worm, so that the 
worm thrust adjustment can be checked. 

Centering steering gears: As has been stated 
under the subiects of steering-gear adjustments, the 
car wheels should be in straight-aheiid position 
when the steering gear is in mid-position. After 
connecting the drag link, this may not be found to 
be the case. Several cars are equipped witli 
adjustable drag links to permit ac^curate setting. On 
some cars, one drag-link end is screwed to the drag 
link, while on some others spa(!ers are inserted l)o- 
hind the ball seats of the drag-link end to adju.st 
its effective length. 

A complete inspection and perhaps overhaul of the 

stexiring gear is advisable after several thousand 
miles of service. This procedure includes removal 
of the steering gear from the car, disass^unbly of the 
gear, inspection for worn or cracked parts, and the 
replacement of worn or defective parts. Special as¬ 
sembly tools and reamers are often required. 

Correcting Looseness in the Steering System 

The steering-gear connecting-rod ends (Fig. 45) 
are cquip)ped with socket joints that fit the balls on 
the steering-gear arm (Pil inan arm) and the steering- 
knuckle gear-rod arm (see lig. 1, p. 898). 



Fig. 45. Socket joints on the steering-gear connecting rod 
(drag link). {Illustration from 1935 and 1036 Pontiac Shop 
Manual.) 


The two ball seats are pressed against the ball by 
a spring (some drag-link ends have tw'o springs, one 
against each seat). The aj)ring tension can be 
adjusted by the screw end plug that is tlireaded to 
the drag link. 



i’ig. 46. Adjusting the steering-gear connecting-rod socket. 

Adjustment of steerin|;-gear connecting-rod 
sockets is accomplished by tightening the end plugs, 
as shown in Fig. 46. The joints should occasionaUy 
be disassembled, thoroughly cleaned, and inspected 
for worn or broken parts. Some manufacturers 
specify the minimum length of the springs (when 
free) so that they can be measured and replaced if 
they have lost their elasticity. When reassembling 


the joints, be sure that the wide openings or notches 
in the ball seats line up with the neck of the ball, 
so that full movement is possible. Check their 
position again after adjusting the end plugs to make 
sure that they have not turned. After reassembling, 
the adjusting end plugs should be tightened until 
absolutely tight and then backed off. The amount 
that they should be backed off varies with different 
cars (from the first cotter hole to four or more 
turns), and consequently car manufacturer’s in¬ 
structions should be followed. It is very important 
to replace the cotter pin or locking device. The 
joints should then bo properly lubricated. 

The steering ball is the ball on the steering-knuckle 
gear-rod arm onto which the drag-link socket fits. 
There is a great thrust exerted on this ball when 
the car is in motion, and therefore the nut securing 
it to the arm should be drawn up occasionally and 
locked. The balls on some steering-gear arms (Pit¬ 
man arms) arc similarly fastened and should be 
similarly chec^ked. 



Fig. 47. Evolution of improvements made by the Timken 
Co. in the steering ball. From (1) which la integral with the 
arm to (6) which haa a tapered ahank but no shoulder and can 
be drawn up tightly to its aeat. 


Tie-rod ends should be tested for looseness by 
jacking up the front axle and pulling the wheels 
toward each other, as illustrated in Fig. 48. 



Fig. 48. Testing for looaeneBs in the steering system. {Il¬ 
lustration from Ford Service Bulletin.) 

There are several kinds of tie-rod ends. Some 
are equipped with yokes, pins, and bushings, as 
shown in Fig. 1 (p. 898) (see also Fig. 90, p. 953^ 
Some have ball and socket joints quite similar to 
the steering-gear connecting-rod ends shown in Fig. 
45 and are adjusted in the same way. Some tie-rod 
ends consist of a bearing stud in a split bushing 
which is compressed by a rubber core. Some are 
mounted in ball beanngs. Some types are ad¬ 
justable, and others must be replaced when worn. 
Some types require frequent lubrication, some re¬ 
quire very little lubrication, and some require no 
lubrication. It would require too much space to 
cover, in detail, all types. Manufacturer’s instruc¬ 
tions should be obtained. 

Loose steering-knuckle arms are sometimes en¬ 
countered. The test illustrated in Fig. 48 can be 
used. If loose, the steering arms should be removed, 
inspected for sheared or worn keys, replaced, the 
nuts securely tightened, and new cotter pins in¬ 
stalled. 

Loose steering-knuckle bushings or bearings 
(king pin bushings or bearings) cause looseness in 
the steering system. The* test and correction for 
this condition will be discussed later. 
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Loose wheel bearings are also a cause of loose¬ 
ness in the steering system and will be discussed 
later. 

Intermediate steering arms, as used on cars with 
center steering control, are mounted on tapered 
roller bearings as shown at (65) and (67) on Addenda 
page 33, or are mounted on ball bearings or on 
straight roller bearings. Some types are adjustable 
by means of tightening the nut on the bearing 
shaft; some are adjusted by removing shims; and 
some are not adjustable. Some manufacturers 
specify the ^‘preloading’* (for example, 1 to 2 lb.), 
tested by means of disconnecting drag link and tie- 
rods and then pulling on the drag-link ball with a 
spring scale. 


Correcting Tightness in the Steering System 

The most common cause of apparent tightness in 
the steering system is lack of lubrication. Points in 
the steering system thst usually require lubrication 
are the steering gear, drag-link sockets, tic-rod ends, 
and steering-knuckle bushings or bearings. On cars 
equippe<l with center-(X)ntrol steering, the bearin^p) 
of the intermediate steering arm should be lubricated. 

Tightness may also be due to actual bindixig of 
the parts owing to iinjiroper adjustment of the 
steering gear, misalignment of the steering column, 
or improper adjustment of the various joints of the 
steering sy.stem by tit ting them too tightly. It may 
be summed up as th.e iminoper adjustment of the 
various parts discussed under “Correcting Looseness 
in the Steering System.^’ 


WHEEL BEAKINCS 


The wheel bearings are the means of contact be¬ 
tween the wheels and the (diassis. They not only 
provide a rolling contact between wheel and axle 
but also are the means of holding the wheel in ])rop<M- 
position on the axle. They therefore must not only 
carry the weight of the vehicle hut are also an im¬ 
portant factor in maintaining proper wheel align¬ 
ment. 

Front-Wheel Bearings 

Both radial and thrust loads must be withstood 
by front-wheel bearings, ('arrying the w(‘ight of (he 
vehicle produces the normal radial loads on the bear¬ 
ings. When a vehicle traveling at high spe(*d slrik(*s 
a bump in the road or any otluT kind of obstruction, 
the resulting shock ])roduces very high radial loads. 
Thrust loads arc produced whenever the vehicle is 
turning a curve. The thrust on the outsider wh(‘el 
tends to force it farther onto the si)indlo, and the 
thrust on the inside wheel tends to for(;e it off tlu? 
spindle. The higher the speed or the sharper the 
curve, the greater will be the thrust, it can tliorc- 
fore be readily seen that the froiit-wh(‘cl bearings 
are sul)jectcd to very S(^verc forces and that their 
proper maintenance is essential to safety and comfort 
in driving. 

Two types of front-wheel bearings are in common 
use, namely, tapered roller bearings and ball bear¬ 
ings. All tapered roller bearings can withstand 
both radial and thrust loads. Front-wheel ball bear¬ 
ings are of the angular-contact type, and therefore 
they also can withstand both radial and thrust 
loads. 



Fig. 49. Tapered roller front-wheel bearings in a typical 
front-wheel tt»»t*nibly. {Plyinoutk I*Si (uid I*J ) 


Tapered roller front-wheel bearings are shown in 
Fig. 49. This is a typical installation. 

Adjustment of tapered roller front-wheel bear¬ 
ings: The adjustment instructions vary slightly with 
different makes of vehicles, but the following direc¬ 
tions will apply in most cases. 

To test for loose front-wheel hearings, jam a we<lge- 
shaped wooden block between the steering knuckle 
and the axle endj as shown at (A) (Fig. 50); other¬ 
wise ]^lay in the king pin might be mistaken for loose- 
ne.ss in the wheel bearings. After taking this precau¬ 
tion, try to wobble the wheel as shown, which will 
permit feeling any lost motion. To test very heavy 
wheels (truck or motorcoach), a bar may be placed 
on the floor to pry upward against the wheel. The 
freaucncy with which the test should be made varies 
with different vehicles and with different operating 
conditions from every 1,000 miles to about every 
6,000 miles. 

See next Inetruction No. 85 for Model **' 


1. Steel wheel. 

2. Wheel brake drum. 

3. Wheel brake-support dust-washer retainer. 

4. Front-wheel bearing cup inner, 

5. Wficel hub bolt. 

(b Wheel hub cap. 

7. Front-wheel bearing cup -outer. 

8. Front-wheel bearing nut. 

9. Front-wheel hub grtjuse cap. 

10. Front-wheel bearing thrust washer. 

JI. Front-wheel bearing cone—outer. 

12. Front-wheel hvib. 

1.3. Wheel hub to brake drum stud rivet (pilot). 

14. Hub-cap spring clip. 

1.5. Wheel anci tire balance weight. 

10. Wheel and tire balance-weight screw, 

17. Wheel cylinder bleeder screw (hydraulic brake). 

is. Wheel cylinder bleeder screw cap screw (hydrauli(3 brake) 

19. Wheel cylinder assembly -“front - left (hydraulic brake). 

20. Steering knuckle and bushing assembly left. 

21. Front-wheel bearing cone—inner. 

22. Front-wheel hub dust seal. 

23. King-pin lubricant nipple. 

24. Wheel brake-support dust washer. 

25. Brake-shoe anchor bolt. 

26. Steering-knuckle arm—left. 

27. Wheel brake support. 

28. Wheel brake drum. 

' Ford subjects formerly on these pages. 
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Adjmtment vrocedurc Jtyr tapered roller frontrwJieel 
hearings: (a) .J:ick uj) whoels. (6) lleiiiove wheel 
hub cap (6) 40) and hub grease cap (9). (e) 

Keinove cotter jjin from wheel-bearing nut (8). (d) 

Take up on adjusting nut (8), at the same time re¬ 
volving wlieci, until there is a slight bind sufficient 
to gradually stop the wheel from spinning, (e) 
Loosen the adjusting nut sufficientlv to allow wheel 
to rotate freely without end play, which will he from 
the nearest cotter 1/12 turn to 1/2 turn, depending 
on the make of car. (/) Line up nut slots with 
cotter hole and instal now cotter pin. Note: Do 
not confuse ti^jht grease retainers or slightly dragging 
brakes for a tight bearing adjustment. 

liithricaiion of tapered roller front-wheel hearings is 
usually not required more frequently than twice a 
year, or about each 6,000 miles for passenger cam. 
For heavy-duty trucks and motorcoaches, the period 
of lubrication and inspection varies with operating 
conditions; and regular periods, based on mileage, 
should bo determined, (a) Remove hub cap (6) 
(Fig. 49), hub grease cap (9), and bearing nut (8). 
(6) Full wheel (1), hub (12), and brake drum (2), as 
an assembly, off the spindle (20), being careful that 
outer bearing (7 and 11) docs not fall to the floor; 
the inner bearing (21) may remain on the spindle, 
(c) Thoroughly clean bearings by hand in gasoline 
and insiiect them, (d) Repack bearings with new 
grease oy pushing the grease into all the spaces 
around the rollers and cages as each roffer is rotated 
by hand, (c) Inspect the seal (22) and the brake- 
suppert dust washer and retainer (24 and 3). re¬ 
placing them if worn or damaged. (/) Replace wheel, 
hub, and brake-drum assembly, (g) Adjust bearings. 

Lvhricani: A lubricant having a high melting-point 
should be used in order to avoid the possibility of its 
running out on the brakes. Wheel-bearing greases of 
the soda soap, or mixed lime and soda soap made 
from oils having a low cold test, have proved quite 
satisfactory. Its texture shoultl be a smooth short 
fiber. Long-fiber, stringy universal-joint greases 
are not satisfactory. 

Note: In removinR very large heavy front wheels, as on 
trucks and motorw^aches, it is advisable to first remove the 
wheel nuts (5) and the wheel (1) with the tire: then the lighter 
assembly consist i mb of brake drum (2) and hub (12) can be 
more easily handled. Instead of locking the adjusting nut with 
a cotter pm, a double nut with locking washers is usually used 
on trucks. 

Inspection and replacement of tapered roller bear¬ 
ings: (a) Make sure that bearing cups ( 4 ) and (7) 
are not ridged or pitted, [b) Make sure that rollers 
on conos ( 11 ) and ( 21 ) are not ridged or pitted, (c) 
Make sure that thrust ends of rollers are not worn 
excessively, (d) Never install a new cone and 
roller assembly in a wornout cup. (e) If cone or 
roller assembly is badly worn or chipped, replace 
with complete new bearing with new cup. (/) The 
cup is a press fit in nearly all cases. Never instal a 
new cup in a wornout hub or housing, (g) Be sure 
the front wheel bearing nut threads are in ^ood con¬ 
dition and that the cotter pin is properly mstalled. 


Always use new cotter pins when adjusting, (h) 
Never oiNjrate car with the front wheel hub grease 
cap missing. 

Ball bearings as installed in front wheels are 
shown in Fig. .51. This is a typical installation. 



Fig. 31. Ball bearings as used on front wheels. A typicaf 
front-wheel assemblv uh tmed on many ears. Jif'pfirtnre 

Mfo. Co.) 

1. Front-wheel hub. 

2. Outer bearing ewp. 

S. Outer bearing ball and separator assembly. 

4. Outer bearing cone, 

.5. Inner hub cap. 

0. Cotter pin. 

7. Lock nut or adjusting nut. 

8. Safety washer. , 

9. Outer hub cap. 

10. Key slot in spindle for safety washer. 

11. Front-wheel spindle. 

12. Wheel nut. 

13. Inner bearing cone. 

14. Hearing oil seal. 

15. Oil deflector. 

16. Inner bearing ball and separator assembly. 

17. Inner bearing cup. 

Angular contact ball bearings differ from radial ball bearings 

ill that the hne of contact is at an angle with the shaft. Note 
the sloping lines of contact shown through the balls in Fig. 51. 
The angular contact permits the bearing to withstand thrust 
loads as well as radial loads. On bearings designed for radial 
loads only, the contact line is at right angles to the shaft. 

Adjustment of ball front-wheel bearings: The 

adjustment instructions vaiy slightly with different 
makes of vehicles, but the following directions will 
apply in most cases. 

To test for loose front-wheel hall bearings^ prooccxl 
in the same manner as described for testing roller 
bearings and as illustrated in Fig. 50. 

Adjustment procedure for hall front-wheel hearings: 
In order to obtain correct adjustment, the bearing 
cones ( 4 ) and ( 13 ) (Fig. 51) must be a loose fit on 
the spindle shaft ( 11 ). There should be a tree- 
running fit between the threads in nut (7) and on 
spindle ( 11 ). The initial adiustment should be 
tight, to allow for setting of the parts which must 
occur in service. Be certain, at all times during the 
mounting, that no dirt or foreign material of any 
description is allowed to enter the bearinra, hub, or 
other housings, (a) Jack up wheels, (6) Remove 
outer hub cap ( 9 ) (Fig. 51) and inner hub cap ( 5 ). 

(c) Remove cotter pin ( 6 ) from adjusting nut ( 7 ). 

(d) With an 8" wrench, apply a st^dy strain with 
one hand to tighten nut ( 7 ) as tightly as possible, 
at the same time rotating the wheel to assure correct 
seating of all parts, (e) Back off adjusting nut ( 7 ) 
1/12 turn (1/2 castration or 1/2 flat) and, if 
possible, insert new cotter pin; if slots do not line 
up with cotter hol^ back off nut (7) still farther, 
until they do. (/) Properlvdubricate bearings, (jr) 
Recheck the adjustment after the first 5,OCX) miles. 
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lAihriaiUon of hall front wheel hearings: The ball 
pocketa iii the separator assemblies (3) and (16) 
should be packed full of lubricant. It is not neces¬ 
sary to pack grease in the hub as the excess grease 
may leak into brakes. Lubricant: Never use 
lubricants containing graphite or fillers of any kind. 
The lubricant used should be a smooth, short fibre 
cup grease of No. 3 consistency, with either a sodium 
or calcium and sodium soap base—free from acid or 
injurious fillers. 

Inspection of ball hearings: Removing, cleaning, 
and ins|KM’tion of ball bearings is necessary only when 
the hub is removed for some other purpose, such as 
r(‘lining brakes, (a) The lock nut and spindle thread 
on the right wheel (as viewed when seated in the 
car) has right-hand threads; to unscrew, turn coun- 
terclo(!kwise. The left wheel has left-hand threads; 
to unscrew, turn clockwise, (h) If the balls show 
signs of wear, replace the ball and separator iis- 
seinbly (3 or 16). If the balls or separator arc 
damaged but the cone and cup are in good condi¬ 
tion, a new ball and separator assembly, only, need 
be installed, (c) The cup and cone (2, 4, 13, and 
17) should be cleaned thoroughly with gasoline and 
inspected for wear or cracks. Replace if defective. 
A ^'click’^ when turning the wheel is an indication 
of a broken or cracked ball or a cracked cup or cone. 
(d) If the felt oil seal (14) shows evidence of having 
leaked grease or is in any way damaged, it should be 
removed. The new seal should be a tight fit into 
the hub. It should be pressed or tapped into place, 
(c) When inspecting the bearings, care should Ix^ 
taken to sec that the lubricant is of the right kind 
and that grit or dirt has not found its way into the 
bearings or housings. 

RearnWhcel Bearings 

Radial loads and some thrust loads must be with¬ 
stood by the rear wheels. The thrust loads are not 
as great on the rear wheels as on the front wheels 
because the thrust required to force the vehicle into 
a turn are taken mostly by the front wheels. On 
some vehicles the thrust is withstood by the rcar- 
Avheel bearings, and on other veliiclcs the thrust is 
taken through the rear axle shafts to a spacer block 
ill the differential or by thrust washers, etc. 

Three types of rear-wheel bearings are in common 
use, namely, tapered roller bearings, ball bearings, 
and straight roller bearings. 

Tapered roller rear-wheel bearings are shown in 
Fig. 52. This is a typical installation on a semi- 
floating rear axle. A single bearing is shown. Some 
semifloating rear axles use two tapered roller bear¬ 
ings in each rear wheel, as shown by the small illus¬ 
tration in Fig. 56 on page 883A. Two tapered 
roller bearings are often used on full-floating rear 
axles, as illustrated in Fig. 2 on page 864. Some 
manufacturers of semifloating axles refer to the rear- 
wheel bearings as axle-shaft outer hearings. 

Adjustment of tapered roller rear-wheel bearings: 

The adjustment instructions vary with different 
makes of vehicles, but the following directions will 
apply in most cases. 

To test for loose rear-wheel hearings^ a dial indicator 
(see Fig. 16A, p. 704) measuring in thousandths of an 
inch is required. Using Fig. 52 as an exam^e, pro¬ 
ceed as follows: (a) Jack up rear axle. (6) Remove 
hub cap (6). (c) Remove cotter pin and axle-drivc- 

shaft nut ( 6 ). (d) With a suitable wheel puller, pull 
off wheel (1), brake drum (2), and hub (9) as an 
assembly. Oii verv large, heavy wheels it is ad¬ 
visable to remove the wheels and tires first and then 
the hub. (e) Plaoe dial indicator on axle drive shaft 


(8) and on axle housing (22); then measure the 
ainount of end nlay in the a.xlo shaft and compare it 
with the specifications as given by the car manu- 



Fir. .*>2. Tapered roller rear-wheel bearings (uxlo Bhaft 
outer iKninngM) lu ji typical «cmifloiiling rj-ar axle. A single 
bearing )» nhown, {Plymouth PS and PI), 


1. Steel wheel. 

2. Wheel brake firum. 

.'h Wheel eyiindor (roar) left (hydraulif brakes). 

4. Wheel hub bolt. 

.*). Hub eap. 

0. Axle-drive shaft nut, 

7. Axle-drive shaft key. 

8. Axle drive shaft. 
t>. Rear-wheel hub. 

10. Axle-drive shaft oil seal (outer). 

11. Hub-cap spring clip. 

12. Hcar-whecl brake support to axle liousing bolt. 

13. Keur-wheel brake support. 

14. Wheel-cylinder bleeder screw (hydraulic hnikes). 

15. Whet4-cyhnder bleeder sr rew' cap screw ('}iy<lraulic brakes). 
10. Wheel-cyhnder inlet-connection gasket (rear). 

17. Wheel-cylinder inlet connection (rear). 

18. Wheel-cylinder inlet-connection bolt gasket (rear). 

19. Wheel-cylinder inlet-connection bolt (rear). 

20. Axle-drive-shaft oil waslier (inner). 

21. Axle-drive-shaft bearing cup. 

22. Hear axle housing. 

23. Axle-drive-shaft bearing lubricant nipple. 

21. Axle-drive-shaft bearing cone and rollers. 

25. Axle-drive-shaft bearing adjusting shims. 

26. Brake-shoe anchor bolt —roar. 


facturcr. if) Before rea^sseinbling, inniicct the ia[wr 
on axle drive shaft (8) and in hub (9). Inspect axle 
drive shaft key (7). There should bo good c.ontact 
l>etween hub and shaft, and the key should l>e a 
tight fit into both the axle shaft and the hub. 
Badly worn parts should be replaced, IvOOBcly 
fitting hubs or keys are a frequent cause of broken 
axle shafts. It is useltiss to place a new axle shaft 
in a wornout hub. The a^de nut (6) shcmld 
drawn up tightly and a new cotter pin installed. 

Axle-shaft end-play specifications: As an example, the 
specifications on Plymouth, De 8oto, and 

Chrysler oars are as follows: For all mod^ Rising a 
tapered roller rear-wheel bearing, the end piny shouJa bo .008" 
to .008'\ For all models using two tapered roller roar-wbeel 
bearings, the end play should be .(X)25'' 
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Adjustment procedure for tapered roller rear-wheel 
hearings: (Refer to Fig. 62). This tyf^ of adjust¬ 
ment is by means of shims. After having removed 
the hub (9), as just descriijed in the testing instruc¬ 
tions, proceed as follows: (a) Disconnect the hy- 
(iriiulic brake tube from the inlet connection (17). 
{})) Remove axle-drive-shaft oil seal (10). (c) Re¬ 

move the bolts (12) and the brake support (13) with 
its as.scmbly. {d) Add or remove shims (26) to ob¬ 
tain the specified end play, (c) Inspect as described 
under “7/> test for loose rear-wheel bearings ” 

Threaded adjustment: On some vehicles, the ad¬ 
justment, instead of being by shims, is liy screw 
threads. The adjustment is explained on page Sbl. 

Full floating axles have two bearings mounted in 
the hub of the wheel similar to the front-wheel ap¬ 
plication. To adjust: remove hub cap, draw out 
drive shaft sufficiently to clear the hub, then follow 
the instructions given for “Adjustment procedure 
for tapered roller front-wheel bearings.’’ Where 
tho double-nut adjustment is employed, care .should 
be taken in drawing up the jam nut that it does not 
force the adjusting nut to an adjustment that is too 
tight. 

Lubrication of tapered roller rear-wheel hearings: 
Follow the same instructions as given for tapered 
roller front-wheel bearings. Some rear axles are 
irovided with a lubricant fitting or nipple (.sec 23, 
'"ig. 52) through which tho lubricant may be intro¬ 
duced by means of a hand gun (high-pressure guns 
may force grease onto brake linings and may ruin 
oil seals in bearings). 

Inspection and replacement instructions are the 
same as given for front-wheel tapered roller bearings. 

Ball bearings as installed in rear wheels are shown 
in Fig. 53. This is a typical installation on a .semi¬ 
floating rear axle. The liearing shown can with¬ 
stand radial load and thrust load from either direc¬ 
tion. The balls (16), together with the seals (19), 
thoroughly packed with lubricant, come as a com¬ 
plete assembly. 

No adjustment of ball rear-wheel bearings is pro¬ 
vided. They require no service attention. They 
need not be replaced unless a definite roughness is 
felt between the balls and races or unless the end play 
exceeds the maximum specifications of the car manu¬ 
facturer (somewhere about .015"). 

The inner seal (17) and seal retainer (16) come as 
an assembled unit. Their function is to prevent the 
oil from the differential flooding through the rear- 
wheel bearing when the car is tilted. They seldom 
require replacement. In case the felt becomes worn 
or the oil seal becomes stretched out of shape on ac¬ 
count of axle-shaft removal, the entire assembly (17 
and 16) should be pulled out of the axle housing (18) 
and a new assembly should be pressed into place. 

Lubrication of the sealed-type bearing shown in 
Fig. 53 is taken care of at the factory. The bearing 
assembly is packed with grease to provide sufficient 
lubrication for the life of the bearing. No lubrica¬ 
tion service is required. 

Lubrication of the unsealed type: Some rear-wheel 
ball bearings are of the unsealed type and require 
lubrication through a pease cup, through a lubricant 
fitting, or by hand packing as described for ball front>* 
wheel bearings. Car manufacturers’ instructions 
should be followed. 



Fij?. r>3. Ball bearings as used on rear wheels. A typical 
iiustallation on a Hc/iiitloating rear axle. A sealed type ball 
bearing is shown. { t w Dt iuirturc Mfg. Co.) 

1. Steel wlieel. 

2. Hruke drum. 

.’I, Wheel nut. 

4. Hub with flange. 

/». Lock nut. 

0. Axle shaft. 

7. Locking washer. 

8. Hub cap. 

9. Hub-cap spring clip. 

10. Brake lining. 

11. Brake shoe. 

12. Brake support or backing plate, 
l.i. Axle shaft key. 

14. Brake support to hoUHtiig bolt. 

15. Balls. 

10. Inner seal retainer. 

17. Inner seal (comes as assembly with Ifl). 

18. Hear-axle housing 

19. Uear-whecl bearing (integral cup, cone, separator and seal 
assembly). 

20. < )il drain shield. 

21. Brake-shoe adjusting screw. 

Straight roller bearings (as illustrated in Fig. 19, 
p. 19) are often used for rear-wheel bearings. No 
adjustment is provided, ''i'he thrust is usually 
taken through the axle shafts to a spacer block in 
the center of the differential. Oversize spacers to 
compensate for wear are available for ma^ makes 
of cars. Lubrication may be from the differential, 
by a lubricant fitting, or by hand. Car manu¬ 
facturer’s instructions should be followed. 

Barrel-shaped bearings are sometimes used for 
rear-wheel bearings. The rollers of these bearings 
are “shaped like a barrel. They can withstand both 
radial and thrust loads. Lubrication is by packing 
bearing with soft smooth cup grease (No. 2 1/2 cup 
grease). 

Rear axle lubrication: See page 1062B for sjMcifications of 
lubricants generally used for transmission and dinerential gears, 
pinions, worm drives and roller and ball bearings used in con- 
nection therewith. See also page 867. 


See next Instruction No. 85 for Model *‘T" Ford subjects formerly on these pages. 
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STEERING-KNUCKLE (KING-PIN) BEARINGS 


T^es of steering knuckles in general use are the 
Elliott and Reverse Elliott as shown in Figs. 54 and 
55. In the Elliott, the yoke or fork is on the a.xle 
center; the spindle does not have a yoke. In the 
Reverse Elliott, the yoke or fork is on the spindle. 
The Reverse Elliott is in most common use, hut the 
Elliott is also used to a considerable extent. The 
Lemoine type of ste(‘ring knuckle, in which no fork 
was employed, was formerly used to a limited (wtent. 




Fig. .54 (left). Elliott type of 8fcoring kiincklo 

Fig. 5.5 (right). Reverse Elliott type of htocring Unnckle. 

Loads on king-pin bearings arc of two types, 
namely, (1) thrust loads in c.arrving the wc ight of the 
vehicle; (2) radial loads on account of the forces pio- 
du(!ed when turning a curve, etc. Note that the typt's 
of forces ar(^ the opposite from those on the wh<‘cl 
hearings. The weight of the. vt hide imposes a thrust 
load on the king-pin hearings, and turning a cnive 
pro<luces a raditd load. 

Several types of king-pin bearings (sU'cring- 
knuckle l)oarings) an^ in gtaieral use. Bronze bush¬ 
ings at the top and bottom of the yoke are fr<- 
qiiently used to withstand the radial load (s(‘e 11 
and 84 in Fig. 1, Addenda, p. dd). Small-diameter 
straight roller bearings arc often us(‘d to withstand 
t he* radial load (see Fig. 3, Addenda, f). 31). Tapered 
roller bearings are^ sornediines usesl to witlistand 
both radial and thrust loads (ses^ Fig. 91, ]). 953). 
Angular contact ball bearings are sona times ii.sed to 
withstand both radial and thrust loads, 3'hrust 
bemrings ee^minonly used on stec'ring knuctklcs to take 
thrust only arc of two tv| >es: (1) ball thrust bearings 
(shown on an Elliott knuckle in Fig. 3, Addenda, 
). 34) (.shown on a Reverse} Elliott knuckle at 1 in 
^’ig. 1, Addenela, p. 33); (2) roller thrust bearings. 
In an Elliott type of stec'ring knuckle, the thrust 
bewaring is plaen'd un(le*r the upper jjart of the yoke, 
but on the Reve^.rse* Elliott type it is placed above 
the lower part of the yoke. 

To test f(/r loose king-pin bearings, proceed as il¬ 
lustrated in ]<'ig. 50 exe;ej)t he sure to remove the 
wedge (A). The wheel bearings should first be 
properly adjusted so that loose wheel bearings will 
not be confused with loose king-pin b(;arings. 3110 
amount of looseness permissible varies with dilTeront 
makes of vehicles but is approximately 1/8" as 
measured at the tof) of the tire. The end play can 


be tested by prying the wheel straight up and down. 
A feeler gauge (t hickness gauge) can be inserted be- 
tw'cen the thrust bearing and the knuckle to make 
the meiisurement. Permissiblo end play also varies 
with dilTerent makes of vehicles but is approximatolv 
.OOG". 

Replacing small-<Iia?ncter roller hearings requires 
special tools. If the bearings are worn, oversiz(} 
rollers should l)e installed. Si)e.cial tools are recpiired 
to retm>ve the end plugs shown in h'ig. 3 on Addenda, 
page 31. A sjx'cial reamer is used to ream the king¬ 
pin supports (2) to an oversi/i*. Oversize rollers and 
sjiacers are then insialled with special tools. 

Adjusfing ball-lfiiust hearings: Most passenger 
ears are e(iuipp(‘d \\ it h ball-thnist bearings. l''xe(*s- 
•^ive end ]day is adjusted by inserting shims (see 
“shiiiH” letPTcil on Fig. 3, Addenda, j). 34). 

Adjiistifig tap red roller be^irings is usually ae- 
compiished b\ tightening a nut on the king pin. 

Re nidi ing bronze bushings used as radial load bear¬ 
ings for king pins is the renaxly e.mployed when the 
hushi'jgs an* worn. The instructions vary f(jr differ¬ 
ent . JUS, and consequently manufacturer’s instruc¬ 
tions should be obtained. Some manufacturers 
n'commcnd reaming hearings, while others recom¬ 
mend l)roa(‘hiug and caution against reaming. 
Some reeonimeml that the king pin always be re¬ 
placed, while others naiuire pin reiilacement only 
wh(‘n inspiration shows wear. following in¬ 

structions are given as an example not to be followed 
in all cases, (a) Jack up front axle. (/>) Rmnove 
front whei'l and hub. (r) Remove brake bai'king 
plat(*. (d) Rernova* toj) ste(*riug-knuekh} (‘xpansioii 
plug with sliar]) priitk punch, (c) Remove the king¬ 
pin lock pin. (/) ]4rive king ])in down and out of 
the bottom with a brass rod, th(‘reby also removing 
the bottom exp.ansion plug, (g) Remove bushings 
with a bushing })uller or by screwing a coarse thread 
tap into the l)UHhing and driving out the tap and 
bushing. (//) Round the edges of the nenv bushings 
with a tile, (i) Jdaee bushings so that oil holes are 
properly lined up. (/) Press bushings into place 
with a vise or arbor jirirss, being sure to start the 
hushing straight; do not hammer or distort bushing, 
(k) Ream bushings to size with a reamer long enough 
to ream both bushings at once. (/) Rea-ssemble, 
using new expansion plugs, new lock washers, aiul 
m*w eottiT i)ins. 

Lubrication of kin(^-pin bearings is usually^ but 
not always, by serniHuid chassis lubricant intro¬ 
duced by a pressure gun through lubricant nipples 
(sec 24 on Fig, .3, Addenda, p. 31). Manufacturer’s 
instructions should be follotred, manufa{;tur(‘r8 

recommend lubrication ev(‘ry 1,000 miles. Some 
king-pin bearings are lubricated with oil by a special 
oiler or through a centralized lubrication system. 


WHEEL WOBBLE, WHEEL RUN-OUT, WHEEL BALANCE 


Wheel tramp and shimmy are sometimes caused 
by defects in the wheel as.semhly itself. The.se de¬ 
fects are of three general classes, namely: 

1. Wheel wobble (lateral run-out). 

2. Wheel run-out (eccentricity) (radial run-out). 

3. Wheel out-of-balance. 

While defects in the wheel assembly produce the 
most harmful effects when installed on the front 
wheels, they nevertheless are of importance, to a 
lesser extent, when installed on rear wheels; conse¬ 
quently a complete wheel inspection should include 
all wheels on the car. 


Wheel Wobble 

Wheel wobble (sometimes called lateral run-out) 
is the distance that the wheel wobbles, or fails to run 
true, as it rotates on the spindle. 

Testing for wheel wobble is shown in Fig. 50. 
Jack up the wheel. With one hand resting on a 
block to steady it, and holding a rule, or any pointer, 
close to the wheel rim, slowly revolve the wh(;(;l with 
the other hand. If it wobbl(*8, the space between 
the end of the rule and the rim will vary and can 
be mciusurcd. The measurement should also be 
made against the side wall of the tire as well as 
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against the rim (as shown in the illustration), so 
that it can be determined whether the wobble is in 
the wheel rim or in the tire itself. The test should 
be repeated, using a piece of chalk instead of the 
pointer, thereby making a mark on the tire at the 
point that is most out-of-true. 


Fig. 56. Tewting f<jr wheel wobble. 


Allowable wobble: The amount of wobble (lateral 
run-out) that is considered satisfactory varies with 
different cars, but for most makes it is 3/32*^ or 1/8" 
measured at the side wall of the tire. 

The chalk marks on the tire showing where it is out of true 
are required when measuring wheel alignment angles with many 
types of testing devices. When measuring camber, caster, or 
king-nin inclination, the front wheels should be rotated until 
the oiialk marks are at the front. When measuring toe-in or 
toe-out, the front wheels should be rotated until the chalk 
marks are at the top. 

Fig. 50A (left). Chalk 
^rk showing where wheel 
is out-of-true should be 
placed at front when check¬ 
ing caster, camber, or king¬ 
pin inclination. 

Fig. 5r>B (right). Chalk 
mark showing where wheel 
is out-of-true should be placed at the top when checking toe- 
in and toe-out on turns. (Cadillnc-LaSalle Shop Manual 1936.) 

Factors which cause wobbly wheels are: 

1. The tire not properly centered in the rim. 

2. The tire itself being out-of-true. 

3. Improper tightening of the wheel bolts (6 on 
Fig. 49) (12 on Fig. 51). 

4. The wheel being sprung out of line. 

5. Rim out of line with the felloe, that is, one side 
out too far and the other side in too far, owing to 
improper placing and tightening of the rim lugs 
(applies to wheels with demountable rims, formerly 
used to a great extent). 

6. Loose wheel spokes. 

Remedies for wobbly wheels: 

1. If the tire is not properly centered on the rim, 
it can usually be corrected by remounting the tire. 

2. If the tire itself is too much out-of-true, one of 
the rear tires should be transferred to the front or a 
new tire should be applied. 

3. If wheel bolts have been improperly applied, 
remove wheel, see that the surfaces of the brake 
drum, against which the wheel fits, are clean. See 
that the inner surface of wheel is clean. Instal wheel 
so that it fits flush against the brake drum. Draw 
up the wheel bolts evenly. 

4. If wheel is sprung, it should be replaced or 
straightened in a wheel press. 

5. If demountable rim is out of line, it should be 
loosened and the rim lugs retightened evenly. 

6. Loose wheel spokes should be tightened and 
properly lined up if possible, or a new wheel should 
be mst^ed. 




Wheel Run-out (E€^ccnt^icity) 

Radial nm-out or eccentricity is the amount by 
which the center of the tire fails to be at the same 
point as the center of the spindle (see Dictionary in 
this book for definition of “eccentric’')* 

To test radial run-out, proceed in a manner similar 
to that illustrated in Fig. 56 except that the block 
and pointer are placed in front of the wheel at the 
same height as the spindle. Measurements are 
taken to the center of the tire tread. 

Allowable eccentricity: The amount of permissible 
radial run-out varies for different cars but is usually 
somewhere between 1/16" and 1/8". 

Factors which cause eccentricity are: 

1. The tire itself may be eccentric, that is, the 
tread may not be concentric with the bead. This 
may be duo to worn spote in the tread, to patches 
on the tire, to blisters on the tire, to improper mount¬ 
ing of tire, or to faulty manufacture of tire. 

2. A demountable rim may not be properly cen¬ 
tered on the wheel, owing to uneven tightening of 
the rim bolts or lugs. 

Remedies for eccentricity arc: 

1. Corrections for eccentricity can sometimes bo 
effected by remounting it in a different position. If 
this procedure does not bring the tire within the 
specified maximum radial run-out, another tire 
should be used. 

2. If demountable rim is not centered on the 
felloe, it should be loosened and properly remounted. 


Wheel Balanee 

In former years the question of wheel balan(‘e 
was unthought-of by persons other than engineers, 
etc. With the advent of higher car speeds, balloon 
tires, and softer springs (particularly on independent 
front-wheel suspensions), the tendency for the front 
wheels to bounce on the road became greater. As 
an unbalanced wheel aggravates the tendencies to 
bounce^ with corresponding effect on wheel tramp 
and shimmy, the problem became one of common 
concern to automotive repairmen. 

An imbalanced wheel and tire assembly causes 
tramp and shimmy, owing to the centrifugal force 
of the heavy portion. (See Supplementary Diction¬ 
ary for meaning of “centrifugal force”.) When the 
wheel is rotating rapidly, the actions of the centrif¬ 
ugal force produced by the heavy portion, as the 
wheel rotates, are as follows: (1) When the heavy 
portion is at the fop, the centrifugal force is upward. 
This tends to lift the wheel and spindle U]nvard and 
consequently tends to cause the wheel to bounce 
upward, (2) When the heavy portion is at the 
bottom^ the centrifugal force is downward. This 
tends to cause the wheel to bounce down again. (3) 
When the heavy portion is at the front, the contrif- 
ugal force is forward. This tends to move the 
wheel and the spindle forward. The spindle is 
pivoted at the king pin, and therefore the forward 
lorce tends to swing the front of the wheel toward 
the center line of the car so that the wheel tends to 
rupr inward. (4) When the heavy portion is at the 
rear, the centrifugal force is rearward. This tends 
to move the wheel and spindle rearward. The 
spindle is pivoted at the king pin, and therefore the 
rearward force tends to swing the rear of the wheel 
toward the center line ofithe car so that the wheel 
tends to run outward. 
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It can readily he seen that the forces (1) and (2), 
by causing the wheel to bounce up and down, will 
tend to produce wheel tramp.’ It can also be seen 
that the forces (3) and (4), by tending to cause the 
front wheel to first run inward and then outward, 
will produce shimmy. As the wheel revolves, the 
tendency of the spindle is to move upward, then 
forward, then down, then rearward, etc., so that the 
end of the spindle actually tends to move around in 
a small circle in the same direction and at the same 
speed at the rotation of the wheel. 


when it is stationary. Dynamic balancing machines 
make the measurements while revolving the wheel 
at approximate car speed, that is, tliey measure the 
dynamic balance (see p. 805 for meaning of static 
and dynamic balance). Wheel-balancing machines 
and stands are sold by most manufacturers of wheel- 
alignment equipment (see footnote on p. 1110). 

Factors which cause an unbalanced wheel are: 

1. Valve in tire tube not assembled in light part of 
casing. 2. Heavy blow-out patches in the tire. 


Inch otmees are the units in which out-of-balance 
is measured. It is a unit of toroue just like a foot 
pound (sec moaning of "torque'' on p. 1043). It 
IS the number of ounces of unbalanced weight multi¬ 
plied by the inches from the unbalanced weight to 
the center of the w'heel. 

Example 1. Sunpose we «fart with a perfectly balanced 
wheel and tire asae»r'blv, the tire having an outside diameter of 
28' (radius 14'). Now suppose that on one particular spot on 
the tread we w'ould vulcanize a patch of rubber weighing 2 
ounces. How much would the wheel and tire assembly be out 
of balance? 

Answer 1. The distance from the patch to the center of the 
wheel is 14' (the radius of the tire). The patch weighs 2 
ounces. The out-of-balance is 14'X 2 ounces = 28 inch 
ounces. 

Example S, A wheel, hub. and brake-drum assembly is 
perfectly balanced. A tire ana tube which have a heavy spot 
in them is mounted on the wheel. The heavy spot weighs 
11/2 ounces and is 12' from the center of tlie wheel. How 
much will the wheel and tire assembly be out-of-balauce? 

Answer S. 12'XI 1/2 ounces-18 inch ounces. 

An out-of-balance wheel and tire assembly very 
often has more than one heavy spot at various dis¬ 
tances from the center. If these heavy spots arc 
across from each other, thtjy tend to balance; but 
if they arc on the same side of the center, they add 
up in determining the out-of-balance. No matter 
how many heavy spots exist and no matter what 
their distances from tho center may be, they can all 
be considered together as totaling a certain numb<»r 
of inch ounces out-of-balance, and tliis total amount 
can be measured on certain types of equiprnent. It 
is also possible to correct out-of-balance satisfactori¬ 
ly without the necessity of actually measuring the 
inch ounces, as will bo explained. 

The centrifugal force produced by out-of-balance increasee 
as the amount of out-of-balance increases, and increases very 
much (varies as the square) asther.p.m. of the wheel increases. 
A great amount of out-of-balance will produce verv noticeable 
forces, particularly at high speeds. For example, if a tire is 28' 
in diameter, if the wheel and tire assembly is 30 inch ounces 
out-of-balance, and if the car is moving at C5 miles per hour, 
then the wheel will be rotating at 780 r.p.m. and the centrifugal 
force produced by the 30 inch ounces will amount to 32.4 
pounds. This force of 32.4 pounds first lifting the wheel, then 
turning it inward, then forcing it down, then turning it outward, 
will produce a marked tendency to wheel tramp and shimmy. 

Specifications for the permissible out-of-balance 

vary with different cars but are usually somewhere 
around 15 or 20 inch ounces for the front wheels. 
Hear wheels are permitted to have two or three times 
as much out-of-balance as front wheels. Some 
manufacturers give no specifications for rear wheel 
out-of-balancc. 

Balance marks on tires: Many tires have a colored 
mark, such as a round dot, a square, a triangle, etc., 
at the lightest point in the casing. The tube should 
be assembled with the valve in line with this mark 
so that the extra weight of the valve and valve pad is 
offset, to some extent if not entirely, by being placed 
at the lightest part of the casing. 

Measuring inch ounces out-of-balance of a wheel 
and tire assembly can be done on several kinds of 
wheel-balancing stands. There are two main types 
of wheel-balancing machines. Static balancmg 
machines measiire the outrof-balance of the whod 


3. An out-of-balance tire due to defects in manu¬ 
facture. 

4. The wheel itsedf, the huh, or tho brake drum 
out-of-baJance. 6. Tire worn unevenly. 

6. Wheel bolts or demountable rim lugs of un¬ 
equal weight. 

Bidancing the wheel assembly is usually done by 
placing small wheel balance weights (see i6 on Fig. 
49) opposite heavy j>ortion of wheel a.s8ernbly. 

Balancing procedure depond.s on tho typo of test¬ 
ing equipment used, ami instructions vary slightly 
y/ith dinerent car manufacturers. Tho following 
instructions arc fairly representative of instnictions 
to correct out-of-balance without actually measuring 
the inch ounces and when no special wheel-balancing 
stands are available. » 

(a) If poRHiblp, mount a BteprinK-knuoklo apindlo on u bench 
so that when tho hub and wheel aaeombiy nro mounted on it. 
they cun rotate freely. If this cannot bo done and tlia whool 
must be te.^tod on the car, make sure that tho brake shoes are 
entirely clear from tfie brake drum (/») Jloinove the felt oil 
seal H ) that there is no possibility of it dragging, (r) Ilemove 
wheel bearings, and wash them thoroughly to remove all 

§ reuse. (/) VVitsh all dirt and grease from wheel, tiro, brake 
rum, and hub. 


Kig .^)hC. Testing wheel bal¬ 
ance by mounting a front wheel 
spindle on a bench, {From 
iiuick 1036 Shop Manual.) 



(<) Assemble tho hub, drum, wheel, and tiro on the spindle, 
omitting the felt oil seal but lubrieating the wheel bearings with 
light engine oil. (/) Wheel bearings should bo adjusted looeely, 
adjusting nut about 1/2 turn looser than the normal adjust¬ 
ment. (7) Hpin wheel bo that it rotates «everal times. The 
wheel will stop with heavy portion at, or very near, the bottom 
Make a chalk mark at the bottom of tire, {h) Hepoiit by 
Bpinuing the wheel in the opposite direction and making a chalk 
murk at bottom when whool stops, (t) Tho heavy part of tiro 
will be midway between the two chalk marks. It is quite pos¬ 
sible that the two chalk marks will be at the same place, in 
which case they are right at tho heavy part. 

(j) Deflate tire to about 5 lb. per sq. in. pressure so that bal¬ 
ance weights cun be hooked on rim flango. (k) Irintal two bal¬ 
ance weights on the rim directly opposite the heavy part and 
mark the center between the two weights. (/) Move both 
weights apart an equal distance from the center mark in sev¬ 
eral steps until the wheel is balanced, that is, so that when the 
wheel is Bpinne<i, it does not always stop near the same place 
If the heavy part of the tire always stops at the top, the balance 
weights are too clooe together. If the heavy part of tire always 
stops at the bottom, the balance weights are too far apart. 

(m) When wheel balances, secure tho weights in position by 
tightening the setscrews or by whatever means are provided, 
(n) Inflate tire to tho proper pressure and recheck for balance. 
(o> Properly assemble wheel with oil seals, properly lubricate 
wheel bearings with correct lubricant, and properly adjust 
wheel bearings. 

Wheel balancing weights are available from car 
manufacturers and from automobile supply dealers. 
Some cars, instead of using two weights, use only one 
weight, which should be placed directly opposite 
the neavy part of tire and wheel assembly. In these 
cases, material should be removed from the weight 
by sawing or filing until a proper balance is obtained. 
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CORRECTING MISALIGNMENT OF WHEELS 


As formerly stated, a knowledge of trouldes and 
their causes is of material assistance in analyzing 
defects in wheel alignment, but the only reliable 
method of diagnosing misalignment is by actual 
measurement of the alignment angles. 


Testing or Checking Alignment 

Testing alignment consists in measuring the 
angles of caster, camber, toe-in, king-pin inclination, 
turning radius, and tracking. As these angles are 
often quite small, it is very nearly impossible to 
measure them sufficiently accurately without equip¬ 
ment specially designed for the purpose. As a re¬ 
sult of the high sfK^eds of modern automobiles, the 
effect of wheel alignment h<*is become so important 
as a factor in the safety and comfort of driving that 
the testing and correction of misalignment is usually 
considered as a specialized branch of automotive 
repair work and is often known as ^‘Alignment 
Service.” 

Wheel-alignment testing devices are manufac¬ 
tured by a number of companies,^ and many of them 
employ different principles of operation. Detailed 
instructions for their use and the alignment speci¬ 
fications of vehicles are furnished by the manufac¬ 
turers of these devices. Alignment specifications 
for the front axles of several cars are shown on page 

nmh. 

Testing procedure is essentially the same for solid 
axl(‘s (rigid axles) as for independent front-wheel 
suspensions (knee action), b(^cause the same angles 
are involvc'd, namely, caster, camber, king-pin in¬ 
clination, toe-in, turning radius, and tracking. The 
details of the manner in which the angles are 
measured vary with dilTeront types of testing equip¬ 
ment, but some general rules are applicable to all 
types. 

General rules for testing alignment are to proceed 
in the following order: 

1. Inflate tires jo recommended pressures. 

2. See that both front tires are V(^ry nearly the 
same size. (A new tire on one front wheel and a 
badly worn tire on the otluT will cause inish'ading 
readings.) (Tires of diffe^rent makes that may be 
marked the same size are sometimes manufactured 
to different outside diameters.) (A difference of 
1 /4" in the radius, or distance from center of spindle 
to ground, will cause a camber reading about 1/4° 
less than actual on the side having the larger tire and 
about 1/4° more than actual on the side having the 
smaller tire.) 


> Several manufacturers of wheel-alignment testing equip¬ 
ment and correction devices (also brake-testing e(mipment and 
wheel balancing machines) are: Bear Mfg. Co., Rock Island^ 
III.; Hondix Products Division of Bendix Aviation Corporation 
(see footnote, page 1088); Keut-Moore Organization, Inc., Gen¬ 
eral Alotors Research Bldg., Detroit, Mich.; The Riesa Mfg. 
Co., Kokomo, Ind.; Weaver Mfg. Co., Springfield, Ill.; John 
Bean Mfg. Co., Lansing, Mich. 

> Service manuals on wheel alignment can be obtained at the 
following special prices by readers of Dyke's Automobile 
Encyclopedia. The titles of these manuals and the companies 
that have agreed to supply them are: “ The Principles oj Wheel 
AlionmenV' and "Bear jScrrice Manual" both for $1.00, Bear 
Mfg. Co., Rock Island, III.; "Front Wheel AHynment Service 
Manuals" Form 11-10, $0.25, Bendix Products Division of 
Bendix Aviation Corp., South Bend, Ind.; " K-M-0 Wheel 
Alignment Service Manual" $0.50, Kont-Moore Organisation, 
Inc., General Motors Research Bldg., Detroit, Mich.; "Wheel 
Alignment Manual" 50c., Weaver Mfg. Co., Springfield, III 


3. Adjihst front-wl^eel bearings. 

4. Check front wheels for lateral run-out (wheel 
wobble). 

5. Check front tires for lateral nin-out. 

6. Check balance of front wheels. 

7. Check king pins for looseners. 

8. Place car on level floor. 

9. Let weight of car rest on wheels when measur¬ 
ing angles, so that the true angles under operating 
conditions will be determined. 

10. Have front wheels rest on floating turn tables. 

11. Grasp front bumper at center and raise and 
lower car several times to assure that car is at its 
normal level. 

12. Place wheels in straight-ahead position. 

Misalignment Correction Methods 

Alignment correction devices^ are necessary to 
remedy misaligned steering-system parts on several 
makes of vehicles, particularly those employing the 
solid (rigid) type of front axle. They consist es¬ 
sentially of devices to straighten bent parts while 
cold. The various parts of front-axle assemblies are 
made of heat-treated steel alloys; and consequently 
they should never he heated to straighten them, 
because they would he weakened to an extent that 
would be quite dangerous. For the same reason, 
broken steering-system parts should not he welded. 

Cold straightening or bending devices consist pri¬ 
marily of special brackets, clamps, levers, bars, etc., 
with a jack to apply the forces. They are used pri¬ 
marily to straighten bent-axle centers of solid-type 
axles and for straightening the frame supports of 
knee-action units of certain types. 

Bent steering knuckles should be replaced, as any 
attempt to straighten them will produce a dangerous 
weakness. Bent steering-knuckle arms on some 
cars can be bent cold; on other cars, they should be 
replaced. 

Bent or twisted axle centers can sometimes be 
cold straightened. Some oar manufacturers reeom- 
ment cold straightening if the required correction is 
very little (about 1/2°), while other car manu¬ 
facturers insist that the only safe remedy for a bent 
or twisted axle center is to replace it. 

Correcting Toe-In 

Solid axles (rigid axle.s), as shown in Fig. 37, are 
equipped with one lie-rod. The threads by which 
the rod is fastened to the tie-rod ends are usually 
left-hand on one end and right-hand on the other, 
so that it is unnecessary to disconnect the tie-rod 
ends from the steering-knuckle arms in order to 
adjust toe-in. The tic-rod end clamp bolts (shown 
as tie-rod yoke clamp bolt in Fig. 37) should be 
loosened and the tic-rod turned so that it will be 
lengthened to in(‘rcase toe-in. or shortened to de- 
cretisc toc-in. The wheels should be in straight¬ 
ahead position when adjusting or measuring. 

Knee-action cars that have center control steering, 
as illustrated on Addenda, pages 30-33, are cquippea 
'with two tie-rods of equal length. To adjust the 
toe-in, the front wheels are placed in straight-ahead 
position. The intermediate steering arm should 
then be straight to the rear and on the center line 
of the vehicle. If the intermediate steering arm is 
not on vehicle center line, one tie-rod should be 
lengthened and the other shortened until it is 
centered. Both tic-rods should then be the same 
length and should both be turned the same amount 


See next Instruction No. 85 for Model "T" Ford subjects formerly on these pages. 
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to adjust the toe-in. If the intermediate sfeeriiiK 
arm cannot be centered with both tie-rods of equal 
length and with wheels in straight-ahead position, 
check for Ijent steering-knuckle arms. 

Two tie-rods of uncqiuil leyigth are used on some 
knee-action cars (Fig. o6D). To adjust tot^-in, the 
longer tie-rod (Tl) is first adjusted to a correct 
specified length. The toe-in is then adjusted by 
altering the length of the short tic-rod (T). 


Imr r>C)D. Adjusting 
on nirs huvtriK 
two tie-rods of unet|ual 
length. 


The crujik artk type, Jis illustrattHl on Addenda, 
page 34 (Fig. 1), ein]>I()ys one tic-rod. Toe-in is 
adjusted in the same manner as on the solid typt^ 
axle. 

Correrling Clasfer 

Solid axles (rigid axles), jts formerly stated, obtain 
their caster angle l>y means of the curvature (arch) 
of the springs. Incorrect castt'r is usually due to 
permanently sagged springs. If saggtal too much, 
the springs should be re-arched at a ])roper!y 
equipped spring plant, or lunv s[)rings shouM be 
installed. If the springs are not saggctl too badly, 
the caster can be corrected by inserting wedg(*s of 
the proper tajier, as shown in Idg. lb. To incren.si' 
caster, the thin edge of the wedge should be toward 
the front of the car. To (h'crea.si^ castc'r, the thin 
edge should be toward the niar. Spc'cially pr(‘pan‘(i 
steel wedges (sometimes called ‘‘caster shims" or 
“axle shims”) are manufactured by seyiaal com¬ 
panies. They are usually mark(‘d with th(5 amount 
of taper, namely. 1/2°, i°, 2°, 3°, or 4°. Tli(‘y are 
also usually marked according to the width of the 
spring leaf with which they are to be used. h)ven 
when new or re-arched front springs are instalh^i, 
the caster should be chtM’ked and correcdxvl by 
wwlg(\s if necessary. 

Unequal caster (right wheel h.aving ditTcrent. cast(‘r 
from left wheel) is usiuilly due to a twiste<l axle. 

Knee-action or independent front-wheel sus¬ 
pension cars are us\ially provided with a means of 
adjusting the caster either by threaded pias or by 
washers. 

CniPllnc (10!^4) employs threaded pins (as illustrated on 
Addenda, pp. ilO and 31) to effect adjustments in caster. The 
threaded pins are at the upper end of the stcering-knucklc 8 U[j- 
port, and one is shown lettered tit the upper right corner of Fig. 2 
(Addenda, p. 31). Turning the threaded pm moves the upper 
part of the steering-knuckle support forward or backward, 
thereby adjusting tlie caster. The head of the threaded pin 
on the right side of the car is at the rear and should be turned 
clockwise to increase caster; but on the left side of the car the 
head is at the front and should be turned counterclockwise to 
increase caster. If special equipment is not available for 
measuring the caster angle, a protractor with level can be placed 
against the machined bosses which can be seen on the front faces 
of the lower part of the steering-knuckle supports m P'lg. 1 
(Addenda, p. 30). 

Cadilhic and LaSalle {1031), 1986) (all series except 36-50 
and 36-60 after 4,008 cars) are provided with caster adjust¬ 
ments by loosening yoke nuts and turning the threaded pin 
with an Allen wrench. 

Cadillac 36-60, LaSalle 36-50 {1936) after 4,008 cars are 
provid^ with a threaded pin adjustment for caster. There 
are no detachable yokes on the control arms, and consequently 
no yoke nuts to loosen. The procedure of caster adjustment 
consists in removing lubrication fitting from front bushing of 
upper support yoke and in loosening the clamp bolt on the 
steering-knuckle support then turning the threaded pm by 
means of an Allen wrench. This pin is eccentric in order to 
provide the camber adjustment, and it is therefore desirable that 
caster adjustment be made by full revolutions of the pin and it 
is also very necessary to check the camber after the caster has 
been adjusted. 



Plymouth, Dodge, Chrysler {1934) indiridtially sprung front 
wheels, as illustrated on Addenda, page 33, also employ threaded 
pins to adjust caster; but the recommended procedure is as 
follows: (a) jack up car so that weight is on the spring but not 
on the wheel, by pfaeing the jack vinder the lower control arm, 
preferably at the jack pad (64) ; (b) loosen the upper control arm 
yoke nut (24) and also the lower control arm yoke nut, which 
IS shown but not numbered; (c) remove yoke pin oiler (72) at the 
front end of upper control-arm yoke pin (76) ; (d) loosen steor- 
ing-knurklo support key screw ( 18 ) and upper control arm- 
yoke clamp screw (19); (e) through the oiler hole, insert a 
hexagon caster adjusting wrench into the hexagon hole in yoke 
pin (76) and turn the yoke pin (76) to move tlio upper end of 
the knuckle^mpport toward the rear of car to increase caster or 
forward to decrease easier; (f) tighten clamp screws ( 16 ) and 
(19), reinstnl oiler (72), and tighten both upper and lower yoke 
nuts (24); (g) remove jack and cheek caster. Important: As 
formerly oxf)laincd, any change in caster affects the camber 
angle, and therefore the camber sluiuld be checked and adnistcd 
if Mecessary. 'I'he easier and camber must be practically the 
same on both front wheels, that is, within 1/4°. 

De Solo and Chrysler (1935) indirxdually sprung front wheels 
are providtMl w’ith ciMter adjustments ns described in the pre- 
cinling paragra|>h, but the actual coii.‘<truction of the units is 
somewhat difftrcnt from the illustration on Addenda, page 3;i. 

D' Soto and Chrysler (1936) individually sprung front wheels 
are not provided with means for adjusting caster. 

Huirk Series 40 (1934-36) and Buick .Senes 60, 30, and 90 
(1936) ere equipped with a caster adjuster, us shown in Fig. 57. 
'I'o adju.st caster, proceed ns follows: (a) Jack up front wheels 
so that tires clear floor; (b) loosen luit.s (A) on upper adjuster 
))oU. (C) and on adjuster shaft (B) one turn; (c) loosen lock 
luilH (D) on adjusting screw' (E); (d) to increase the caster angle, 
till 11 rear adjusting screw (E) eounterdockwiso (1/4 turn for 
each 1/4° of caster), looking at. hea<l of screw, and turn front 
adjusting screw clockwise, looking at screw from the front, 
thereby forcing the caster adjuster bolt (C) in the caster ad¬ 
juster arm toward the roar through a curved slot in the steering- 
knuckle support; (e) see that adjust mg screws (E) are up tight 
against adjuster bolt (C), tighten lock nuts (D) securely; (f) 
remove jai'ks to allow car weight on tiros and chock caster 
angle; (g) tighten iqipcr and lower nuta (A) seiuirely and mstal 
cotter pins; (h) any change greater than 1/4° in caster will re¬ 
quire cliei'kmg uf foe in. 



and 1936 Strtes 60, Sft, 90.) 

Fig. 57A (nglit). Threaded pin raster adjustment. (1934 
and 1935 liuiek Situs 50, 60, 90) 


Bnxrk .SVrt>« 50, 60, 90 (1934, 1935) are provided with a 
threaded pin caster adjustment as shown m Fig. 57A. The pro¬ 
cedure is: (a) jack up front wheels; (5) lof»Bcn nuts (A) on 
upper and lower knuckle support yokes one turn, and tap yokes 
to free them so that they may rotate in the control arm; (c) 
loosen knuckle support clamp bolt (B) on top of knuckle sup¬ 
port, but do not loosen nut on end of the threaded knuckle 
support bolt or pin (C); (d) turn upper support bolt, or pin (C) 
clockwise to increase caster. Turning the threaded pin, or 
bolt, 3/4 turn changes caster 1/4°. 

Packard ISO {1934~S6) caster is adjusted by wedge-shaped 
shims of varying thickness which are inserted between the front 
end of the torque arm (which extends from the primary or lower 
control arm, backward to a bracket on the frame) and the con¬ 
trol arm. If incorrect caster is due to bent or damaged parts, 
they should be replaced before making adjustment. 
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Crank arm type (Pontiac 1$S4) units, as shown in Fig. 1 of 
Addenda, page 34, requires cold bending of the frame king-pin 
support bracket (1) to effect changes in caster. 

Crank arm tyre (Pontiac 19S6-S6) units have a croee tul>e 
instead of an I-beam section for the front frame croee member 
and should not be straightened hot or oold to correct caster. 
Hhirns should be used between the frame and the pads on the 
Idng-pin support yokes that are welded on the cross-tube 
assembly in making caster corrections. Misaligned or bent 
cross tunes should be replaced. 


Correcting Camber and King-Pin Inclination 

Errors in the camber may be due to two causes: 

(1) incorrect king-pin inclination; (2) incorrect angle 
between king pin and wheel spindle, that is, a bent 
spindle. 

Before reaching any conclusion with reference to 
the camber angle, the king-pin inclination should be 
tested and compared with the camber. .If the error 
in the king-pin inclination is the same as the error 
in the camber, the snindlc is correct, and consequent¬ 
ly the king-pin inclination should be changed. If 
the error in the king-pin inclination differs from the 
camber error, the spindle is bent and should be re¬ 
placed. This applies to both solid axles and knee- 
action axles. 

Example i. The correct wpccifications for n certain car are; 
camber 1/2® (1/t® to 3/4® but preferably 1/2®) and king-pin 
indination 0 1/2® (limits 9° to 10®). By actual measurenient, 
it is found that tho camber ia 1 1/2® and the king-pm inclina¬ 
tion is io 1/2®. What correction should be made? 

Answer 1. The error in camber is 1 1/2® —l/2®=»-fl*. 
The error in king-pin inclination is 10 1/2®—9 1/2®=-f-l®. The 
error in king-pin inclination is therefore the same us the error 
in camber (both are -} 1®). Tho spindle is not bent. Correc¬ 
tion sliuuld therefore be made in king pin inclination only. 

Example it. Same specifications as Example 1. By actual 
measureiiient, it is found that tho cumber is —-1° (1® reverse 
camber, that is, wheel leans out at tho bottom instead of at tho 
top). The king-pin inclination is found to bo 9 1/4®. What 
correction should be made? 

Answers. The error in camber is — 1® — 1/2®s=i — 1 1/2®. The 
error in king-pin inclination is 9 1/4®—9 l/2®= —1/4®. Both 
angles are incorrect. The camber is “off” — ! 1/2®, and the 
king-pin inclination i.s “off” —1/4®. The error of king-pin 
inclination differs from the error of camber. The spindle is 
bent. Tho spindle should be replaced. This will likely bring 
the oaniber within the specified limits (1/4® to 3/4®) without 
the necessity of changing the king-pin inclination. 

Example S. Same specifications as Example 1. By actual 
inensurement. it is found that the camber is -f 4® and the king¬ 
pin inclination is 11®. What correction should be made? 

Answer S. The error in camber is -f 4® — 1 /2®s» -f 3 1 /2®. The 
error in king-pin inclination is 11® —9 1 /2®= 4-1 1/2®. Both angles 
are incorrect. Tho error of king-pin inclination differs from the 
error of camber. The spindle is bent and should be replaced. 
The king-pin inclination is not within tho specified limits (9® 
to 19®), and consequently it will also be necessary to correct 
kmg-pin inclination. 

Solid axles (rigid iixlc.s) are not provided with 
adjustments for kiiig-nin inclination. Some manu¬ 
facturers permit cold bending of the axle center to 
effect small corrections in king-pin inclination. 
Other manufacturers state that axle centers should 
not be lx^nt and that the only permissible means of 
correcting improper king-pin inclination is by re¬ 
placing with a new' axle center. 

Slnee-action or independent front-wheel sus- 
pention units are often, but not always, provided 
with some means of adjusting camber. This is ac¬ 
complished by changing the angle of the steering- 
knuckle support and consequenUy the angle of the 
king pin. It will be noticed by comparing Figs. 33 
and M that a change of king-pin inclination effects a 
ciiango in camber angle. Wnile it is usually called 
‘''amber adjustment,’* it actually is an adjustment 
of ine king-pin inclination. For most knee-action 
unit^ the car manufacturer specifies the correct 


measurement of front-spring deflection, usuallv by 
stating the dimension between some part of the 
frame and some part of the lower control arm. This 
correct dimension should be attained before measur¬ 
ing camber. 

Cadillac and LaSalle il9S4~9^) (aB series except 36-50 
and 36-60 after 4,008 cars) are provided with camber adjiut- 
ments by the rearrangement of washers at the lower suspension 
arm. 

Cadillac SO-CO, LaSalle 86-60 (1986) after 4,008 oars effect 
camber adjustment by means of the same threaded eccentric 
pin that is used to adjust the caster. The number of turns 
iven the pin affects the caster, but the position of the eccentric 
eterminee the camber, that is, 1/2 turn of the pin changes the 
camber from maximum to mmimam. The caster should be 
adjusted first, and then the camber is adjusted by 1/2 turn or 
lese. The fraction of a turn required by the camber adjust¬ 
ment will slightly alter the caster but not enough to change it 
beyond the tolerance of 1 /2® between wheels. 

Plymouth. Dodge, Chrysler (1934) indihduaUy sprung front 
wheels employ washers to adjust the camber. The procedure 
IS as follows (refer to illustration on Addenda, p. 33): (a) jack 
up car by jack pad (64) ; (b) disconnw't tie-rod (112) at tlie 
wheel end by removing nut (8) aud removing the tie-rod end 
(2) from the steenng-knuckle arm (96) ; otherwise the tie-rod 
end will break or the tie-rod will be Dent when the upper yoke 
is disconnected; (c) remove upper control-arm yoko nut (24), 
using a special wrench, and pull the yoke (106) out of shock- 
absorber arm (108) ; (d) to increase camber, instal wa-shers be¬ 
tween the yoke (106) and the shock-absorber arm (108) ; (e) to 
decrease camber, remove washers from between the yoke (106) 
and shock-absorber arm (108) and jilaoe them on tho i nsidc face 
of the shock-absorber arm (108) and under the yoke nut at 
(107) : (f) instal upper control-arm yoke in shock-absorber arm 
and tighten nut securely, then remove jack from car and check 
camber; (g) caster and cumber must bo the same at both front 
wheels within 1/4® 

DeSoto and Chrysler (19."io) {miividwilly sprung front wheels 
have camber adjustments similar to those described in the pre¬ 
ceding paragraph. 

DeSoto nrd Chrysler (1980) individually a;yrurig front whesla 
effect camber adjustments by means of an eccentric pin. This 
eccentric pin is the upper control-arm yoke pin (located in the 
same position ns the yoke nin, 75, illustrated on .\ddenda, p. 
33). The central part of the pin, that is, the part which fits 
into the steering knuckle-support (23) and (81) is eccentric from 
tho ends which nt into the yoke (76) and (86), and consequently 
rotation of the oin moves the upper end of the stocring-knuokle 
support inward or outward, thereby effecting changes in the 
king-pin inclination and consequently the caniDcr angle. 

Buirk Series 40 (103't~3C>) and Buick Series 00, 80, 90 (1986) 
arc provided with no adjustment for camber other than the re¬ 
placement of parts. 

Buick Series 50,60,00 {1084,1035) effect camber adju.strnents 
by means of inserting washers between the knuckle support 
okes and the control arms. Inserting washers on tlie upper 
nuckle support yoke increases the camber, and inserting 
washers on the lower knuckle support yoko decreases the cam¬ 
ber. A 1/lG" wa.shcr is equivalent to 1/3® change in camber. 
1^80 only special washerH made for the purpose, and see that 
they do not bind on chamfer on yoke stud. 

Packard J$0 (1934-36) are not provided with camber adjust¬ 
ments in the ordinary sense. If, owing to aeeident or damage 
of parts, a corrertion is necessary, it is effected by changing the 
busliing of the upper knuckle support pin. Four sizes of busli- 
ing.s are available with holes offset 0", 1/16", 1/8", and 3/16". 

The crank arm type (Pontiac 1934) requires cold bending of 
the frame king-pin support bracket (1), Fig. 1, Addenda, p. 34 
to change the camber angle. Before adjusting, be sure to level 
car by mean.s of adjusting plugs in the knee-action units. 

The crank arm type (Pontiac 1935-36) units have a cross tube 
instead of an I-beam section for the front frame crcjsa memlier. 
Misaligned or bent cross tubihi should be replaced if camber is 
incorrect. Before cheeking, be sure to level car by means of 
adjusting plugs in the knee action units. 

Measuring and Correcting Turning Radius 
(Toe-out on Curve) 

Specifications of turning radius (toe-out on 
curves) is usually given bv specifying the turning 
angle of the inside wheel for a given turning angle 
of the outside wheel, A typical specification woidd 
be ^‘20® and 24°.” This means that if the right 
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wheel is turned 20® to the left (the right wheel would 
then be the outside wheel), the left, or inside, wheel 
should turn through 24® to the left. Also, if the left 
wheel is turned 20° to the right (in this case, the left 
wheel would be the outside wheel), the right, or in¬ 
side, wheel should turn through 24® to the right. 
The correct specifications will depend upon the 
wheel base and the tread. The correct turning 
angles, as recommended by the manufacturer, 
should therefore be obtained. 


Fig. !j7B (loft). Example of toc-out on curves. Whon driv¬ 
ing on a curve, it is necessary that the wheels go into a “toc- 
out" position—that they are farther apart at the front of the 
tire than they are at the rear. This increases with the sliarp- 
ne.ss of the turn. The Packard 120 has n turning radius of 

feet. When the car is turned in this short radius the out¬ 
side wheel has turned through an arc of 20° and the inside wheel 
must have tiirned an are of 23° or there w'ill be slippage of the 
inside wheel. This applies on either aright-or left-hand turn. 
The angles are in the same relationship. If the angles do not 
cheek as above, it is probable that one or both of the stt'onng- 
knucklo levers (steering arms) have been bent and should be 
replaced to correct the steering geometry. If the right arm is 
bent, usually the left tire sliows excessive wear, and vice versa. 
{Packard 1030 6Viop Manual.) 

Fig. hS (right). Floating turntable or turning radius gauge. 
{Weaver M/g. Co.) 

Measurement of the turning angles is usually ac¬ 
complished by means of floating tu/ntables, as il¬ 
lustrated in Fig. 58. Many floating turntables arc 
equipped with scales on which the angles can be read 
directly, as can be seen in Fig. 58. On some align¬ 
ment-testing devices, the angle is measured by ap¬ 
paratus that contacts the side of the wheel or tire. 

Procedure: (a) See that caster, camber, and toe-in 
are correct according to the specifications; (b) jack 
up front wheels and place a floating turntable xnaler 
ea(;h front wheel so that the center of tire contact 
will be at the center of turntable; (c) remove jacks 
and let tires rest on turntables: (d) set front wheels 
in straight-ahead position by lining them up with 
rear wheels; (e) set the scales or dials on both turn¬ 
tables to read zero; (f) turn wheels to the left until 
the turntable under the right wheel reads 20°, or to 
whatever outside angle is specified by the car manu¬ 
facturer; (g) read the dial of the turntable under the 
left wheel and make a note of it; (h) turn whe<4s to 
the right until the turntable under the left wheel 
reads 20°, or to whatever angle is specified by the car 
manufacturer; (i) read the dial under the right wheel 
and make a note of it; (j) compare the readings 
found in (g) and (h) with the car manufacturer’s 
specifications for the angle of the inside wheel. 

Diagnosing the readings is quite simple if they are 
compared with the specifications and the table given 
here. It is necessary, however, to give close atten¬ 
tion to avoid confusion. The table shows how to 
determine which steering-knuckle arnri is bent and 
in which direction it is bent when it is known how 
the inside wheel angles compare with manufacturer’s 
specifications. 


If right wheel 
on Right Turn 
reads 

And loft wheel 
on Left Turn 
reads 

This arm 
is bent 

It it 
bent 

Correctly 

Correctly 

Neither 


Slightly less 
than specified 

Much more 
than specified 

r.eft 

Inward 

Much more 
than specified 

Slightly less 
than specified 

night 

Inward 

Slightly more 
than specifietl 

Much less 
than specified 

loift 

Outward 

Much less 
than specified 

Slightly more 
than specified 

Right 

Outward 

Example 1. The turning angle (too-out) spoeifioations of a 
certain cur are 20° and J4®. When the wheels are turned to the 


right BO that the left wheel turntable reads 20®, the right wheel 
turntable reads 2.3 1/2°. When the wheels are turned to Uio 
left so that the right turntable reads 20°. the left turntable reads 
26°. Which arm is bent, and in what direction is it bent? 

Answer 1. On the right turn, the right turntable rends only 
1/2° less, or slightly less than speiMfied. On the left turn the 
left turntable read.s 2° more, or much more, than speoitiod. 
The left steerirg-knuckle arm is therefore bent inward (away 
from the wheel). 


Example Si. Same specifications (20° and 21°). W^hen the 
w'heels are turned to the right so that the left turntable reads 
2i)°, ihe right turntable reads 2(i°. When the wheels are turned 
to the left so that the right turntable reads 20°, the left turn¬ 
table reads 23 1/2°. Which arm is bent, and in what direction 
is it bent? 

Ansirer B. On the right turn, the right turntable reads 2° 
more, or much more than specified. On the left turn, the left 
turntable rends only 1/2° less, or slightly less, than specified. 
The right steering-knuckle arm is therefore bent inward (away 
from the wheel). 


Example 5 Kumc specifications (20° and 24°), When the 
wheels are turned to Ihe right so that the left turntable reads 
20°, the right turntable reads 21 1/6°. When tlio wheels are 
turned to the left so that the right turntable reads 20°, the left 
turntable reads 22 1 /2°, Which arm is bent, and in what direc¬ 
tion is It bent? 

Answer 3. On the right turn, the right turntable reads only 
1/6° more, or slightly more than specified. On the left turn, 
the left turntable roads 1 1/2° less, or much loss, tlian specified. 
The left stcenng-knuckle arm is therefore bent outward (toward 
the wheel). 


Example J). Same specifieations (20° and 24°). When iho 
wheels are turned to the right so that the left turntable reads 
20°, the right turntable reads 22 1/2°. When the wheels uro 
turned to the left so that tlio right turntable rends 20°, the left 
turntable reads 24 1/6°. Which steering-knuckle arm is bent, 
and 111 w’huL direction is it bent? 

.Answer /f. On the right turn, the right turntable rf^ads 
1 1/2° less, or much less, than specified. On tfio left turn, the 
left turntable reads finly 1,6° more, or just slightly more, than 
sf)eeifted. The right steenng-knuckle arm is therefore bent 
outward (toward tlie wheel). 

The remedy for bont stooring-knucklo arms, as 
stated before, is to straighten them cold, providing 
the car manufacturer approve.s this method. Other¬ 
wise the bent arm should be replaced. To dettT- 
mine how much the arm is bent, measurements (‘an 
be taken by a Sfjuarc from the wnod sfiokes, or some 
other-part of wheel, t-o the ends of the arms, on both 
sidtis. The measurement of the bent arm can Ixi 
compared with that of the correct arm. 

Adjustable stop screws on front axles arc often 
provided, as shown at (C) on Fig. 27. They arc also 
called *‘steering-arm stop studs" in Figs. 90 and 91 
on page 953. There are several different forms and 
arrangements of "stops," but they all serve the 
same purpose. They limit the cramping angle of 
the wheels to prevent the tire from rubbing any ob¬ 
struction on the chassis. A minimum of about 1" 
clearance should be maintained to alhjw for the 
twisting of the frame on rough roads. 
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Correcting Improper Tracking 

The measurement of tracking is shown in Figs. 
38-41, p. 1099. There are other types of equipment 
for making measurements of tracking but all are 
designed to detect the same errors, namely, swung 
rear end, swung front end, swayed frame, or diamond 
frame. 

Remedies are as follows; 

A rear end, if caused by the rear axle hous¬ 

ing slipping on the springs, can be corrected by 
loosening the rear axle clips or U-bolts and properly 
centering and squaring the axle. Inspect the rear 
springs for sheared center bolts. Tighten the U- 
bolts securely. 


If caused by weak rear springs, the springs should 
be re-arched or replaced. 

A svmng front end, if caused by the front axle 
slipping on the springs or by weak springs, is cor¬ 
rected in the same manner as a swung rear end. If 
the frame horn is bent, it must be straightened cold 
and carefully aligned. 

A swung frame and a diamond frame must be cor¬ 
rected by cold bending. Special frame-straightening 
equipment and testing devices are required to 
properly do the job. In some cases, it is necessary 
to replace the frame. 

Keep spring U-bolts (clips) tight: A spring that is 
loose on its axle will often cause misalignment and 
may contribute to causing a broken spring. 


QUESTIONS AND ANSWERS 

Q. 1. A salesman reported that in the daytime his car handled 
nicely but in the evening, when joy-riding with the 
family, the car often shimmied. Can you give him the 
reason? * 

Ans.: With added weight in rear of car, the canter angle was 
increased to a point which would cause car to shimmy. 

Q. S. A truck driver was experiencing much trouble—part of 
the time the truck had a tendency to shimmy and part of 
the time to wander and weave. What was his trouble? 

(A thorough knowledge of the caster angle will enable 
you to answer both problems intelligently.) 

Ans.: When truck was loaded, caster increased, causing the 
truck to shimmy; when truck was empty, caster de¬ 
creased, causing it to wander and weave. 

Q. 3. Should camber be unequal; will it cause any effect on 
steeri ng? 

Ans.: It will cause car to pull to side with greatest amount of 
camber. 

Q. 4. A car checked camber left front wheel two degrees, right 
front wheel one degree. The axle did not appear bent. 
How could the service man locate what was wrong? 

Ans.: By checking king-pin inclination. 

Q. 6. The front end of a popular model car was completely 
aligned to the manufacturer’s specifications and new 
tires installed. Several weeks later the car was again 
checked and the specifications were found correct, but 
the right front tire showed toe-out wear. The only 
possible defect located was a bad spindle bearing. 
Could this cause the trouble? 

Ans.: Yes. 

Q. 6. The disk wheels of two buses were removed for paint¬ 
ing. After they were placed back in service, one bus 
would shimmy when the brakes were slowly applied. 

No mechanical changes had been made; yet this condi¬ 
tion was not previously noticed. Consider the answer 


ON WHEEL ALIGNMENT^ 

to same when studying the chapter on king-pin inclina¬ 
tion. 

Ans.: The wheels were not replaced on the same b'lseH thereby 
throwing the king-pin iiiflination off. 

Q. 7. Checking the rear wheels of a six-wheel trailer showed 
that they had neither camber nor toe-in. They were 
also tracking properly with the front wheels. No 
driving difficulty was experienced; yet the rear tires 
showed bad scuffing on the inside shoulders of both 
tires. What would you advise the owner was wrong? 

Ans.; The loaded truck has reverse camber, causing inside 
tire wear. 

Q. 8. On a car equipped with spring shackle at the front and 
kick shackle at the rear of the left front spring a road 
shock developed. The kick shackle permitted the axle 
to shift either to the front or rear. The spring had 
slightly sagged, but the drag link alignment was perfect 
What caused the road shock? (Try to visualize what 
should take place and what actually took place on this 
particular car.) 

Ans.: Kick shaoklo should not permit axle to shift to front of 
the car. 

Q. 9. Why does an unbalanced wheel cause tire wear? Of 
what nature? 

Ans.; Centrifugal force pulls wheel completely off the road, 
causing spotty tiro wear. 

Q. 10. The centrifugal force on an unbalanced wheel becomes 
greater as the speed increases. If a shimmy occurs at 
forty miles an hour, why is it possible that it disappears 
at sixty? 

Ans.: Centrifugal force becomcH ho great that it pulls in all 
directiona. 


* Questions taken from copyrighted booklet, The Principles 
of Wheel AUynment, publish^ by the Bear Mfg. Co., Rock 
Island, Ill. Aruiwera courtesy of Bear Mfg. Co. 


See next Instruction No. 85 for Model Ford aubjeots formerly on these pages. 




INSTRUCTION No. 85 

THE MODEL “T” FORD': General Description; Construction; Adjust¬ 
ments and Repairs 


CIUSSIS, STEERING-GEAR, TRANSMISSION AND CLUTCH 


Chassis 

The Ford chassis is divided into units, such as: 
the front axle system; the rear axle system; the 
engine and transmission unit; and the dashboard, 
which includes the stee^ring column and ignition 
coils. 



Steering 

The Ford steering device is the “planetary gear” 
type. See also page 11. 

The steering reduction gears are placed at the toi3 
of the steering column, instead of at the bottom 
(Figs. 8 and 9). 



Transmission 

The transmission is mounted on a shaft which 
has a flange projection at one end, which bolts to 
the flywheel; the flywheel is bolted to a flange on the 
end of the crank shaft. 

It is called a planetary transmission, from a fan¬ 
cied resemblance between the motion of the triple 
gears around the central shaft and the motion of the 
'planets around the sun. 

* Subjects pertaining to the model ‘*T” Ford* formerly starting 
on page 1080. have been condensed. 


The planetary gears are shown as marked, (PI) 
(P) (K) and (S) (P) (G> (Fig. 10). These gears are 
mounted on studs projecting from the flywheel. 



By means of bands, which are tightened around 
the drums, the rotation of thc'sc gears is governed 
as exi>laiiied. 

Low speed: Gear (D) is the driven member, 
kev(‘d to tlie hub clutch (Irum (C), whicli in turn is 
secured to tlie drivcMi shaft. By apidving the brake 
band to drum (B), gear (F) is held stationary, 
])inion (P) rolls on it, and a smaller pinion (PI) 
cauH<‘S gear (D) to turn slowlv in Hk) same dinu'tion 
as the flywheel, as ex])lained later. 

For high speed or direct drive, the frict ion clutch 
locks the clutch drum (C) to the engine crank shaft 
and the entire mechanism revolves as a unit. 

For reverse: Aoiilying the brake band to drum 
(V), gear (L) is held slationary, i)inion (K) rolls on 
it., and pinion (PI) turns gear (D) slowly in the 
reverse direction, as exi)lained later. 

Clutch 

The clutch is made of steel disks, as lettered, 
"^rhe pressure of clutch fingers (there are d) through 
th(^ ring which presses against the disks^ causes the 
disks to take hold. Wlaui the clutch is “in,” the 
car is on high speed (there an‘ only two speeds 
forward) and the entire transmission rcivolves, and 
the drive is then direct to the rear axle. 

The control of the clutch is by the left pedal at 
the driver’s feet. I'hc clutch is also controlled by 
the hand brake lever through cam (speed lever) 
(Fig. 12) contacting clutch lever screw. The hand 
brake lever has three positions: (1) forward to r(‘- 
leaso brakes and engage clut(;h; (2) nddwa'u to 
release both brakes and clutc^h; (3) rear to release 
clutch and apply brakes to the rear wheel brake 
drums. 

Should the machine have an inclination to creep 
forward when cranking, it indicates that the clutch 
lever screw, which bears on the clutch lever cam, has 
worn, and requires an extra turn to hold the (hitch 
in neutral position. 

A slipping clutch may be due to worn main bearinKB, allowins 
the crank shaft to vibrate, or it may be due to the use of heavy 
oil in the engine. 
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Clutch Pedal 
Brake Pedal 
Reverse Pedal 


Clutch Pedal Support 
Reverse Pedal Support 
Brake Pedal Support 
Reverse Band 
Slow Speed Band 
Brake Band 



Slow Speed Conn^iion 
Slow Speed Connecti^ Lo^ Nui-^ 
Slow Speed Connection\le' 

Clutch Lever Screw--V 

Clutch Lever Screw Nut- 

Clutch Lever-\- 

Speed Lever 

Controller Shaft 


Magneto Contact 
Transmission Cover 


Reverse Pedal Shaft 
Transmission Band Sprir^ 
Reverse Adjusting Nut 
Slow Speed Shaft 
Slow Speed Adjusting Nut 
Slow Speed Adjusting Screw 

Nut 

BraV^c^SiLShah 

Screw 

Screw Lock Wire 
ingcr 

Clutch Fin'^^ Adjusting Screw 
Clutch Release Fork 
Clutch Lever Shaft 
Clutch Spring 


Fig. 12. A photographic view of the Ford transmission and control pedals. 


To Tighten Brake and Ueverse Band^ 

Ileinove the tranMmiasion rase cover and turn the adjusting 
nuts oil the shafts to the right. 

The bands should not drag on the drums when disengaged, 
as they have a tendency to exert a brake effect and to overheat 
the engine. The foot brake should be adjusted, however, so 
that a sudden prp8.sure will stop the car immediately, or slide 
the rear wheels in etnergeiicy cases. 


To Tighten Slow-Specd Band 

Loosen the lock nut at the right side of the transmission 
cover and turn the adjusting screw to the right. 

If the reverse nabs and sticks at times, and the lining is in 
good condition, this is due to the adjustment on the foot pedal 
on the reverse, which allows the pedal to be pressed too far. 
This can be remedied by turning the reverse adjusting nut. 

If the clutch slips in high speed, jack one rear wheel up, turn 
the engine so that the clutch fingers come in convenient posi¬ 
tion, remove the split pin, give half a turn clockwise to each 
clutch adjusting screw, and replace the pins. Do not drop the 
ins in the transmission case. After long wear, new disks w’ill 
e needed. It will be necessary to remove the transmission 
cover. 


Principle of Operation of the Ford Model “T” 
Planetary Transmission 

The shaft (S) (Fig. 13) is connected, through the 
universal joint, to the drive shaft of the car. It 
is also fastened rigidly to the brake drum. There¬ 
fore any motion imparted to the brake drum will 
also be imparted to the rear axle, and consequently 
to the rear wheels. 

Neutral: The flywheel (Fig. 13) and the shaded parts rotate. 
The clutch-release fork holds back the clutch spring from 
pressing on the clutch fingers. Therefore the driving clutch 
disks will not be pressed against the driven clutch disks, and 
the brake drum will not be rotated. The low-speed drum and 
the reverse drum will rotate, but will have no effect. 



PAt^TS SHADED ALWAYS ^ TURN WITH FLYWHEEL 

Fig. 13. Diagram of the Ford model “T” planetary trans¬ 
mission. It is culled a "planetary transmission/* from a re¬ 
semblance betw'cen the motion of the triple gears around the 
central shaft and the motion of the planets around the sun. 

High: The release fork permits the clutch spring to press on 
the clutch fingers, thus pres.sing the driving clutch disks against 
the driven clutch disk.s. The brake drum will then be directly 
connected to the flywheel and the drive will consequently be 
direct. The low-speed drum and the reverse drum will rotate, 
but will have no effect. 

The tetal gear ratio in high is therefore the ratio of the rear 
axle, which is 3.63. 

Low: The release fork holds back the clutch spring, and con¬ 
sequently the flywheel is not directly connected to the brake 
drum through the clutch disks. 

A band is clamped around the low-speed drum (Fi^. 13), thus 
holding the low-speed drum stationary. This drum is fastened 
to the gear (LOw-21) ; therefore (LOw-21) is stationary. Since 
the triple gear pins rotate with the flywheel, then triple gear 
(A-33) must rotate on the triple gear pin as it rolls around the 
gear CLOW-21). 


Subjects pertaining to the model “T” Ford, formerly starting on page 1080, have been condensed. 
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The triple geare (A), (B), and (C) are all fastened toi^ther; 
consequently the rotation of (A-33) on the triple-gear pin will 
cause (B>27) to turn on this pin. Since ^-27) is in meeh with 
the driven gear (D-27), this latter gear will rotate, thus causing 
a alow motion of the bfakc drum to which it is attached. Since 
the brake drum rotates slowly, the car moves slowly. 

Remember that gear (D-27) is fastened to the brake drum, 
and oonseouently to the arive shaft. The numbers on the gears 
correspond to the number of teeth on it, that is, (A-33) has 
thirty-three teeth, (B-27) has twenty-seven teeth, and so forth. 
When the low-speed drum is stoppra, gear (LOW-21) remains 
stationary, as just explained. 

Let us see what takes place during one revolution of the 
flywheel. (1) The triple-gear pins, since they are part of the 
flywheel, will pass through one revolution. (2) Consequently, 
they will try to pull the driven gear (D-27) through one revolu¬ 
tion in the same direction. (3) Since gear (LOW-21) is station¬ 
ary, one revolution of the triple-gear pins causes the gear (A-.33) 
to turn in the same direction. (4) Rut gear (A-33) has thirty- 
three teeth, while (LOW-21) has only twenty-one teeth; there¬ 
fore gear (A-33) will not make (luite one revolution, but will 
make only 21/33 of a revolution. (.')) Clear (A-33) being 
fastened to (B-27) causes the latter to rev<»lvc the same amount, 
or 21/33 of a revolution, (fi) Since (B-27) is in mesh with (D- 
27) and both have the same number of teeth, then (D-27) vmII 
try to revolve 21/33 of a revolution in the opposite direction 
from that of the flywheel. 

As a TPSuU we find the effect on ^ar (D-27) to be a.s follows: 
The triple-gear pins try to rotate (D-27) one revolution, in the 
same direction as that of the flywheel. The triple gears try to 
rotate (D-27) 21/33 of a revolution in the opposite directum. 
Gear (D-27) will actually turn the difference between the two; 
that IS, one revolution minus 21/33 ol a revolution equals 12/33 
of a revolution in the same direction as the flyw'heel. 

The orar ratio in low is therefore 3.3 divided by 12, or 2.7.'>. 
The rear axle has a ratio of 3.03; therefore the total ratio in low 
is 2.75 times 3.03, which equals 9.98 or practically 10 to I. 


Reverse: The release fork holds back the clutch spring, and 
consequently the flywheel is not directly connected to the brake 
drum through the disks (Fig, 13). 

A band is clamped around the reverse drum (Fig. 13), thus 
holding the reverse drum stationary, and therefore gear OWtV- 
30) is stationary Triple gear (C 24) must rotate on the triple- 
gear pin as it rolls arouna the gear (REV-3()), thereby causing 
(B-27) to turn on the triple gear pin. Since (B-27) is in mesh 
w'ith driven gear (D-27), this latter gear will rotate in a reverse 
diretUion, as explained later. The reverse rotation of (D-27) 
oamses a reverse turning of the brake drum to which it is 
attached. Since the brake drum reverses, the car reverses. 

Wien the reverse drum is stopped, gear (RBV-SO) remains 
stationary, as just explained. 

In n manner similarly as explainetl for low gear, during one 
revolution of the flywheel, the triple-gear pins try to revolve 
(D-27) through one rcvjflution in the same direction. (C-24) 
turn.H in flywheel direction 30/24 of a revolution and causes 
(B-27) t*. also revolve 30/24 revolution in flywheel direction. 
As (B-27) in in mesh with (D-27) and both have the same num¬ 
ber of teeth, (D-27) will try to revolve 30/24 of a revolution in 
tho rrf'crftc dtriclion from that of the flywheel. 

A.S a result, triple-gear pins try to rotate (D-27) one revolu¬ 
tion in direction of flywheel and the triple gears try to rotate 
(D-27) 30/24 of a revolution in reverse, 

Giuir (D-27'‘ will acUuilli/ turn the difference between the two, 
that is 30/24 of a revolution in reverse minus one revolution 
fi»rwurd equals 0/24 of a revolution in reverse. 

The gear ratio in reverse is therefore 24, divided by 6, which 
equal.*) 4. Since the rear axle has a ratio of 3.63, the total ratio 
111 reverse is 4 times 3.63, which equals 14.52 to 1, which is 
nearly 1.5 to 1. 


REAR AXLE AND PARTS 


The axle housing is made in two parts (Fig. 19). 
The later types of rear axle housings arc much 
stronger than those made in earlier years. 

Drive shaft and housing (Fig. 15): The housing 
or tubing encloses the drive shaft and also takes the 
torque or twist off the rear axle, when the car is 
being started or stopped, that is, in connection with 
the radius rods. This sometimes causes the tube 
to break near the rear axle. 


UNIVERSAL JOINT 


RADIUS 
ROD- 


NUT ON FRONT tNO 
OF RADIUS rod- 
keep TIQHT 


RADIUS 

ROD 



LOOSEN NUTS ALL AROUND 
TO REMOVE AXLE HOUSING 


Fig. 14. Rear axle assembly. 



vakeel which e»ts 
OVER BRAKE 
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JOINT 


k- DRIVE SHAFT 


-SHOULDER 
r BA a thrust 


.rollep 

BEARIN( 


WASHER 


11 drive 

I^WNION 


"CASTLE 

NUT 


Fig. 17 (upper) Fig. 15 Fig. 16 

Fig. 18 (lower) 


Fig. 15. Propeller or drive shaft enclosed in a housing or 
tube; Fig. 16. Propeller or drive shaft and parts; Fig. 17. 
tjnlversiu joint; Fig. 18. Brake drum on rear wheel. 

Drive shaft and its bearings (Fig. 16): There is 
a roller bearing to support the shaft and pinion, and 
a ball-thrust bearing above the roller bearing to 
take the thrust of the pinion against the drive gear. 


Subjects pertaining to the model Ford, formerly starting on page 1080, have been condensed. 
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The entire rear axle and drive shaft, shown in 
Fig. 14, must be removed when repairs are to be 
made to the differential, or the drive gears, or when 
new axle shaft is installed. The Ford rear axle is a 
‘^plain-live” type of axle; see page 15 why. 

To Remove Rear Axle 

Jack up the car and remove the rear wheels. 
Take out the four bolts connecting the universal 
bolt cap to the transmission case. Then disconnect 
the brake rods. Remove the nuts holding the 
spring perches to the rear axle housing flanges. 
(It is sometimes easier to remove the shackles which 
connect the spring to the spring perch.) Raise the 
frame at rear, and remove entire axle. (See Fig. 14.) 


Disconnecting Universal Joint 

The two plugs from the top and bottom of the 
ball casting must be removed. Then turn the shaft 
until the pin comes opposite the hole. Drive out 
the pin and force the joint away from the shaft. 

To Disassemble Rear Axle 

See Figs. 14 and 19. Disconnect the universal 
joint first, then the radius rods at the front end; 
then loosen the nuts on the studs holding the drive 
shaft to the rear axle (Fig. 14). Next, remove the 
nuts holding the axle housing together over the dif¬ 
ferential, as in Fig. 19. The axle housing, in two 
parts is then removed from the axle shafts. 



Fig. 10. Ajcle shafts, axle housings, and differential. 


To Remove Axle Shafts 

Follow the plan in the preceding paragraph, and 
as in Figs. 14 and 19. Take the inner part of the 
differential casing apart, by removing the bolts 
which hold the two halves together as in Fig. 20, 
and draw axle shaft through casing at the center. 

When replacing the axle shaft, be sure the rear 
wheels are firmly wedged on at the outer end, and 
that the key is in proper position. With a new 
car the hub caps should be removed and the lock 
nut tightened. In fact, it is essential that the rear 
wheels be kept tight. 

If the rear axle or wheel is sprung by skidding or 
striking a curb, or if the axle shaft is bent, replace it. 

Removing Drive Pinion 

The pinion end of the drive shaft, to which the 
inion is attached, is tapered to fit the pinion tapered 
ole which is keyed on to the shaft, and then is 
additionally secured by acottcr-pinned “castellated” 
nut. Remove the castle nut, and drive the pinion 
off (Figs. If) and 16). 

No adjustment is provided. Fit new parts if 
worn. 

The Differential 

There is no adjustment on the Ford differential 
between the pinion and drive gear. New parts are 
usually fitted. 

Removing differential gears: The gears are keyed 
on to the axle shafts, and are held in position by a 
ring or split washer, wdiich is in two halves and fits 
in a groove in the rear axle shaft (Fig. 20). 

Force them down on the shaft, away from the 
end to which they are seciured; drive out the two 
halves of the ring in the grooves in the shaft with a 
screwdriver or chisel; then the gears can be forced 
off the end of the shafts. 


4*0 TOOTH OftlVt 


TOUeMOYE LARO-E GEAR 

RIVETS SUPPORTING AXEL BEAR¬ 
ING SUPPORT. 


ORISfi SHAFT 

OR! \J£ SHAFT PINfOH 

differential h oust no 

- POL T HOLD! N& DIFFERENTIA L 

TOOerHER. 

-VIHeRt BEARIRO SUPPORT ts 
HCLD TO HO US/no. 

- ONE OF DIFFERENTIAL PINION 
DEARS 

•‘SPIDER H0LDINQ‘ pinions 
ANO PNOS OF AXLE, 



OlFFEREMriAL] 
BEAR 


- FIBRE ASHER BETMilgiN 
TWO ENOS OF AUL£. 

TO TARg DIFFERENTIAL APART. 
RENOVL these BOL 7 S ON EACHSIQg 

BOLTS HOLO/NO OlFFERiNf/Al 
HQUSlAtO TOOETMEN. 


Fig. 20. Differential, drive pinion, and axle shafts. 


liubjects pertaininc to thf mode^ Ford, fonnetlf BtirtinF ^ OMre 1080. have been condensed. 
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FORD POWER PLANT; INTERNAL AND EXTERNAL PARTS 


Internal Parts of the Ford Power Plant 

By referring to Figs. 47, 48, and 49, the complete 
internal construction of the Ford engine will be made 
dear, and will be found fully explained. 

Engine: Note in Figs. 48 and 49 that there are four 
pistons. The crank shaft is of the 180** type. When 
]Alstons Nos. 1 and 4 are up. Nos. 2 and 3 are down. 

The Ford engine fires 1, 2, 4, 3~that is, if, say. 
No. 1 was starting down on the firing stroke, No. 2 
would be coming up on compression and w'ould fire 
next; No. 4 would be going down on suction, because 
it would fire after No. 2; No. 3 would be coming up 
on the exhaust (see table, Fig. 49). 

Cam-shaft speed: The cam shaft runs at half 
the speed of the crank shaft, because the cam-shaft 
gear is twice the size of the crank-shaft gear (see 
timing gear Fig. 48; note the small gear on the end 
of the crank shaft and the larger cam gear on the 
end of the cam shaft). 


The cam-shaft gear (up to 1919 incl.) had 42 
teeth and is 54" in diameter. The crank-shaft 
gear had 21 teeth, and is 2 2/3" in diameter. Teeth 
were straight. Spiral gears are now used with 24 
teeth on crankshaft gear and 48 teeth on camshaft 
gear. 

Transmission: Of the planetary type. It gives 
two speeds forward and one reverse. When driving 
on high speed, the drive is direct and the entire 
transmission revolves with the drive shaft. Whep 
running on low speed, the gears inside of the low- 
speed part of the transmission are in action; the 
same when reversing. 

The transmission is attached to the end of the 
crank shaft, and is enclosed in a housing which 
covers transmission, flywheel, and magneto. 

The inlet and exhaust cams on present camehafte have the 
same contour, which gives the inlet and exhaust valve the same 
duration of opening. 



Fig. 48. A view of the relation of the Ford crank shaft and small timing gear which drives the cam shaft fiirough the large 
timing gear, also the cam shaft, cams, and valves. As the large timing gear is twice the size of the small driving gear, the cam 
shaft wul. of course, revolve at one-half the speed of the crank shaft. 

The firing order is 1, 2, 4, .3. No. 1 cylinder is next to the gears, or the front of the engine. No. t piston it going down (see 
arrow point) on the explosion stroke. Note tliat the nose of the cam does not raise either of the valves, therefore the intake and 
exhaust vadves are closed. 

No. 4 piston is almost at top of its compression stroke and will be the next cylinder to fire, and the piston will then go down on 
the explosion stroke. Note that both valves are closed. 

No. 8 ^ston is going down on the intake stroke, drawing in a charge of gas, as the inlet valve is open, but the exhaust valve 
is closed. The piston of No. 3 will go up on the compression stroke, at which time the inlet valve will be closed and will fire 
after No. 4. 

No. 1 has almost completed its exhaust stroke. The exhaust valve is open. The intake valve is closed. Immediately that 
the exhaust valve closes, wnich is exactly on top, then the inlet valve will opm and it will go down on the intake stroke next, then 
no the compression stroke up, then on the exploaioa stroke. Therefore No. 1 will fire after No. 3. 


Subjects pertaining to th# omvIaI ••T** Fcrd- starting on page 1080. have been condensed. 
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Fig. 40. View of the Ford engine, explaining the firing order and the location and names of parts as follows: (A) Flange os 

the end of the crank shaft, bolted to the fly wheel. (B) Magneto coiLi orsimols, <»f whieh there aresixteen. Tliey retmiin stationary 
(C) Magnets on the flywheel, of which (here are also 8i.xte<'n Tliey revolve with the flywheel. (D) Holts supporting t ho magnets 
(E) Flywheel, bolted to the flange on the crank shaft. (F) Planetary gears, ealle<l the "sun and planet” type. (G) Clutch diski^ 
(H) Ring which presses against the clutch di.xks when the fingers are pressed on by yoke (J), which causes the clutch adjustw/j 
screw (I) to pre.sa again.st ring (H), thereby pre.ssing the clutch disk plates (G) together, wliich then causes the drive sliaft (L) in 
tran.sniit power through the drive shaft to the i our axle. (I) Adjusting .s<’row for ni e.‘<‘^ure of the finger against the ring and clutch 
There are thr(‘e of these and three fingers. (J) Yoke which throwsthc clutch ”in’Cin<r'out” by nioveinent of the side hand lever 
(Fig. 27). (K) Spring which forces the collar against the lingers. (L) 'I'ransiniHsion shaft, roiineeting with the universal joint, 

ihenee to the drive shaft. (M) Collar supporting the thrust of the lear of the soring. (N) 'rrausinission brake band, appI;eo 
by movement of the foot lever, marked (B) (Fig. 27). (O) .Slow-spee<] band applied by the foot U ver luarlted (C). The same lever 

operates tiie oluteh. (P) Reverse baivd uf>pUgd by the foot leven marked (K). Note that io I'ig. 49 there are only four cams 
«£own on the earn shaft. There are eight cams, as io Fig. 48. (Error in dravriog.) 


Removtng the Ford Power Plant 

1. Remove the hood. 

2. Drain the radiator. 

3. Loosen the bolts holding the top hose connection. 

4. Loosen the bolts holding the side hose connection to the 
cylinder block. 

5. Loosen the radiator-to-dosh stay rod. 

6. Remove the nuts and washers from the two bolts bolding 
the radiator to the chassis. 

7. Remove the radiator. 

8. Loosen the cap screw holding the commutator. Place 
the commutator case and wires to one side. 

9. Remove the spark plug and magneto wires. 

10. Remove the spark plugs. 

11. Remove the cylinder head. (This makes the engine lighter 
and easier to Cft.) 

12. Remove the four bolts holding the universal ball cover. 

13. Turn off the gasoline and disconnect the feed pipe from the 
carburetor. 

14. Remove the nuts from the studs bolding the inlet and 
exhaust manifolds. 


15. Take off the inlet manifold, with the carburetor attached. 

16. Take off the eKhauMt manifold, with the exhauht pipe com¬ 
plete. 

17. Remove the two bolta holding flie ptinn to each side of the 
base, and kno<-k the pans down out of the way. 

18. LooRen the nuts hohling arm (A) on the 

lower end of tlic steering pout. 

19. Remove the throe bolts holding the steering column to the 
chassis. 

20. Loosen the dashboard, and pull the dash and steering 
column up out of way. (Note. It is not necessary to 
loosen the dash or steering gear on 1917 and laf/er cars. 
The engine is brought forward until clear of dash; then 
lifted up to the right, to clear the steering post.) 

21. Remove the nuts from the front radius-rod ball joint. 


22. Loosen and remove the bolts holding the engine to the 
frame at the front end. 

23. Looaen and remove the bolts which hold the side crank-cass 
arms to the frame, and then the power plant can be lifted 
out. 


COMPRESSION AND THE VALVES 


If the compression is poor, and the pistons and 
rings fit well, the valves may need grinding or adjust¬ 
ing. The compression can be tested when the 
engine is warm, by pulling up slowly on the starting 


crank. The compression should be springy and 
elastic, but not as lively as that of other cars, on 
account of the drag and friction in the Ford trans¬ 
mission. See pages 766,765, 'Testing compression.'* 


























1122 


DYKE’S INSTRUCTION No. 85 


Removing Valves for Grinding 

Drain the radiator. Remove the cylinder head 
and the valve covers on the right side of the engine. 
Use the valve-lifting tool (Fig, 35, page 770) to com¬ 
press the valve springs, and pull the pins out of the 
ends of the valve stems. The valves can then be 
pulled out. 

Valve Grinding 

This subject is fully dealt with elsewhere. See 
pages 56,67,770: '‘Valve grinding.” 

When the valve seat is worn badly or seamed, 
it is then advisable to have it reseated with a valve¬ 
seating tool. Care should be exercised against 
making too deep a cut, otherwise the retiming of 
the valve will be necessary. See pages 773, 57; 
“Reseating valve seats.” 



Fig. 56. An ideal valve seat is a narrow edge, as U is more 
easily ground and will last longer than a wide one. The illus¬ 
trations show the action of the valve on a niece of carbon which 
might locate on the seat. A wide seat holds the carbon, which 
will soon burn and warp the valve, while a narrow seat cuts 
the carbon, keeping the seats clean. 


(A) grain of carbon passing through exhaust valve with wide 
seat; (B) the exhaust valve with a wide edge has just closed, 
the grain of carbon lodging between valve and seat; (C) the 
exhaust valve with a wide edge is closed, and the grain of carbon 
warps the valve and stem. (D) grain of carbon passing 
through the exhaust valve writh a narrow seat. (£) exhaust 
valve with a narrow edge has just closed, the grain of carbon 
trying to lodge between valve and seat; (F) narrow edge of 
valve seat cuts grain of carbon, one part passing into the 
exhaust manifold, the other remaining in the combustion cham¬ 
ber to be burned during the next power stroke, or removed 
during the next exhaust stroke. 


Oversize Valves and Worn Valve Guides 

The play between the valve stem and the valve 
guide may be checked by placing the valve in the 
valve guide of the cylinder block, raising it about 
and moving it from side to side. If there is 
very little play and the valve stem shows consider¬ 
able wear, try a new valve with a standard stem. 
If this does not take np the play sufficiently, ream 
the valve guide for a 1/64” oversize valve stem 
(Fig. 57) with a 21/64” reamer (Fig. 58). 



Fig. 57. For valve 1/64" over¬ 
size. See page 773; “Ford valves’* 
for sizes of standard valves. 

Fig. 58. A valve-guide reamer. 

When reaming the valve guides 
it is necessary to roam true; there¬ 
fore a guide is necessary. The 
guide is shown clamped to the 
rylinder head. The reamer is then 
passed through the guide and 
turned by a hand tap wrench. 


CHECKING VALVE TIMING BY PISTON TRAVEL 


When valves are ground, the engine should be 
checked for valve timing. 

The method of determining when the valves open 
and close is as follows: With tlie spring assembled, 
close the valve. When it is closed, hold it with 
the fingers. Twist back and forth on the head while 
someone cranks the engine slowly. The instant the 
valve will turn, it has started to open. In the same 
way the valve may be closed, the valve turning until 
it has seated. 

Another way to check the opening and closing is 

to insert a .001”, or less, feeler, or a thin piece of 
paper, between the stem and push rod. The instant 
the feeler will not move the valve has opened. The 
instant it w ill move after being held tight the valve 
has closed. 

On a new engine, the valves in No. 1 cylinder 
may be checked by the piston travel, and the rest 
of the valves may be checked by the air gap clear¬ 
ance between the end of the valve stem and the 
tappet rdd. This gap should be between .022” to 
.028”, the distance Toeing measured with a feeler or 
thickness gauge. 

On the 1913 and later model **T” Ford engines, the valves 
open and close as in Figs. 69, 60, 61, and 62. (See next page.) 

Prior to ISlSjlhe inlet opened 7/64" past top and closed 
past bottom. The exhaust opened 5s'' before bottom, and 
closed 1/64" past top. These figures may vary slightly on 
different engines, especially on old engines with worn parts. 

On engines which have been in use for some 
time, each intake valve as w ell as the exhaust valve 
should be timed accurately since, in an engine whose 
camshaft, or valve stems may be worn, it is not 
always possible to have both the opening and closing 
check accurately with the figures given on Figs. 59 
to 62, 


On old engines, the valve tappet rods (also 
called push rods) become worn in the center (Fig. 

63) owing to the continual tapping against the 
valve stem. 


If the enpnc wore timed by the valve-clearancc- 
gap alone, it inight be considerably out of time, as 
the feelers (thickness gauge) w’ould bridge the actual 
point of contact on the tappet rod. 


V&lvt 

gUm- 



Txppet 


Fig 63. Showing how the tappet 
rod Decomes worn in time. It ia 
po!?.sible to tell if the tappet rods are 
worn by removing the springs and 
feeling the top of the tappet r^. 

Worn tappet-rod guides cannot be 
replaeed on the Ford Engine. The 
remedy is to ream out the worn guide 
and to install an oversize tappet rod. 
Worn guides cause a great deal of 
noise, as each time the cam strikes the 
lower end of the tappet it slaps the 
tappet against the worn guide. 


All valves on a worn engine should therefore be 
timed or checked by the piston travel instead of 
the air-gap-clearance between end of valve stems 
and tappet rods. Each cylinder should be timed 
separately and alike, otherwise one cylinder may 
take in more or less gas than another and likewise 
the exhaust may open late, causing back pressure— 
all of which prevents the engine giving maximum 
power and smooth running. 


For example, if inlet valve closes too soon, a full 
charge of gas will not be admitted; if inlet closes 
too late, the piston on upward motion may force 
gas into carburetor; if exhaust opens too early, part 
of the gas from the power stroke will pass out of 
the exhaust; if exhaust opens too late, not burned 
gases are held too long in cylinder and tbe engine 
may overheat ^d full charge of fresh gas cannot 
be taken m. 
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laiet TAlTd epenB 

in. (piston trsTel) 
After top center on 
Ut stroke (ss piston 
is in. fl^ove cyl. 
when at top — it is 
now % in. above,) 


Inlet enlve closes 
in. after bottom 
center on 2d stroke. 
Measurement from 
lop of cyl. to top of 
piston being 3V4" 


Exhaust xalTe opens 

■He in before bottom 
center on 3d stroke. 
Measurement from 
top of cyl to top of 
piston being 3%^* 


Bxhanst xaLT# elottt 
on top center of 4tll 
stroke. 

Note when piston 
is at top of stroke it 
18 in above cyl. 
casting, 


PISTON ON TOP 



Fig. 59. Suction stroke 
down. 


Figs. 59 to 62 Illustrating the positions of the pistons when the valves open and close. A method of cheeking the valve 
timing by the piston travel. By degrees, as measured on flywheel, the timing is as follows: Inlet opens 12" 40' pu^nt top d.o.; 
closes 50" 49' after bottom. Exhaust opens 37" 62'' before bott«im, closes on top tl.c. Ford flywheel measures 14!)^" diamotor 
and 1 ® measured on flywheel is equal to .128". 


Method of Timing and Checking the Valves 
hy Piston Travel 

An easy method to follow in checking the opening 
and closing time of the valves in relation to the 
position of the piston is as follows: 

(1) Crank the engine until the inlet valve (of the 
cylinder being timed) iust starts to close, a.s in P1g. 
60, which represents the piston just starting up on 
compression-stroke. 1dio inlet valve should just 
touch its scat when the measurement from the top 
of the (!ylinder block to the top of piston is Bi s" or 
3 5/32" (see permissil)le variance below). 

(a) Should the valve open early and close late a small 
amount of stock should bo ground from the end of the valve 
Stem. 

(b) Should the valve open late and close early, the stem is 
too short, and a now valvo should bo 8 ub.stitutcd. Some 
repairmen draw out the stem by pccning the lower end, but this 
is poor practice, as the average man merely turns a burr over 
on the edge and this is soon worn off by the incessant tapping 
on the stem. 

(2) After timing the inlet-valve closing, crank 
the engine until the exhaust valve just starts to 
open or unseat, as in Fig. 61, which represents the 
piston almost down on power-stroke (this would 
require cranking until the piston completed its up 
compression stroke (Fig. 60) and passed down on 
power, its next stroke as in (Fig. 61). The exhaust 
valve should just be starting to open or unseat 
(Fig. 61) when the measurement from the top ot 
the cylinder block to the top of the piston is S%". 

(a, b) Should the valve open too early or too late follow <n 
the same manner (a, b) as mentioned above with the inlet valve. 

(3) The closing of the exhaust valve can then be 
checked by cranking the engine from position shown 
in Fig. 61 (which is exhaust valve opening) until the 
piston reaches the top, or completion, of its exhaust 
stroke, the position shown in Fig. 62. 

(4) The opening of the inlet valve can then be 
checked by slightly cranking the en^ne and moving 
the piston from position shown in Fig. 62 (which is 
exhaust closing) until the piston is in position shown 
in Fig. 59. 

J a, b) Should valves open too early or too late, follow pro- 
ure aa mentioned above. 

With this procedure it will be observed that the 

valve clearance between the lower end of the valve 
stem and the upper end of the tappet nniII take <‘are 
of itself. 


Variation in dimenaions: As a result of slight difTeronccs in 
the parts and tx aringa (»f various Ford engines, the dimonsinns 
given above may vary so that tiie distances from top of cylinder 
block to top of piston are as follows: Inlet valve opens 3/16" 
to * 4 ": inh t valve closes 3 3/32" to 3 7/32"; exhaust valve 
opens 3 5/16" to 3 7/16"; exhaust valve eloaes on upper dead 
center 

Timing the Valves by Meshing Gears 

The method of chetking valvo tin\ing on a Ford 
model “T" engine is to time the valves by the piston 
travel ns mentioned above. If the camshaft and 
crank.shaft gears are not properly meshed, it will be 
imi)(>s.sible to time the opening and closing of valves 
as ouUin(‘d. Thert'fore bo sure they are properly 
mesheti. 



It is not necessary to rernesh the timing gears 
unless the camshaft and timing gears, or crank¬ 
shaft, were removed in overhauling. 

In this case, the timing gears must be meshed 
properly 


Subjectf pertaining to the model Ford, formerly starting on page 1080, have been condenaed 
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Note: Ignition coil box ia now on the left-hand aide of engine. Thia change only made a alight difference in the wiring* an 
8-way cable ia now uacd from terminal block to lights, magneto, foot switch and out out; wire to tail light terminal and No. 4 
terminal block is now black instead of green. These, and a few other alight changes show very little difference from the previous 
wiring methods. 





INSTRUCTION No. 86 

THE MODEL “A” FORD’: Construction, Adjustments and Repairs 

SPECIFICATIONS OF FORD MODEL “A” CAR' 


Axle (Front) 

Material: Chrome alloy forging. 

Tensile strength: 126,000 to 145.000 lbs. per sq. in. 

Tilt of axle: 6 degrees. 

Type: *T” beam, knuckle reverse Elliott. 

Bearings for wheels: Adjustable taper roller. 

Axle (Rear) 

Type: Three-quarter floating. 

Material: Special Ford carbon manganese steel. 

Make; Fora. 

Gear ratio: 3.77 to 1 (Optional 4 111 to 1 for mountain country). 
Differential make: Ford. 

Goar type: Spiral bevel. 

Pinion bearing: Double taper roller bearing. 

Differential bearings: Single taper roller bearing.s, each side. 
Shaft: Pts in. diameter. 

Ring gear: K.4 in. pitch diameter. 

Teeth: in. wide. 

Lubricant: Heav^y semi-fluid oil. 

Differential driven ring gear, number of teeth: 37. 

Differential drive pinion, number of teeth; 10. 

Battery 

Capacity: 80 ampere hours. 

No. of cells; :L 

No. of plates: 13 per coll. 

Charging rate: 1()-12 ampere.s. 

Terminal grounded: Positive (+). 

Brakes 

Design; Ford. 

Type: Mechanical, internal expanding shoe. 

Foot pedal: Four wheels. 

Linkage: Permanently set. 

Adjustment: Stud on each brake plate, outside 

Percentage of braking power: Front wheels—10 i>er eent; 

rear wheels—00 per cent, 
niametor of drums: 11 in. 

Drum width: 1 5'i in. 

Width of brake shoes: 1 in. 

Length of brake shoes: 14 in. 

Brake shoe lining i^idth: 1 y in. 

Brake shoe lining material: Woven wire and aslx-stos compo¬ 
sition. 

Brake shoe lining thickness; Va 'f*- 
Brake shoes in each drum: 2. 

Total brake shoos: 8. 

Total braking surface: 108 sq. in. 

BrakcH (Emergency) 

Hand lever; Rear wh(*els. 

Typo: Mechanical, sclf-cncrgizing, internal expanding band. 
Diameter of drum: in. 

Width of brake shoe: 1 in. 

Width of brake shoe lining: 1 in. 

Thickness of brake shoe lining: in. 

Length of brake shoe; 28*4 in. 

Length of brake shoe lining; 28^4 in. 

Brake shoe lining material: Asbestos and woven wire. 

Total braking surface; .67 H sep in. 

Total braking surface of six-brake system: 225H i»- 

Camshaft 

Diameter: in. 

Bearings: 3. 

Bearing diameter: 1% in. 

Bearings: Length, front —IH in-i center—2 in.; rear—1 in. 
Lift of earn: .302. 

Base of cam: .954. 

Flange in which gear fastens: 2®/u in. in diameter, ‘li in- thick. 
Material; Special Ford carbon manganese steel. 

Camshaft gear: Bakclized material. 

No. of camshaft gear teeth: 60. 

Camshaft gear type; Sjpiral teeth. 

Bearings: Steel in cast iron. 

Location: In cylinder block. 

Speed; H of crankshaft. 

Capacities 

Cooling system: 3 gal.; gasoline tank 11 gal.; engine oil pan 
5 qts.; transmission 1 pint; rear axle IH pints; steering 
gear 7 % ounces. When changing oil i n engine pan, the 
new oil can be poured through the breather pi^ more 
rapidly and will not bubble over if the oil level indicator is 
withdrawn. 


Carburetor 

Make: Zenith. 

Model: Special. 

Size; 1 in. 

Control: Hand throttle and foot accelerator. 

Clutch 

No. of driven plates: 1. 

Thickness: m. 

Material: Spring stool. 

Clutch facings attached to driven disc: 9 in. in diameter, *14 in. 
thick. 

Inside <liamotor: 5*^ in. 

Material: Mouldeil rvsbestos c(>mpo.sition. 

No. us<‘d: 2. 

Tv|M‘' Single plate dry disc 
(iutidi pre.ssure: IlUO pound.s 
FiH)t i>rc«.sure; 30 lbs. 

Weight <iutch duving iiiombcr: L6 lbs. 

Weight—tiulch «lisc: 2)i lbs. 

'I'cttl acting suiface of clutch facing: 75 sq. in. 

C'.onuet'liii(; Botl 

Length :7 }‘2 in. 

Matf'iiul: St<-el forging, “1" beam section. 

W<ngli( • 1 lb 0 oz. 

Big end bearing- 1 ’3 in. diameter by in. long, 
l*Mton p.n luaring: I in. tluiineter by 1*$ in. long. 

CcMilin^ System 

Water circulation t^'pe• I’unip (am* Kiiernio-ayplioii). 

Pump type. Centrifugal. 

Make: F<»rd, 

Make of rinliator- Fonl. 

(%)rt* lypt- Tube and tin. 

(%)r(‘ inak<‘- h'ord 

Shell linisli- Bu.slless .steel. 

(’upaeity of eooiing sy.stern: 3 gals. 

Fan iii.iKe. Fonl 
Fan lielt type: “X ”. 

Fan belt widtli: f 'h H'- 

Radiator ho.se. ( pp(*r diameter -2 in.; upper length -8 in.; 
low«T diameter —1 *4 in ; lower hmgth -2*4 in. 

CrniikHhaft 

Diameter: \'‘h in. on main bearings; 1 Vz ‘>11 <Tiink pins, 
L<‘ngtli of main bearings Front and c(‘ntnr, 2 in ; rear, -3 in. 
iv<-ngtl) of crank pin bearings: If' h in.; conneeting rods have a 
cleanince of 5/1000 "fan inch sideways. 

Bear flange thickne8.s: in. 

'I'otal square inches of main bearing siirfaei*: 11 ’ 3 h <4 in. 

Main bearing material Babbitt, lower half backed in steel; 

upper half backed 111 iron. 

Matenal: Speeiul I'^ord carbon manganese Hte.i‘1. 

Ih’aring.s: ,3. 

Weight: 2.H lbs. 

Gear; 25 spiral teeth, steel. 

Eu^ine 

Bore: ,3Js in. 

Strok<*: 4)4 in. 

(^ylinder.s: 4, cast on bloc, integral with crankcase. 

Tyne: 4 cycle, "L” head. 

Gylinder head: Dernouritable. 

lOngine nuinbor: .Stamped on left sirlo of cylinder block just 
above the eylimh r inlet connection. Fhigine number is 
also wrial number of the car. 

Engine suH})ension. .3 points 

Weight: Gompletc with clutch and transmi.ssion- 473 Iba. 
F'iring onler: 1, 2, 4. 3. 

Flywheel weight: B>8. 

Flywheel ouLsaie diameter over ring gear: 14 2 in. 

Flywheel material; Cast iron. 

Flywheel ring gear: 112 teeth. 

klywheel gear ratio to starter drive; 11.2 to 1. 

Lubrication: Crankcase capacity—5 qts. 

Torque; 128 ft. lbs. at 1000 R. P. M. 

Valve arrangement: Right side, vertical; 1 intake, 1 exhaust 
per cylinder. 

Offset of cylinders; H in. 

Horsepower rating: S. A. E. or N. A. G. G.—24 03. 

Horsepower brake: 40 at 2200 R. P. M. 

Displacement: 2tX).5 cu. in. 

Compression ratio- 4.22 to 1. 

Compression pre.saure; 70 lbs. gauge at 1200 R. P, M. 

Exhaust: pipe dia.: 2 in. 

Manifold: llut spot intake manifold. 

Ford model 


1 Compiled from Ford model “A” Instruction Book, Service Bulletin and other Ford literature. Copyright 1931. 
‘T** subjects formerly on these pages have been deleted. 

* For Ford model •*AA** truck see p. 1151D. 
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The following table shows the horsepower developed by the 
Model "A” engine at various speeds from 600 r. p. m. to 2600 


R. P. M. 
600. . . 
800. . . 
1000 . . . 
1200 .. . 

1400.. . 

1600.. . 

1800.. . 
2000 . . . 
2200 . . . 
2400. . . 
2600. . . 


B. H. P. 
.. .14.1 
.. .19.9 
. . .24.4 
. . .29.1 
. . .32.4 
. . .36.2 
. . .39.1 
. . . 40.3 
. . .40.6 
. . .40.8 
. . .40.9 


Here is a table giving the number of revolutions of the 
Model A engine at speeds ranging from 1 to 65 miles uii hour. 


M.P.H. 
of Car 

High 

Inter. 

Low 

Reverse 

1 

43 

80 

134 

160 

2 

86 

159 

267 

321 

3 

129 

239 

401 

481 

4 

171 

318 

535 

VA2 

6 

214 

39H 

609 

802 

6 

257 

477 

802 

963 

7 

300 

557 

936 

1123 

8 

343 

636 

1070 

1284 

9 

386 

71G 

1204 

1445 

10 

429 

790 

1337 

1605 

1.5 

643 

1194 

2 (K )6 

2408 

20 

857 

1592 

2675 


25 

1071 

1989 



30 

1285 

2387 



35 

1500 

2785 



40 

1714 




45 

1928 




60 

2142 




55 

2357 




60 

2571 




65 

2785 





Fan 


Typo: Two blade. 

Material: yteel, pressed into form in two strips and welded 
together. 

Design: Airplane propeller type. 

Belt; "V” Shape. 

Belt material: Rubber and fabric. 

Belt width: in. 

Shaft diameter; in. 

Bearing: Roller. 

Speed: 1.50 to 1 of engine. 

Diameter: 16 in. 

Make: Ford. 


Frame 

Side members: Length—113li* in. (overall); width— 1*4 in. 
depth—4 in. 

Cross members: Front —25‘*i# in.; center —dO'ig in.; rear— 
42 in. 

Thickness: in. 

Material: Pressed .steel. 

Length of frame (not including ov'crhung): 102*14 io- 


Lights 

Ammeter make: Ford. 

Switch make; Ford. 

Caudlepower: Twolite-<lcflecting beam—21; cowl—3; parking 
—3; tail—3; stop—21; instrument panel—3. 

No. headlights: 2 ; hlake—Ford; 2 filament bulb. 

Design of headlamp: Acorn. 

Len.s glasses: Flutes and prisms, 
lleu'llight glass diameter: in. 

Tad-stop lights make: Ford. 

Instrument light make: Ford. 


Lock (Tlieft Proof) 

Type: Ford type Electrolock, combination ignition switch and 
theft-proof. 

Location: Instrument panel. 

Lubrication (Engine) 

Type; Pump, spla.sh and gravity feed. 

Crankshaft bearings: Cravity feed. 

Connecting rods; Splash. 

('amshuft bearings: Gravity feed. 

Oil pump type: Gear. 

(Tankcase oil capacity: 5 (jts. 

Oil level indicator rod make; Ford. 

Type of gage: Bayonet. 

Lubrication (Chassis) 

Type: Alemite pressure grease gun and set of fittings. 


Pistons 

Displacement: 200.5 cu. in. 

Length; 3”i4 in. 

Material: Aluminum. 

Weight; 1 lb. 1oz. (loss rings and pin). 

Weight with rings: 1 lb. 4 1^4 oz. 

Weight with rings and pin: 1 lb. 8*4 oz. 

Ring groove width: upper two—}« in.; lower—in. oil control 
ring. 

Ring groove depth: Viii in. 

IMn material: Machineil seiunle.ss steel tubing, full-floating type. 
Compression ratio: 4 22 to 1. 

Compression pre.s.sure: 70 Ib.s. ga. 

Ring material: (^ast iron. 

Ring type: One piece, diagonal rut. 

Pin diameter: 1 in. 

No. of rings: 3. 


Pump (Oil) 

See LUBRICATION. 


Pump (Water) 

Make: Ford. 

Location: Top of cylinder-head. 

Shaft: H in. diameter. 

Type: Centrifugal, 3 blade. 

Size: 2H in. diameter. 

Material: Gray iron casting. 


Gasoline Tank 

Make: Ford. 

Type: Cowl, gravity fee<l. 

Capacity: 11 gallons. 

Generator 

Type: 2 -pole. 

Voltage regulation: Fixed control. 

Cutout closes: About 9 MPH., cur speed. 

Cutout opens; About 8 MPU., car speed. 

Cutout make: Ford. 

Armature speed: VA o( engine. 

Maximum normal charging rate: 12 amperes. 

Armature speed: 1600 K. P. M. 

Car speed: 25 M. P. H. 

Armature shaft bearings; Ball-front, plain-rear. 

Brushes; 3. 

Hood 

Length: 28 >4 in.; louvres: 19. 

Horn 

Type; Motor, 

Ignition 

Battery, coil and distributor. 

Coil units: 1 . 

Spark plugs: H io-l straight thread Champion No. 3; gap, 
recommended: .032 in.-.035 in. 

Type: High tension, jump spark. 

Breaker gap—.018 to .022 of an inch. 

Distributor rotor revolves: Anti-clockwise. 

Breaker cam revolves: Anti-clockwise. 


Radiator 

Make: Ford. 

Type: Tube and fin. 

Hose: Upper, inside diameter, 2 in ; length —8 in.; lower, inside 
diameter, 15 ^ in.; length— 2*4 m. 

Cooling surface; 374 sq. in. 

No. of fins: 120 long, 12 short. 

No. of tubes: 102. 

Capacity :,3 gallons. 

Road Clearance 

Road clearance: 9 in. 


Rustless Steel 

Rust-proof and tarnish-proof, for radiator shell, headlamps, 
tail lamp, cowl finish strip, hub caps, radiator and gasoline 
tank caps. 

Shock Absorbers 

Type: Houdaille, double acting, hydraulic. 

Spark Plugs 

See IGNITION. 

Springs (Front) 

Type: Transverse, Ford design. 

No. of leaves: 10 , two thicknesses of material. 

Width: l^in. 

Free len^h: 30^% —in. 

Material: Chrome steel. 
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Springs (Rear) 

Type: Transverse, semi-elliptic. 

Material: Chrome steel. 

Width: 2)4 in. 

For Tudor and Fordor sedans: No, of leaves—10, two sizes of 
material; free length—38—39 in. 

For Phaeton, Roadster and Coupes: No. of leaves—S, two sizes 
of material; free length—39^8—39Vli in. 

Startiug Motor 

Terminal Grounded: Positive (-f). 

Normal arnmture speed: 1500. 

Ampierage, normal: 175. 

Normal running torqu<‘: 3 lbs. 

Type of drive: Bendix. 

Steering Gear 

Type; Worm and sector, thre(‘-quarters irreversible. 

Steering ratio: 13 to 1. 

Steering wheel diameter: 17 in. 

Tires 

Size; 4 75 x 19, balloon. 

Recommended pressure: 35 lbs. 

Station wagon tires: 5.00 x 19 and recommenderl pressure is 
40 lbs. 

Standard Equipment 

Standard equipment; C)n all Ford ears includes five stoel-spoko 
wheels, automatic windshield wiper, spced('iiictcr, gasoline 
age on instrument panel, dash light, tilting b<‘am heud- 
unps, mirror, eombination tail and stop light, oil indieator 
rod, complete tool equipment, ami theft-proof ignition 
loek. Wide, substantial rumble s<‘at is .il.so standard (‘<piip- 
rnent on the Ford Sport Coupe, 1)(* l.uxe I{oadst<*r and 
Cabriolet. Triplex shatter-proof glu.ss windshield \Mngs 
are provided as standard equipment on the Roadsters and 
Phaetons. 

Transmission 

Type: Selective sliding gear, three speeds forward and one 
reverse. In unit with “ngine. 

Make: Ford. 

Gear and shaft material; Chrome alhty ste« l. 

Gear ratio: High—100%; interim'diate —53 low-- 32 OF’t ; 
reverse—20.7%. 

Bearings: Pocket—roller; n^verse i<ller bronze; main shaft 
front—ball; main shaft r<‘:ir—ball; e<»unter shaft front— 
roller; counter sliaft rear—roller. 

T read 

Standard tread: 50 inches. 


Turning Radius 

Turning railius: 17 ft. 

Turning circle: 34 ft. 

Universal Joint 

Front, make: Ford. 

Valves 

Arrangement: Right side, vertical; I intake, 1 exhaust per 
cylinder. 

Lift: .287. 

Material: Chrome silicon alloy. 

Opening: in. in diameter. 

Seat angles : 45®. 

Spring pressure: 30 lbs. 

Stem <lmiiu*ter. in 

Tappet clearance. .1)10 luiniimnn; .OLl maximum with «*nginc 
cohl. 

Style of stem end: Mushroom. 

Stem guulcs- Hcmov‘il»l»’. 

Valve Timing 

Intake opens 7 't;' before upper d«*ad e* liter 
liilak-' close.*! 48 > /’ after lower dead center 
Isxha'i.st oiM'iis 51 * j® liefore lower dead ei'iiler 
Exhaust closes 4 > / aftiT upp(*r dead center 

Wlucls 

Make: I-ord 
Type: S(c< l spoke. 

Material • | 

It !iii 1 )i op I'cnter. 

Wheelbase 

Wheelbase: 103* <2 inches. 

Wheel (larrier 

T> pe- 'I'ubular arm. 
i\iatenal. Malh'able ea.sting. 

r,oeatiou. Boiled lt> re.ir sill ami back of car body. 

Weights 


'i'lie w<-ights with ga.soline lank 
iroximately as shown below 

and nnliator empty are 

Boiidstcr. 

2155 lbs 

Staiidaid eoup<‘. . 

.2257 

,8port eo-ipe 

... . 2283 

< 3ibi iolet ... . , 

2273 

'I'u<lor H<‘d:in . . 

’!.;.!!! 2375 

Fonlor sedan (t.wo-wmdow ) . . . 

. 2107 

Fordor se(lHn (ihree-w iiidow).. , 

.2402 

Town Hi-dan. 

.2475 
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B 

Battery. 

Bearings, main and connecting ro<l 
Brakes 


c 

Carbon, removing of 
Carburetor 

“ adju.stment 

“ eon.structioii and oixTutioii 

“ servicing of and tronble.s 

Clutch. 

“ pedal clearance adjustment 
Connecting rods 

“ “ fitting of . 

“ “ marks 

“ “ misalignment of. 

“ “ reaming of . 

Cooling system. 

Crankshaft end clearance 
“ main bearings 
“ u u fitting of 

" “ “ rear 

Cut-out, also termed relay 
Condenser, testing of. 


1131 

1151H. 115I(’ 
1149 1151 


1151.\ 
1131 1131 
1132 
] 132, 1 13.1 
1133, 1131 

nil 

till 

1151H, 1151C 
1151 B, 1151C 
. 1151(^ 
115111 
1151B, 1151C 
11.30 
1151C 
I15IC 
. 1151C 
115K: 
, . . . 1138 
. . 1140 


Engin(> overheats 

“ .seetional view of 

“ .servicing of 

“ .speeds ami car spiMsls 

“ « « u <1 "AA" truck 

“ « *4 }iorhci*owcr . 

“ starting, retard Hjmi k 

“ .stops suddenly 

“ Hupjiort 

“ 1 roubh* shooting hiiils (fuel .system) 

“ troubles Jind retmalies, .summary of 

“ valve elearam-e 


Ignition . 

“ breaker-eontai’t laanl* 
“ coil, pointers 

“ eondenser, testing of. 

“ t<!StH . 

“ timing 

“ Hwiteh (lOlectroloek) 


I 


adjust mg of 


P 

Piston juns and rings ... 

Pistons 

Power lake-otT, model “AA” trmk, 


11511) 
1129 
1151 
1 120 
1151(1 
I 120 
1137 
11511) 
1151(’ 
11.34 
11511) 
1 151A 


1 1.38 
1139 
1113 
. 1140 

I 140 
li:'.9, 1 1 10 

II 10 


1 151 H 
1 151B 
1151F 


Electrical system. 

“ troubles and remedies, ignition . 

« « « « miscellaneous . . 

Electrolock ignition switch. 

Engine cold, starting of. 

* carbon removing. 

“ fails to start.1134, 

* grinding valves. - 

“ knocks. 

“ lubrication, principle of... 

* missing at nigh and low speed. 


143. 


. 113i 
. 1140 
2, 1143 
. 1140 
. 1134 
1151A 
1151D 
. 1151 
11511) 
. 1129 
11511) 


Rear axle assembly... ... 1145, 1 MO 

T 

Tail lamp .... 1142 

Tirner-dii-tributor . ... . ii;fs 

“ “ contact points. 1139 

Timing gears, meshing of . ... 1151A 

“ ignition. ... 1139,1140 

“ valves . . .1151A 

Transmission . 1H4 

Truck model "AA”. 1161D 


Ford model subjects formerly on these pages have been deleted. 
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Engine Lubrication; Principle of Operation 

The engine lubrication system is an exclusive 
Ford development. It is a combination of pump, 
gravity feed and splash system with oil reservoir in 
the valve chamber.^ 


Exhaust manifold 
Intake 
manifold 


Cylinder water 
inlet connection-, 



Oil level 
indicator 

V 


Fig. 4. Sectional end view of engine sliowing how iio* oil 
pump (also distributor) is driven by a gear on the camshaft. 
The oil level indicator is also shown. 


•Classified according to the types of lubrication system.^ in 
Dyke's Automobde and Gasutine Enyui'. Encydoindia, tin.-, 
would be termed a “splash-circulating” typo. 

*Oil is carried to valvc-chambi>r from tlie oil pump through 
thein.sideof housing surrounding the pump tlr ivo Hhult, pa.ssmg 
over the distributor gears to a point where it connects witli a 
tube leading to the front compartment of the valve chamber. 


The oil pump is the gear type and is located in the 
bottom of tho oil pan. It Is run by a gear on the 
camshaft a.s shown in Figs. 4 and 6. It is enclosed 
in a fine mesh wire screen through which the oil is 
filt(*rod before it is pumped into the valve chamber^. 
The sert'on is surrounded by a shield so that tho oil 
is pulled through it, rather than flowing in by 
gravity. The oil flows into the valve ehainoer in a 
continuous stream wheru'viT the engine is running, 
but is in no sen.se a “forced” feed. It is rather the 
capacity of tlie pump being delivered in a smooth 
flowing str(‘ain. 

The principal purpose of delivering the oil to the 
valve chamber is to provide direct gravity feed 
lubrication to the bearings of the crankshaft and 
camshaft. However, it also supplies exceptional 
lubrication for the valves, giving quieter action. 

Small pipe openings lead down from the valve 
chamber to all the main crankshaft and camshaft 
bearings and oil flowing down these by gravity 
provides an abundance oi lubrication. The bottom 
of the vjdve chamber ia so arranged, through tho 
u.se of small inbuilt dams, to jirovido reservoirs of 
oil for each main bearing pipe opening. 

As the engine rest.s in the chassis on a 3-degree 
angle, sloping to tho rear, the oil arriving in the valve 
chamber flows back, filling the first reservoir, then 
oviT the little dam, filling tho sec^ond reservoir, and 
th(‘n over again to the third and last reservoir. 
Worn this point tho overflow oil is carried by an 
e\t(‘nml oil ndurn pipe down to the front end of the 
tray in the oil pan wIkto it flows back over the tray, 
filling the tniughs through which the couueeting 
rods ar(‘ lubricati'd and from which all other moving 
parts arc snray(‘(l by the splash system. From the 
tray the oil flows to the bottom of tho oil pan to bo 
pumpcMi back again. 


Distributor to spark plug connector 

Distributor- 

Oil lead to camshaft front bearing 
Oil tube to crankshaft front bearing 
Valve chamber oil inlet 

Spiral groove distributes oil full lengtli of 
camshaft bearing 


Main oil line from pump to 
valve chamber reservoir 

Oil return pipe 
Oil pump drive gear 
Oil tube to crankshaft center bearing 
Oil lube to crankshaft rear bearing 


Overflow oil from valve chamber Oil Iciul to camshaft 
reservoir drains into oil pan Iray^ j (muI thrust plunger 

)il pan packing front 


>auk8haft oil slinger 



Fly wheel housing 
Fly wheel 
Fly wheel ring gear 
Oil passage to valve chamber 
reservoir 

Crankshaft rear bearing Seal 
Clutch pilot shaft ball bearing 
Oil return pipe from crankshaft 
rear bearing 

Oil from tray overflows into 
main reservoir 
Main oil reservoir 
Baffle plates prevent surging of oil 

Oil drawn into pump through 
filtering screen 


Oil pump screen 
Oil pan drain plug 


Connecting rod dipper 
Oil trough for connecting 
rod dipper 
Oil pan tray 
Oil pump 


Fig. 6. Engine lubrication system, Ford model “A.” Engine rests in chas-sis on a 3 degree angle, sloping to the rear which 
gives a more direct drive to the rear axle eliminating friction and wear to a great extent. 
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COOLING SYSTEM 


Cooling the engine: The Ford engine is cooled by 
a circulation of water through the water jackets 
which surround the cylinders, combustion chamber 
and valv(i seats. The water is circulated by thermo- 
syphon action, the flow of water being accelerated 
by means of a centrifugal water pump located in the 
front of the cylinder head. This pump draws the 
heated water from the engine into the upper radiator 
tank where it is cool(;a by filtering through the 
radiator tubes to the lower tank. The radiator is 
cooled by means of the fan located just back of the 
radiator where it draws a current of air around the 
radiator tubes. 

The radiator has a large cooling surface. The 
three rows of tubes run down bc'tween the fins in 
oblique position. Thus each tube receives a full 
blast of incoming cool air. Tubes and fins are joined 
with solder and neat from the tube is rapidly dissi¬ 
pated through the fins. 

To prevent overheating keen the radiator well 
filh'd. The capacity of the cooling system is three 
gallons. 

Adjusting the fan belt: I'he fan and water pump 
l)oth operate from the same shaft. The shaft is 
driven by a “V” shaped rubb(‘r belt. The belt is 
adjusted to the i)rop('r tension when the car l(*aves 
the factory and this adjustment should not be 
changed unless the belt slips. The adjustment is 
easily made by loosening the generator support to 
engine sert'w and moving the g(*ncrator toward you. 
Do not tightc'n the Ix'lt more than is actually nec(‘s- 
sary to k<‘ep it from slipping. 

Water pump packing nut: Packing is used in 
forming a watcT tight connection around the wat(‘r 
pump miaft. Should a leak develop, luljricatc water 


pump shaft through water pump lubricator fitting 
then tighten the packing nut. A screw driver is 
used for this purpose as shown in Fig. 7. Do not 
tighten the nut more than is necessary to stop the 
leak. Metallic split ring packing (A-8524) is recom¬ 
mended. 

When installing Ford metallic water pump packing, (fis- 7). 
do not remove the old packing. Simply cut off the requiretl 
amount of new packing, wrap it on shaft, and compress with 
packing nut. When installing packing, wrap it on shaft in 
direction in which nut is tiKhtencd. Do not tighten packing 
nut more than is necessary to stop the leak. 

Cleaning the radiator: The entire circulating 
systt'm should occasionally be flushed out. To do 
this open the petcock at the bottom of the radiator 
outlet connection pipe and insert a hose into the 
filler neck, allowing the water to flow through the 
system for about fifteen minutes or until the water 
(•omes out clear. 

Care of the radiator in winter: In freezing weather 
it is necessary to use an anti-freeze solution in the 
circulating system to prevent freezing of the water, 
and bursting the tubes in the radiator. 

Anli-Free/.e Solutions For Cooling System 

'I'he following specifications are for Ford ears 
and trucks only. Below is given the proportions of 
alcohol and water and also, ethylene glyco for 
fre(‘zing temperatures. The lower table gives 
specific gravity of the alcohol and water solution as 
w(*ll as the proportions. 

Before pouring the solution into the radiator be 
sure there are no water leaks. Tighten hose con¬ 
nections and inspect water pump pai'king. Drain 
oft old water and flush radiator out thoroughly. 


Radiator fillrr cap — 
Radiator upprr tank 
Overflow tube 


Splash plate 
Radiator Inlet connectiori 

'Radiator Inlet hose 

■Cylinder water outlet connection 

Water pump pack nut 

Water pump impeller 

Water jackets in cylinder bead and block 

Valve scats surrounded by water jackets 



Radiator outlet hose 
Radiator drain cock 
Radiator outlet pipe 
Radiator outlet hose 
Cylinder water inlet connection 


Fig. 6. Cooling system. 


Ford model **T*’ subjects formerly on these pages have been deleted. 




THE MODEL FORD CAR 


Where alcohol is used it must be borne in mind 
that losses through boiling or evaporation of the 
alcohol weakens the solution. Consequently to 
keep the solution at its proper strength, it will be 
necessary to occasionally add alcohol until th<‘ 
desired hydrometer reading of the specific gravity 
of the solution is obtained. 

As alcohol is a solvent of pyroxylin, extreme care 
must be used not to spill any of the solution on the 
hood. After filling the radiator, be sure the radiator 
cap is tightly in place. 


Etliylene Glyco 
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FUEL STEiM 


Cowl gasoline tank: The gasoline is carried in a 
ll-gallon tank welded integral with the cowl of the 
car. From this tank the gasoline flows by gravity 
to the carburetor, where it is mix('d with air and 
drawn into the cylinders by piston suction. 

A sediment bulb located on the ('ngine side of the 
dash, is provided for draining off water or sediment 


that may have ac( umulated in the tank. Occasion¬ 
ally cleaning out the bulb prevents foreign material 
being drawn into the carburetor. 

The carburetor: The quantity of gasoline entering 
into the carburetor is governed by the float. '^Phe 
volume of gas mixtun^ entering the intake manifold 
is controlled by opening and closing the throttle, 

,-Uas RdufTP 

^-Gns tank filler rap 

^ ^—Oas tank filler screen 
—Ons RnuRC float 
—Carlmretor adj'iMinR rod 
*^'** ^^''**''^ 

/ .— Gas lank to sediment bulb pipe 
y / j — Sediment bulb 
/ ///—Carburetor ad)iisting rod 

/ // retracting spring 

" // /—Sediment bulb to 

// / caiburetor pipe 


Carburetor throttle stop screw- 


/ l' d 


1 'Iv'' \ ' 


I 


.J 

' fj f 

I 

i TO'- ' 


/ ' 's ’'-.i 
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ftcoording to the speed desired by the driver. 8mM, 
with the exception of the needle valve and idle ad¬ 
justment all of the carburetor adjustments are fixed, 
about the only thing that could affect the carburetor 
would be dirt or water getting into it. An occasional 
cleaning will insure uninterrupted service. 

To clean the carburetor, remove the filter screen 
and thoroughly clean the screen by washing it in 
gasoline. The screen is easily rt^moved by backing 
out the filter plug (see Fig. 9). It is also a good plan 
to occasionally remove the drain plug at the bottom 
of the carburetor and drain the carburetor for a few 
seconds. 

Regulating gasoline mixture: For economical 
driving, reduce the quantity of gasoline in the 
mixture by turning the adjusting rod to the right as 
far as possible without affecting the operation of 
the engine. This is particularly true when taking 
long drives where conditions permit a fair rate of 
speed being maintained, and accounts for the 
excellent gasoline mileage obtained by good drivers. 

Turning the carburetor adjustment too far to 
the left results in a “rich mixture.'^ Such a mixture 
has too much gasoline and should be used for starting 
and warming up only. Running with too rich a 
mixture causes excessive carbon and overheating, 
likewise it wastes fuel. 

Adjustment of Carburetor: The method of regu¬ 
lating the carburetor for ordinary driving conditions 
is to turn the carburetor adjusting rod to the right 
until the needle just seats, then turn the rod back 
approximately one-fourth of a turn. On long trips 
some drivers make a practice of driving with the 
adjusting rod turned all the way off.^ 


To set idle adjustment proceed as follows: With 
engine warmed up, fully retard spark and throttle 
levers. Unhook throttle rod at carburetor. Adjust 
throttle adjusting screw so that the engine will run 
sufficiently fast to keep from stalling. Next turn 
idling adjusting screw in or out until engine runs 
evenly without rolling or skipping. Then slowly 
screw in throttle plate adjusting screw until engine 
picks up slight additional speed. Connect throttle 
rod to carburetor. 

Do not expect an engine that is too stiff to ^Tock” 
on compression when stopped, to idle well at low 
speed. 

Carburetor Construction and Operation 

The carburetor used on the Ford “A” cars and 
“AA** trucks is a Zenith special 1 inch size carburetor 
designed and developed especially for the Ford. A 
single fixed venturi supplies the right amount of 
air, fixed jot meters the fuel through the driving 
range, and a fixed idle jet measures the gasoline 
required for idle. 


‘The daah adjustment does not control the entire fuel supply. 
A minitnuin unmount of fuel is constantly drawn from the float 
chamber through small fixed openings even when the dash 
adjustment is fully closed. 

For best operation under usual driving conditions, the dash 
adjustment sliould be ba<5ked one-quarter turn off its seat. Run¬ 
ning with the adjustment more than one-quarter turn off its 
seat may be necessary on new stiff enginoe, but otherwise this 
will result in poor economy, carbon and crankcase dilution. 

The dash adjustment may be turned less than one-quarter 
turn off its seat to obtain a lean mixture suitable for high alti- 
tiides, high test fuels, or when driving at steady speeds on level 
roa<ls. I'nder normal conditions, however, too lean a mixture 
causes uneven running at low speeds and slow pickup. 

Do not force the adjusting needle down on its seat as this 
will score the needle. 



Fig. 9. Carburetor. The daah adjustment is turned to adjust the mixture as follows: To start engine: Open a full turn. If 
engine is cold pull back choker, letting it return as soon as possible. For wanning up: should bb H turn open. As engine 
warms up: close off adjustment to suit. Nev<*r drive continuously with dash adjustment opened more than turn. 




THE MODEL FORD CAR 


1133 


The carburetor is in two parts, upper and lower 
halves, held together by a single bolt L, Fig. 10. 
This facilitates cleaning without fear of getting the 
carburetor out of order. 




Fig. 14. Cap jet: ((^, Fig. 10\ Controls the rate of cUs- 
oharge from the compotkHutor well into the air stream. Si»e 
No. 20. 



^'ig. 15. Idling jet* Its function (D, Fig. 13), is to measure 
the fuel for closed thn rtle (idling) operation. When tlie throttle 
IS opened, it is ptit out of action as the fuel then changes 
direction and goes through the cap jet. Siao No. 11. 


Servicing Carburetor 

In cases of suspected carburetor trouble or 
r'omplaints of f)oor fuel economy, first check spark 
plug.s, breaker points, compression, etc., before 
removing carburetor. Many so called carburetor 
troubles can be traced to one or more of the follow¬ 
ing causes: 



Fig. 11. Venttiri: The function of the venturi (A, Fig. 10) 
is to measure the air through the carburetor and to keep it 
moving fast enough at low speed to completely atomize the 
fuel. Size 21.5. 




A^9S34-B 

MAIN JET , . 

N ' 


Fig. 12. Main jet: This jet (E, Fig. 10), is directly connect<‘»l 
with the fuel chamber, being subject to suction its flow of fuel 
will vary with the load or speed of the engine. Its effect is 
most noticeable at high speeds. Size No. 20. 


A-9575 

fcOKPENSATOR JET 


Fig. 13. Compensating iet: This jet (F, Fig. 10), empties 
into the compensating well which is opened to the air, and 
therefore is not subject to suction. Its flow of fuel is constant, 
being determined by the fuel level in the bowl and the size of 
the jet. It is most effective at low speeds. Size No. 19. 


I>irfy spark 7 )lugs; points incorrectly spaced— 
<‘l(‘an points and sot gaps to .035". 

Breaker contact points burned or jntted —dress 
points down with an oil stone and sot gap between 
.018" and .022". 

Leaky matn'fold or carburetor connections —with 
engine idling slowly, flow a little oil on each joint. 
If engine picks up speed there is a leak. 

Poor compression—vhocli comi)rcssion in each 
cylinder by turning engine over slowly with hand 
crank (or as exidained in DykPs Automobile Bhicy- 
clopedia). 

Brakes dragging —jack up ear and sec that all 
wheels revolve fri'cly. 

Tires soft —inflate all tires to 35 lbs. pressure. 

If the above points are ok and there is a free flow 
of fuel through the line, check the carburetor. 


(Tcaning the Carburetor 

Remove filter screen. Blow out any dirt with air 
or rinse sennai thoroughly in gasoline. The screen 
•S Fig. 10, is easily remov(‘d by hacking out the filter 
plug. Usually eleaning the screen is sufficient to 
overcome the trouble. 

For complete cleaning, remove carburetor and 
disass(*mble it by removing main assembly bolt L, 
Fig. 10. Separate the parts carefull;/ to avoid 
damaging the gasket, float and idling jet tube. 

Remove brass drain plug C beneath main jet, and 
rinse carburetor bowl in gasoline or use air to blow 
out any dirt which may have lodged in the bottom 
of the bowl or in the jets. 


•The secondary well is a sleeve sere wed into carburetor 
casung into which the idling jet extends, and at the bottom of 
tills sleeve or secondary well, are holes, which have the effect 
of metering the fuel that is within this well, during idling, to 
the cap jet, bo as to have control over it, that is, to have it 
discharge over a longer period of time, or out quickly, and the 
holes in the bottom of the secondary well control the fuel held 
in reserve to cap jet. This fuel originally comes from the 
compensating jet F, which is in the fuel bowl. The compen¬ 
sating well is that part of the carburetor which this secondary 
well extends into, and is open to the atmosphere. 


Ford model subjects formerly on these pages have been djsleted. 
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Trouble Shootkig Hints (Fuel System) 

Engine will not start: Make certain there is gaso¬ 
line in the tank and a free flow of fuel through the 
line and at carburetor. Next, determine if there is a 
spark at the spark plugs. 

Lack of speed: See that carburetor main jet E, 
Fig. 10, is free from dirt. 

Poor idling: A plugged compensator, F, Fig. 10, 
will result in poor idling and low speed performance. 

The idling jet D, Fig. 10, furnishes all the fuel 
for idling, consequently the tube and metering hole 
must be kept clear. 

In case of leaks see that all connections and jets 
arc tight. Examine carburetor float needle valve and 
float. If damaged, replace float or fuel valve as¬ 
sembly. 

Poor fuel economy: make certain proper operation 
of dash adjustment is understood. 

Water in the fuel line may freeze in cold weather 
and stop the flow of fuel—use hot clothes for thaw¬ 
ing. 


The carburetor should be handled carefully. 

Don’t use strong-arm methods in taking it apart, 
reassembling or handling the various parts. 

Cold Engine Starting 

First: C^en hand throttle lever two or three 
notches. Fully retard spark lever by pushing all 
the way up. Turn carburetor dash adjustment one 
full turn to left. 

Second: Turn on ignition.^ Pull back choke rod 
at the same time depress starter switch. The 
instant the engine starts, release choke. 

Third: As engine warms up, gradually turn dash 
adjustment to the right until it is in its normal 
running position—one-quarter turn off seat when 
engine is warm, or to the right as far as possible 
without affecting the operation of the engine, as 
stated under ^‘regulating the gasoline mixture.” 

Warm engine starting: It is usually unnecessary 
to use choker when the engine is warm. 


ELECTRICAL SYSTEM 


The electrical system includes the following: 
storage battery, starting motor, generator, am¬ 
meter, horn, timer-distributor, ignition coil, spark 
plugs, ignition switch and lamps. 

Battery 

Storage battery: Six volt, 80 ampere hour, 13 
plate battery, designed and built to meet the re¬ 
quirements of the Ford car. 

Adding water to battery: Every two weeks check 
the electrolyte in the battery to see that it is at the 
proper level. The solution (electrolyte) should be 
maintained at a level with the bottom of the tilling 
tube. If below this point, add distilled water until 
the electrolyte reaches the proper level. Wat(*r for 
battery use should be kept in dean, coyered vessels 
of glass, china, rubber or lead. In colcT weather add 
water only immediately before running the engine 
so that the charging will mix the water and electro¬ 
lyte and prevent freezing. 

Access to the battery is easily made by removing 
a small plate located in the floor board in front of 
the driver’s sciit. To remove the battery from the 
car it will be necessary to take out the floor boards. 
When replacing the battery in the car be sure to 
install it with the positive (+) terminal grounded 
to the cross member as shown in Fig. 16. 

When the electrolyte in a battery is allowed to 
fall below the level of the plates, the part of the 
plate that is exposed becomes dry and hard and the 
active material cannot be reconverted. As a result 
the battery deteriorates rapidly and its life is short. 
Keep distilled water above the level of the plates 
as mentioned above. 

Hydrometer readings: Discharged completely at 
1.150; discharged one-half at 1.220; charged fully at 
1.280. Batteries reading 1.220 or less should be 
removed and charged. Batteries will freeze at zero 
when gravity is 1.170 and will freeze at 16 degrees 
below zero when gravity is at 1.200. 

Use an accurate hydrometer: When checking 
batteries it is very important that the readings be 
accurately made—this applies to both temperature 
and specific gravity readings. Never use a cheap 
hydrometer. Cheap hydrometers often give in¬ 
correct readings, sometimes as much as 10 to 30 
points off. 


Keep the battery filling plugs and connections 
tight, and the top of the battery clean. Wiping the 
battery with a rag moistened with ammonia will 
counteract the effect of any of the solution which 
may be on the outside of the battery. A coating of 
vaseline will protect the terminals from corrosion. 

It is of vital importance that the battery is firmly 
secured in its supporting brackets at all times. If 
clamps are loose, the battery will shift about in 
the compartment resulting ip loose connections, 
broken cells and other trouble. 

When repairs are necessary, or if tho car is to ho laid up for 
the wiutor, taketlio battery to a Ford dealorfor proper attention 
and HtoraRp. Do not entrust your battery to inexperienced or 
un.sk died hands. 


6 volt —1^ plates—80 
ampere hours storage battery 



Fig. 16 Storage Battery. The positive (-f) terminal is ground¬ 
ed to chassis frame, thus eliminating the possibility of ground¬ 
ing the battery through corrosion. Keep this connection tight 
and free from rust. Keep battery hold-down clamps tight to 
prevent battery shifting. 


>For starting at very low temperatures, especially when 
battery efficiency is low and the engine does not turn over at 
starting speed: Open throttle lover two or three notches. 
Fully retard spark lever. Open dash adjustment one full turn 
and crank engine two or three times with ignition oflf and choke 
pulled all the way back. This will fill the cylinders with a 
rich mixture. Release choke and turn on ignition. Engine 
should start on second or third quarter turn of the orank. 

It takes approximately 20 minutes running, with the gen¬ 
erator set at average charging rate to replace in the battery 
the current taken out by one minutes use of the starting motor. 
At xero temperatures the starting ability of a battery is reduced 
to one-half its normal capacity, and its internal resistance 
proportionately increased. In other words, a battery that will 
crank the engine for five minutes at normal temperatures, will 
only crank it 2H minutes at zero temperatures, and only 
about half as fast. Also due to congeal^ oil, the engine is 
stiff and reiiuires considerably more power to turn it over. 
These conditions often result in iC battery becoming partially, 
or fully discharged. 


Ford model aubjectf formerly on these pages have been deleted. 
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Fig. 18A. Wiring diagram showing the internal circuits of the model A Ford cars not CM^uipped with cowl lamps, with two bulbs 
in each headlamp. 

When starting to trace one of the 8<weral electrical circuits, begin with the positive (+) terminal of the battery or generator. 
The battery is the source of supply when the engine is not running, or generator is running very slowly. When the generator 
iipeed is increased to the point where its voltage becomes greater than the battery voltage, the relay points close and then the 
{cnerator is the source of electrical current supply and also charges the battery. See Dyke’s Automobile Encyclopedia, pages 332, 
•148 and 427 explaining the principle of operation of the cut-out (relay), how to trace circuits, etc. 


Specifications and testing data follow: 


Battery 

Make and model: Ford, A-10655. 
i^olta^e: 6 volts. 

Terminal grounded: Positive (4-). 

Starting capacity: 08 amps, for 20 minutes. 
Lighting capacity: 5 amps, for 17 hours. 

Box: Length, 0^'; width, 7V^'; height, 0)^'. 


S tarter 

Make: Ford. 

Rotation: Left hand, commutator end. 

Connection to engine: Bendix drive. 

Running free: 50 amps, at 0 volts, 4000 r.p.m. 

Cranking engine: 145-105 amps, at 6.1 volts. Depends on 
temperature. 

Lock torque: 15 pound-feet, 550 amps., 3.2 volts. 

Brush spring tension: 35-40 oz. on each. 

Starting switch: On starter, operated by foot plunger. 


Ignition 

Make: Ford. 

Distributor rotation: Ix5ft hand, top view. 

Breaker: Contact separation .018 to .022 inch. 

Contact spring tension: IG to 18 oc. 

Timing: 1—Check contact separation. 2—Retard spark 
l«ver. 3—Screw out timing pin fovmd in timing case cover, 
and insert rounded end in same hole. 4—Hand crank engine 
until pin is felt to drop in recess in camshaft gear. 5—Remove 
distributor cap and rotor button. 6—Loosen cam locking 
screw. 7—Replace rotor button and turn until the metal strip 
is oppcMite No. 1 contact. 8—Remove rotor button and turn 
cam slightly loft hand (top view) until contacts just open. 
9—Lock cam; assemble head; replace timing pin. 

Spark plugs: special; gap .035'. 

Firing order: 1-2-4-3. 

Manual advance: 40 degrees (on flywheel). 


Automatic advance: None. 

Coil: AutoLite-Bosoh. 

Ignition switch: Special Klcetroloek. 


Generator 


Make and type: Ford, two pole (belt drive). 
Rotation: Left hand, commutator end. 
Performance data (generator cold): 


Amps. 

R.P.M. 

Volts 

0. 

.625 

6 5 

2. 

. 680. 

.6.6 

5. 

.815 

7 1 

10. 

. 1220 . 

.7.8 

11. 

.1500 (max.). 

.7.9 


Motoring freely: 5 amps, at 0 volts. 

Maximum current: 18 to 22 amps, at 6 volts. 

Field test: 5 2 amps, at 6 volts. 

Brush spring tension: 35-40 oz. on each. 

Third-brush adjustment: J^oosen cover band. Shift third- 
brush by hand. Mounting plate held in any position by friction 
clamp springs. 

Relay (Cut-Out) 

Make: Ford. 

Closes: 7—volts. 

Opens: 0—2.5 amps, discharge. 

Contact gap: .015—.020 inch. 

Core gap: .010 inch, contacts closed. 


Lighting 

Switch: Ford No. A-116^-B. 

Location: Foot of steering column. Lights controlled by 
lever on steering wheel. Wires soldered to terminals. 

Fuses: None. 

Lamps: Head—1110 (bifocal); auxiliary—63; stop—1129; 
tail—63. 


This diagram is from the Standard Atdo^EUctrician's Manual copyrighted. 























THE MODEL “A” FORD CAR 


1137 


Storting Motor 

The starting motor is mounted on the left side of 
the engine. It is equipped with the Hendix drive*. 
It requires no attention beyond seeing that the 
cable connection is clean and tight. The bearings 
(made of graphite bronze) are lubricated when 
they are installed in the car and require no further 
attention. 

In starting, the spark should always be retarded 
to prevent a back-kick occurring and the possibility 
of the pinion gear jamming with the flywheel ring 
gear should the engine back-kick Should the engine 
fail to run at the first attempt to start, wait for a 
second before again depressing the starter button, 
thus assuring that both engine and starting nud-or 
have come to rest and thus avoiding pinion engage¬ 
ment while the engine might be back-roeking. 
Distorded Bendix springs and broken Bendix screws 
arc usually the result of engaging of th(^ piiiion gear 
under such conditions. 

Generator 

The generator is mounted on the left hand side 
of the engine. During winter months in sections 
where low temperatures prevail, the charging rate 
should be adjustc'd to 10 amperes^; in the summer 
this rate should bo cut down to 6 ampenvs. 'I'he 
rate can, of course, bo incn'ased or decreas(‘d to 


meet individual requirements. For example, the 
owner who takes long daylight trips could cut the 
charging rate down even less. On the other hand, 
the owner who makes numerous stops, should in¬ 
crease the normal rate if his battery runs down. 
See “Lubrication,” for oiling the generator. 

To increase or decrease the generator charging 
rate, remove generator cover and shift the third- 
brush. To increase the charging rate, shift the 
third-brush in the direction of rotation j to reduce the 
rate, shift the brush in the opposite direction. The 
output of the generator is indicated by the ammeter 
located on th(' instrument panel. 

When increasing or decreasing the generator 
charging rate use a small lihn' or wood stiiuc to shift 
the third-brush. This prevents any possibility of 
sparks occuring. 


*B#;ndix drive information, aiirh as tiu* prinriplm of opera¬ 
tion, failure of pinion Kt“ur to inesh, lubricating, care to use in 
re-Mtarting, n.'i^cnibljng tbc Hendix drive to arinuturo shaft, 
»'to is given on pages 320 and 830 of Dyke's A utomohile and 
hn ycloptilia. 

iThe 10 ar'ipere sotting given is for average drivdng conditions 
and in such eases us delivery cars and coniniercial cars, generally 
re<|Miie a consMlcrablv lower charging rate (3-0 amperes) 
«le|H iiding upon the service. An excessively high charging rate 
where ears are ilrivon eon.sidrrably during the day may buc.klo 
the plat4*s and cause the battery to fail. Therefore, prot(‘et the 
battery by properly regulating the rate of charge to suit the 
conditions under which the car is operated, using a master 
ainnu'tcr. 


Oil filler cap 


Generator cutout 
Generator pulley 



Timing pm 
Oil pan p.nsket 
Crankshait r.atchet 

Generator $upport bolt 


Generator 
Fan belt 

Crankshaft pulley 
Fly wheel housing 
Oil pan 


Fig. 19. Front view of engine showing how the generator is driven^ also, the timing ^n located in the timing gear corer. 
)Xi»4ained under ignition timing. The generator and fan drive and adjustment of the belt is also shown. 


Ford model **T'’ subjects formerly on these pages have been deleted 
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Cut-out: The cut-out, also termed the relay, is 
located on the generator. The battery supplies 
current for starting, ignition and lights below ap¬ 
proximately 8 mph. car speed, and the generator 
supplies current for ignition and lights and charges 
the battery approximately, above 9 mph. car speed. 
This of course is approximate, as the speed which 
the cut-out cuts in is dependent largely upon the 
setting of the third-brush. Ordinarily, however, it 
cuts in at a car speed of approximately 7 or 8 mph. 

The ammeter is located on the instrument panid. 
It registers '^charge" when the generator is charging 
the battery, and “discharge" when the lights are 
burning and the engine running about 10 miles per 
hour or less. If the engine is running above 15 miles 
per hour and the ammeter does not register “charge," 
with the lights off, consult a Ford dealer. 

In addition to registering the amount of current drawn by 
the lights, the anjinetor uIho rogistor.** tijo amount of nirmit 
chawn by the ignition when the cireuit is elosed. A short in 
the primary circuit of the ignition «yatein would regiater on the 
ammeter. 

Engine Ignition 

The ignition coil mounted on the da.sh receives 
the low tension current from the Ijattery, and trans¬ 
forms it into the high tension current necessary to 


produce the spark at spark plug. Occasionally 
inspect the wire connections at the coil, distributor 
and spark plugs to see that they are clean and tight. 

The spark plugs are the medium through which 
the electric current ignites the gasoline charge in 
the cylinder. Hard starting or misfiring of the 
engine may be caused by dirty spark plu^ or in¬ 
correct spark plug gap. Keep the plugs clean and 
the gap set to .085". This setting has been found to 
give better all-around performance. When an 
engine does not idle properly always check the 
spark plug gaps before attemptinj^ any repair work, 
often all that is necessary is to slightly open up the 
spark plug gaps. 

Ti rner-Dislributor 

A novel feature of th(^ Ford ignition distributor 
is the elimination of high tension cables from the 
di.stributor to the spark plugs. There is but one 
high tension cable and this connects the coil, placed 
on dash, with distributor which is on the right 
hand side top of the engine, and which is operated 
by a shaft ext(mding un from a gear on the camshaft. 
Th(^ distributor, wliien is Ford designed, connects 
with the spark plugs by mi'aiis of thin bronze springs. 

Oiling the timer-distributor; See “Lubrication." 


Fig. 20. Side view of timer-distributor. 




Fig. 21. Top view of timer-distributor showing the breaker- 
contact (interrupter) mechanism and distributor electrodes.' 
The distributor cap and rotor ore removed. 


Ford model subjects formerly on these pages have been deleted. 
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Adjusting ignition breaker-contact points: The 
gap between the breaker-contact points is set at 
.018*' to .022*', The gap should occasionally be 
checked to see that the points are clean and pro¬ 
perly adjusted. 

If the points are burned or pitted they should be 
dressed down with an oil stone. Do not use a file. 

To adjust the breaker-contact points proceed as 
follows: Lift off distributor cap, rotor and body. 
Turn engine over slowly with starting crank until 
breaker-arm rests on one of the lobes of the cam with 
the breaker p)oints fully opened. 

Loosen lock screw and turn the contact screw 
until the gap is between .018" and .022". A standard 
thickness gauge (Fig. 21) is used to obtain this 
measurement. 



Fig. 21A. Adjusting contact points. 

When correct adjustment is obtain(‘d, tighten 
the lock screw. After tightening the lock screw, 
again check the gap to make sure the adjustment 
was not altered when the lock screw was tighb'iied. 
Replace distributor body, rotor and cap. 

Igtiilion Timing 

As the spark must occur at the end of the (‘im¬ 
pression stroke, the timing must be checked from 
that point. 

To find the compression stroke and time the 
spark proceed as follows: 

1. Fully retard spark lever. 

2. Check gap between breaker-contact points and 
if necessary adjust them. 

3. Screw out timing-pin located in timing gear 
cover (see Fig. 19 showing location) and inscTt 
opposite end of pin into opening. 

4. With the starting crank turn the engine over 
slowly, at the same time pressing in firmly on 
the timing-pin, see Fig. 22. When the piston 
reaches the end of the stroke, the timing-pin 
will slip into a small recess in the camshaft gear. 

5. With pin in place remove distributor cover and 
lift off rotor and distributor body. 

6. Loosen cam locking screw until cam can be 
turned, see Fig. 23. 

7. Replace rotor and turn it until the rotor arm 
is opposite No. 1 high-tension contact point in 
distributor head, see Fig. 24. 

8. Withdraw rotor from cam and slightly turn the 
cam in direction of rotation until points are 
slightly open so that when cam is tightened the 
points will become fully closed, or in other 
words, just ready to open. This method pre¬ 
vents any backlash in the distributor shaft from 
affecting the timing. 



Fij? 22. Setting No. 1 piston on top of compression stroke. 
WinMi j)is(on riMiclifs the end of tiu' stroke, the timing-pin will 
.slip mil) a Hinull nvens in the euinshaft gear. 



I' lg 2.'{ Loosening cam locking screw so cam can be turnt"t, 
'rho di.sitibulor coviT, rotor und oi.^lributor body arc' leiiiovfd 



Fig 21 (left) Distributor body and rotor replaced. liotor 
arm is turned opposite No. 1 high-tension contact iti ilislribotor 
brad. 


Fig 2.") (right) Rotor withdrawn from cam; alightly 

turned couMU'r-clofkwjse until brcaker-oontai't (iiit»*rrupt«*r) 
points an* ju'^t ready to open when earn is looked in place. 



Fig 26. Distributor high-tension contact points in the timer- 
distributor showing the numbering of elcctro<leH leading to tlie 
spark plugs. The numbers refer to the engine cylinders 
Number 1 cylinder is next to radiator and number 4 is nex 
to cowl. The firing order is: 1, 2, 4, 3. 
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Before replacing the rotor and distributor cover, 
the timing shotild now be carefully checked. This 
can be done as follows: 

Withdraw timing-pin from recess in timing gear. 
Turn on ignition switch. Again insert the timing- 
pin into opening in gear cover. While turning the 
engine over with crank, press in on timing-pin. If 
properly timed, just as the pin scats in the recess 
in Uie time gear, a spark should occur between the 
breaker points. If a spark does not occur, some 
error has been made and it will be necessary to re¬ 
check the work until the spark occurs between the 
breaker points as previously described. 

When ignition is correctly timed, turn off ignition 
switch, replace rotor and distributor cover, with¬ 
draw timing-pin from recess in timing gear and 
screw it back tightly into the timing gear cover. 
Some mechanics replace the timing-pin after having 
located the piston on top of compression stroke, in 
order that it not be overlooked. 

Before timing ignition always check the travel 
of the plate lever in distributor. The plate lever 
notch in distributor body is accurately machined to 
permit the lever to travel 20° from the fully re¬ 
tarded to fully advanced spark lover position. When 
the width of notch is increased it permits the lever 
to travel beyond the recommended 20° range and 
this of course affects the timing. 

To check: Fully retard the spark lever on the 
steering gear quadrant and notice whether the plate 
lever is touching against the side of the notch. 
Next pull the spark lever all the way down on the 
quadrant to the fully advanced position and see 
if the plate lever is touching the opposite side of the 
notch. If the plate lever does not make the full 
20° travel, disconnect the spark control rod and 
slightly bond the control rod lever until the plate 
lever touches one side of notch in distributor body 
when spark lever is fully advanced, and touches 
opposite side when lever is fully retarded. Do not 
under any circxunstances attempt to correct this 
condition by increasing the width of notch in dis¬ 
tributor body. 

After checking travel of plate lever proceed with 
timing operation in usual way. When the timing 
operation is completed the travel of the lever should 
again be check^. When timing ignition do not 
remove distributor body. 


The Ford Type Elcclrolock and Ignition Switch 

The Ford type Electrolock used in the ignition 
switch is a comoination switch and theft proof lock 
affording full protection for the car and meeting the 
exacting requirements of the underwriters as re¬ 
gards theft insurance. 

To unlock the Electrolock, simply insert the 
switch key into the ignition switch and turn the key 
to the right. This releases the cylinder of the lock 
which snaps forward and closes the ignition circuit. 
When the cylinder is released the engine can be 
started in the usual manner, and the switch key 
withdrawn from the lock. To shut off the engine, 
push in on the cylinder of the lock until it snaps back 
m the lock poation. Be sure that it stays in. This 
shuts off the ignition and locks the car. 

The lock is placed in the ignition circuit. It not 
only r^laces tne regular ignition switch, but in the 
position grounds the entire circuit. From the 


switch to the distributor an armored flexible steel 
conduit cable protects the primary current wire, 
this cable being grounded to the distributor casing, 
thereby making it impossible to wire around the 
device. The lock is nationally legal and complies 
with all ordinances. It is always possible to steer 
and push the car out of the way in case of fire or 
emergency even though the car is locked. 

Should ignition trouble develop, check battery 
connections, also yellow wire from terminal box to 
starting motor and black wire from terminal box to 
coil, also red wire from coil to switch. If these 
connections and wires are o.k. check switch as 
follows: 

Remove the four screws which hold the instru¬ 
ment panel in place and pull panel back. Disconnect 
wire at terminal on the lock case. The switch may 
then be tested in the following manner by using a 
six-volt circuit and test lamp. 

First test: With breaker points in distributor 
open, place one test point on the primary terminal 
inside the distributor and the other test point on the 
switch terminal. With the switch unlocked the test 
lamp should light—with the switch locked the lamp 
should not light. 

Second test: Place one test point on the primary 
terminal inside the distributor as in the first test and 
the other test point on the switch casing. With the 
switch locked, the lamp should bum. With the 
switch unlocked, the lamp should not bum. 

If the lamp lights with the switch locked as 
described in the first test, or if the lamp lights with 
the switch unlocked as outlined in the second test 
there is either a ground in the switch, or the distrib¬ 
utor condenser is shorted or grounded and it will 
be necessary to disconnect condenser from distrib¬ 
utor to determine whether the trouble is in the 
switch or condenser. 

Inspection of condenser: To remove the condenser 
from the distributor, remove the sealing wax cover¬ 
ing screw head, C, Fig. 21 and back out the screw. 
Remove screw at A, Fig. 23 and remove condenser B. 

For tost purposes, insert a new condenser in place 
of the one removea and again try the second test 
as outlined above. Should the lamp still bum when 
the switch is in the unlocked position, the trouble 
lies in the switch and it should be checked as follows: 

Inspection of switch (internal): Unlock the 
switch. Remove the three screws which hold the 
switch to the back of the instrument panel. The 
lock cylinder can then be removed by taking out 
the set screw at the side of the lock casmg. 

If the above tests fail to locate the trouble, it is 
no doubt due to a break in the wire in the cable and 
it will be necessary to replace the conduit assembly 
with the exception of the lock cylinder. The lock 
cylinder and keys in the old assembly oan again be 
used. 

When necessary to remove the switch or conduit 
assembly frbm the car, remove bolt which fastens 
cable to engine, remove distributor from cylinder 
head and unscrew distributor from switch cable. 

Should the lock cylinder not work freely on 
account of dirt or foreign matter getting into the 
lock case, the cylinder should be removed and 
deaned imtil it works fredy. 

Never grease or oil th^ lock cylinder. If the 
tumblei'B stick, place a little graphite in the keyhole. 
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Horn 

The quality of tone and length of service received 
from Ford horns (motor type) depends entirely on 
the care they receive. To produce the most effective 
tone, it is necessary that the armature revolve at a 
high rate of speed. This speed fs possible only 
when bearings are properly oiled, and the commu¬ 
tator and brushes are kept clean. 

Lubrication: Once a month, remove motor cover located at 
rear of horn and place a few drops of oil in groove at each end 
of the armature shaft. Use light fine oil. 

To clean the commutator, set the motdr in motion by pressinR 
the horn button. While nmtor is revolving, hold a piece of 
fine sandpaper against commutator until commutator is clean. 
Next, with a small piece of wood, clean the gaps between the 
commutator segments. Do not u.se inctal when cleaning gaps. 
When turned with the fingers, the armature should revolve 
freely Should it fail to operate, examine the batterj', the wir¬ 
ing, and the horn button. 

Adjustment: Turning the adjusting screw regulates the tone. 
Turning the screw to the right tightens the adjustment 
Turning to the left loosens it. Regulate the adjustment until 
the desired tone is obtained. 

Lighting System 

Lamps used on the Ford cars are of rustless steel 
polished to a bright lustre. 

Each lamp is held in a swivel socket which per¬ 
mits easy adjustment. The twolite headlamps are 
of the tilting beam type, with a special lens of tlutes 
and prisms. There is a double filament 21-eandl(‘- 
power bulbh one filament throwing a b('am down on 
the road, and the other throwing a beam of equal 
brilliancy straight ahead. In cars not having cowl 
lamps a speeial 3-candlepower bulb is providi'd in 
the headlamp for parking. The lights are controlled 
from a switch on the top of the steering wheel. 



Fig. 28 (left). When the upper filament is lighted the bright 
beam of the headlight is deflected down. 

Fig. 29 (right). When the lower filament is lighted thes 
bright beam of the headlight is reflected straight ahead. 



Fig. 30. Lighting switch used on the Ford model “A” car 
which is placed at the base of the steering gear homing as shown 
in Fig. 60. These wires pass through a lower switch cover and 
are soldered to the switch plate terminals. 


Operation of the lights; The lighting system is 
operatt'd by a switch handle located at the top of 
the steering wheel. When the lighting switch handle 
is pointed straight down, the lights arc off. Turning 
handle first position to right from tho “off” position 
gives a downward tilting biuim for city driving. 
Turning handle to second position to right provides 
a beam which gives exceptionally brilliant road 
illumination for country driving. Turning handle 
all the way to the left turns on the parking lights. 

When replacing burned out bulbs, make certain tlmt you get 
genuine Ford bulb.s, mh satisfactory rcMultN cannot be obtaiiUHi 
with tlio many inferior bulb.s now on the market. Gciiuiiic 
Ford bulbs have the name Ft)I<I) mivrke<l on tho base. They 
inaure headlights mooting the lighting roquiremonts of tho 
various states. When replacing headlamp bulbs the lights 
shuuUl bo refocused. 

Focusing and Aligning Headlamps 
Align and focus headlamps with empty car stand¬ 
ing on a l(‘vel surface in front of a white wall or 
screen 25 feet from front of headlamps. This wall 
must bo in semi-darkness or sufficiently sliicldc^d 
from direct light so that tlio light spots from the 
headlamps can be eloarly seen. The wall must be 
markod off with black lines as shown in Figs. 31 
«nd 32. Details for making the layout are shown in 
Fig. 33. 



I'lg ;U. Right headlamp properly focused tuui aligiuMl. 



I ig. 32. Both headlamps properly focused and aligned. 

Focus: 1. Lens must be intalled in door with the 
word “top” at top of door and with all lettering 
reading properly from front. 

2. Turn on upper beam. 

3. Focus by int'ans of screw at back of lamps, first 
one lamp and then the other, adjusting the bulb 
filament at the focal center of the reffcictor to obtain 
an elongated ellintieal spot of light on the wall, 
with its long axis horizontal (see Fig. 31). In focus¬ 
ing, adjust the bulb to obtain as good contTast and 
as well-defined cut-off across the top of the spot of 
light as possible. 

With lamps thus focused for the upper beam the 
lower beam will b(j in satisfactory position. No 
adjustment is necessary for small bulb for parking 
light. 

Alignment: 1. Headlamps are aligned by moving 
lamps after nut at bottom of bracket has been 
slightly loosened. 

2. The tops of the bright spots on the 25-foot wall 
are to be set at a line 39 inches (1928-9 models 37") 


1 While the double filament 21-candlcpower bulb in furnishecl 
as standard equipment, a double filament 21-32 candlepower 
bulb is available for those who desire a brighter beam of light 
straight ahead and who reside in those states where such lights 
are not prohibited by law. 


Ford model **T'’ eobjecta formerly on these pages have been deleted. 
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above level of surface on which car stands. (See 
Fig. 33.) With tons of bright spots thus sot for 
empty car, the headlamps comply, under all condi¬ 
tions of loading, with the requirements of the various 
states. 


3. The beam of light from each headlamp is to 
extend straight forward; that is, the centers of the 
elliptical spots of light must be 30 inches apart. 



Fig. Shop layout for focusing and adjusting headlamps. 


Proper alignment of h(*adlamp8 is readil^y checked 
by means of a horizontal line on the wall m front of 
the car, 393^^ inches above the level surface on which 
car stands, and two vertical lines 30 inches apart, 
each one 15 inches from center line of car. Proper 
alignment of car relative to marks on the wall may 
be readily provided by use of wheel guid(^ blocks for 
one side of the car, as shown in cut. If it is impossible 


to tie up the floor space required by these blocks, 
marks painted on the floor amy be used to show 
where one set of wheels should track and where the 
car should be stopped. 

Stop and Tail Lamp 

The stop or signal lamp switch is connected with 
the brake pedal so that when the brake pedal is 
depressed, the circuit is closed to the stop lamp, 
when the brake pedal is depressed, the switch 
plunger snaps forward, closing the contacts in the 
switch and putting on the stop light. The switch 
plunger is under constant spring tension at all times, 
except when the brake is applied. 



Fig. 34 (lower left). Stop lamp switch installation used on 
car. 

Fig. 35 (right). Stop lamp switch installation used on the 
trurk. 

Fig. 36 (upper left). The tail lamps A-13407-A (rustless 
steel) and A-13407-C (blark enamel) are equipped with stop 
and tail light wires extending from the lamp approximately 
22'. One end of tiic extensions i.s attached to the tail and stop 
light sockets in the lamp—the opposite ends are connected to 
the tail lamp wire by means of a connecting plug A-14487, 
located 22*' ahead of the tail lamp. 


ELECTRICAL TROUBLES AND REMEDIES 


Connections; Keep Clean and Tight 
In cold weather the generator voltage is consi¬ 
derably higher than normal. This is sometimes 
noticeable by the bluish white color of the light 
from the bulbs. The increased voltage is caused 
by the low temperature of the electrolyte which 
increases the internal resistance in the'^battery, and 
in order to maintain a constant charging rate, the 
generator voltage correspondingly increases. 

When the bulbs burn out prematurely, it is be¬ 
cause they are operating at too high a voltage as 
a result of poor or loose connections in the battery- 
generator circuit or due to the charging-rate being 
set too high. The bulbs are designed to burn 100 
hours at 61^ volts. If the voltage goes up to, say, 
7 volts, the bulbs will last less than 25 hours. 



The remedy in such cases is to first make certain 
that all connections in the battery-generator circuit 
arc clean and tight, especially at the battery 
terminals, ground connections, and cut-out (sec 
Fig. 37). Any loose connections build up re^sistance 
and cause high generator voltage. Any connections 
found loose should be taken apart, ch^aned, and 
securely tightened. Nuts and screws should have 
washers under them. Special attention should be 
given the battery terminals, as these arc especially 
subject to corrosion. Take battery terminals off, 
clean thoroughly with ammonia, coat with vaseline 
and reassemble, tightening securolv. If this is done 
two or three times a year, no trouble from corroded 
terminals should be experienced. 

If the connections are all o.k. but the bulbs con¬ 
tinue to bum out, it will be necessary to cut down 
the generator charging-rate approximately 2 to 4 
amperes. Care should be taken, however, not to 
cut the generator charging-rate too much or the 
battery will become undercharged. If it is necessary 
to reduce the charging-rate to prevent lamps burning 
out, the gravity of the battery should be recorded at 
that time and an inspection made after the car ha^ 
been driven 500 to 800 miles to note whether or not 
the gravity is falling off. If the gravity is rapidly 
falling off, it will be necessary either to slightly 
increase the rate or give the battery a bench charge. 
Otherwise, the battery may fail to turn the engme 
over if the weather is extremely cold. 

If starting motor, electric windshield wiper or 
horn fails to operate, or generator fails to charge: 
In cold weather lubricating oil sometimes congeals 
and hardens on the commutators in the above parts, 
causing a coating of insulation between the com¬ 
mutator bars and the brushes. Under these condi¬ 
tions the 6-volt current supply is of too low tension 
to force current through this coating of insulation 
and consequently the part fails to operate. If 


The Liberty engine instructions formerly on pages 1142 to llSl have been deleted. 
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cleaning off the congealed oil and grease does not 
remedy the condition, the source of trouble can be 
traced to loose or poor contacts or connections. 

In addition to a dirty commutator, the generator 
should also be checked for worn brushes. If the 
brushes are badly worn, they should be replaced. 
If the commutator is dirty or slightly rough, polish 
it with 00 sandpaper. Be sure to blow out any sand 
or particles after polishing. 

Check Electrical Equipment 

After several months of winter driving, it is an 
excellent plan to check over all electrical equipment 
on the car. This not only adds to the pcTiormance 
of the car, but it may prevent unnecessary trouble 
later on. Here are some points which should be 
thoroughly gone over, especially at that season of 
the year. 

Generator: Remove dust cover and clean commii- 
tator with a cloth. Use a small piec(* of wood to 
clean gaps between segments. Examine the brushes; 
if badly worn, they should be n'placed. Adjust 
charging rate for summer driving—b to 8 ampen-s 
at 25 miles per hour should be sutliei('nt. I'liis rat<* 
can, of course, be increased or decreased, depending 
upon the conditions under which the car is oj>erat(‘(i 
d'W charging rate shouhl be adjusted with a master 
ammeter. 

Starter motor; Remove dust cover and clean the 
commutator the same as on the generator. See that- 
all electrical connections arc clean and tight. 

Battery; Remove floor boards; this will give free 
Mccess to all parts of the battery and its connections, 
(dean the top of the battery and the terminal (‘onnec- 
tions with a mild solution of sal soda or with a cloth 
moistened with ammonia. The t()[) of the battery 
should then be flushed with water, wiped dry and 
the terminals cleaned and coated with a light grease 
or vaseline. Add distilled water to the battery until 
the tops of the plates in each (‘(dl are covered. 

Lamps: Headlights should be checked for focus 
and alignment. All lamps should be ehe(;ked to 
see that none of the buli)a are burnt out and that all 
connections are clean and tight. 

Horn: Remove cover at rear of horn and thorough¬ 
ly clean commutator. Use a small piec(‘ of wood to 
eh'an the gaps between the c.ornmutator s(‘gnu*nt.s. 
Do not use wire or metal of any kind. Place a f<*w 
drops of oil in the groove at each end of the armature 
shatt. Check tone of horn, if necessary regulate by 
means of adjusting screw. 

Distributor: Contacts on the distributor body 
and on the rotor should be cleaned with very tine 
sandpaper. This will remove any corrosion on the 
contacts. Corrosion sets up a high resistance in 
the secondary circuit. 

Check the breaker point gap. The gap should 
measure between .018" and ,022". 

Windshield wiper: Being exposed to the weather, 
the ground connections on the electric windshield 
wiper should be thoroughly cleaned. The commu¬ 
tator wiped with a cloth or fine sandpaper. Oil on 
the commutator, rust on the windshield frame at 
point of ground contact and poor connections cause 
most windshield wiper trouble. 

All electrical connections on the car should be 
carefully gone over. Poor connections often cause 
trouble on the road and are difficult to locate. 

Lighting switch; Remove the lower section of 
lighting switch and wipe out any oil or grease that 
may have leaked down from the steering gear. 


This grease has a high resistance and will lower the 
candle power of headlights. 

Spark plugs: Remove spark plugs, thoroughly 
clean and adjust the points until the gap measures 
between .032^ and .035". In some cases, wnere engine 
does not idle satisfactorily, the gaps can be set slight¬ 
ly larger. EngineiTs state that best results are ob¬ 
tained by replacing spark plugs every 10,000 miles. 



Kiff :V Breaker point gap and fibre block and apark 
plug gap. 

Check breaker point gaps after the first few 
hundred miles a new car is driven. During this 
period the eoutact point on the fiber block on the 
lireakiT arm assembly slightly wears until a hard 
glaze forms on the block. This glaze forms practi¬ 
cally a piTinanent b(‘aring. During the? wearing-in 
process, the gap between the breaker points bci^omes 
slightly less. This is why it is important to check 
the gap. 

Onci; th<‘ fiber block has obtained its permanent 
bearing, there should be no oi^easion for further 
adjust m(‘nt for some time. A litth; vaseline, how¬ 
ever, should be placed on the distributor cam ('very 
2(X)() inih's. The gap b(‘tw(‘(*n the br('ak(‘r points 
should iiK'asure b(‘two(‘n .018" and .022". 

Coil trouble is often due to allowing dust, and 
moisture to accuimulate on the baki'Iite insulator 
end of (‘oil wIkto the high t('nsion cabhj h'ads from. 
This dust and moisture may set up a (carbon path 
resembling a crack in the insulator mr th(i H(;c()ndary 
current to ground on the m(!tal ease on the coil. 
Keep th(^ coil insulator, also the spark ])lug porce- 
lain.s, and the top of the distributor clean. 

Another common cause of coil troubles is the 
failure to push in on the cylinder of the Electrolock 
sufficiently far to permit it to snap back into the 
lockc'd position wh(‘n shutting off the engine. If 
the breaker-e-ontact points are closed wh(‘n the lock 
is not all the wav in, it permits the current to flow 
through the coil, causing overh(^ating and conse- 
(juent damage to the coil. 

When connecting the high tension wire to the 
coil, extreme care must be taken to make certain 
that the win; go('8 all the way into the coil until it 
makes good contact. If wire does not make good 
contact in the coil the high temsion voltage may 
break down the insulation and crack through the 
bakelitc neck of coil. 

Flickering headlamps: Occasionally after a car 
has been in service for long periods, the headlights 
will flicker. This may be clue to slight corrosion 
forming on the brass contact points on the headlamp 
plug and in the headlamp. The condition can be 
easily remedied by withdrawing the socket plug 
from the headlamp and sandpapering the contact 
points on the plug and in the headlamp. These 
contact points are now made of lead which is non- 
corrosive. 
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TRANSMISSION AND CLUTai 


The transmission is & standard selective sliding 
gear shift type with three speeds forward and one 
reverse. 

The countershaft is carried on roller bearings, 
these bearings being selected because of their extreme 
efficiency in carrying radial loads such as are exerted 
on these gears. For the same reason a roller bearing 
is used in the connection where the drive shaft joins 
the spline shaft, as the load there also is radial in 
nature. 

Ball bearings are used for the bearings in which 
the drive and spline shafts rotate, because of their 
effectiveness in carrying radial loads to which there 
is a certain amount of end thrust, as is the case with 
these shafts. The reverse idler is carried in bronze 
bushings. See "Lubrication,” for transmission. 

The clutch is a single plate dry disc type. The 
clutch may be described as having a cover plate 
assembly which consists of a cast iron outer driving 
plate and a stamped cover plate in which are mount¬ 
ed twelve pressure springs and six release levers. 
The springs are in direct action against the pressure 
plate and automatically compensate for all wear of 
the friction facings. This is a feature that eliminates 
any necessity of adjusting the release levers. 

The driven member or clutch disc assembly is 
composed of a slightly dished steel disc and two 
friction facings of the moulded type, used because of 
their long wearing and high temperature resisting 
oualities. The facings are riveted to both sides oi 
tne driven disc. With this construction the outer 
and inner edges of the clutch disc facing start to 
engage first. As the clutch engages when the pedal 
is released, the spring pressure in the clutch flattens 
out the "dish” in the clutch disc and the entire lining 
surface picks up the load evenly. This feature 
insures exceptionally smooth clutch engagement. 


Clutch pedal clearance and adjustment: Do not 
make a practice of resting your foot on the clutch 
pedal while driving, as this may cause the clutch to 
slip and unnecessarily wear the facings on the discs 
The correct clutch pedal clearance, or play for the 
clutch pedal is approximately I''. That is when the 
clutch 18 depressed there should be about 1*^ move¬ 
ment in the pedal before it starts to disengage the 
clutch. As the clutch facings wear this clearance or 
movement gradually grows less. Consequently it 
should occasionally be checked. Under no cinnim- 
stanccs should the car be driven without clearance 
or play in the clutch pedal. See Fig. 39. 

Care; Oil or grease must not bo used in the clutch which is » 
dry disc type, Lubriofttion of the clutch bearings however is 
important; see “Lubrication.'* 



Fig. 39. Adjustment of clutch pedal clearance is made by 
removing the clevis pin iind turning the release arm rod. 
Screwing the rod in decreases the clutch pedal play. Screwing 
tlic rod out increases tho play. After making adjustment, be 
sure to replace clevis pin ami cotter key. 


Hand brake lever 

Gear ihift lever 
Gear ahifler forks 
Intermediate and high eliding gear 
Low and reverse sliding gear 


Trani. main ahaft 
lYan. main ahaft ball bearing- 
Univeraal Joint housing 
Universal joint 


Main drive gear ball bearing 
Countershaft gear bearing 
Clutch housing hand hole coveif 
Clutch housing assy. 



Wheel assy, 
ssure plate and cover 
Release bearing spring 
.Release bearing assy. 

Fly wheel dowel retained 
■Release bearing hub 
lutch pilot bearing 


Reverse Idler gear 
Countershaft’ 

Countershaft gears 
Countershaft gear bearlnfs 


-Release shaft fork 
Clutch release shaft 
lutch disc 

Qutch spring 


Fig. 38. Trtnsmisdott «nd clutch assembly. 







THE MODEL “A” FORD CAR 


1145 





1146 


DYKE^S INSTRUCTION No. 86 


REAR 

The rear axle is a three-quarter floating type. 
Torque tube drive is employed. By this principle 
of drive, all the driving stress or thrust is taken up 
by the tube surrounding the drive shaft, leaving the 
springs free to perform their normal function. 

Bell forgings welded to steel tubing make up the 
axle shaft housing which is bolted to the differential 
housing. 

The driving pinion hub is exceptionally heavy and 
as the pinion is carried on double taper roller bear¬ 
ings alignment of the gear is always assured. 

The driving pinion and ring gear (driving gear) 
are made up in sets and carefully matched, each 
set being lapped to (diminate the possibility of noise 


AXLE 

in operation. The driving pinion and driving gear 
have spiral bevel teeth. 

The differential side gear is forged integral on the 
rear axle shaft and the teeth then cut. See specifi¬ 
cations, ‘*Axle, rear” for further data on construc¬ 
tion, gear-ratio, etc. 

The front and rear axle assemblies should oc¬ 
casionally be gone over to see that all nuts and con¬ 
nections are tight, with cotter pins in place. The 
spring clips should also be inspected to see that they 
are tight. 

Lubrication of rear axle. See lubricating chart 
Fig. 2, and differential lubrication, under “Lubrica¬ 
tion." 


WHEELS 


Front Wheel Alignment' 

To correct premature excessive tire wear: Adjust 
front wheel toe-in to he" plus or minus • d'lu* 
best way to chec^k toe-in measurements i.s with a 
wheel aligning gage. 

If adjustment is required: Remove cotter pins 
and loosen the two spindle connecting rod end clamp 
bolt nuts; then turn the spindle connecting rod 
either in or out until the correct adjustment is 
obtained. The rod has a right-hand thread on one 
end and a left-hand thread on the other which sim¬ 
plifies adjustments. When the correct toe-in is 
obtained, tighten the two connecting rod clamp bolt 
nuts, making sure to replace cotter keys. 



Fif?, 41 A. Front wheel toe-in. 


Check front wheel alignment after tightening 
ball plugs. After adjusting the ball plugs on the 
ends of the spindle connecting rbds always re-align 
the front wheels. This is necessary as tightening 
the ball plugs shortens the distance between the 
spindles, causing the wheels to toe out slightly. 
As a result it is necessary to realign the front wheels 
in order to insure proper steering and prevent 
excessive tire wear. 

Camber of front wheels should be approximately 
1'^'. The camber is not adjustable, as it is pro¬ 
vided for in the forging of the spindle. The only 
possibility of the camber being changed would be 
due to a bent axle or spindle or badly worn spindle 
body bushing. 



Fik -1 IB. Front wheel camber. 


Caster effect is given to the stecTing kiiucklet at 
the factory which is 5'’. 

If front axle is bent it should be straightened cold. 

If rear axle shaft is bent, caused by striking 
wheel against curb or otherwise, replace it. 

Wheels 

Wheels are of the steel spoke type, with 
diameter spokes electrically welded integral with 
tin; hub shell and rim. The hub sht‘ll carrying the 
weight of the wheel, fits over the brake drum, to 
which it is bolted, and it may be removed as a unit 
without disturbing the brake adjustment. 

The front wheels should be jacked up periodically 
and tested for smoothness of running and excessive 
side play. To determine if there is excessive side 
, grasp the sides of the tire and shake the wheel, 
not mistake loose spindle bushings for loose 
bearings. Insert a cold chisel between spindle and 
axle when making this test to take up any spindle 
bushing play. 

Adjusting front wheel bearing: If there is excessive 
play in the bearing it can be adjusted as follows: 
Remove wheel. Withdraw cotter key and tighten 
adjusting nut until the hub just starts to bind. 
Then back off the adjusting nut one or two notches 
until the hub can be freely revolved. Before re¬ 
placing the wheel, be sure to insert cotter key in 
adjusting nut. 

1 See pages 1095-1098 of Dyke's AtUo Encyclopedia for ex¬ 
planation of caster, camber, to^n, etc. and additional pointers 
on ^he subject of wheel alignment in general. 
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SPRINGS AND SHOCK ABSORBERS 


Springs 

Springs: The transverse* Ford design springs on 
the Ford model “A” car have been ouilt to give 
exceptionally easy riding qualities to the cars. The 
outstanding advantage of this type of spring is that 
it rests on its flexible ends with the heavy center 
part uppermost. Therefore all road shocks are 
imparted to the most sensitive part of the spring 
instead of the middle. Thus the very weight of the 
spring receives the benefit of spring action instead 
of hanging below as dead weight and increasing the 
hammer-like blows of road impacts. 

Care of springs: The springs should be lubricated 
occasionally with oil or graphite. This will nvstore 
the original flexibility of the springs and improve 
the ridmg quality of the car. 

Unsprung weight: The remarkably easy riding qualities of 
the model ”'A” Ford were obtained chiefly by inereusing the 
ratio of the sprung weight over the unsprung weight of the 
car and this has been attained to a degree <'onHi(h'red exceptional 
in light car eonstrurtion. It is nttributcil largely to the use of 
the transverse principle of spring euspension. 

Riding quality of any ear depends to a great extent upon the 
ratio of the sprung weight, that which is canied above the 
spring shackle, to the unsprung weight, that whieh is carried 
below the spring shackle. The less the unsprung weight iii 
ratio to the sprung weight, the easier riding the car will be 
If the weight below the spring is-unusuallv heavy or out of 
proportion to that above, it imparts road shocks with greater 
lorcc, thus lessening ruling comfort. 


On the downward stroke of the arm where greater shock 
absorber resistance is requirctl to cushion the recoil of the 
springs, the fluid is forced only through the by-pass around the 
bottotii of the neetlle Milve scat. The resistance at this point 
is controlled by the adjustment of the needle valve. The by¬ 
pass in the stationary wing shaft is completely eloswi by a ball 
cheek valve which is forced dow n on its seat by the pressure of 
the fluid 

Adjustment: Turning? tlio square end of the needle 
valve (see Figs. 48. 49) changes the adjustment. 
Resistance is increa^t'd wh(‘n the netnlle is screwed 
in, and deereastul wht'n the valve is backed out. 



Shock Absorbers 

Ford hydraulic double acting shock absorbers 
operate entirely on the principl(3 of hydraulic re¬ 
sistance. Shock absorber fluid is forced from on(‘ 
chamber to another by the movement of the lever 
arm. The working chamber is automatically kept 
full by the shock absorber fluid in the re,servoir. 

The shock absorbers regulate the fl(‘xing of the 
springs just as a door cheek does the closing of a 
door, only it works both ways. 



Fig. 47. Inside view of the double acting hydraulic shock 
absorber showing the principle of operation. The working 
chamber which is filled with fluid, wliich provides the shock 
absorbing action, consists of a forged steel chamber divided 
into two equal sections by the stationary shaft. 

The rotating or wing shaft which operates in¬ 
tegrally with the shock absorber arm is rotated by 
any movement of the arm. The rotation of the 
shaft forces the fluid from one compartment into 
the other. 

The resistance in the shock absorber depends 
upofi the rapidity with which the fluid is forced 
from one compartment to another. The rate of flow 
is controlled by the size of the opening between the 
compartments and this opening is enlarged or re¬ 
stricted by adjustment of the needle valve. This 
is why correct needle valve adjustment is so im¬ 
portant. 



Fig. 40. Rear shock absorber. 


The average adjustment for rear shock absorbers 
during warm weather is niadii as follows: Seniw 
needle valve in until it seats, th(‘n back valve off 
li turn. For front shock absorbers, back valve 
off *?« of a turn. 

For cold weather adjustment the n(M‘dle valve in 
the rear shock absorbers should be screwed in until 
it seats, then backed off 3^^ to ^8 of a turn. For 
front shock absorbers the m^cdlo valve should b<? 
backed off to of a turn. A slight movement 
of the needle valve either way makes a big differ¬ 
ence in the action of the instruments. 

Tliesc settings are of course only approximate and 
can be easily changed to suit the individual prefer¬ 
ence of the owner and the conditions under which 
the car is operated. For example, the owner who 
drives at high speed over rough roads would require 
greater shock absorber resistance than the owner 
who drives at moderate speed over paved highways. 

Care : The only care the shock absorbers require is 
replenishing the shock absorber fluid in the reservoir 
and the lubrication of the connections. The filler 
plug in the reservoir should be removed at intervals 
of 6,000 to 10,(XK) miles, and the reservoir filled with 
shock absorber fluid. Ford dealers are equipped to 
render this service. 
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Lubricating shock absorber coimections; The 
ball joints are made in unit with the instrument arm 
and spring perches. They are hardened and 
CTOund. The ball joint scats are enclosc^d in the 
^ock absorber connecting links, which should be 
lubricated every 600 miles with the compressor gun. 

In order to secure maximum riding comfort, it is 
important that the spring hangers ne free in the 
bushings and kept well lubricated. 

Servicing Shock Absorbers 

If adjustment cannot be obtained by turning the 
needle valve proceed as follows: 

]. Check level of fluid in reservoir, bringing it up to level of 
filler plug opening. Before putting in the new fluid check the 
old fluid in the reservoir to see if it nas bc'en excessively thinned 
out. If it is too thin, remove and replace with new fluid. 
While it ia not necessary to correct shock absorber action, that 
the fluid in the reservoir bo right up to the level of the filler 
plug opening, from a service standpoint it is a goo<l plan to 
check this every 5,000 to 10,000 miles and add more fluid if 
the reservoir is not at least half full. 

If bringing up the level of the fluid in the reservoir does not 
correct the trouble, then check the resistance in each unit, as 
follows: 

2. Disconnect shock absorber from link assembly; next pull 
the shock absorber arm all the way down, then push the arm 
up fast, repeating the operation two or three times. If little 
or no resistance is encountered on the down stroke, screw the 
needle valve all the way in and again cheek for resistance. All 


four units should be checked in this manner. If there is Ii^ 
of resistance in any one of the units, it should be replaced with 
a new unit. When making the cheek you will observe that the 
resistance on the up stroke is considerably Jess than the re¬ 
sistance on the down stroke, as the shock absorber i.s designed 
to give this typo of action. It is therefore important when 
checking for re.sistanee to make the check on the down stroke 
When insfrurneiita are OK adjust them to give the type of 
ride the owner prefers as previously des nlied 



Fig. 49A. To obtain proper shock absorber action these 
points must be checked regularly. If neglected hard riding 
and noise is likely to develop. 

Important: It is impossible to secure 100% shock absorber 
action unless the shock absorber connecting links are lubricated 
regularly and both the front and rear springs are properly 
lubricated. Spring covers should be installed on cars, as these 
covers regulate the amount of lubricant supplied to the springs 
and fgeds that supply constantly. 


STEERING GEAR 


The steering gear is known as the hour glass 
worm and two tooth sector type, three-quarter 
irreversible. 

The worm is mounted on two taper roller bearings 
which take the end thrust as well as the radial loads. 
The steering worm is splined to the steering worm 
shaft, and the steering worm sector is forged and 
machined integral with its shaft. 

The worm is so cut that the sector teeth have no 
play or lash in the center (the straight ahead driving 
position) but with gradually increasing lash toward 
ends. This provicles against binding at extremes 
after adjustment for normal wear. The steering 


column is clamped to the bearing adjusting sleeve, 
which permits rcservicing in part and gives ample 
strength and proi)er alignment. 

The steering wheel is made of a composition over 
a steel frame, and is black polished to a bright lustre. 
It is 17'' in diameter. 

Care: Lubricate every 2,000 miles with steering 
gear lubricant only. Never use grease in the steering 
gear assembly as in a short time the grease is forced 
from between the worm and sector and as a result 
these parts become dry and cause excessively hard 
steering. In fact most steering gear troubles can be 
directly traced to the use of improper lubricant. 


Throttle control rod- 
Hom button- 



Llghting switch handle- 


Th^ottlelever- 


Steciingf g;ear adjusting s . 
Steering worm adjusting sleeve—| 
Steering worm bearing roUer- 
Steenng gear housing-- 




Light Clkhora wires 
Light switdi 
Steering gear bou sing I 
eodplato 


■Horn switch wire 
Lighting switch handle tube 
Steering cohnnn clamp 
•Steering shaft 

' gear bousing cover adijustkig stud 

worm sector 
gear bousing cover 
^ gear bousbigeooentric rivet 
■Steehagarm 


Fig. 60. Steering gear assembly. 


The Liberty engine subjects formerly on pages 1142 to 1151 have been deleted. 
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A fluid lubricant of the consistency of 600-W must 
always be used in the steering gear. In other words 
use the same lubricant in the steering gear that is 
used in the axle and transmission. 

Adjustment: Little attention is required from a 
repair standpoint, but in time, of course, it will 
require adjustments to compensate for natural wear. 
Adjustments are provided to compensate for wear 
on all parts of the mechanism, the adjustable upper 
bearing taking up both end and radial play. 

When making adjustments, the front wheels of 
the car should be jacked up and the drag link dis¬ 
connected from steering arm in order to effect a 
satisfactory adjustment. 

There are three adjustments which can be made 
with the steering gear assembled in the car, namely: 
end play in worm sector; end play in steering shaft; 
proper mesh of sector teeth in worm. When it is 
necessary to make any one of these adjustments, 
the other two adjustments should also be checked. 

Adjustment of end play in worm sector: First 
sec that housing cover nuts are securely tighteiu'd. 
Next turn steering wheel to cither extreme, then 
back one-eighth of a turn. Gripping steering arm at 
hub, the shaft should move freely when turned back 
and forth, without a particle of end play. Adjust 
as required by means of sector thrust screw at side 
of housing next to engine. A special offset seri'w 
driver is required for this purpose. After making 
adjustment, be sure to tighten lock nut, then reiu- 
spect for end play and freedom. 

Adjustment for end play in steering shaft: To 
adjust for end play in steering shaft or bi^tween worm 
and rolh'r bearing thrusts, turn ste(‘ring wheel to 
either end stop, then back up one-eighth of a turn, 
or to a point where there is lash of steering arm. 
'Phis leaves the steering shaft bearings free of side 
thrust. Next loosen housing damp bolt and lock 
nut on worm adjusting screw. Turn down adjust¬ 


ment screw tightly with a six-inch wrench, then 
back off one-sixth of a turn. N(‘xt tighten lock nut 
and housing clamp bolt securely. Turn steering 
wheel from extreme U) e.xtreme positions and test 
for stiffness. 

Adjustment for proper mesh of sector teeth In 
worm: First loosen steering column to frame bolts 
to free the nuts. Turn steering wheel to the mid- 
IKiaition of its complete travel or turning limits. 
(Drag link previously disconnected.) Shake steering 
arm to determine amount of lost motion. Next 
loosen the three housing cover stud nuts exactly 
one-(iuart(T turn, then loos(*n housing cover adjust¬ 
ing stud nut on(‘'half turn. Turn tho eccentric 
adjusting sleeve clockwise, very gradually, checking 
at each movement the amount of lost motion still 
existing at the stcM'ring arm Adjust only sufficiently 
tight to eliminate all lash of stta’iing arm (no more), 
being sure to tinish movement of eccentric adjustr 
ment skawc in clockwise direction. Turn steering 
wh(‘el throughout full travel to t(‘st for free opera¬ 
tion. If too tight, tur:i ececaitric adjusting sleeve 
counter-eloekwiso to free and n'adjust, as above, 
more carefully. Next securely tighten housing cover 
adjusting stud nut and follow by tightening housing 
cover nuts. It is important that the adjtisting stud 
nut bo tightened before tightening housing cover 
nuts. 

The foregoing adjustments will suffice in practi¬ 
cally every instance. Occasionally, however, even 
after all three of these adjustments have been care¬ 
fully made and clucked, tluTC may still be an un¬ 
equal amount of lash })<*iw('en sector tci'th and worm 
at points equi-distnut from central j)ositi(>a of worm. 
To compensate for any unoqualities in lash, an 
eccentric rivet adjustment is provided. By nu'ans 
of this adjustment, the si'ct.or shaft can be shifted 
to either side of the worm ecMitorlirie. 'Po make this 
adjustment, howevt'r, it is necessary to remove the 
steering gear assembly from the car. 


BRAKES 


The braking system includes four internal-ex¬ 
panding service brakes, one on each wheel, and an 
emergency or parking brake on each rear wheel 
which is also an internal expanding brake. This 
design is made possible by specially developed 
two-in-one brake drums on the rear wheels. 

The four-wheel service brakes arc operated by 
the foot-brake pedal. The emergency brakes are 
operated by the emergency brake-lever and are 
entirely separate and distinct from the four-wheel 
service brakes. 

Both sets of brakes are of the mechanically 
operated design, of simple construction insuring 
positive action and highest efficiency at all times. 

The four-wheel brakes, as stated, are of the 
expanding shoe type and are self-centering, an 
exclusive Ford development, which means that 
under all circumstances the entire surface of the 
shoes contacts with the brake drum whenever ^es- 
sure is exerted to bring them into action. This 
prevents howling and screeching and makes the 
Drakes silent at all times. The brake on each of the 
four wheels has two shoes, a total of eight shoes in 
all, and these expand to come in contact with the 
brake drum. Plates upon which the braking mech¬ 
anism is mounted are of cold spun steel and all 


working parts are cadmium plated to prevent 
rusting. 

A two-in-one brake drum is provided for the 
rear wheels, Fig. 61. The larger braking surface 
accommodates the brake shoes of the four-wheel 
system, and a separate braking surface, slightly 
offset from the first, accommodates the parkinj^ or 
emergency brake, which is of the band or full flexible 
shoe type and self energizing. 



Fig. 61 . Rear wheel bralce showing the two-in-one brake 
drums. 

The Ford brakes are made possible through the 
Ford steel spoke wheels to which drums can be 
fitted of such design as to readily accommodate 
two sets of internal brakes on the roar wheels. 


The Liberty engine subjecta formerly on pages IL42 to 1151 have been deleted* 
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Adjusting Four-\^Tiecl Service Brakes 

Make all adjustments with brakes cold. Fully 
release emergency brake lever. 

Raise rear end of ear sufficiently to allow wheels 
to spin free from floor. 

Turn adjusting wedge at both rear brakes until 
the brake drags, then back off the wedge two or three 
notches or just enough to allow the wheels to revolve 
without drag. 


-Emcrgei 

brake -wv. 

—Service brake shoe roller 

—Service brake shoe roller pin Emergency brake 
-Service brakr cam band retracting apring 

Fig. 53. Rear brake. 


To insure correct equalization, the same person 
should check the brake pressure by rotating the 
wheel. 

After adjusting rear brakes, adjust the front 
brakes in the same manner. 

If adjustments are correctly made the brakes 
should operate as follows: 

1. Rear brakes should just start to hold when 
brake pedal is depressed dpproximatelv 1 inch. 


The Liberty engine subjects formerly on pages 1142 to 1151 have been deleted. 
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2. Depressing pedal about 3^ inch farther should 
tighten but not lock rear brakes and cause front 
brakes to just start to hold. 

3. Depressing pedal approximately another ? 
inch should lock rear wheels and hold the fronts 
very tightly. With properly adjusted brakes this 
should not exceed one-half of the total possible pedal 
movement. 

4. When brake pedal is applied with full pressure 
rear wheels shoula slide and fronts should make a 
heavy impression or road print, which condition is 
obtained just before sliding. 

When all of the adjustment on the adjusting 
wedges is used up, it will be necessary to relinc the 

SERVK.INt 

(Grinding Valves 

The valves used on the model engine are 

accurately ground at the factory, 'i'hcy form an 
ideal seat in the cast iron block consequently th(’y 
should require no further attention for some time. 

When necessary to grind the valves, proceed as 
follows: 

1. Drain water; loosen radiator stay rods at 
radiator; pull radiator slightly forward and lift 
off hood. 

2. Unhook spark and throttle rods, “A”, Fig. 53A. 
These rods are connected with ball and socket 
joints and are disconne(*tcd by holding th(‘ rod 
stationary, and pulling back on the cap. 

3. Disconnect carburetor adjusting rod, “B” at 
carburetor and pull rod back into front com¬ 
partment. Do not misplac(' locking slcc've 
spring and washer which will drop otT when 
adjusting rod is pulled back. 

4. Shut off gas and disconnect fuel line at s(‘di- 
rnent bulb; remove carburetor by screwing out 
the two carburetor intake manifold bolts “D.” 


brakes. When this becomes necessary wo suggest 
you take your car to an authorized Ford dealer. 
They are provided with special relining equipment. 

Emergency brakes: The emergency brake requires 
little attention from an adjustment or service stand¬ 
point, and with ordinary care will last indefinitely. 

Lubrication of brakes: See lubrication chart, 
Fig. 2. 

Ground side of brake lining must coine next to drum: 

When rivotiiiK "A" or ‘‘AA’’ l)rak« Bhoe liningB to brake shoos 
it is very iiiiportant that tho sale of tho lining which carrirs tho 
tra<lo mark bo plaoorl noxt to t lio .shoo so as to insure tho ground 
side of tlu' lining boing noxt to tho drum. 

All lining.s should bo ground aftor assombling to shoo so as to 
aofuro a uniform braking surfaro. 

ENGINE 

5. Remove fan belt by loosening the generator 
bracket bolt and pulling generator toward engine 
as far as it will go. Fan belt turn then be re¬ 
moved from fan. 

G. Disconnect spark plug connectors and lift off 
distributor cap ana body. 

7. Screw off all cylinder head nuts. Loosen dis¬ 
tributor S(‘t screw nut “(V’ and back out set 
screw until distributor base can be lifted off. 

8. Pull radiator slightly forward and lift off cylin¬ 
der-head comi)lete with water pump and fan 
assembly. ('ylinder-head gasket can then be 
slipp('(l off ov(T ends of studs. 

9. Screw out oil return pipe bolt upper, and 
loo.scn tlie low(‘r boll. Push pipe out of way so 
that valve chamber (^oviT can bo romovcMl. 

As a quantity of oil is always standing in the valve compart¬ 
ment It is H g«)(>d pl:iu to place a drain pan under llio rear end 
of till! tight, hand engiiu* pan befort* removing valve ehamber 
cover. 

10. Screw out the 10 valve chamber cover bolts 
and lift off cover “F.’' With a valve lifter 
compress tht^ valve sjtrings until the valve 
spring seat retainers can Ix' withdrawn. 



Fig. 53A. Disconnectmg and removing parts of engine preparatory to grinding valves and removing carbon. 


The Gnome engine subject formerly on this page is now on page 1006. 
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It is not necessftiy to remoTO the Ttlye springs. When 
compressing the springs the valve-lifter is inserted between 
the lower coils of the spring. 

11. Next lift up the valves as far as they will go 
and carefully examine both the valve seats and 
the beveled face of the valves. If the valves 
and seats do not require refacing or reseating, 
the valves can be ground in without removing 
the valve guide bushings. 

12. Grinding: As the tops of the valves are machined 
smooth, it is necessary to use a vacuum cup 
type valve ffrinder. The grinder holds the 
valve by suction. 

Extreme care must be used to prevent any carbon or grind¬ 
ing compound getting into the valve guide bushings; aluo make 
»urc that all compound is removed from valves and valve-scats 
when the grinding operation is completed. 

13. Refacing and reseating: Should the valve re¬ 
quire rcfacing or the valve scats need reseating, 
it will be necessary to remove the valve-guide 
bushings in order to withdraw the valves. 

To remove the bushings lift out the valve springs; the 
bushings can then bo withdrawn through tlie valve chamber. 
If the guides bind in the cylinder block they can be removed 
by tapping them out with a brass rod inserted through the 
valve opening in the face of the block. 

14. After the refaclng or reseating operation is 
completed, replace the valves and insert the 


To insure a uniform power stroke In each cylinder, 

it is absolutely necessary that the correct clearance 
be maintained between valves and push rods, and 
that the clearance be checked with the push rod 
resting on the heel of the cam (the lowest point of 
the cam). 

When checking this clearance, an easy way to 
determine that the push rods are on the heel of 
their respective cams is explained under Figures 
54 to 57. 



Fig. 64 (left). First turn the engine over until numbers 
eight and three valves are fully opened^ At this point, all 
four pistons will be 2?^' from the top of the cylinder and 
numbers tt and I push rods will be resjting squarely on the heel 
of their respective cams and the clearance can be easily checked. 

Fig. 65 (right). After adjusting the clearance between 
numbers 6 and 1 valves and push rods, turn the engine over 
exactly one-half turn. Numbers 7 and 5 valves will now be 
open, and numbers 4 and 2 push rods will be resting on the 
heel of their cams. 


valve guides into the cylinder block. The 
valves ghould then be lightly ground in to insure c 
a perfect seat. 1 

15. After grinding, always check the clearance 
between valves and push rods; .a thickness 
gauge is used for this purpose. The clearance (f 
should not be loss than .010" or more than .013" * 
with engine cold. The gap must be measured 
with the push rod on the heel of the cam. 

16. Next replace the valve springs^ valve chamber 
cover, cylinder head, etc., makmg sure to close 
drain cock and refill radiator. 


Removing Carbon 

Carbon must be removed from piston heads with 
a carbon scraper. Never use a wire brush, as 
particles of carbon or a strand of wire from the 



Fig. 66 (left). After adjusting the clearance between 
numbers 4 and 2 valves and push rods, again turn the ongine 
over exactly one-half turn. Numbers 6 and 1 valves will now 
be op<‘n, and numbers 8 and 3 push rods will be reeling on the 
heel of their respective cams. 

Fig. 57 (right). After checking the clearance between 
numbers 8 and 3 valves and push rods, onco more turn the 
engine over one-half turn. Numbers 4 and 2 valves will now 
be open, and numbers 7 and 5 push rods will be resting on the 
heel of their cams and their clearance can be cheeked. 

Valve Timing 


brush are liable to be forced between piston and 
cylinder wall with possibilities of scoring. 

Before replacing cylinder head, pour at least a 
tablespoonful of engine oil aroimd the edge of each 
piston to insure sufficient lubrication when engine 
IS started. After the engine is thoroughly warmed 
up, tighten all cylinder head nuts and retighten after 
a few days drivmg. Attention to this detail lessens 
any possibility of gasket blowing out, also, to prevent 
any possibility of a water leak developing between 
cylinder head and block, particularly the cylinder 
head niit which holds down the ignition lock con¬ 
duit. In tightening the cylinder head bolts start 
with the center bolt and work through the center 
and zig zag back and forth across the head. 

Checking Clearance Between Valves 
and Push Rods 

To check the clearance between the ends of the 
valve stems and push rods (tappets) a thickness 
gauge is used. Ine clearance ^ould be not less 
Qian .010" minimum or more than .013" maximum 


Meshing timing gears: When installing timing 
gears always make sure that the tooth marked “o" 
on the small time gear (crankshaft gear) meshes 
with the timing-pin recess on the large time gear 
(camshaft ^ear). (See Fig, 58.) See “Specifications” 
for valve timing in degrees. 

Timing gears are fitted with a back-lash of not 
less than .003" or more than .005". 



with on^e cold. The gap must be measured with 
the push rod on the heel of the cam. If the tappet 
clearance is lees than .010" grind off the end of valve- 
stem. 


iThe valves are manbered consecutively from the front end 
of ibo engine (next to the radiator) to tbdrear of Nos. 

1, 4, 6 and 8 are exhaust valves.*^ Nos. 2 , 3, 6 and? are inlet 
v&Jvey 
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Loose timing gear: Here is a quick way to check for a loose 
timini gear that is causini^ a knock. the engine runnina 

slowly, screw out timing pm, located in timing gear cover, and 
insert opposite end of pm into opening. Care must be used 
not to let hand come in contact with the fan. Preas in firmly 
on pin; if the knock stops, the trouble is undoubtedly due to 
the gear nut being loose on the camshaft. 


Pistons 

Pistons are made of aluminum. See “Spetdlica- 
tions" for weights, etc. 

Fitting pistons: Pistons are fitted to the cylinder 
walls by rcboring the cylinders to fit the pistons', 
at a clearance of .002". If pistons arc oth<‘r\viso 
o.k. they should not be replacetl until there is at 
least .006" clearance between piston and cylinder 
wall. 

When fitting pistons, use a long feeler (thickness 
gauge) that extends the full length of the piston. 
Insert the feeler between piston and cylinder wall 
on the opposite side pf the piston from the slot in the 
skirt. 

When properly fitted to a .002" clearance there 
will bo a slight drag when a .001" feeler gauge is 
inserted between the piston and cylinder wall when 
I)iston is moved up and down, and a heavy drag 
when a .003" feeler gauge is used. 

Standard oversize pistons arc; .005", .010", .020" 
and .030". 



mm -rRONT OF QM 


Fig. 58A. Markings on pistons. To eliminate any possibili¬ 
ty of pistons being incorrectly assembled in an engine, the word 
"front” is placed beside the arrow, that is, stamped on top of 
the piston. When the piston is correctly assembled in the 
engine, the arrow will point toward the front of the car and the 
split in the skirt will be toward the left side of the engine (left 
and right side is always determined from driver’s seat). 

Pislon Pins 

When removing or installing a piston pin (also 
termed wrist-pin), always immerse the piston in 
boiling water for approximately a minute or so. 
This will expand the piston pin hole sufficiently so 
that the pin can be pushed either in or cut with 
your fingers. It also eliminates any possibility of 
distorting the piston when removing or installing 
a pin. 

When fitting a piston-pin, which is a full floating 
in piston, select a pm which cannot be pressed 
into the piston by hand at room temperature. 

Next submerge the piston in boiling water, allow¬ 
ing the piston to remain in the water from one to 
two minutes, then withdraw piston, wipe out piston 
pin holes with a clean cloth and insert pin. 

If properly selected the pin can then be pushed 
into the piston with a slight pressure of the hand. 
Taking the chill out of the pin by holding it in your 
hand for a few seconds and then applymg a Hght 
film of oS on the pin will make it easy to install. 


Piston-pins arc selected to give a clearance of 
.0005" in connecting rod. The correct fitting of 
new piston pins is very important. 

When piston-pin has been assembled in place the 
lock ring between the two bronze busliings at the 
upper end of the connecting rod drops into the 
piston-pin groove, locking it m place. 


Piston Kings 

Piston rings arc fitted in piston ring grooves with 
a clearance of from .0016" to .002". 

The ring gap clearance is .011" to .013" for the 
top ring, .0()<r .011" for the middle ring and 

.007" to .009" ft»r the bottom ring. The bottom 
ring is an oil control ring in width while the 
middle and top rings are Jy" wide. 

The middle and top rings are designed with a 
.001" to .0015" taper to more quickly form a seat. 
When fitting, the script word ‘‘Ford” should be 
installed tow’ard the top. 

Oversize piston rings: The following oversize 
])iston rings are available; .005", .010", .020" and 
0.3o" w'hi(‘h are I s*" wide. Oil control rings come in 
the same sizes but are wide. 


Connecting Rods 

The connecting rod is a steel forging, I-beam 
section with its upper end bronze bushed and floats 
on the piston-pin. The lower end is babbitted as 
is also the <;onnecting rod cap. 

The importance of accurately aligning connecting 
rods cannot be over-emphasued. Rods that are 
distort(‘d or b(Tit ev(‘n to a slight extent will cause 
a knock or piston slap, and excessive wear on piston 
and rings. 

Before installing a rod always check it for align¬ 
ment. Many pistons are replaced unnecessarily, 
due to out of line rods. 

There are three possible misalignments in a 
connecting rod: 

(a) Twist in the rod; (b) piston pin boss not para¬ 
llel with lower bearing; (c) piston pin boss not 
central with lower bearing. 

The lower end of the connecting rod has .008" 
to .012" end play on the crankshaft. The upper end 
has .040" total side play between the wrist pin 
bosses in the piston. 

Connecting rod upper end is fitted to piston pin 
with .0005" clearance. When properly fitted rod 
should drop gradually when piston is held in both 
hands and given a quick shake. 

Coimecting rod lower ends are babbitted, and on 
service rods they are reamed to a diameter of 1.499" 
and then shimmed to suit the individual crankshaft 
crankpin bearing so that the clearance is approxi¬ 
mately .002". It is necessary to first ream the 
rod bearings to size before installing a new rod. 


^Tbe operation of reboring tbe cybnders to fit tbe pistons is 
similar to tho procedure for the Ford model “T” engine as 
explained on pages823 and 824 of Dnke'» Automobile tncydo- 
pedia, except the clearances, and also the adjustment of the 
model "T” special micrometer for setting the boring bar. In 
setting the boring bar for the model "A,” the setting on this 
special micrometer referred to, should be adjusted at .0625' 
as zero. Then, one-half of the actual oversize of piston, which 
is being installed, should be added to tbe .0625'; this will giv4f 
tbe aotual setting of the boring bar. 
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Fi*. 68B. Checking the connecting rod for twist. 
Fig. 58C. Reaming connecting rod bearing. 


This is done by securely gripping the square end of 
a connecting rod bearing reamer in a vise (Fig. 58C) 
and revolving the rod on the reamer. The Iovvit end 
of the conneiding rod has .008" to .012" end play on 
the crankshaft. 


Fig. 69 (left). Connecting rod properly fitted. 

Fig. 59A (right). Connecting rod and cap marked. 

When connecting rods and bearing caps are 
assembled in new engines both the cap and the rod 
are marked with a number which corresponds with 
the number of the cylinder into which they are 
fitted (Fig. 69A). 

After taking up a connecting rod bearing be sure 
to replace the cap in its original position; that is, 
so that the number on the cap lines up with the 
number stamped on the upper half of the rod. 

Main Bearings 

The crankshaft main bearings are babbitted into 
the cylinder block casting and crankshaft bearing 
caps. 

Fitting engine main bearings: This process con¬ 
sists of rebabbitting main bearings in the cylinder 
block, then rough-boring the rebabbitted bearin^sS 
to which are fitted rough-babbitted main bearing 
caps, then align reaming them to 1.626" (reamer 
size) which is approximately .001" to .002" larger 
than the diameter of the crankshaft journals, after 
which the crankshaft is placed in the main bearings 
and the proper amount of shims either added or 
removed to give it .002*^ clearance. 


To insure a satisfactory job when overhauling an 
engine, it is always advisable to rebabbitt the main 
bearings in the cylinder blocks. Attempting to 
recondition old bearings by hand scraping is an 
extremely slow process and is not as satisfactory as 
when new bearings are installed and properly fitted. 

Crankshafts are fitted with an end clearance of 
.004'' to .007". This is checked by using an inside 
micrometer between the flanges on the rear bearing 
of the crankshaft and then checking the overall 
length of the rear main bearing cap with an outside 
micrometer. 



ri«. 59B. Crankshaft rear bearing caps for replacement on 
rr.inkHhafts on which the rear bearing .surface has become worn. 
It luis a 1918 bore and is .3.013 between the thrust faces as 
1.020 3.018 

compared with the standard cap which has a 1 023 bore and is 

iMi 

2.993 between the thrust faces. 

2l)95 

Engine Support 

The model ‘‘A” Ford car is equipped with a flexi¬ 
ble front end vibration absorbing support for the 
engine Fig. 69C, which greatly reduces the transfer 
of engine vibration to the chassis. It is simple in 
design and operation, and frees the car from un¬ 
pleasant vibration periods. 



Fig. 59C. Engine support. 


I'he support bracket is bolted to the front engine 
cover and rests on two flexible coil springs which 
support the front engine weight. The stud at the 
lower part of the bracket has a large foot. This 
foot comes almost in contact with the top of a stiff, 
flat, horizontal spring which rests on the frame cross 
member. This arrangement gives the front end of 
the engine a very free range of vertical motion, yet 
holding it within definite limits. It thus permits the 
engine mass to move in response to the unbalanced 
inertia forces, yet the vibrations are absorbed or 
dissipated before they are transmitted to the chassis. 

The flat spring and a lower coil spring used where 
the bracket stud passes through the frame, serve to 
cushion the engine action against downward and 
upward road shocks. 

Adjustment: Clearance between the coils of all throe springs 
and between the auxiliary flat spring and leather washer should 
not be less than or more than *4'. This adjustment can be 
made by an adjusting nut at the lower end of the bracket stud. 


tSee pages 790 and 790A of Dyke's Auto Encyclopedia which 
gives the procedure for fitting the crankshaft bearings in the 
model "T’^engine and which is a similar method and equipment 
for the model ^A” engine, except for clearances, and the gauging 
of the front end of the babbitt in the cylinder block. 








THE MODEL “AA” FORD TRUCK 


1151D 


ENGINE TROUBLES AND REMEDIES 


Engine Fails to Start 

If starter turns engine over freely, check the 
following: 

Ignition switch off. 

Gasoline tank empty or supply shut off. 

If engine is cold, mixture may not be rich enough 
—choke button not pulled back. Sec starting 
instructions. 

Warm engine—over choking. 

Breaker points too close. The correct adjustment 
is .018 to .022^ 

Spark plug gaps too wide. Correct gap .035''. 

Water in sediment bulb or carburetor. 

Starter Fails to Turn Engine Over 

Battery run down. A quick way to check this 
is to turn on the lights, and depress the. starter 
switch. If the battery is weak the lights will go 
out or grow quite dim. If the battery is mn down, 
have it recharged. 

Loose or dirty battery connections—Sec that 
both the negative and positive battery terminal 
connections are clean and tight. These connections 
should be checked regularly. 

Missing at Low Speed 

Gas mixture too rich or too lean. See ‘^carburetor 
adjustment.” 

Too close a gap bctw'ocn spark plug points. The 
correct gap is .035". 

Breaker points improperly adjiisted, badly burnt 
or pitted. 8cc “adjusting breaker contact points.” 

Fouled spark plug. Plugs should occasionally be 
cleaned and the gaps checked. 

Water in gasoline. Sec instructions on “cleaning 
sediment bulb and carburetor.” 

^ Missing at High Speed 

Insufficient gasoline flowing to carburetor due to 
gasoline line or filter screen being partly clogged. 


Gas mixture too rich or too lean. See “carburetor 
adjustment.” 

Water in gasoline, drain sediment bulb and 
carburetor. 

Engine Stops Suddenly 

Gasoline tank empty. 

Dirt in fuel line or carburetor. 

Gas mixture too lean. See “adjustment of 
carburetor.” 

Engine Overheats 

Lack of water radiator should be kept well filled. 

Lack of oil—check oil level. 

Fan belt loose or slipping. See “fan-belt adjust¬ 
ment.” 

Ilxc(‘asive carbtin deposit on piston heads and in 
combustion chamber. 'Phis can be corrected by 
taking off the cylinder head and removing the 
carbon. (Ford dealers are equipped for this work.) 

Incorrect spark timing. See “ignition timing.” 

Gas mixture too rich. See “adjustment of car¬ 
buretor.” 

Water circulation retarded by sediment in 
radiator. S(‘c “cleaning the radiator.” 

Eiigitio Knocks 

Carbon knock— (‘aus(‘cl by a d(‘posit of carbon in 
combustion charnlxT and on piston heads. Take 
otf cyliruliT head and ri^move carbon. 

Ignition knocks— usually occur when the ear is 
suddenly accehTated or when ascending ste(‘p grades 
or travi'ling through lu'avy sand with the spark 
lev(T fully advanced. Slightly retarding the spark 
lever eliiiiinat(‘S the kno(!k. 'fhe spark should be 
advancixl as soon as normal road conditions are 
encountered. For normal driving the spark lever 
should be carried about half way down the quadrant. 

Loose bearing. If a bearing has become loose it 
should be adjusted. 


FORD LIGHT DELIVERY CARS 


For light delivery purposes, there is a selection of 
commercial bodies available on the model “A” 
chassis. 

The chassis used on these is exactly similar to 
that of the passenger car, except that the radiator 
shell \s finished in black enamel, and headlamps in 


black enamel with rusth'ss steel rims. However, 
such body types as the di'luxe delivery, the speeial 
delivery in natural wood and the town car delivery, 
the radiator, headlamps, etc., are in bright rustless 
steel as on the passenger ear. 

The tires on the station wagon arc 6.00x19. 
Tire pressure on the station wagon is 40 pounds. 


FORD MODEL “AA” 1^ TON TRUCK 


In addition to several standard bodies. Ford 
trucks are available with many other types of bodies 
adapted to almost every line of business. These 
bodies are mounted on cither 131or 157" wheel¬ 
base chassis with single or dual rear wheels, open or 
closed cabs and high or low rear-axle gear-ratios, 
optional. 

Specificatious Ford Truck Chassis 
Engine: 4-cylinder; develops 40 horsepower at a moderate 
speea of 2,200 r.p.m. The only diflFerenro between the model 
•‘A” and “AA” engine is the clutch. The model “AA" has 
stronger springs in the pressure plate and a larger diameter 
clutch disc. 

Brakes: Service brakes on all four wheels. Emergency 
brakes operate independently on rear wheels. All arc internal 
expanding and fully enclosed. Enlarged service brake-drums 
on the front wheels give increased braking power. Total brak- 
lAg surface U 474 % sq. in. 


Clutch: Clutch facing attached to driven disc is 95^' outside 
diameter; inside diameter is 5^2* and thickness Clutch 

pressure is 1350 pounds and foot pressure is 36 pounds. Weight 
of clutch disc is 3 pounds and the total acting surface of clutch 
facing is 102 sq, in. 

Springs and torque tube: Cantilever rear springs reduce un¬ 
sprung weight and lessen rebound. Torque-tube drive relieves 
the springs of any but their natural function of absorbing 
shocks. 

Wheels and tires: Steel disc wheels. Tires, front, 6.00 x 20, 
heavy duty balloons (six-ply); rear single wheel, 32 x 6, high 

C ressure (eight-ply); dual rear wheels, 0.00 x 20 heavy duty 
alloons (six-ply). 

Cooling: Centrifugal water pump; tubular radiator; two-blade 
airplane propeller type fan 16 inches in diameter, driven by 
adjustable ‘‘V" belt. Capacity, 3 gallons. 

Chassis dimensions: {Standard 131inch chassis—over-all 
width across single rear hubs, 69 U in. Over-all width across 
dual wheel tires, 76’/ffl in. Over-all length, 183 3^ in. Long 167 
in. chassis—over-all length, 223K« in. 

Bear axle: spiral bevel gear, three-quarter floating. Gear¬ 
ratios, 6.6 to 1 and 5.14 to 1. 
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Fii«l: Gravity feed. Capacity of tank, 10 gallons. 

Turning circle: Standard 131H chassis—46 ft.; long 157 

in. chassis—57 ft. 2 in. 

Wheelbase: 131H in.; 167 in. 

Front construction: The front faring is a special Ford design 
transverse type. Tlie f"ont axle is a cnrorne-alloy steel forging 
“I” beam construction. Adjustable taper roller bearings for 
wheels. 

Frame: Standard 131 H in- chassis—thickness in. Side 
members 6 in. deep and 2% in. wide. Frame is tapered and 
has five unusually heavy crosa-members. May bo shorteneti 
27 inches to accommodate dump bodie.8. I.ength from back 
of cab, Siyi in.; from back of cab to center-line of rear axle, 
61^ in. 

Long 157 in. chassis—same thickness and width as standard. 
Depth 7 in. Length from back of cab, in.; from back 

of cab to centerline of rear axle, 77 in. 

TranHniission Ford “AA” Truck 
The four-speed transmission, Fig. 60, used in the 


truck is of exceptionally rugged construction—lar^ 
size gears and bearings are used throughout. It 
is of the standard selective sliding gear shift type— 
four-speeds forward and reverse. All gears and 
shafts are made from special heat treated chrome 
alloy steel. The countershaft is carried on roller 
bearings. A roller bearing is also used at the front 
of the main shaft. Because of their effectiveness in 
carrying radial loads, the main drive gear and spline 
shaft are carried on ball bearings. 

With this increase in the number of speed ratios 
the truck operator has at his command all the 
pulling power in low, necessary to bring the tmek 
out of bad places, and also in high to maintain a 
good speed on the highway, even with the truck 
loaded to its rated capacity, whether traveling on 
level roads or up grade. 
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Fig. 61. Gear shifting: To ahift into first <ir 1 >\v .spco<l with 
the gears in neutral, move the gear Bhift lc\ (r to the h ft anti 
forward. To shift into second from low speed, move the lever 
straight back through neutral into second speed. To shift 
into third from second, move the gear sliift lover forward into 
neutral, then to the right and forward into third spoi ti. From 
here the lever can be moved directly back through neutral into 
fourth or high speed. 

To shift into reverse from neutral pre»a the release catch on 
tho side of the lever, located just below the gear shift lever ball, 
and move tho lever to the extreme right out of range of the 
forward speeds, then directly back into reverse gear Tho 
release catch is easily operated by the driver's thumb, making 
it possible to go into reverse gear with one movement. 

Power take-off: An opening is provided on the 
right side of the transmission housing for a power 
take-off, the power being taken from one of the 
gears on the cluster gear unit. The opening has a 
steel cover plate which may easily be removed for 
installation of the take-off. 



Fig. 61 A. Power take-off assembly shown attached to 
transmission of tho “AA” truck. In addition to its hauling 
ability, the “AA” truck equipped with the povyer take-off, 
provides a stationary power-plant. It has proved its efficiency 
in tho operation of cement mixers, feed mills, electric generators, 
air compressors, orchard sprayers, hoists, winches, water 
pumps, bean shellers, portable arc welders, wood saws, fioor 
sanding machines, lighting plants and many other uses. 

Rear Axle Ford “AA” Truck 

The rear axle used on the Ford model 
ton truck is shown in Fig. 62 with each part named. 

Rear axle gear ratios: The spiral bevel gear rear 
axle for the “AA” truck is available in two ratios. 
The original ratio of 6.6 to 1 is for trucks used for 
transporting heavy loads and where power is the 
chief requimte. The 6.14 to 1 ratio is for trucks 
used in more speedy delivery work where loads are 
light. 

The construction of the truck rear axle is exactly 
the same with either gear ratio^ the only difference 
being in the size of the drivmg pinion and the 
number of teeth in the driving pimon and driving 
gear. 


When chan«ng over a 6.6 to 1 ratio axle to a 6.14 
to 1 axle, the nigh speed ^xle should not be used for 
heavy duty work. In making the change over, it 
will be necessary to replace the driving pinion and 
driving pinion pilot bearing race assembly and the 
differential ciisc and drivinjjj gear assembly. The 
spewlomoter driving and driven gears should also 
be changed. 

The number of teeth in the 6.6 to-1 ratio driving 
pinion is 5 teeth, and 33 tooth in the driving gear; 
the 5.14 to 1 ratio is 7 tooth in the driving pinion 
and 36 tv(‘(h in tho driving gear. 


Moil 11 ling Truck Wheels 

It is ve ry imiiort ant that truck wheels bo correctly 
mounted. 

Right and left-hand threads: In mounting hubs, 
or in roplac-ing stiids or nuts, right-hand studs must 
be used on right side of chassis and left-hand on 
left side. Right and left sides aro seen from the 
driver’s seat facing forward. All studs and nuts arc 
[dainly marked “it” and “L” and must bo so used. 
Itight- and h'ft-hand threads are used on all assem- 
bh(‘s to insure wlieel nuts staying tight. 

Wheels must be clean. Always examine wheels 
before mounting on hub to be sure that (a) counter¬ 
sunk holes, where ball face of wheel nut seats, are 
free from dirt, and (b) face of disc and hub flange, 
where they bi’ar together, must bo clean and free 
from dirt or grease. The same applies to the surface's 
of both rear duals wln-re the two come together. 
ProvSence of foreign mattcT will prevemt proper 
bearing and cn'ate high spots whic.h arc likely to 
cause loose fits, play and wi ar. Watch this point, 
particularly in mounting spare whe(‘ls, which may 
have picked up road dirt. The (jountersunk holes 
ehoula be cariifully cleaned. 

Dual wheels are of tlie double cap nut type. The 
inner dual wheel is individually Inld by the slecvc*- 
shaped inner wheid nut to in.sure positive drive and 
tiro alignment, ^i'he inner wheel must bo mounted 
and tightened b(?forc the outcT wheel is put on. 
The outer wheel slips over the inner wheel nuts and 
is indi'pcndently held by the outer nuts. The front, 
or single wheel is held by a single set of nuts. 

Tightening nuts should be done with tho truck 
jacked up. Outer wheel nuts must bo backed off 
at least two full turns to tighten inner nuts. These 
nuts must not be neglected. In mounting wheels 
or tightening nuts, proceed in a criss-cross fashion 
and not around the circle. 

Do not use an extension on the regular wrench 
handle as supplied. Ordinary pressure as exerted 
in tightening cap nuts with the handle is sufficient 
to drive wheel nuts home, without use of an exten¬ 
sion. 

Tighten all wheel nuts at the end of the first 
fifty to one himdred miles on a new truck. There¬ 
after, only an occasional check of nuts for tightness 
is necessary, but this should especially be done soon 
after a spare tire and wheel change. Nuts properly 
installed and given the subsequent tightening will 
remain tight indefinitely. 

Clearance of stud holes in wheels with the ball¬ 
faced nuts filling the opening p^mits of easy meunt- 
ing and eliminates wear, wheels do not pilet on 
hub at center, the entire load being carried through 
the cap nuts and studs. 
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IlUICK SERIES 40-50 WIRING DIAGRAM (1941) (From 1941 Buick Shop Manual, copyright 1940.) 



IGNITION. Distributor make: Delco-Rcmy; Spark control advance (fij/wheel deg.): vacuum (max. dog.) 10“ to 12“—centrifugal 
22®-26“. (Vaoinini control is taken from carburetor aide of throttle fly with fly in closed poHition, therefore it is necessary to open 
throttle equivuilent to approx. 18 niph. before sufficient vacuum is obtained at that point to advance the spark); Flywheel drt/ree 
advance at distributor {engine rpm): starting point 0* at 4(K)-480—intermediate lO^-H® at 800—highest point 22“-26“ at 3000; 
Breaker point opening: .0125*'-.0175''; Cam contact angle {breaker arm worm in—angle may meamire leas when block is new): .0125* 
point opening 32i'*—.015' point opening 31“—.0175* point opening 29“; Spring ienuton at breaker point: 19 to 23 oz.; Condenser 
make: Deloo-Ueiny; Condenser capacity limits {microfarad): .2 to ,25; Timing degree {spark fully advanced): 4“ On the 50 and 2“ on 
40. 4“ a<lvancod on 40 when c<iuippcd with compound carburetors; Distributor rofahon {top vieiv): counter clockwise. 

ST.AUTING MOTOR. Ibiick starter control enables engine to be started automatically, after ignition has been turned on, by 
pressing down on the aecelorntor pedal. The units comprising the starter control mechanism are: (1) An accelerator switch, combined 
into a single unit with the automatic choke, is operated by both engine vacuum and throttle operation. (2) A solenoid, mounted 
on the starting motor, for operating the pinion shifting mechanism and closing the starter switch. {3) A relay, mounto<l on the 
solenoid, for operating the solenoid, f4) Auxiliary contacts on the cut-out-relay located in the unit with voltage regulator on the 
dash f<;r causing the interruption of tne control circuit as soon as the engine picks up. (5) The generator windings to ground. 


FORD 6 CYLINDER CAR WIRING DIAGRAM (1941) (From Ford Service Bulletin, copyright 1941,) 


— KEY— 


B-BLACK 

BR-BLACK ANO RED 

0'GREEN 

BY BLACK ANO YELLOW 

R'REO 

Yl’YELLOW ANO OLACK 

V'YELLOW 

YG'YELLOW ANO GREEN 

1 BL'BLACR AND BLUE 

YR'YELLOW ANO RIO 

•O'lLACN AND OREIN 

IliV BLUE ANO YELLOW 

OW ORCEN AND WNITf ILR-BLUE ANO RED | 

RY-RED AND YELLOW 1 


CUTOUT AND CURRENT REGULATOR 
SERIES COIL- 


FIELD RESISTOR - 
GENERATOR- 


REGULATOR SHUNT COIL 

^ - VOLTAGE CONTROL 


CURRENT LIMITER 
BATTERY 



TRAFFIC COUNTRY 
BEAM BEAM 


REAR LICENSE LIGHT-^ 




NORN BUTTON ' 


^ ' SFARR PLUGS 

PIRINO ORDER 


INGINI TANK \ 
UNIT unit- 


ford 6 CYLINDER 1941 


. bulbs are actually two fUament hulha; they have been shown as separate bulbe to simplify the 

oirouits. GARB L RETOR is a single downdraft type similar to the Ford V-*^ dual carburetor deeoribed on Insert No. 6. 
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A 8ampU of one of the unWna diafframf and testing and servicing data, reduced from its original page aiae of lOf'Xllf'. from tk# 
Standard AtUa-Electrician’s Manual, aa illustrated and described on page 1152. 


FORD 

Model: OlA “Deluxe,” 85 h-p., 90-Dcgree “Voe” Eight (1940). 
Engine Bore: 3.062*, Stroke: 3.75*. 



BATTERY 

ford, 0U-106W-A. fl Volts (17 Piste) 

Poeltlve Tersinal Grounded 

SUrtlng Capacity —150 anpe. for 20 minutes. 

kinutea of Discharge at 300 tape.. Zero Def-reea F—4*0 

Lighting Capacity—6 amps, for 20 hours (120 amp. hour). 

Case—Uneth, 10.6 ; eldlh, 7.5 ; 9*2 Inches. 

STARTER 

Rotation, L. H., C<m. EM 
Ford, 18-llOQS 

Connoctlon to Ehglne—Dendix Drive, Type LllK-10. 

Nuabor Tneth on Pinion—10. 

Nuaber Teeth on Flywheel—112. 

Cranking Hatio—11.2 to 1. 

Running Free—35 40 amps, at 6 volts, 3960 R.P.M. 

Bull Deta—14 pound-feel, 500 wops, at 3 volts. 

Brush Spring Tension—32 to 36 ounces on each (new 
brushes I. 

Solenoid Burtlng Switch—Ford, 01A-11450-A. 

Push Dutton Starting Switch-ford, 01A-11500-A and 

01A-11500-B. 

Araature—ford, 10-11005. 

IGNITION 

Rotation, L. H., Viewed trfM Front. 

Ford, 78-12127 

Breakers—Contact separation .014 to .016 inch on each. 

Caa Angles—Points closed 22 degrees; open 23 degrees 
(left breaker). Points closed 22 degrees; open 23 
degrees (right breaker). Points closed 36 degrees, 
open 9 oegreea (both breakers operating). 

Percantage of Dwell—801 (both breakers operating). 
NOTE;—The psreentap of dwell of the right breaker 
(front view) should first be adjusted to 50 % “Ith the 
left brealcer points Insulated. After this has been 
done the insulation between the left breaker points 
should removed and the percentage of dwell of the 
distributor, with both points operating, should be 
brought to 801 by adjusting the contact separation of 
the left hand set of points. 

Contact Sprli^ Tension—20 to 24 ounces on each. 

rialng—Construction of Ignition drive assembly makes 
It inpoetible to attach unit to engine other then In 
correct position. provision is made for a slight 
variation in spark timing by moving small 3^16 Inch 
slotted cap screw (found on right side of ignition 
housing between mounting flange and right distributor 
cap) up, to Increase apsr)( advance, and dewn to re- 
Urd. With screw In center of slot, engine will have 
an Initial spark advance of 4 flywheel degrees which, 
theoreticslly, la the correct timing position. 

Oepyrlflit. IMl, by SUndard Engiaseriag A Publishing 
Prtmted In V. B. A. 


Spark Plu^—14-KH (Oiampion type H-IO), (lap .025 inch. 
Firing Order-l 5 4 8-6-5-7 2. 

Automatic Advance—6 degrees (Distributor). 

las. s r.H. Dl.l. * I’ IC id*ui<. (OUV.1 

400. 200.Start 

500 . 250 . I 

600 . 500 . 2 

760. 380 5 

980. 490 . 4 

1200. 600 5 

1440. 720. 6 

1670. 835. 7 

1900 (Man.). 950 . 8 

Resistance of Primary Circuit— I to 1-1/5 ohma. 
l^ition Switch— Ford. 

GENERATORS 
RoUtion, L. H., Com. bid 
Ford, OU-IOOOO-A and OlA-10000-B 
NOTE.—Those are straight shunt generators with no third 
brush. Generator output It controlled by a combina¬ 
tion of vlbrating-polnl current and voltage regulators. 
A regulator stiould lie used when testing these gen¬ 
erators. 

Perfonunce Data—Generator cold. 

Asp*. PPM Volts 


0 . . . 

. . . 700 .. . 

. . . 6.20 

1 . . . 

. . . 720 .. . 

. . . 6.23 

2 . . . 

. . . 740 .. . 

. . . 6.26 

5 . ■ . 

... 760 .. . 

. . . 6.29 

4 . . . 

. . . 785 .. . 

. . . 6.32 

5 . . ■ 

. . . 820 .. . 

. . . 6.35 

6 . . . 

... 840 .. . 

. . . 6.58 

7 . . . 

. . , 860 .. . 

. . . 6.41 

8 . . . 

... 890 .. . 

, . . 6.44 

9 . . . 

... 920 .. . 

. . . 6.47 

10 . . . 

... 940 .. . 

. . . 6.50 

11 . . , 

. . . 560 .. . 

. . . 6.55 

12 . . . 

. . . 1000 . . . 

. . . 6.56 

15 . . . 

. . . 1020 . . . 

. . . 6.59 

14 . . . 

. . . 1040 . . . 

. . . 6.62 

15 . . . 

. . . 1060 . , . 

. . . 6.65 

16 . . . 

. . . UOO . . . 

. . . 6.68 

17 . . . 

. . . 1130 . . . 

. . . 6.71 

10 . . . 

. . . U55 . . . 

. . . 6.74 

19 . . . 

. . . ueo . . . 

. . . 6.77 

20 . . . 

. . . 1210 . . . 

. . . 6 .BO 

21 . . . 

, . . 1240 . . . 

. . . 6.85 

22 . , . 

... 1270 .. . 

. . . 6.86 

25 . . . 

. . . 1300 . . . 

. . . 6.89 

24 . , . 

... 1530 .. . 

... 6.92 

25 . . . 

. . . 1560 . . . 

... 6.95 

26 « * a 

... 1590 .. . 

... 6.98 

27 . . . 

. . . 1420 . . . 

... 7.00 

28 . , . 

. . . 1460 . . . 

, . . 7.00 

29 . . . 

... 1500 , 

... 7.00 

30 , . . 

... 1320 .. . 

... 7.00 


Motoring Froely—6-1/2 amps, st 6 volts. 

Max. Sull Current—32 snps. st 5.5 volts. 

Field Tost—2.0 to 2.3 ^P*- At 6 volts. 

Brush Spilng Tension—16 to 10 ounces (new brushes 

Araature—Ford, OIA-IOOO 5 A (both units). 

Charging Adjuelmsnt—No third brush. External vlbrat* 
ing-polnt current and voltage regulation. 

RELAY.RECULATORS 
Ford, OlA-lUOOO-C 

A combination of Chjt-Out Relay, Vibrating Point (hirrsnt, 
and Vibrating Point Voltage Regulators. 

Cut-Out Belay 

Points Close—6.1 to 6.3 volts. 

PoinU Open —.5 to 3.0 amps, discharge. 

Contact Osp—.018 inch minimum (points open). 

Armature Air Gap—.025 (points open). 

Current Regulator 

Araature Air Gap—.055 inch (the distance between core 
and brass button on armature with regulatei* paints 
closed). 

Cxxitact Point Oep—.015 to ,018 inch (armature pressed 
all the way down against core. 

Operating Amperes—33 to 55 (70® P. )■ 

Voltage Regulator 

Ameture Air Cap—.035 mch (the distance between core 
and brass button on armature with regulator points 
closed). 

ConUct Point Gap—.015 to .018 Inch (armature pressed 
all the way down against core). 

Operating Voltage—6.8 to 7.1 volts (70^ T*)- 

Resistance Units 

Reel stance unit marked " 2 I" bridges "A" and “f" ter- 
nlnsls; Ohms, 20.5 to 21.5 

Resistance unit marked "14" bridges "F" terminal and 
ground. Ohms, 13.5 to 14.5 

UCHTING 

Switch—Ford. OlA-11655• 

Location—Behind Instrument board. 

Overload Circuit Broskar—Starts to operate with dis¬ 
charge of from 25 to 30 amps. Operates with discharge 
of from 10 to 15 amps. 

lamps—HEAD-4050. rEMDER'-55. BEAH INDICATOR-51; IN- 
3TRUM8NT-51. DOHE-65. LlCiJISE PUVrE-65; STOP AND 
TAlLr-1158. 


The circuit>breaker and lightinit switch on the 1941 V-8 Ford differs somewhat from the 1940, otherwise there are only minor 
differenoee l^tween the 1940 and 1941 wiring diagrams. This wiring diagram will also serve for the 1940 Mercury, Model “09A”, 
9£ Im- 90 degree “Ve«” Eight. 































































































A tample of one of the wiring diagrarru and testing and servicing data, reduced from ita original page aiie of 101'XIH' from 
the Standard Auto-Electrician’s Manual, as illustrated and deerribetl on page 1162. ’ 

CHEVROLET 


Modcla; ‘‘Master,’’ **DeLuxe,” “Special DeLuxe,’’ 6 cyls. (1940). Engine Bore; Stroke: 



MTTERY 

iax- 1 , fl Volts (Stsndsrd Asseably) 
Ne«stlv<» Tcratnal Oromlsd 
SUrlltif!: Upscity —120 snips, for ?Q ninuiM. 

MliMtm of Dlschargs at 300 Aaps., Zero 0ef;ra«« F .—?,6 
Lighting Capacity—^ snpti. for 20 hours (100 amp. hour), 
Caaa—Uenilh, 9, width. 7, hrisht. 8-9/16 Inches. 


VacuuM CTiaaber Advanca TSbla— 


6 00 
6 .'»^ . 
V 07. 
8.81 


>.75. 

60. 



01*1 *4V4Ae* 

. .. Sisrl 
I 

. ... 2 

. ... i 

. i 

. 5 


Motoring Fr«aly_ 3,8 Mps. at 6 volts, 620 R.P.M. 

Max. Stall Current-29.6 Mpa. at 5 volts. 

Flsld Test—1.76 to 1,00 anpa. at 6 volts. 

Bmsh Spring Twislon—25 ounces on each (new brushes), 
ArBature—Delco-Reay, 1879002 (D R Code No. Bll. 


RELAY-REGULATORS 


STARTER 

0-R Test 306 Citation, L. H., Con. IM Group 03 
Di>lro-a’ay, Model 1107009 

Ccmertlnn to Bvtlrs*—Hechanleal gear shift incorpo¬ 
rating an over running clutch. Initial novenient of 
nhifting lever cauuea pinion to engage with fly¬ 
wheel. Further novrn»-nt of lever closes switch isount* 
ed on starling mnior. 

Rtarter Pinion and Clutch Asaoibly-Delco-Reny, 1875709. 

Risinlng FYse —65 arapa. at 5 volts, 5 OOO R.P.M. 

RUll Data—12 pound-feel, 525 ""ps. »t 3,37 volts. 

Brush Sprlhg Tension—24 to 28 ounces cn each (new 
brushes). 

SUrtlng Switch—Delro-Re«y, 820052. 

Arsaturo—Delco-Rentf, 1867897. 


D-R Test 829 Rotation, R. H., Top View 0r( 
Delro-Reny, Model 1110083 
(Full Automatic .'’.park Advance in conjunction will 
Chamber which movea the entire Distributor.) 
Breaker—Contact separation .018 inch. 

Cam Angle—55 degrrrs (official). 

Percentage of Dwell—591. 

Contact Spring Tenwlon—17 to 21 ounces. 


Automatic Advance—18* degre 


572 . 

. 206. 


606 . 

., 54^. 


800 . 

400. 


914 . 

.. 457. 

. 5 

1028 . 

.514 . 

..... 4 

1144 

. 572. 

... 5 

12(K) (Inlrrmrdimtf? 1 

1 600 . ... 


1272 . 

. 656 . . 


1410. 

. 709 . 

. 7 

1564 . 

. 782. 

8 

1710. 

. 855 . 

. 9 

1856 . 

. 928 . 

. 10 

2002 . 

.1001.. 

. 11 

2148. 

1074 .. 

.12 

2296 . 

.1148 


2442 . 

.1221. 

. 14 

2580 . 

1294. 

. 15 

2754. 

.1567. 

. 16 

2880 . 

1440. 

.17 

5026 . 

1515 . 

. 18 

5100 (Hb».). 

1550. 

. lei 


TlMlng -5 degrees belore lop dead center. Steel ball URTeetlCTl RoUtlon, L. H., Cos. Ehd 


pressed Into flywheel should line with pointer at 
opening In right side of flywheel housing. 

Spark Plugs—14-MM (AC Blue Top 44). Gap ,040 inch. 

Firing Order-1-5 3-6-2-4. 

Condenser—tylco-Reny, 1869704. Capacity .10 to .25 
microfarads. 

CenUdt Rupert—Delco-Remy, 1848038. 

Breaker Imver and Point—Delco-Re«y, 815258. 

Breaker Plate—Dclco Remy, 1847645. 

Rotor—Delco-Reny, B20445. 

Distributor Cap-Delco Remy, 824735. 

tg^dtlon Coll—Delco-Remy, 536-D. 

Iffiltlon ftrltch and Cable—Delco-Remy, 1116272. 

(Deleo-R«y, 1116011; Test 
Ro. 1917)—8 degrees advance (Dist.). Starts with 
vacuum of 6 Inches of mercury (minimum). Requires a 
travel 7 / 32 '^!™ h^ inches for full travel- Plunger 

Cspyrifht, IMl, by Standard Englnesriiig 4 PubtUhtnt Co. 

Printed im U. S. A. 


Delco-Remy, Modal 1103007 

NOTE:—This is a straight shunt generator with no third 
brush. Generator output is controlled by a combina¬ 
tion of vibrating point current and voluge regulators. 
The following performance ratings were Uken without 
the regulator, and with the generator field terminal 
grounded. Operating at higher armature speed thsn 
2500 R.P.M. may cause serious damage to the generator 
windings, when the field is grounded, ss in this test. 

PtrfonMnea Data—Gen. cold. 

S.P.H. VolU 


D-R To«t 1400 Delco-Remy, Model 111B201 Meg. Grouw) 

A rombinaiion of Cut-Out Relay. Vibrating Point Current 
and Viliratlng Point Voltage Regulators. ' 

Cut-Out Relay 

Cloeea—6,2 to 6.7 volts. 

Opone—0 to 4 ampa, discharge. 

Contact Gap—,020 inch. 

Core Gap—.020 inch, contacts closed. 

Current Regulator ^ 

Resistance Unit (Outer, Insulated both ends)_Delco- 

Remy, 1858010, Ohms 24. 

Air Gap—.075 mrh (armature pressed down until fiber 
bumper just touches stop). 

Operating Amperee-32.0 to 54.0 Regulators raual be set 
hot 155 to 145* ?. 

Voltage Regulator 

NOTE; When making voltage regulator testa short circuit 
(birrcnl Regulator points with a jump wire. 

Resistance Uilt (Inner, growded‘one end)—Dclco-Remv 
1065615, Ohms 40. 

Air Gap— .070 inch (armature pressed down until fiber 
bumper just touches Stop). 

ClrcultVoltage-Thia voltage regulator must be adjusted 
on a closed circuit only. 

Voltage Betting—Regulator operates at 7.2 to 7.4 volts 
with a generator charging rate of from 0 to 10 amperes. 
Regulators must be set hot 155 to 145* p. Connect 
voltmeter between regulator terminal narked "Bat" and 
ground. 

Final Test—If resistance units are properly assembled 
and an ohmneter connected between regulator terminal 
"F" and "Grd", the meter should read 14 ohms when 
current regulator points are held open. Meter should 
o^ voltage regulator points are held 


Model 1994014. Superseded by 

Pbse-j^ingle 30 smp. fuse, (type SFE-50) in holder on 
back of lighting switch, protects lighting. 

Stop Light Switch—Delco-Remy, 476-U. 

Bom Relay—Delco-Remy, 11167^, 

*^y I 9970 S'' 1997003 . Superseded 

km)br-^3; bsam iNDicATOfi- 51 : «. 

DOMS-81; UCUBK PUTS-63. STOP AND 


A pole changing switch is placed in the primary circuit of the ignition eystem on the 1941 Che^olet otherwise there are nnlv 
minor differencea between the 1040 and 1941 wiring diagrams. Purpose of the pole changing switch is to change direction of current 
ignition broker-contact points but not through the primary winding of the ignition coil as this would also reverse 
the dirwtion of current flow in Uio secondary circuit which is not desirable. Reversal S ci^?ent flow^^Sds to mi^iJe Jec^na 
and pitti^ of the positive breaker-contact point by equalising the metal deposit that otherwise would be carried over from the 

negative breaker point (see "effect of electrolysis" p. 224) Change in the direction of 
current flow takes place each time the starter is operated, due to the polarity reversing switch lev^b^ii connwted^U)^^^^^ 
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A sample of one of the wiring diagrams and testing and servicing data^ reduce(i from its original paKt* si*o of lOI'XllJ', from 
the Standard Auto-Electrician's Manual, as illustrated and described on page 1152. 

PLYMOUTH 

Models: P-9 and P-10, 6 cyls. (1940). Engine Bore: Stroke: 



BATTERY 

Auto-UU, CT-1-13, 0 Volta 
Poeltlv* Terminal Opoundod 

StartlnR Capacity— 114 amps, for 20 minutes. 

Minutes of Discharge at 300 Anps.) Zero Degrees —3* 

Lighting Capacity— 4.5 amps, for 20 hours <90amp. hourl. 

Cw—Length, 9 - 1 / 16 . width. 7-1/16. height, 81J>/l6 
Inches. 

STARTER 

A-L Te5t U>2 Rotatlnn, L. H., Co«. Old 
Auto-Ute, MZ^tOeZ 

Connection to Eyiglne—Mechanical gear shift incorpo¬ 
rating an over-running clutch. Initial movement of 
shifting lover causes pinion to engage with flywheel. 
Further movement of lever closes switch mounted on 
starting motor. 

Starter Pinion and Clutch Asaeahly—Auto-I.ile, MAD-3099. 

ftamlng Kree-70 a«ps. at !i-l/2 volts, 4300 R.P.H. 

Stall Data— 7.8 pound-feel, 420 amps, at 5 volts. 

Brush Spring Tension—42 Uj 5? ounces on each (new 
brushes). Brush upring tension should be measured 
by a scale hooked under the brush spring at the bend 
just beyond the brush, and the reading taken at moment 
spring leaves the brush. The pull should be exerted 
at right angles to force exerted by the brush spring. 

Startlr^ Switch—Auto-Lite, SI/- 28 I 5 . 

Arnnture—Auto-Liie, MZ--21O0. 

IGNITION 

A-L Tast 480 Rotation, R. H., Top View 
Auto-Llle, lQS-4100-1 

(Full Automatic Spark Advance in conjunction with Integral 
Vacuum Chamber.) 

Breaker—Contact separation .020 Inch. 

Can Angle—^9 degrees. 

I^rcentage of Dwell—644. 

CooUct Spring Tension—18 to 20 ounces. 

Tiling—Engines with Iron cylinder heads, having a com¬ 
pression ratio of 6.7 to 1, and engines with alumnun 
heads, having a compression ratio of 7,0 to 1. (For 
regular gasoline with an octane rating of approximate¬ 
ly 70), exact lop dead center. "DC" mark on crankshaft 
pulley should line with pointer on IIralng chain cover. 
(For tlhyl or other gasolines with sn octane rating of 
approximately 76), 4degrees or .007 inch piston travel 
before lop dead center. Fourth graduation on crank¬ 
shaft pulley before "DC" nark should register with 
pointer on timing chain cover. 

Spark Plugs—Plymouth P-9, 14-MM (Chanpion, type J-8). 
Gap .025 inch. 

Tlymouth P-10, 14-HM (Aulo-LlU, typeA-7-BI; Gap .025 
Inch. 

Plrli^ Order—1-5-2-4. 

Vac«« Chaaber (Auto-Ute, iaB-10B3-G6; TMst Bo. 030)— 
10 degrees advance (Dial.). Starts with vacuun of 5 
Inches of nercury. Requires a vacuum of 17 inchea for 
full travel. 


OonrrigM, IMl. Bjr BUiidsrd ftattnesriac * PabUshfac Cou 
PrimtsdiaU.&A. 




15.80. . . '1 

17.00 .. .... 10 

Automatic Advance— 11 degrees (Pintributor). 

tn». a r M. Ilrt f p « Nxr*'* »rtv«f.< • (CtM ) 

700. 550 . . btari 

750 . W' I 

770 . ■'.85 . . . 2 

800 (Intermediate) 40*1 .. . . 5 

1162.W . .... 4 

1524 762 5 

1086 . 94^. 6 

2250 .1125 7 

2612 . 150t) 0 

2974 . 1487 9 

5356 .l^t>a. 10 

3700 (Max.). 1050 11 

Breaker Plate—Auto-Lile, lOS ^004 (stamped with the 
figure 10). 

Condeiwer—Aulo-Llte, IG-39?7-A. Capacity .25 to .25 
microfarads. 

Contact Point—Auto-Llle, l(S-1086-pM. 

Breaker Uver and Point—Auto-Lite, iaP-3^8* 

Rotor—Aulo-Llte, IGS-IOI 6 . 

Dlslrltwtor Cap—Aulo-Llte, IGC-1107-S. 

Pleslble lead (Irwulated)-Auto-Llle, IG3-59-A. 

Flexible Lead (Ground)—Aulo-Llte, IG3-69. 
lotion Coll—Aulo-Llte, IG-4661. 

Iffiltlcn Switch and Cable—Auto-Llle, CK-2260-P5. 
GENERATOR 


RoUtlon, L. H., Con. Ehd Auto-Uta, CDZ-4801-A 
NOTE —This IB a straight shunt generator with no third 
brush. Generator output Is controlled by a combina¬ 
tion of vibratlng-potnt current and voltage regulators. 
The correct model regulator should be used with Auio- 
Lile generators. The following performance readings 
were taken without the regulator and with the generator 
f leld terminal grounded. Operating at higher armature 
speeds than 2000 R.P.H. (cold) and 2500 R.P.H. (hot) 
nay (suse serious damage to the generator windings 
when the field Is grounded, as in this test. 


Perfonisnee Dmu—Gen. 

cold. 


Amp*. 

X. P.H. 

VoU« 

0 . 

. 950 .. . 

. . . 6.40 

4. 

. 1070 . . . 

. , . 6.75 

8. 

. 1190 . . . 

. . . 7.20 

12. 

. 1210 . . . 

. . . 7.62 

16. 

. 1430 . . . 

. . . 0.00 

20. 

. 1550 . . . 

. . . 8.00 

24. 

. 1670 . . . 

. . . 8.00 

28. 

. 1790 . . . 

. . . 8.00 

32. 

. 1910 . . . 

, . . 8.00 

35. 

. 2000 . . . 

. . . 8.00 


Motoring Freely-3,5 (0 4.15 amps, at 6 volta 

Max. Stall (hirrent-27 to 30 amps, at 5 .I volts. 

Fluid Ti.^(—1 ('0 to 1.70 amps, at 6 volts 

Bninh Spring T«wwlon - 53 ounces max. oa each (new 
brushes). Brush npi ing tension shcjuld bn nmasured 
iiy a S' ale hooked in bole at end of brush arm, and 
the pull exerted at right angles to force ex'rte<l by 
brush apring. 

Main Brush Setting-The n.ain brushes shoiiH be set 5/4 
to 1-1/4 '.'Commutator bsrs alv arl of neutral. 

Arwature- Auto Lite, GD'/ 2iW6 F. 

RELAY-REGULATORS 
Auto-Ute, VHP 4031-4 Poe. Qrotnl 

A nombinaiion of Cut Out Relay, Vibrating Point Current, 
and Vibratii.g Point Voltage Hngulators. 

(hit Out Rslaor 

ReatstaiM** of Voltage Winding—29,fl to 35*0 ohms. 

IMlnta Cloee—6.4 to 6.6 vulto. 

Ikilnts Open—4.0 to 5-6 volts (points open with a dis¬ 
charge of approximately 7 to 0 amperes). 

Contact Point Cap—.015 torh minimum. 

Arsature Air Gap-.034 to .038 Inch. 

Arsature Bprlngf—12-5/4 turns. 

Currant Ragnlstor 

Resistance ttUt-Aulo-Llle, TC-51-U, narked "7"; Ohms 6.5 
to 7.5 

Arasture Air (Jap-.034 to .038 Inch (the distance between 
core and underside of armature when contacts just open I. 

Contact Point Gap—.012 Inch mlnlnun (armature pressed 
down against slop pin). 

Operating Aaperea—54 to 36 (70* f. ). 

Armature Spring—12-5/4 turns. 

Voltage Regulator 

Raalstance of Voltage Winding—10.8 to 12,0 ohms. 

RssUtance tkilt—Auto-Llle nirked"58". Ohms Y 

ta 40. 

Armature Air Gap—.040 to .052 inch < the d Is lance 1* tween 
core and undiTslde of armature when contacts Just open). 

Contact Point Gap —.01*'Inch minimum (armature prease>l 
down against stop pin). 

Operating Voltage-?.5 to 7.6 (70* P. ). 

Armature Sprliw—14-1/2 turns. 

Final Test—If resistance units are properly assemoleil 
and an ohmmeter connected between regulator terminal 
"F" and the regulator base, the meter should reed 5.9 
ohms when current regulator points are held open. 

UCMTING 

Switch—Chrysler, Model 863120. 

Loestlon—Behind instrument board. 

flises—Single 50 snp. fuse (type SfE-30) In special 
bayonet type fuse holder, attached to back of light¬ 
ing switch. 

IfwtnMnt Ught Swlttii-Chrysler, 655371. 

Foot Selsctor Switch—Chrysler, 0599/4. 

Ua|W-KEAD-4030: PaiDER-55. BEAN INDICATOR-51; IN¬ 
STRUMENT-55. IGNITION 3W1ICH-51; DOME--87; LICENSE 
PUTS--63; STOP AND TAIL-1158. 


The electrical ByBtcm on the 1941 Plymouth is practically the same as 1940 with the exception of the battery location, also, the 
starter number (MZ-4089) and distributor (IG8-4111-1) differ, otherwise there are only minor differences. 
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Advertisement 


Latest Edition 

Standard Auto-Electrician*s Manual 

You need this Manual—it saves time, guesswork, and worry—insures accuraqr 
and satisfied customers—and will pay for itself in a short while 


Everything You ^ant to Know about the Electrical Part of a Car 



Standard Manuals are of loose-leaf construction and are printed on heavy Kraft paper, which can be washed with gasoline with* 
out injury to paper or print. Size of book IKXli^X'iK thick. 


This Manual is divided into three sections: ( 1 ) 2 . Technical section. Early edition Standard 

wiring diagrams with testing and servicing data; ( 2 ) Manuals did not have a Technical section. The de- 

technicai section; (3) indexes. mand for advanced, as well as authentic, informa- 

1 . Wiring diagrams. The ten-year volume con- tion on new types of electrical equipment became so 

tains more than six hundred pages of car-wiring great that in 1926 the section was started. It has 

diagrams with factory specifications covering all groam from hut 2 or S pages to 132 pages, 

American pleasiu-e cars anti such light trucks as use This seetion, in addition to its many tables and 
pleasure-car chassis and which were manufactured specifications for testing and adjusting, also, gives a 

during the past ten years. description of the operation of such electrical uniU as 

By observing the clear and complete wiring automatic and vacuum .spark-advance distributors, 

diagrams on pages 1151J to 1151L (which are re- solenoul and automatic starting switches, generator 

duced in size), it will be seen that, in addition to regulators, piston travel chart, lamp-bulb sizes, rim»- 

showing the exfernof of all wires to tlie lamps, less and control-beam headlights, overdrives, auto- 

switches, and different units, they also show the matic carburetor ehokes, etc. 

initial cirevits of starting motor, generator, n profusely and clearly illustrated. Many spe- 
relay, regulator, ignition distributor, coil, and all drawings have been developed to a.ssist the me- 

other electrical units. chanic in overhauling and assembling electrical 

Besides serving as a guide for the auto electrician devices with which he may not be familiar because 
tracing electrical circuits. Standard diagrams may of their late design. 

also be used when assemblmg the component parts 3 . i^deies are divided as follows: Car Index, 
and overbaulmg electrical eqmpment as brush posi- pi^iributor Index. Generator Index, and Starter Index. 
tions, field-coil windings with their leads, etc., are 

correctly shown. PRICES 

As will be observed on pages 115tJ to 1151L, Ten-year volume (Temporarily out of print) 

mentioned above, the data for testing, adjusting. Five-year volume.$17.60 

and overhauling the various electrical units is very Both manuals have the same front section, tech- 
complete. ^ nical section, indexes, etc., and differ only in the 

The testing, adjusting and servicing information number of years of car-wiring diagrams, 
for all the various electrical unit.s includes all neces¬ 
sary information for ignition timing, ignition dis- YEARLY SUPPLEMENT 

tributor synchronizing, ignition cam angles, setting The yearly supplement. After making the original 
TCnerator charging rates, relays and regulators, investment for tliis big manual, you can keep it per- 

location and size of fuses, lighting switches, and petually up to date by purchasing Yearly Supple- 

battery specifications. merUs, which cost only $4.50. Literature free. Write 

The GOODHEART-WILLCOX COMPANY,Inc.,2009 S. Michigan Ay..,CI.Jca9o 










THERE ARE TWO INDEXES IN THIS BOOK 

(1) The General Index, starting on this page, is the main, or original, index. 

(2) The Supplementary Index, starting on nage 1233, refers to additional subjects, re¬ 
visions, or changes. 

If you do not find the subject in this General Index, look in the Supplementary Index. It 
is advisable to look in the Supplementary Index even though the subject is found in the Gen¬ 
eral Index because additional information on the same subject is frequently referred to in 
the Supplementary Index. 

Inserts can be found by turning to the following pages; No. 1, page 5; No. 2 (formerly 
No. 5), page 144; No. 3, page 910B; No. 4, page 980; No. 4A, page 1033A; No. 6, page 1054; 
No. 6 and No. 7, see back part of book; No. 8 (formerly N^o. 1 and 2), see back part of book. 


GENERA!. INDEX 


Instructions how to use the Index: This Index is 
prepared so that a student, a novice, an expert, or 
an instructor can readily find any subject in the 
book. It is advisable, therefore, to take a few 
minutes’ time to study the Index and to follow the 
instructions given herein before starting to study 
the book. 

The subjects are alphabetically arranged, but 
classified as major, minor, and miscellaneous 
subjects. 

Major subjects are: Assembly of the Auto¬ 
mobile, Principles, Troubles, Adjusting, Testing, 
Repairing, and Timing* These subjcfjts are indexcil 
in black face type. For example, if you desire to 
find the Fundamental Principle of any subject, first 
look under Principle of^ 

Likewise, if you desire to find how to Diagnose or 
to Test for a Trouble, first look under Troubles^* 
and then under ^^Testingj^ 

If vou desire to find how to adjust any part of a 
car. first look under ‘^Adiusting” If what you are 
looKing for is not found, then look under the part 
to be adjusted, such as Clutch’^ or Carburetor etc. 

If you desire to find how a certain car, truck, 
motorroach, or tractor is constructed, look under 

pecificaiions,'* pages 1060, 965, 998, 996. 

Subjects, as a rule, are cross-indexed in three 
ways: 

(1) Part, Operation, Make. 

(2) Operation, Part, Make, 

(3) Make, Part, Operation. 


For example; "Magneto timing (Kisemann "04’’)*' can be 
found in three wayn: (1) Magneto timing (Eisemann "04"), 
which i.H in the order of (part-, oporntion, make); (3) Timing 
magneto (Eisemann ‘04"), which is jn the order of (operation, 
j'art, make>; (3) Eisemann magneto "(44,'’ timing of, which is 
m the order of (make, part, operation). 

If you don’t find what you want under one head¬ 
ing, stop and THINK— what other heading it could 
be under. P'or instance, if you are looking for the 

Adjustment of floats of carburetors,” it may be 
under Carburetor float adjustment,” or ”Adjust¬ 
ment, carburetor float ” or ^‘Floats for carburetorsj 

Note; Where tliero are hyphens between hguros, os for example 
805-807, all pages between these pages are included. 

Table of Contents: In the first part of this book 
a brief digest of sulijects is given, together with the 
page numi)er and instruction number. It is advis¬ 
able to read it carefully first. 

Measurements: Before the student can clearly 
understand valve timing, ignition timing, and the 
many other subjects treated in this book, it is 
advisable for liim to turn first to the Index and to 
find such subjects as ”Decimals,” ” Thousandth Part 
of an Inch,” ”Degrees,” etc., and to fully learn their 
meanings. 

Terms, Symbols, and Index Review: Likewise 
the student should study the meaning of words and 
terms in the Dictionary, and also refer to the Index 
for ^Glossary of storage battery terms,” ^Glossary of 
gear cdmtacts,” and also ”Electrical symbols” and 
^^Sifinhols of degrees, feet, inches, and seconds,” all of 
which can be found by referring to the Index. 


INDEX 


A, electrical meaning of.413 

A.A.A., Internationa road signs.659 

A \.A., meaning of.659 

A.A.A., racing board. 1050 

Abbreviations: electrical terms.413 

“ lamp bulbs and bases.434 

“ passenger car specifications.ie60-1062A 

“ truck specifications.973 

Abrasion, meaning of.1073 

Accelerate, meaning of.. 100 

Accelerator pump (carburetion).Add, Inserts No. 2, 6,7 

* purpose and meaning of. 99,100,1073 

Accessories, useful.. 649,1056 

AcCe sory shaft driving ignition.211,74 

Accounting, system of. 1040 

Accumulators, meaning of. 178,179,1073 

A.C., electrical meaning of.413 

Acetylene gas generators. 742,440 

* “for welding, where to obtain. 742, 690 

* “ regulator, purpose and construction of.743 

“ “ tank or cylinder, capacity (for welding)-742 

* « « a « pressure of. 742,44X 

* gauges. .; • • 743,442 

* outfit, radiator repairing, brasing, soldering 752,690 


Acid cure, repair of inner tube. 615,616 

“ for soldering radiators. 736,740 

“ or flux for soldoring. 720,721 

Acid pot, illustration of. 719 

“ proof battery box. 681,685 

* soaked battery box. 481,657 

“ test of ignition interrupter platinum points. 334,314 

Ackerman principle of steering. 10 

Active material: storage-battery plates, how formed.5!0 

“ “ HU soft, shedding..,. SfjS 


Note: We are not responsible for wrong addresses or respon- 
sibility of concerns listed. 


Addresses: automobile parts manufacturers. 481,683,690 

“ " supply jobbers. 686 

“ battery (storage) manufacturers. M5 

* carburetor manufacturers. 144 

“ electric system manufacturers ... 41.'5, 481,683, 690 

“ electrical service station equipment . .481, 683, 690 

* farm-lighting plants manufacturers.1002 

“ garage equipment manufacturers 692-694, 673, (VlO 

* gear manufacturers.682 

* governor manufacturers. 946,947,949 

ignition mfrs. 481,683,690 

“ " parts manufacturers. 481,690 

* lamp lens manufacturers. 438,442,481,431 

* m^neto manufacturers. 284,481,690 

* painting manufacturers’ literature. 736, 690 
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GENERAL INDEX 


Addresses: racing-car parts manufacturers. 1031 

silent chain manufacturers. 731 

steam car manufacturers. 1018,1019 

steering gear manufacturers.898 

storage tank: gasoline, oil, manufacturers.... 673 

tire manufacturers.607 

touring equipment supply houses.659 

tractor publications. 981 

trailer manufacturers.952 

truck-drive chain manufacturers.961 

wire wheel manufacturers for Fords.1031 

Adjustable briish arm, purpose of. 361 

* flat wrench, illustration of.695 

Adjusters for valve clearance. 776,1105 

Adjusting air-gap clearance (Ford magneto).1118 

alignment of wheels and axles.904 

• « « (yhcldon axle).958 

and care of brakes. 886 

“ testing engine after burning-in hearings.... 788 
backlash in differential gears. .873,871,871,870,867 

llauftch & Lomb headlight lens .442 

bevel-driven gear (Dodge).859 

“ gears (Franklin rear axle).883 

brake bands; equalizing. 888 

“ clearance .. 887,888 

* “ (cam acting type).8KS. 890 

* • (toggle acting type). 888,889 

■ for wear oMining.891 

* rod. 885.888 

brakes. 886-893 

“ (Columbia rear axle). 891,892 

“ (Ford).1097 

* (four-wheel). 886 

“ (Salisbury rear axle) .872 

* (Studebaker “Tiight Six”). 889 

* (Timken).889 

“ (Timken truck rear axle). 957 

** wheels jacked up.888 

" **00 ground. 888 

brushes (gen. at. motor).359-363,493-496, 517 

cam-shaft bearing.794 

camber of front wheels.906 

camshaft (Continental engines). 937,704,93 

end thrust. 937,93,927,704 

oar wlien overhauling.(>64 

carburetor. 110 to 144 

“ air valve type.119 

• (Auburn car). 134,136 

• auxiliary air valve. 120 

• (Mali* ball). 138,1.39 

• (Buick car). 127 

^ (Carter). 141 

• (Claudel). 143 

• (Dave Bui^k). 141 

• (D(Hlge-ytewart). 137 

• (Dortcar). 141 

• (Fagle). 143,144 

« (Ensign).927 

■ float. 98,122,123,1120,1132 

• “ height, purpose of. 98 

• • level (Ford). 1120,1132 

• * needle valve.s.97,96 

■" for altitude (Zemth). 1148 

■ Ford, dash adjustment.1127 

• (Ford-Holloy).1132 

“ (Ford-Kingston).1129 

• (Franklin). 142 

• gasoline needle valves. 98 

“ (Hudson). 1.36,137 

• (.lohnson). 129 

• (.Jordan ear). 134,136 

• (Marmon car)... 134^ 136 

■ (Marvel Model “E”). . .. 126 

• (Master). 143 

• (Maxwell car). 143,144 

■ (Miller). 141,142 

■ (Overland car). 136 

“ (Packard car). 139,140 

“ plain tube (Schebler). ... . 135 

• (Rayfield‘‘G,”‘‘L,"and'‘M”) 127,128 

• (Schebler motorcycle).1014 

• (Schebler ”11” and “L"). 124,125 

• (Scripps-Booth car).134,136 

• (Stewart).137 

• (Stroniberg *'L” and ” LB”). 132 

• (Stroniberg” M”and " L”) 132,133,134 

• (Stroniberg Model ”11”).125,126 

• (Stromberg O.S.). 134,135 

• (Studebaker “Big'Six”).138 

(Studebaker car). 134,136 

• throttle idling screw... 96,99,125 

• (Tillotson). 136 

" (Zenith). 120,130,131,132 

chain drive of generator.74,374,730 

circuit breakers (Delco).392 

cleaning interrupter. 301, 225,232,462C 

* lubiieating car.663,664 

clutch. 23,24,838-856 

* (Autocar truck)..925 

* (Borg dt Beck). 23,848,850 

* 1921). 854 


Adjusting clutch, cone type. 838,840,844 

- 1 (.Chevrolet).844 

disk cork insert, lubricated type.861 

* “ (Dodge)..857 

engage ana release method (Borg ic Beck) 848 

* “ (Ford).1096 

* “ (Fordson tractor).994 

* “ governor (Pierce).948 

- - (Hudson).852 

* “ (International truck).928 

* “ leather expanders.842 

* “ mainspring.841 

- - (MitcheU). 862 

* * 840,841,847 

(Cadillac type ” 57 ”).841 

* “ * clearance of (Cadillac).841 

* « a multiple-disk type clutch. 841 

; ! (.Reo) . 854 

single-plate type.23,848,850,935 

“ “ (Studebaker Light Six”).854 

* clutch throw-out.842 

* “ (White %-ton truck).931 

2 * (White 3-ton truck).935 

commutator, ignition (Ford).1113 

connecting rod; bearings.799 

“ “ - (Ford).1106 

“ « * (Waukesha engine).... 944 

“ “ lower bearings.799 

cut-out. 504, 505, 619,409,410, 373,350,351 

“ (Bijur). 364,365,349 

“ (Doleo). 409,410 

“ (Dodge-N.E ). 372 

“ (Kemy) . 350,351 

difTcrcntial and bearings ('riniken). 865-867 

“ “ (Timken truck axle). . 954 

“ gear backlash.870 

“ (Oldsrnobile).874 

" • “ (Salisbury).871 

“ * “ (Timken).. . 865,866,867 

“ Roars. 881,873 

“ (International truck).929 

• (G.M.C. truck).919 

drag rod.903 

dri ve-chain tension, truck. 951 

pinion (Autocar truck). 925 

“ bearings (Columbia).868 

“ “ (Mitchell).877 

“ (Columbia rear-axle). 868 

“ (Dodge).859 

“ end-play (Studebaker rear axle)... 876 

" shaft end-play (Franklin).883 

• (Timken). 866-867,910 

“ syst(?m (Dodge).857 

electric horn. 444,445,453,451,485 

electnflyte (same as balancing). 534,635, 636 

engine after burning-in bearings. 788,789 

“ (Autocar truck).924 

bearings. 783,784 

“ by removing shims (Reo)...... 783 

dressing bearing cap.784 

“ (Ford). 1106,1107 

(Waukesha truck engine). . 944,945 

for even pull at slow speeds. 120 

governor (Waukesha). 939,940 

lubrication (White truck).933 

main bearing clearance.782 

“ bearings. 42,783,944 

• “ (Oldsrnobile).805 

“ * after scraping.786 

(Waukesha).938 

when overhauling. 664 

external brakes. 888,889 

“ contracting brake.886 

fan belt (cooling).’' *. 145 

“ “ (Fordson tractor).]. 993 

“ (cooling).146 

float needle valve (Eagle carburetor). 143,144 

focus; electric headlamps. 434,435,439,440 

front axle stop screws. 905 

“ wheel ball bearings (Chevrolet).!. 908 

; bearings, .. 907,908 

„ , ^ (Fordson tractor).995 

“ • • (Mitchell).909 

• roller bearings (Timken).907 

wheels for alignment (Ford).1088 

• “ camber, caster, toe-in of. 906,907 

* (Ford).1087 

fuclizer spark-plug gap (Packard).140 

gasoline gauge (Grolan).660 

* screw of carburetor. 96 

gear-shifting lever, tension of.860 

generator charging rate, 

. , 606,663,363,364,374,409,516 

(Delco).407 

eompound wound. 366 

drive chain. 74,75,374,730 

• (Ford), . 1123,616 

on bench and on car. 366,477,479 

• output, wh^. 606,663 

• . . ^third^nish regulated).. 361,606 

• third brush (Bgur). 365.477,479 

iCadillao and hlarmonl.. 408 
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Adjostiiig generator, third brush (Deloo).408 

- • • • (F.A.).516 

• • • (Jordan-Deloo).408 

• • • (Marmon-Deloo).408 

• • • (Moon-Deloo).408 

• • • to regulate charg. rate 361-363 

• • • regulated (Remy)... 362,363 

• • • (Remy). 360,363 

• • “ (Weatcott-Delco).408 

generators, different regulation systems. 478 

governor (Monarch). 949,060 

• (Fierce).947 

• speed (Pierce), (Monarch). 947,960 

governors for engine. 946,947,949,950 

hand brake.886 

headlamps, focus of. 434, 435, 439,410-442 

horn (electric). 444, 445 

hydraulic brake (Lockheed). 886 

ignition, average of . 306,232,301 

• (Atwater Kent) 203-206, 207,303,306,424 

• coil (Ford). 222,223 

• “ master vibrator (Franklin).424 

“ • vibrators (Iv W. on Ford) 1112,222,188 

• commutator (Ford).1113 

“ (Connecticut). . . 198, 2fX), 303, 306,418. 419 
" contact breaker (Dodge-Si E ).371 

• “ “ (Frauklin-A K ) 424 

• “ “ points 297, 257. 301, 232, 307 

• • * (Liberty engine) 1149, 1151 

• (Delco). 216-221, 229,391,307, 232 

• " (Buick). 219.220,307 

“ “ (Cadillac).220,215 

• • (LaFayettc). . 219 

• “ (Lincoln).218,220,221 

• • (Packard eight) ..407 

■ • (Packard six).219 

• • (Packard twin six). 217,1071 

• • (Pierce-Arrow). . . . 216,220,221 

• « (Stutz).221 

• distributor and interrupter 
208, 209, 211, 302, 232, 307 

• (Ford). 222,1110-1118.1126 

• interrupter. .. .301, 302, 307. 220, 462C’, 232 

‘ “ (At. Kent) 202-207,2.32,303, 424 

• “ cams .... 301,302,307,220 

• “ (Bosch) . 208,232 

• • (Conn ) 198-200,232,303,418,419 

• * (Delco)210-221,229,391,3O7,232 

• • (/N. E). 371,232 

• • (Remy) 

208 212, 228, 229, 302, 232, 304 

• • (West). 207,232 

‘ (magneto) 257, 261-280; 29.5-300; 308-310 

• (North East) . . 226, 227, 228,370,372 

“ (Remy) . . 208, 211,212. 228,302, 306, 229 
“ systems (Bosch coil, bat tery). . . . 208 

impulse starter (K.W.). 985,986 

inspecting, cleaning car. 663,758 

internal brake, dummy drum for. ...890 

“ brakes.888 

Irving radiator shutter. 650 

kerosene, gasoline carburetor (Kingston).988 

inag-dynanio (Splitdorf). 1014 

magneto (Bosch). 262, 264,266, 297,261,299 

• high tension (Eisernunn “G4”).270 

• interrupter. 308,306,297 

“ “ (Dixie). 274 

• • gap.297 

• “ (IC W. high tension).281 

• (Remy series “ 15(X)”). 279 

• safety spark gap of. 262,273 

main bearings of engine . 783,781 

“ “ (Oldsmobile model “ 45B ”).805 

* - (Ford).1107 

* * (Waukesha engine).944 

motor-generator charging rate (N.E.).. 370,374,373 

* “ drive chain (Dodge-N.E.).374 

il pressure, best time for.161 

“ (Continental engines). 937,938,94 

■ (Continental truck engines)... 936-038 

• (Continental“7R'’engine). 93 

* force-feed system (King).161 

* (Oldsmobile eight). 804 

“ (piston or plunger type). 163,164 

• splash system (Hudson). 163,164 

* spring and ball valve. 161 

• when to do.938 

“ White truck.933 

pump (Hudson). 162-164 

* piston or plunger. 160,163,164 

output of different generators. 506,563 

ozy-acetylene welding flame. ..743 

Packard twin-six (standard adjustments).1071 

pec^ls for length. 841 

pinion-shaft bearing (Timken rear axle) ... .865,910 

rear axle after insttdling ring gear. 873 

‘ • (Autocar Truck)).926 

• * bearing and pinion (Franklin).882 

• ^ « « « (Timken)..865-867,910 

• • • drive pinion... 869,865-878,910 

• * differential gears.873 

• ■ • • (OldsmobUe).873 


Adjusting rear axle differential (White truck) .034 

“ • “ (Dodge). 869 

• “ for noise. 865,866,868 

• • (Ford truck). 914 

• • (Franklin). 882 

■ • (Q. M. C. truck).919-922 

• • gear and bearings (Timken). 866 

• “ • contact. 869,870,8)3,874 

■ • internal gear. 929,934,960 

• • (Mitchell “F*’).876 

• - (Oldsmobile model “ 47 ”) . . . 872, 873,874 

“ • parts (Ford). 1096,1097,1098 

• “ shaft bearings, truck (Timken) 955 

“ “ (Studebaker " Light Six”). 875 

• • three-quarter floating (Columbia).... 868 

• * three-quarter floating (Salisbury). 870 

“ “ (White truck *i-ton).931 

“ a\le.s (Timken).865,866 8(57,910 

rear wheels and axles. 864,883, 869- 875, 910 

“ lieel bearing; truck rear axle (Timken)... 954 
“ “ bearings (Cl. M C. truck).920 

• - • (Mitchell).877 

“ “ ■ (Timken). 863.864,883 

regulator, constant voltage (Bijur).349 

eleetroinagnotic. 350,352,38.5 

“ (Remy). 352 

relay-regulator (Remy). 360, 351 

ring gear, tear axle diffeiential (C/ohiiiibia). 868 

serew c.f vibrator ignition coil, purpose of...... 222 

fih ock absorbers. 729 

. ilent chain. 74,75,730,731 

.si)Krk-coiitrol rml (Homy-Studebaker).302 

“ plug gap. 238, 237, 238, 121, 119, 221 

302, 309 

“ « “ (Atwater Kent). 203 

“ “ « (Bosch coil-battery ignition) ... . 208 

• “ “ (Connecticut).200 

“ “ “ (Delco). 221 

“ « « (lOssex). 303 

“ “ * (Ford). 223 

“ « « (Liberty engine). 1150,1151 

• u * (Packard twin six).1071 

“ * “ (Pierce Arrow).1070 

“ “ “ (Remy). 209 

• « <• (VVestinghouso).207 

“ plugs. 302,303,237,230 

“ “ for magneto ignition. 297,314 

Sparton motpr horn .441 

Hpeeitio giavity of electrolyte. 534, 535, 636 

.speedoinclers.447 

spotlight (focus). 410 

stabilators (Watsoiiy.729 

Htui ting-motor drive systems (U(‘o”T6,” ”U0”) 330 

steering gear. 898-901 

“ “ (Ford). 1086 

“ " (Fordson tractor). 995 

“ “ (Gemmer). 899 

“ “ (Jacox). 898 

■ “ (Lavine). 899 

• “ (Marrnon).901 

" “ (Mitchell).901 

• • pinion and sector type. 899,900 

• ** pitman arm ball.903 

• “ planetary type. 899,900,911 

‘ • nieo). 899,900 

• • (screw and half-nut type). 898 

• * (Studebaker).900 

• • (Warner). 899 

“ “ worm and worm whe(4 type, 899,900,901 

“ knuckle.909 

" “ bearing, truck axle (Timken).. 953 

“ • bearings.908 

• • pin. 907 

thermostat (generator). 363 

third brush: Delco generator (Cadillac).408 

“ “ • “ (.Marmon). 408 

“ • (F.A generator) . . 616 

• • generators, 357,361-366,376,408,606,510 

timer (A K. open circuit). 203 

tire chains. 693 

toe-in of front wheels.906 

transmission bands (Ford). 1093,1092 

“ bearings (International truck).... 928 

“ (Ford).1091 

c • main drive shaft (Studebaker).... 867 

• (Mitchell model "F”).860 

• pinion shaft (Studebaker).867 

truck axles (Timken).962 

" engine bearings. 801,044,945 

• front wheel bearings.962 

trufls-rod (Franklin). 883 

universal joints. 860,861,862 

valve clearance. 69,776,1064 

“ * (Buick).71,1052 

• • (Continental engine ”7R”).... 68 

‘ • (Essex). 68,1062 

** * (Ford). 1105,1062 

• • (Franklin). 92,1062 

• • how relieves knocks. 69 

• • (Hudson). 68,1064 

• • ^upmoDile). 68,1064 

• * (Liberty engine).1161 
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Idjottfai: valve olearanoe (Locomobile). 58.1052 

- • • (Nash). 39 

• • (Packard).68.86.1053 

• • • (Pierce Arrow). 58,1053 

• • • (Studebaker). 68,1063 

■ • push rode (Biiick eii). 71 

• * Btem olearanoe. 68, 59,775,1062 

• • timing, averse setting.1052 

• vaporizer, Holley (Fordson tractor) 988,989,990,994 

• vibrator (ignition coil K.W.-Ford). 222 

" wheel bearings (Timken).864 

• “ “ (White truck % ton).931 

• Winterfront radiator shutter.650 

• worm gear truck rear axle. 95-1,914,919 

Adjustment.(see also “Adjusting") 

• and care of brakes. 886 

• ot backlash; of rear axle gears; aver¬ 

age of. 870,871,873 

• • brake, average. 888 

• • brake-band clearance, average of. 887,888 

• • camber, average. 906 

• * carburetors in general. 119-144 

■ • headlamps, checking of. 439 

• * ignition, leading systems.306 

• * interrupter point gap, average. 306 

• “ spark-plug gap, average.306 

• • steering devices (Marmon)..901 

• “ “ gears. 808-902 

• “ toe-in, average. 906 

■ * valve clearance, average. 58,1052 

• « « timing, various cars. 1052 

Advance and retard automatic. 203,388 

• « hand, or manual.204 

• * * how much wlien driving.. . 630,212,307 

• “ * magneto. 288,289.290.274 

• * * meaning of. 31,35.301,288 

■ * * principle of. 31,35,291,304,305 

• * * questions, answers. 305 

• “ “ spark range of.305 

• • * testing of. 305 

• • * too much. 631 

• of interrupter cam and rotor. 208 

« « " “ only. 307 

• " spark, hand or manual. 204 

• spark lever, meaning of.34, 35 

Advanced spark knock, meaning of. 780 

Advantage of automatic advance of spark. 203 

“ “ dual valve engine. 64 

" " 11-igneto ignition.262 

“ “ q 'ing headlamps. 436 

Advantages au( disadvantages: ignition systems. 285,286 

“ “ " steam cars.1018 

Aeronautic spai plug, type of.234 

Age of batteries how to tell.623 

7 “ driver of an automobile.1073 

Air and gasoline: proportions of, for carbure^on... 9"), 101,117 
“ attachment to blow pipe torch.720 

• bag. purpose of. 608,618 

• ball valve type carburetor. 143,144 

• bled jet of carburetor.135 

• “ “ (pitot) of carburetor, principle of. 133,1.35 

• blow gun for compressed air.626 

• brake, Christensen four-wheel. 886 

• cleaner for carburetor. 142,989 

• compressor fittings.626 

• “ for garage use.625 

• • outfits. 624 

• * portable typo of.625 

• oompresaors, belt driven.625 

• * care of.625 

• * electric motor driven.625 

• • for general garage use. 623,624 

• • for tires, operated on car. ..622 

• cooled engine (FrankUn). 92,156 

• cooling, draught and blast system. 156,92 

• “ of engines. 155,156 

• cushion tire, meaning of.628 

• gap adjustments of cut-outs (Delco). 409,410 

• * clearance of interrupter points. 297,303,221 

• ■ “ • vibrator (Ford K.W. ignition cml) 222 

■ “ clearances, ignition interrupter points.306 

• • meaning of.1073 

• ■ of cut-out points (Kemy). 351 

• • • spark plug. 236-238,121,119,221,302,309 

• • * « « vnltnirtt rAniiirAd tn inmn Iftft 


• • valve stem, meamng of. 68 

• • valvee, or valve clearance. 59 

• transmission.1019 

hose couplings. 626 


* for gar^e use. 

leaks in engine oil feed pipes.... 

* * inlet manifold. 

meaning ol. 

preaeure and wheel load for tires. 

* automatie oontroller_ 

* balloon tires. 

* earried in the oord tire. 

* fuel feed, regulation of. 

* • * system. 

* gMoliae system. 

** • CPaokard) 


.... 626 
.... 165 
110,121 
1073,116 
.... 693 
.... 626 
606,628 

.693 

. 112 

. 111,112 
.672 


112 


Air pressure gauge indicates gasoline trouble.112 

• “ • for gasoline (Packard). 112 

reducing valve.026 

• • test of oil pipes. 165 

• pump for ^oline tank. 112 

• • ** locating engine knocks.779 

• • lubricate with neatafoot oil. 112 

• resistance, electrical. 176 

“ “ “ under pressure.2^ 

• speedometer, type of.440 

• tank alarm.lOSg 

• “ size to use.024 

• temperature for ignition (Diesel engine).1006 

• valve carburetor, principle of. 100 

r r ! t™, adjusting of. 119 

• ‘ . • of. 97,98,100,106,126 

spring of carburetor, relation to amount of air.. 98 

• valves for carburetion.1133 

• “ “ tire air hose. 620 

• vent hole, gasoline tank, purpose. 4621 

“ washer, Holley vaporizer (Fordsun tractor). 988,989 

• “ make used on tractor engines. 999-1001 

Airco ignition tester.239 

Airplane engine radiator hose connections. 151 

I ^ type of. 39,54,1143 

fundamental principle of.1022 

“ speed record. 143,1050 

^ tires, cord type. 609 

A.K. timer, open circuit typo.205 

A.L.A.M., meaning of.1073 

A L.A.M. spark-plug sizes.236 

Alarm for air tank.1038 

Alcoliol, boiling point of . 163 

“ denatured, specific gravity of.1041 

“ freezing, boiling point, specific gravity.1050 

“ glycerin and water, for non-freezing solution. 164 

• three grades of. 153,164 

Align-reaniing engine bearings.790 

Aligner for running gear.907 

Alignment jig for connecting rod. 803 

“ of axles and wheels. 903 

“ “ bearings by reaming.790 

“ “ “ to crankshaft.786 

• • connecting rods.804 

“ “ crankshaft, bent.792 

* “ “ meaning of.784 

2 ** front axle with rear axle.904 

• ■ “ wheels (Ford). 906,1088 

• • piston and connecting rod. 802,804 

“ wheels: relation to tire wear.612 

• • “ 903,904 

“ “ wheels (Sheldon truck axles).958 

“ “ worm and worm wheel (tvuck axle).955 

• or alignment, meaning of .903 

• reamer for engine bearings (Ford).714,1137 

Alemite grease lubrication, high pressure. 174 

Alien automobile. x 

“ car: lubrication of parts. 172 

Alloy, meaning of. 745 

Alternating current, does not pit ignition points.224 

“ how commutated to direct cur- 

, « « . 242,339 

^ ^ rectified to direct current.669 

^ “is generated by all generators.. 339 

* magneto generator, for ignition only.. 179 

• ■ meaning of. 178,184-568.1073 

motor for driving generator on test,. 477 

Altitude adjustment: Liberty engine carburetor.1148 

^ effect.^ on carburetion. 116 

Aluminum alloy, meaning of.74O 

a **11 advantages, disadvantages... 43,807 

an alloy generally usecT.746 

“ cleaning solution. 475 

• meaning of.!l073 

• melting point of.| 74O 

“ pistons, clearance of (Franklin).! 92 

« “ subject to pistou slap.779 

solder, how made and where to obtain. 721 

soldering of. 720,721 

• welding of.746 

Ambu cadmium test voltmeter. 650 

American standard wire gauge.706 

Ammeter action, battery connect^ wrong.! 472 

“ “ with thermostat in generator.363 

always placed in series.464 

and voltmeter: testing armature coils.408 

m m 1 . 463,464 

- ,, when charging, use of. 666,567 

cables to use. 466 

• charge and discharge side, meaning of. . 333,334,469 

comparison to a water meter. 331 

connected to a shunt. 466 

• connections of. 331,332,334,335 

(d^), checking ignition timing.801 

^ ^ how indicates troubles.471 

. - M t . owt-out sticking.470 

to check accuracy of.471 

^ purpose of..,.45I 

m TN. * readings, how to compute... , 334 

• P’Arsonval type.468 

direct exurent: how used...,.. 464 
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Ammeter for checking cut-out opening, closing (Kemy)... 351 

• “ « ignition timing. 301 

• * testing armature open circuits: connections 

for. 514 

• horn and tail light, how connected to. 451,449 

• if connected wrong....451 

^ “ does not indicate “charge'*.472 

• * indicates “charge" at rest. 472 

‘ “ "discharge" with lights off.472 

“ * zero at high speeds.472 

® “ indications are above or below normal.472 

• “ needle jerks and is forced to scale limit.472 

** “ shows excessive discharge at low speeds. . . 472 

• indicjitions.334, 401, 409. 471 

• internal construction of.468 

“ is millivolt meter.465 

“ location of in electrical systems (Delco) .409 

“ meaning of.1073 

“ moving coil principle. 468 

• not in starting-motor circuit. 334,333 

■ point of current supply. 151 

“ principle of. 331,332,334,468,469 

• purpose of. 331,332,334 

• reading “30-0-30," moaning of. 333.409 

• readings during cranking operation (Delco).393 

“ “ Liberty engine.1150 

• scale: aero center or 30-0-30, meaning of.... 469,333 

• shows discharge with switches off, indications_ 451 

• speeds at which should show “charge". 471 

“ switch, circuit-breaker (Delco). 409 

test of electric horn. 443-4 15, 453, 4S5,451 

” “ “ generator held coils.510 

• “ “ Ignition coll. 232.226,223 

" “ “ lighting circuits. 485 

“ “ purpose and methods. 471 

** “ storage battery. 552 

• troubles divided into two classes. 471, 4620 

“ unsteady reading of.471 

“ Weston. 404,408,546 

Ampere-hour capacity of batteries: how changed. 526 

“ “ u u u passenger cars1004,1055 

“ “ u u battery.meaningof,521,522,5<i(), 1073 

■ “ « « “on nameplate.549 

• “ discharge of battery for stall mg motor 522 

* “ meaning of. 176,529 

“ hours applied to battery. 521 

■ meaning of. 175,529,521 

“ meter (see also “Ammeter") 

“ . “ (Kordl .1122 

“ t urn, meaning of. 182 

Amperage applied to a buttery.521 

“ average to set generator. 506 

“ capaciti' ct>pper wire. 426 

“ how to find. 176 

“ of electric liorn ..232 

“ “ “ lamps, .. 432,433 

“ “ Ford ignition coil. 222,223 

“ “ ignition coil primary winding. 232,226,223 

“ “ “ “ secondary winding.188 

“ “ lump bulbs, relation to cumllo power.432 

“ “ spark-plug gap.188 

“ “ starting motor (vanes). 179,325,471 

“ voltage battery on pas.senger cars. 1(*55 

Amplifier for eidiaust noise.1025 

Analogy of electric system to water system.. 331 

Anderson universal valve grinder.771 

Anglo is degree of slope.707 

“ iron, meaning of.....747 

“ of cylinders: two, eight, twelve cylinder engines ... 81 

“ “incidence: light rays of r3flector. 436 

“ “ reflection: light rays of leflector. 436 

“ “ thread, meaning of.707 

Angular drive.. 24 

Annealing, meaning of. 723,1073 

“ steel and tubing. 722,723 

Annular ball bearing. 19 

.Anode, meaning of.107.3 

Anti-clockwise, meaning of.1073 

Anti-glare lenses, types of. 437 

.Anti-skid tire tread repair.621 

Arbor pre8.s and shaft straightenor.792 

“ taper shank, illustration of.712 

Area of circle, how to find.1048 

“ “ triangle, how to find. ..1048 

Armature coils defective: indication. 497 

“ “ direction of motion governs polarity .342 

“ * loose; starting re otor commutator; cause., 478 

“ “ millivolt test of.499 

• “ open or short-circuited, meaning of .498 

“ “ testing (test one known good and compare). 407 

• • tests for grounds. 601,515,498,486 

“ « a a a starting motor.619 

• • m a short circuits. 616,498,486 

■ a « with ammeter. . 614,498,486 

• core laminated, meaning of.243 

• “ made of laminated iron.341 

• cores: soft iron generally used; reason for. 180 

• drum type, construction of.341 

^ for generators..,. 336,341,342,343,344 

• generator, direct current. 243,841,342,343,344 

- “ are of the drum t 3 T)e.336 

• around tests with light...482 


Armature grounded, cause of. 50] 

installation, pointers on.481 

is off center.612 

lap or parallel wound.342 

magnetic field of starting motor, meaning of. . . 327 

magneto, armature type. 283,246 

^ “ and inductor type. 246 

assembling.313 

compound typo. 283,246 

delivers alternating current. 243 

disassembly.313 

four-eylinder.245 

high-tension compound type. 259 

out of alignment.316 

parts of. 243 

primary type. 283,246 

speed relation to distributor. 292 

testing.313 

teriiied shuttle type. 243 

tvpeaof. 243 

motor-generators. 367,368 

noi.soa caused by. 506 

off center (starting motor).. 617 

one winding, one commutator (motor-generator) 307 

rack, adjustable.476 

reaction of generator, explanation of. 359,360 

“ “ magneto, meaning of. 261 

relation between shuttle and drum type. 336 

removing (Dod^e-N.F. motor-generator).374 

replacing of, point''r8 on.481 

rewinding, wnere to obtain. 481 

shaft bent on starting motor: cau.se, remedy,. . 478 

“ how suppoi ted. 341 

• of hi^h-tonsinn magneto . 259 

short-circuited, grounded, machine may operate 502 
stai ting motor, closed-circuit typo. 328 

* “ oonnoctions deteniiiiio rotation. 328 

* ■ construction of . 326 

* “ displacement typo.321 

* ■ open and closed-circuit typo_ 328 

lest rack, how to construct.476 

“ on growler shows ground when heated up., 600 
tester, growler, principlo, tests.... 463,499, 500, 601 

testing by millivolt readings.467 

“ for grounds, open circuits, etc. (Dodge). 376 

“ with meter. 482,488,498 

torque, meaning of. 489 

trouble difficult to detect. 500 

troubles and* tests. 496 

“ are in armature coil. 448 

** causes and ovidonce of.496 

“ how to locate. 490 

“ of starting motor (inechunicul). 449 

type magneto: comparison with inductor typo.. 271 

“ “ how generates current. ........ 250 

“ ** low tension. 249 

“ “ meaning of. 246 

* ■ parts of,. 219 

" • relation to Dixie inductor type.. 271 

“ • timing of. .. 274 

winding and oonneciions (magneto) 315,313, 256, 257 

“ burned-out or grounded, cause of.496 

“ closed circuit, meaning of. 340 

" defective spark weak (magneto)... 312, 310 

“ (Delco-liuick). 343, 344 

“ direct-current generator. 341-344 

“ general explanation. 342 

“ high-tension magneto. 259,257 

“ meaning of pitch, span, and lead. 343,344 

“ not true in slots, grounds (high Hpoedj.. 493 

“ open circuit, ineamiig of.340 

“ starting motor (lap, wave winding).. . , 326 

“ three general methods . 342,343 

" where to obtain.481 

work a repairman can do. 342 

Armored cable. 428,081 

Artillery type wheel, meaning of. 599,3 

Asbestos gaskets, how used on engine.1109 

" * use of.733 

" meaning of.1074 

Assembly of automobile... 1 

“ ** ** air-pressure gasoline few] syntern. 112 

• " “ bearings. 18,19 

" “ “ bodies. 4,5 

• “ “ carburetor systems.105 

• ■ “ chassis. l,xii,xi,174 

• ‘ ■ clutch. 20,21,22,838 

• • * differential. 17,18,878 

• • * drive methods. 6,7,857-880 

■ ■ " engine.36,93, 926, 1099, 936 

• ■ ■ Ford.1081 

• • * front axles. 15,906,910 

• * " generator. 613,336,336 

■ " * gravity-feed gasoline system. ... Ill 

“ • * ignition interrupter. , 197,212, 202, 214 

• “ ** “ magneto.313,257 

• “ “ “ system_ 197.212,202,214 

“ “ “ rear axles. 15,16,17,866.862 

• • * running gear. 1 

• • ‘ springs. 11,762 

• • • starting motor. 329,319,517 

• • • steering device. 10.11.898 
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Aisembly of automobfle itorage battery. 526. 537 

“ “ •* tranamiaaion. 25-29,855-860 

* • univeraal joint. 24,860 

“ • vacuum gaaoline system... . 113,127 

" « wheels. 3,4,863,877.601.602 

“ tractor.viii,981 

• truck.vii,91l 

Atco taximeter, description.980 

ATM., meaning of.442 

Atmoaphere, meaning of. 442,750 

Atmospheres of acetylene gas tanks.742 

Atmoepheric pressure at varioua altitudes. 116 

‘ “ meaning of. 116,1073,1048 

Atom, meaning of. 175,1073 

Atwater Kent cl.-circuitignition; operation of, 205, 206,207,232 
“ « « « interrupter. 202, 205-207. 232,303,424 

• • condenser in interrupter. 206 

* * distributor gap. 204,202 

- “ ignition, adjusting. . 202-207.232,303,306,424 

« “ - coil. 202,205,207.232 

• system (Franklin). 423,424 

■ - “ timing.205,200,232 

■ • open-circuit Ignition system. 202-204 

- - « / timing. 203-206 

Auburn carburetor adjustment. 134,135 

Audible circuit-testing devices. 463 

Autocar truck eng^ine. ■. . 923 

" “ * Betting valves and ignition timing. . 924 

“ “ rear axle. 924,925 

“ “ BDccificationa of.922 

“ • transmiaaion and clutch.925 

Autogenous welding, meaning of.741 

Auto Club: first in America.1073 

Autolite (early generator) permanent magnet field poles. . 353 
“ generator and electrioal system (Overland 4).... 419 

“ • (1915, 1918 Overland ears).356 

“ mechanical regulation (early model). 353 

Auto machinists’ tap and die seta.699 

“ mechanician, how to start.662 

* mechanician's outfit. 662 

“ repairman must know how to adjust and fit parts... 661 

* show: first in America.1073 

Automatic advance of ignition by governor CAt. K.).203 

« “ « “ (Delco).. 388,307 

“ « « « - (N t:.). 371 

« • “ “ “ (Remy). 212 

* * ** cam and rotor. 212 

»»•*** not rotor.307 

* “ degrees of.212,307 

• • • magneto (Eisemann).. 270,283 

• ■ “ semi and full. 201,212 

• • “ spark, explanation of.203 

* • “ speed starts. 307,212 

air valve, Holley vaporizer. 989 

governor (see “Governor”) 

inlet valve for engine. 53 

mechanical gasoline needle-valve carburetor.,, 98 

spark control, purpose of. 203 

tnermostat ignition switch. 198,199 

type valves. 52 

windshield cleaner. 649 

automobile assembly (see also "Assembly of automobile”). 1 


care of. 

clooks. 

oonstruotion, a study of. 

dictionary. 

engine: relation to truck and tractor.... 

firsts. 

four-cylinder, sectional view. 

gasoline engine. 

gas-electrio. 

history. 

how to operate. 

• “ ship . 

“ “ study mechanical construction .. 

ignition systems: passenger cars. 

insurance. 

laws. 

license. 

meaning of words. 

motive powers. 

no longer made, where to obtain parts.. 

numbers registered in U.S. 

* where located. 


.643 

.640 

.1066 

1074-1079 
39,40,41 
.1073 

. X 

. 30 

.1016 

.1073 

.629 

. 649 

.1066 

1064,1065 

.1072 

1072,1073 

.1072 

.1041 

.... 1,30 

.682 

.1068 

.1051 


parts supply houses, addresses of. 679 

race: first in America.1073 

races: A.A.A contest board. 1050 

repair business, starting into.662 

repairman: pointers. 661 


right side of.644 

(see also " Specifications ”) 

secoad-hanef, how to judge and test.641 

selecting a new one, pointers on.64() 

tix*K)ylinder. xi 

iiie tire rims used. 603-606 

* tires used on passenger oars.1060-1068 


Automobile specifications (electrical equipment),.. 1064,1065 

* “ passenger cars...... 1055-1063 

* spe^, fastest.1060 

“ spring: temporary repair of.1040 

* state with greatest number of.1068 

* steam.1016 

* study of. 1066-1067 

* supplies and parts, where to obtain. 687,679 

* supply jobbers, list of.687 

* truck, electric. 963 

* twelve-cylinder.. 86,1143 

* valve clearance, table of. 1052,1054 

* “ timing, table of. 1052,1054 

* weight, meaning of.1051 

Automotive electrical repair shop, tools for. 473 


Auxiliary air inlet valve of carburetor, types of. 98 

“ “ pump for fuel feed. 112 

* “ valve, adjusting of. i20 

* « * of carburetor: principle of. 101 

* « « « purpose and location, 97,98 

* * valves for carburetors.,• •••. .1^33 

* contact breaker (Liberty engine ignition). 1149 

* « M magneto (Bosch dual).268 

* am (Packard twin six).217,421 

* exhaust valves (Franklin engine). 156 

* fuel jet. 101 

“ gasoline tank. 111,112 

* headlights. 440 

“ rheostat, meaning and purpose of. 670 

* vacuum pump (Hudson). 115 

Average ignition timing. 232, 301, 306 

“ speed of starting motor. 478 

“ valve timing. 75,1052 

“ “ clearance. .59, 1054 

Aviation engine (Liberty). 54,1143 

“ engines. 53,54,1143,1151 

Aviatrix, meaning of.1073 

Axle, front. 15 

“ shafts (see" Rear axle shafts”) 

“ “ fixed-hub (serni-floating), illustration of 15, 16, 867 

“ * full-floating type. 15, 16, 803, 867 

“ “ removing (Columbia). 868 

“ “ “ (Dodge). 859 

* * * (Salisbury). 870 

* “ (Timken). 867 

* * types of. 15,16,863 

* stand 674 

“ stands, hoists, and engine stands.673 

Axles. 15,863,907 

“ and wheels, alignment of.903 

* front, types of. 10,15,907,910 

* rear. 1.5,863 (see also " Rear a.xlo8 ’ ’) 

* (see " Rear and front axles”) 

* truck, adjusting and cure of (Timken).. 952 


B 


B & S gauge, meaning of.426 

B, electrical meaning of.413 

Babbitt bushings for engine bearings.782 

“ composition of .790 

Babbitted bearing, purpose of.787 

Babbitting connecting-rod bearings. 801 

“ engine bearings. 789 

• mandril, purpose of. 801 

Back fire in muffler, cause of . 461 

Back firing or popping in carburetor, cause of 118,121,462B, 4621 

* “ valves open too early. 62 

■ geared drill press. 693 

* kicking, meaning of. 118,121 

Backlash: amount necessary for quietness (Salisbury).871 

“ average adjustment, rear axle gears... . 870, 871,873 

• clearance between cam shaft, crank-shaft gear... 924 

• illustration of. 859,874 

• in rear axle, to take up (Timken).^5,867,910 

• “ timing gears, when adjusted. 69 

• of gear teeth, explanation of. 869,874 

• (lost motion) of gears, how taken up. 59 

• meaning of. 869,870,874,1073 

Back pressure due to muffler. 49 

* * meaning of.1073 


Baffle plate, purpose of. 111,168 

Balance and vibration of engine parts: meaning of... 805.806. 


Balanced engine, moaning of.813,806 

Balancing electrolyte (same as adjusting) ...... 534, 535, 636 

* of reciprocating parts of engine. 806 

Baldwin chains for truck drive.. 950 

Ball A. Ball carburetor, adjustment oif. 138,139 

Ball and socket gear shift. 27,28,29 

** bearing crankshaft. 46,922,930,931 

• bearings. 19 

* * for engines: advantages, disadvantages.781 

• ■ where generally ysed on car.868 

* check valve, umons, etc.680 

• electrolyte tester.533 

* how to find oubio inohea in.1048 
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Ball how to find tne surface of.1048 

• valve oil-pressure regulation.Itt 1.937 

Ballast coil, meaning of. 207,357 

• resistor, meaning of.430 

Balloon or doughnut tire and pressure of.028, 600 

“ tire repairs.618,611 

* “ rim. 606,628 

Band brakes.13,884 

“ “ relining of.803 

Banjo typo rear axle housing.862 

Bar type of permanent magnet.179 

Barrel or rotary throttle valve. 99 

“ type crank case. 41 

Barrels or cylinder sleeves. 39 

Bases electric lamp bulbs, how to determine. 432,1055 

“ “ • “ types of. 433,434 

Bastard cut file, purpose of . 717 

BAT , electrical meaning of .413 

Battery (see also “Storage battery”) 

“ and cod ignition system, advantage of.286 

“ “ generator, if open circuit between. 428 

“ being charged will not bold charge; causes.457 

“ bench, how to make. 584 

" box aeid proof, how to. 581,585 

“ box acid-soakcd often causes a ground. 481,557 

• boxes (metal) for dry cells. 241 

■ C.K.M.F., meaning of. . . .. 375 

• charging circuit from generator, principle of.341 

• “ “ (Homy 4-pole shunt generator) . . 362 

• « whore to start tracing. 332,333 

• * constant current method. 564,572,579 

• “ “ potential metho<l.579 

• * outfits .... . 564“571 

• * rate, adjusting 506,563,363,661,374,J407, 516 

• « « l-yj. winter, summer . .506, 563, 562, 573 

• “ series method. 661,572 

■ clips. 583 

• iliffusion, meaning of.629 

“ discharge oil cult (Homy 4-pole shunt generator) . 362 

“ “ “ through cut-out . 332,341 

■ “ “ where to start tracing.333 

• • through cut-out (Dodge-N M), principle 370 

• ■ u u u not over 2 amps.351 

• discharges quickly, cause of .663 

• discoiuiei'ting from generator, 348,349,362,366,376, 430 

• <lry-storage type . 528,529 

• electrolyte, strength to use . . . 634, 536,676, 689, 690 

• floating on the line. 334 

" general description of. . 621 

• ground connection: examine if motor is weak .... 486 

" " importance of.428 

“ " . . serve.s as return path.451 

“ grounding of: which terminal.325 

“ how charged.325 

• to tell the voltage of ... . . 432,325 

• if connected wrong, ammeter will read opposite 451,472 

• indicator, principle and puipose of.469 

• make, type, amp., voltage, pass, cars. 1055 

• meaning of.629 

“ not being charged at proper rate: causes.456 

• overload, meaning of. 326 

• rating, meaning of.622 

• relation to Starting motor.325 

• repairs.SSO-SSf), 586-690 

• rcfiuires more water due to high charging. . 407 

• solution (electrolyte), freezing point of. . 631,534,561 

• steamer. 683, 584 

• supplies current for starting motor. . 331 

• terminals, clean with a filo. .428 

“ “if sulphated with green corrosion.. . 428 

“ “ meaning and purpose of.629 

• test first if starting motor fails.478 

• “ of generator, meaning of. 490,491 

• testers (hydrometers). 531,533 

• testing. 448, 470, 477, 531. 545-559 

• to tell if charged. 645 

• troubles (see also ” Storage battery ”) 

• “ in relation to starting motor.486 

• “ when diagnosing: divide into parts.448 

• types of. 178, 621 

• voltage, how to tell.325 

• “ relation to generator voltage. 346,347 

• “ slightly less than generator voltage. 331 

• when requires recliarging. 663 

• why becomes discharged. 563 

Baiime scale for specific gravity. 633 

Bausch & Lomb headlight lens.442 

Bavery principle carburetor jet. 130 

Bayonet electric lamp bases, meaning of.434 

“ oil-level gauge (engine). 161,'162,172,936 

Bead of tire, meaning of.608 

Beads of tires and rims, types of. 695 

Beam of light, meaning of. 436 

Bearing adjustment rear wheel and axle (Timken). 883,910,864 

“ annular ball. 19 

“ boring tool and reamer.714 

“ bushing of engine main bearings. 42 

“ bushings, if badly worn or thin.787 

“ * purpose and meaning of.782 

* * when damaged must be renewed.784 

“ cap, meaning of. 42 

* caps, dressing of. by draw filing.784 


Bearing clearance between bushing and crank pin.782 

“ “ meaning of.782 

“ cup and cone type.. 19 

“ metals for engine.781 

“ races. 19 

Bearings (see also “ Engine bearings”). 18,19 

“ oonnecting-rod and piston pin. 795 

“ crankshaft main: most of wear on lower half.... 42 

“ differential, lubrication of.865 

“ drive pinion, lubrication of.865 

“ engine, adjusting and t<«ting after burning-in. .. 788 

* * “ by dressing bearing cap. 784 

“ “ ■ of. 783,915 

" “ aligning and fitting crankshaft.785 

“ “ ahgn-reaming of.796 

* “ babbitting ot..789 

• “ boring, reaming, and running-in . ..789 

“ * “ “ spotting-in, scraping.. . 786 

** “ burned, cause of. 167 

“ “ bunuiig-in of .787 

* “ burning, nmuing-in, boring, reaming... . 787 

“ “ bushings are die case or btibbilied.787 

“ “ “ held in place, how.802 

“ “ ** solid and tile cast. .. . .782 

• “ clearance naist be allowed for oil film... . 789 

* “ connecting rod . 42 

“ “ end play alloweil.802 

“ u u a of, cause and remedy.786 

“ * first to manifest effect of wear. 795 

* “ lithng and aligning.785 

• “ “ (Ford).787 

“ “ for replacement. 782.1063 

• “ (Ford). 1106,1107 

“ “ if now may cause overheating.153 

* “ instructions on fitting to shaft. 802 

“ • kind of.781 

* “ u u \iRed...781 

• “ lapping compound for. 791 

• " main cranksuaft, construction of.781 

• .. « « « . 41,42 

■ • « number generally used. 41 

“ “ “ replacing. 945 

" “ marking and spoiling-m of.785 


• “ oil grooves w hen fitting. 800,801,804 

• * })lain, ball and roller.781 

“ " poiuters on. .786 

• “ riinning-in machine (homo made) ...... 789 

• “ (six-cyhndor), number of. 81 

• * 8potting-in and scraping.7H5,78tb945 

■ • « « A lower main. 786 

• * testing and adjusting after li( ting ... . 786 

• “ “ for knocks. 778,779 

• “ “ if loose.793 

• * tight, remarks on. 789 

• for a car, how to order . 1063 

• generator.480 

" new, reijuire more oil. 167 

• oil grooves in. 171 

" radial load. 19 

• (rear wheel), adjustment, lubrication (Timken).. 863 

• “ “ “ (Timken). 864 

" - « cleaning of (Timken).863 

■ • lubrication of (Timken).863 

" roller (Timken).868 

• starting motor, usually plain bronze.449 

• « « worn, cause and remedy.478 

• thrust load. 19 

• ^ type. 19 

• transmission. 8.56 

• truck front wheel, care of.952 

• worm shaft, indirect and direct mounting of... . 868 

Bellows for blowing out free carbon.76.3 

• head lamp, for tilting reflector. 435 

Belt-driven generator,switchooard for charging battery. .. 671 

• (fan) size passenger cars.1056 

• pulley (Fordsori tractor). 995 

Bencn block, meaning of. 682 

• charge (battery removed from car). 673 

• drills. 695 

• equipment for shop use, list of .696 

• for eWtrical tests, how to make. 475 

• * repairing carburetors.123 

• * Btora|{c-Dattery work, how to make.684 

• grinder, illustration of.700 

• lathe for commutator work.474 

• portable.1039 

■ test of generator, when to make.479 

" tests, electrical, meaning of.476 

• * when ana how to make. 477,478 

Bending metal tubing, wire, and small rods.722 

“ moment, meaning of. 1073,863, 16 

Bendix drive, care and repair of.320 

• “ for starting motor, construction of. 320 

• « • - « .J121 

" • inboard and outboard type. 320 

• • oiled and gummed, how to remedy .. 466 

• • troubles. 320,3.30,462P 

• inertia gear drive, principle of.319 

Bent crankshaft, test for.793 

Bensol freezing point of. . 1050 

• gasoline for racing engines, relieves knocks . . . 1033 

• meaning of... 1073.1033 














































































































































































1160 


GENERAL INDEX 


Berline. 6 

Berline-Landaulet. 5 

Berlins, address of. 232 

* hish'tnnsion magneto, setting and afljustment of. . 300 

a _j;___i.i.. L-i.._I oio 


iiiagneiu* uinjKKJCiuuiy, anoeuiuiy, uuvi iroums. oj.o 

" “ high-tension, type (D-81-2). 284 

“ • interrupter and gap elearanee.. 297, 284,300 

“ “ two-spark (t.\po “D”). 204 

Bevel-driven gear, adjustment of (Dodge).859 

“ gear.7,8 

Bevel-gear contact, meaning of. 809,874 

“ “ differential, typo of. 18 

• • drive...6,7,10,28 

• gears, helical or spiral tooth. . . . 17, 7 

• “ rear axle, adjusted by shims (Franklin). 883 

• “ straight tooth... 16 

Bezel, meaning of.1073 

B.H.P. (brake horsepower), mouning of. 1074, 1044 

“ engine, how measured.1044 

Bijur chassis lubrication, principle of. 174B 

“ constant-voltage regulated generator.349 

“ double-geared drive system for starting motor. 323 

“ generator, adjusting of.365 

• " and starting motf>r (Paekard). 420,421 

“ • (third-brush) cutout external.364 

- “ “ “ “ internal .364 

“ “ voltage where cut-out opens and closes... 347 

Bill of sale for secondhand car.642 

Bi-polar field poles, meaning of. . .. . ... 326 

“ generator frame, magnetic circuit of.358 

“ typo generator, meaning of.335 

Bit stock drill, illustration of.712 

Black seiiiment in oil indicates sulphur. 166 

Blackened, burned appearance of commutator: cause of. . 492 

Blackening of distributor inserts (Ilcmy).219 

Blacksmith equipnient for shop. 694 

Blacksmiths' drill, illustration of. 712 

Blast and draught air cooling. 156,92 

Bloom on tires, meaning of.608 

Blowing of fuse, meaning of.4.51 

“ “ “ opens circuit.452 

Blow-out of inner tube, how to repair. 615, 616 

“ of tire, how to repair.617 

Blow-outs of tires, cause of.611 

Blowpipe torch air attaehmont. 720 

^ “ for cutting. 748 

“ " “welding. 742,743 

** “ how to operate. 720 

“ “ single and double jet. 719 

* torches.719,720 

* w'elding; an ancient art.741 

Boat, Ford engine for 1033 

Bodies 

“ straightening of.728 

Body, how to remove.*.756 

• nomenclature. 5 

• of automobile. 4 

“ polishes. 646 


“ renewing department. 756, 728,648 

“ varnishing and painting of. 648 

Boiler, Stanley steam car.1017 

Boiling of water: if duo to stoppage, etc. 152 

“ point of alcohol. 1050,153 

“ « « gasoline and kerosene.1050 

■ « « mercury.1050 

• * “ water. 1050.152 

“ ■ • « alcohol and kerosene.1050 

“ « a a at various altitudes. 116,148 

Bolt and cap-screw sizes, S A.E. 697 

“ “ “ 8crew.s, U8.S. andS.A.E. 706 

“ dies and pipe dies.709 

“ size: head and nut, U 8. Stamlard.697 

• thread, meaning of.707 

Bolts and capscrews, difference between. 706 

“ screws, and nuts, kinds of. 706 

Bone-dry battery, meaning of. 576 

Books, miscellaneous. 611,616,611,478,1040 

Bookkeeping for garage.1040 

Booster brake ..88<» 

Bure and stroke, meaning of . 48,63,76,1074, 1078 

“ “ * passenger car engines. 1058 

• of cylinder if worn out of round. 832 

• • • where usually marked. 43 

Borg A Beck clutch. 23,846,1066 

“ “ * “ adjiLsting. 23,848 

• " ‘ “ brake. 24,850 

• ■ “ • cars using. 1059,851 

• • • “ cleaning. 849 

• * “ • parts and assembly. 846 

• “ • * removing and replacing. 24,850 

■ * • - troubles. 849 

• • “ • worn. 24,849 

Boring engine cylinders to fit pistons.823 

• machine for engine cylinders. 817-824B 

“ out bearings, msiin, caps in position . . . ,788, 790A-790B 
“ reaming, burning-in, running-in main bearings .... 788 

• “ runmng-in engine main bearings_78S-700B 

Bosch, address of. 208 

• electric horn (Robt.) .443 


Bosch electromagnetic pinion-shift starting motor. 321 

“ double system ignition, two sets of spark plugs_263 

• ignition system, battery, coil. 208,232 

“ “ “ dual. 267,263 

■ magneto contact-breaker (” DU4”). 295 

• “ dual type, timing of.299 

" “ higli-tension.283 

“ « ■2 « (“DU4”) . 257,258 

“ “ int,erruptergapclearanr*e. ., 297,296,205,258 

• “ “ NU 4,” spark-plug gap for .. 237 

“ (Hushmorc) generator thermal regulution. 356,357 

" two-point magneto ignition . 266 

• “ spark dual Ignition system. 265 

• “ “ magneto . 204 

“ vibrating duplex system . 267 

Bottom dearl center, meaning of.. 63,66, 70 

Bottommg tap, purpo.se of .. 710 

Bourdon tube, principle of. 164 

Box and cylindrical type ignition coil, meaning of. 205 


Boyce niotorneter. 148 

Braided w'lre and cable. 240 

Brake action, testing of. 887, 896 

“ adjustments. 886 892 

“ “ average .888 

“ “ Bendix (see footnote).886,885 

“ “ cam type (Timken). 891 

“ “ clearance of. 887,888,889 

" " (Columbia rear axle). 891,892 

“ “ external contraefiiig type. 886,888 

“ “ for clearance, extei nal. 888,889 

“ “ “ slight wear oi lining. 891,888.889 

“ “ hand tvpo. 885,888 

“ - internal. 889-892,885 

^ “ Lockheed (see footnote).886 


* * (Studebaker “ Liglit-Six ”). 889 

“ “ (Timken). 889 

“ " toggle typo (Timken). 890 

“ “ truck rear axle (Sheldon). 960 

“ “ wheels jacked up. 888 

“ “ “ onground. 888 

* air principle. 886 

“ apply, gradually.887 

“ band, cutting 1 ivets from. 893 

“ Bendix, principle of. 885 

“ booster.886 

“ cable fic.xible wire. 885 

“ cam type (Timken). 891 

“ care of. 886 

* causing skidding to one side. 887 

“ chatters. 887 

“ clevis. 885,888 

“ clutch, purpose of... . 840 

“ connections. 885,886 

“ control and connections. 12 

“ distance of stopping car, various speeds. 13, 888 

“ dragging causes overheating. 153,887 

“ drags. 887,888 

* drum, double (Locomobile), principle of.884 

“ “ • tyoe. 884 

“ “ single typo. 13,884 

“ drums, mounting of. 884 

“ “ trueingof. 887,896 

* electric (Hartford). 897 

* equalizers. 12,885 

* equipnient for service shop. 896 897 

“ external type.13, 88-1 

* “ usually contracting band.884 

“ foot, also termed service brake. 884, 889 

“ “ requires more adjustment.888 


four-wheel drive truck. 962 

“ “ typo, principle of. 13, 884-885, ix 

generally used, types of. 884 

hand; also termed emergency brake. 884,889 

horsepower, how measured.1044 

“ meaning of..1044 

how to apply when stopping car.631 

“ use. 634 

hydraulic and mechanical principle. 885-886,13 

“ (Lockheed). 886 

if fails when descending or ascending a hill.. .634 

“squeaks. 887 

inspection of, before adjusting. 887,664, 896 

internal, cam actuated. 884,891,802 

“ dununy drum for adjusting.890 

“ shoe. 884 894 

* two general types.884 

• type. 13,884 

lining. 895,897 

* cleaning of. 886,893 

** coimter-sinking holes in. 894,895 

“ determining length of. 893 

“ dimensions: passenger cars.893 

“ greasy, to clean.893 

* if badly worn.893 

* * worn to rivet heads.893 

" marking for hole. 893,894 

* moulded and woven type. 896 

“ ovanise. 806 
































































































































































































GENERAL INDEX 


1161 


Brake lining rivets, kind to use. 805, 80ft 

• “ “ placing of. 804 80ft 

• « « solid and split, how used. 805 

• « « « or tubular. 805, SOft 

• • securing to band... 804 

• “ sires (Ford).1082, l()5ft. 895 

• • ‘ passenger cars.1055. 80:i 

• “ suggestion. 804,805 

• “ tools. 89r> S07 

** location and operation. 884 

• lubrication of. 887 

• overhauling of. K0:t 

• pedals, adjustment of length. 8SS, 841 

" (Prcst-O-Vacuum). 807 

“ principle of. 8SJ,|2 

• pull-back springs. . . .... . 8s.s, 8.87 

^ rclining anvil, purpose of. SOft 

• “ bands . . 80 . 1 - 80 ii 

■ “ equipment for . . , . . SOft 

“ “ tools, 81)0(1 a I nia('hines .... . . SOft 

“ riveting of, external .... . SO.l SOft 

• rivets. 805 

• rod adjustment. 888 

■ rods. 885 

“ (Salisbury roar axle). 871 

• servire-station material . 80ft 

• slipping caused by worn linings . . .. SSft 

• “ due to oil from rear axle. 10K5 

• spt'cifications: passenger cans. . l'>.')5 UMil 

" S(p leaks. 8S7 

• stopping distance of. SSS. 15 

• testers. SOft 

• testing for equalization. ssH, soft 

" tight after car is wa.shed ... . 8S8 

• (Timken) 1022 senes. .801 

• toggle type (Timken) ... .800 

“ tran.siui.Hsion or propeller-shaft.881.888 

“ tnie.k, adjusting (Timken). . . ... 057 

“ two-wheel. M.SSl 

“ tvpeandloeationonpasseiigei ears .. lOV.i lOftl 

“ types of. 12.15,884 

“ vacuum typo. 8sft, 807 

• will not hold. 8SV, ,SH0 

Brakes, testing equalization.8 hS, SOft 

Brail for radiator leaks, don't use. 152 

Brass or copper, annealing of. .. . 723 

“ part.s, cleaning of. .1050, 474 

“ tubing. 081 

Brazing flange. 721 

“ flux. 721 

“ meaning of. ... 721,720 

“ soldering, and radiator aeeiylene outfit , 751 

Bread, how to bake (touring) ... .. ft58 

Breakage of springs, usual cause of .12,702 

Breaker-strip of tire, meaning and purpose of . . . . 009 

Breast drills. .. .. 005 

Breather for engine, meaning of. 158 

Briggs standard pipe thread, table of. 709 

Brilliancy of oil lights can be improve<i . . . 442 

Briscoe dash and control units. 637 

“ typo of tire I im used. . . 691,603 

British thermal unit (B T IJ ), meiinuig of 1074 

Broken battery jar, indication and result of 659 

“ brush connection, result of. 494 

. “ pump shaft. . 153 

“ stud, removing of. 716 

“ wire, how to test for, with te.st lamp. 484 

Brougham. 6 

Broiigham-Landaulet. 5 

Brown impulse air pump. 623 

Brunner air compressors and outfits.624 

Brush and brush rigging. . 493 

“ arm flexible type (Delco). 494,495 

“ construction: generators and motors. 359 

■ contact very es.sential. 480 

“ holders, generator, where mounted.335,361 

“ “ overheating, cause of.... 496 

• “ starting motor, where located.335 

• rigging of generator grounded, tests for.515 

• a « trifitnr iirrf\iin8oH fnr 519 


“ Spring tension on starting motors and generators . 494 

* troubles and tests.493 

* “ miscellaneous.496 

* * on motor, usually due to poor contact.... 449 

“ type ignition distributor, meaning of.201 

Brushes, nroken connection.. . 404 

“ care and cleaning of.49ft 

* copper and grapiiite. 329 

* fitting of (generator and motor). 494,373 

* for car painting. 048 

* * truck painting. 648 

* generator. 480,494 

* “ bi-polar, multi-polar. 359,361 

“ “ carnou why copper plated. 359 

* * how conducts current.360 

“ • installing of (Ford). 517,1123 

“ location of. 359 

* « * on commutator. 359 

* * pointers on. 480,493 

* • purpose of. 341 

* • sanding of. 480,494 


Brushes, generator, shifting to locate lino of commutation. 360 

“ “ why sot on neutral pKMition.360 

“ how to run in (Dudgo-N.E. motor-generator) . . . 373 

“ insulating from commutator when testing. 515 

“ magneto distributor, cate of.310 

* motor, instoaii starling switch (Kssex'Peleo).405 

" “ made of gauze or carbon.359 

“ ** shifted opposite to generator. 361 

“ must be seated . 359,408,494 

■ noisy,cause of. 494,408 

" radial and tangential, mi'aning of. 359 

* sambng in. 494,48( 

* seating of. 491,480,408 

* “ “ flexible arm type (I)«‘lco). . .. 491,495 

“ setting or adjusting. 359-303, 493-496, .50<\, ftK’t 

“ houiee of trouble . 449, 49.i 

“ sparking, causes of. . 491,49ft 

" s|)otlingin. 49 4 

* spring pres.**.ire.49:t,49 4 

" starting tie.tor. . . 328,329 

“ 44 „ hot, rau.>ie of. 329 

“ * ** h>cate on neutral . 329 

“ « « purpose of. 32ft 

* " - setting of. 329 

" « « spai k OM cssivelv, cause of.329 

“ “ • what imwlo of..’. 328,329 

“ stick, cause of.496 

tang< nliul and ladial . 3.59 

“ too sliort, result of. 494 

“ usually made of carbon, puipose of. 311 

“ whv set on neiPral line. 3.59,360 

Brvant valve-spring compressor. 771 

B T 11 , meaning of.1074 

Bin icet .‘leiits for rueing cara.1031 

Bucking elTeet, (‘omponnd wound gcneiator, moaning of . 354 
“ si'riea field-winding generator, meaning of... 356,357 

“ “ or compound wound generator.3.56,3.57 

Buckling of sfoiagi* bat teiy plates, cause, remedy. 529, 513, 558 

Buda engim* t(i uek t vi>e). .'18, .’i9 

Bulhng inaebine, elei lric. 7(X),094 

Buick car chasMis. 174 

“ cmInirctor adjustments. 127,144 

“ Deleo armatuio winding. 343,344 

“ “ circuits (1921. 1922). 394 

“ “ ignition distributor. 219,.307 

“ “ timing. 220 

• “ motor g(*nerator (1921). 393 

• “ wiring diagram.395 

" elecirieu! system (Di'Ico) (1921). 391,395 

" engine; kind of oil to use. 174 

“ “ valve deal ance .71,1052 

“ “ “ push 1 ods, adjusting. 71 

“ “ « timing . 71,1052 

“ exliaust )i('atiiig of car))un'tor mixture.107 

“ firing order (engine). 220, 1052 

“ fuel system. 127,1058 

“ bight I’our, tire rim used . 594 

“ ofl set piston, 1 eiison for . 48 

“ rear axle.1059 

“ *Six clutch, adjust merit of . 854 

“ “ cylinder engim* liming gc.irs, meshing of. 71 

“ “ engine valves, giHiding of. 71,72 

“ “ 1921 engine firing order . 635 

“ “ “ gear-shift movement. 6.35 

“ “ liming Ignition (1 )clco) . 220 

^ steering giair . . . .1059 

• valves: how to grind in cage.772 

Building garage Door.667 

“ “ for one machine.689 

“ garages, layout for. 665,066 

Built up type eranksliaft. 46 

Bulb horn, seldom used. 444 

Bumpers, purpose of.693 

“ straightening dents in. 726 

Burned beaiings of engine, eause of. 167 

Burner, steam car. 1017 

Burning-in brakes, condemned .891 

“ “ engine {’onneetmg-rod lower bearings. 789 

“ “ machine for engine bearings. 789 

" “ process of fitting bearings. 788,789 

“ “ niiining in, boring, reaming main bearings. . . . 788 

Burning points of oil. 165 

Burnisher for engine bearings, purpose of .787 

Burnishing mam and connecting-rod bearings. . 788,78f>, 790B 

Busbar. 192,19.3 

“ description and specifications. 978 

Bushings and piston pins, removing of. 79ft 

* burned or cut. 42, 797 

“ connecting rod, upper. 7ft7, 798 

* engine bearings, die cast or babbitted. 781 783 

* “ main bearings. 42,781 -783 

“ for bearings, purpose and meaning of. 781-783 

* “ engine bearings, solid and die cast. 782 

* • pipe fittings.680 

“ i n piston bosses. 797 

“ piston pin, where secured. 798 

** to connecting rod, fitting of. 801,802 

“ white metal, for engine bearings. 42, 782 

Butt joint piston ring. 44,826 

Butterfield screw-plate set. 699 

Butterfly throttle valve. 99 
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Buizer for teetins electricRl cirouits. 463,464 

By-pass (Packara fueliser). 108 

By volume and by weight, meaning of. 534 

C 

C. or com., electrical meaning of. 413 

Cable, braided. 240,426 

** cord tire, meaning of. 609 

Cables for magneto ignition. 308 

Cabriolet. 5 

Cadillac carburetor “61”. 108,109 

“ clutch-pedal adjustment (type “ 57 ’’).. 841 

• « « clearance, adjustment of. 841 

• * type of... 22 

• condenser, principle of. 155 

• converted into service car.678 

• Delco circuits (1921). 396 

• • distributor connections.215 

• • generator third-brush adjustment.408 

• • Ignition distributor and timer.211,215 

■ « « timing. 216 

• * interrupter adjustment.220 

• ■ motor-generator.396 

• • wiring diagram. 396 

• eight-cylinder engine. 82,83,84 

• electric system consists of.214 

" engine cylinders, degrees apart. . 82 

• exhaust system. 83 

“ firing order (typo 65-61). 83,84, 215 

• “ “ (type V-63). 1051 

• fuel system. 83 

“ gear-shift movement (typo "61 ”).635 

• has positive ( + ) of battery grounded.215 

• ignition timing (models “53” and “55").732 

■ “ “ specifications. 105l*-106.5 

• “ system, location of.215 

“ lubrication system. 83 

■ motor-generator, location of. .215 

• silent chain disassembling and assembling. 731 

• specifications of. 1062 

■ tilting of headlamp reflector, mechanical.436 

■ uses air-pressure fuel foc<l.112 

• valve timing, models “53 and 55”.732 

• * " speciflcations. 1051-1054 

• water-circulation system... . 83 

• ** thermostat. 150 

Cailmium reading scale of voltmeters. 648, 5.50,546 

“ scale of Weston model 280 volt-ammeter.468 

• stick, construction of.550 

■ test: if shows defective plates. 552 

• * of battery cells, why necessary.6.50, .547 

• « « « charging or discharging.. . 647-552 

• « « « pointers to remember. 552 

• * points and test cables. 518 

• " readings of a battery.651 

Cage-type valve, how to grind. 67 

Cages for valves.772 

Calcium chloride. 153 

• “ non-freezing solution. 163,154 

Calculated horsepower.1044 

Calipers, inside and outside, purpose of.704 

^ micrometer. 702,703 

Calorific value, meaning of.1074 

Calorimeter, moaning of.1074 

Calory, moaninff of. 

Cam action, ignition (Delco-Packard). 216,217 

• • * (Delco-Pierce Arrow). 216,217 

• actuated brakes. 890, ix 

“ design: relation to valve clearance. 62 

• for ignition interrupter, coil and battery.207 

• gear, how driven by silent chain. . 74. 75 

• • meshing of. 62,65.72,73 

" • setting. 73 

• motion, rotary. 60 

“ movement of, during four strokes of piston. 63 

• “ on gasoline engine.32,33 

■ • relative to crankshaft and pistons. 78 

• shape determines lift of valve... 63 

Cam-shait adjustment for end-thrust play. 927,937,795 

• • adjustments.701 

• • aligning reamer.794 

• ** and crankshaft, questions and answers on.795 

• • “ timing gears noisy, test for.778 

• * * valves overhead. 91,63,64,1146 

• “ bearings and cam shaft (Oldsmobile “45B”)., 794 

• ^ • * (front) replacing of...794 

• * bushings, replacing of.794 

■ « change in setting.86,87 

• • direction of rotation of. 62 

• • drive of engine: passenger cars. 1056-1059 

• • gear; don’t remove from cam shaft. 794 

• • • setting of (Autocar truck engine).924 

• • how driven. 60,61,62 

“ • • • by silent chain.74,75 

■ * ■ • (see illustration). 79 

■ “if out of true.792 

• * knocking, remedy for...794 


Cam-shaft meaning of...1074 

• “ on eight-cylinder V-t 5 T)e engine. 82 

• « tt “T’’-head engine, how placed. 36,50 

• * overhead. 63,64,91,1146 

• • questions and answers on...795 

• • racing car engine (Ford). 1026,1029,1033 

• “ relation to cranksWt. 78 

• * removing.794 

• * * (Ford). 1033,1107,1108 

• • setting (Autocar truck engine).924 

• * sprocket, removal of. 74 

• * thrust adjusting screw, location of. 93 

• • timing gear, where fitted to engine. 37, 6C 

• shafts for L-head engine. 50 

• « « T-head engine. 60 

Camber, average setting of.906 

" front wheels ((Columbia).906 

“ meaning of. 1074,906 

Campbell traffic transmission. 1079 

Camping equipments. 659 

Cams and cam shafts, purpose of... .. 50 

“ “ valves, how operated (st'e illustration). 79 

• different shapes ol. . 66 

• for ignition interrupters.296 

** “ magneto contact-breakers .. wrOO, 295, 296, 293, 292 

“ how position on cam shaft governs firing order. 78 

• " placed on cam shaft. 50,63,33 

• integral part of, cam sliaft. 52 

• movementof, during period of the four strokes.... 63,33 

“ noisy, cause of. 62 

“ number, to cylinder. 50 

“ quiet, how to obtain. 62 

Candelabra electric lamp base, meaning of.434 

Candle power of electric lamps. 432, 433, 438, 10.55 

“ “ “ lamp expressed ns e p .432 

“ “ « « « in watts .432 

• « « electric lamp to use .432 

“ “ voltage, amperage electric lamps.. 432,433,1055 

Cantilever springs. 11 

Canvas fender for speed cars .1032 

Capacity cylindrical tanks, how to compute .1050 

" of batteries determined by cr 11 connections.626 

* “ battery rated in aniporc-lmurs.622 

* “ “to use.622 

* • Exido batteries.623 

* • fuses.430 

“ “ gas tanks generally used for w’cMing. 750 

“ * gasoline tanks, pa.ssenger cars.1058 

“ “ shunt for We.ston model 280 ammeter.466 

* * storage battery, meaning of. 621,522 

“ test of condenser (Uemy). 229 

Cape chisel, illustration of. 695 

Capscrew and bolt sizes (S.A.IO.).697 

Capscrews and bolts, difference between. 700 

“ “ “ U S.8. and S A E. 706 

Car overhaul at home garages...663 

“ “ meaning of.757 

“ painting, brushes needed.648 

C.ARH , meaning of. 413 

Carbide gas generators, types of .440 

Carbide used for generating acetylene gas.742 

“ “ in generators.441 

Carbon, amount deposited in engine, causes. 170 

“ burning outfit.751 

“ coated exhaust valve stem, cause of.769 

* collects in engine cylinder, where. 169 

“ deposit cakes on end of piston. 170 

* “ causes fouled spark plug.170 

* “ “ of and effects of . 169,170,238 

*• “ “ valves to leak. 170 

“ dust in generator, cau.se and how to remove.496 

“ how to reduce to minimum. 170 

* in engine sylinder, indications of. 170 

“ “ low-gravity gasoline. 104 

* knock. 778,170,460,780 

* knocks, meaning and cause of. 778,170,780,1108 

* lodging places. 170 ’ 

* meaning of.1074 

" pile for regulating generator output (U.S.L.).... 382 

* prevention. 170 

* relation of, to combustion. 169 

“ « « * lubricating oil. 169 

“ removing. 170,763,764,1108,1109 

* “ chemically...764 

■ • with oxygen. 751,764 

* scraping tools. 763 

“ terminal of dry cell is positive (-f). 177,178 

“ troubles. 169,170,763 

Carbonization of engine, general indications. 170 

Carbonize, meaning of.1071 

Carbonized spark l^ug, te.sting.239 

Carburetion and flame propagation, relation. 290i 462A 

• • ignition, relation of. 462A,290 

• • at high altitudes. 117,116 

« coinpoeedpf.95,117 

during cool weather. 119 

• early principle of... 95 

• effect of altitude on. 116 

_ - * “ using l^gh, low-grade gasoline... 103,105 

• for Fordson tractor. 988,989,990 

• * six-cylinder engine. 81 

• • tractor engine. 98^ 
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Carbiiretion for two-cycle engine. 1003,1004 

• gasoline and air, amount of. 05 

• * how supplied. 111,112,113 


* « « necessary . . . ..105 

* * the air and tho mixture. 109 

* « « « expansion of. 100,108 

* if mixture is heated too much.101», 108 

* kerosene as a fuel.987 

* (Lcxi-gasifier).108 

* meaning of. 95, 117.462A 

* mixture.95,117 

* “ at low and high speeds. 117 

* ‘ combustible.402A. 95. 117. 290 

* • overheating of . . 4H2B, 142. 105 

* * too rich or too lean.117,118 

" more miles per gallon of gas.1133, 1134 

* (Packard fuelixer). 108 

* pointers on.121 

“ proporti«>n of air and gas . 101 

“ racing car (Ford).1027 

“ relatioii to inlet nmmfold. 115 

“ rich and lean mixture, meaning of.98 

“ smoke indications . . 118 

“ use of air valves. . 1133 

Carburetor accelerator. .99.100 

“ action at various speeds . 130,101 

“ adjustable aiiMliury air valve . .97 

“ adjusting auxiliary air valve. . 120 

** ** float needle valve , , 143,144 

* * screw or "gasoline needle valve". 90 

* adjustment, general . .119,124 

“ “ of (Hull & Pain.138,139 

* - " (Claudel).143 

* “ “ (Dodge car). 137 

“ - “ (Dortcar) . 141 

" * “ (Fagle). 14.3,144 

* • “ (Ford) .1127,1132 

* « « D^Vanklin).112 

■ • * (IludHon) . 136,137 

“ « 41 .129 

* « 44 (Mjirvel model"E") . . . 126 

* 41 44 . j4;i 

* “ “ (Maxwell ear).143,144 

* • “ (Miller) .... . 141,142 

* « 44 ([>a<-kard car).139,140 

* ‘ « (Ka\field "S." "G," "L,” 

and "M").127,128 

* ‘ “ (Schebler model"!/') .125 

* « 44 (Schebler model" ii”).124 

* « 44 (,Schebler plain tube).135 

* • “ (Stewart).137 

* 44 44 (.StrombergL, M,an(l 08). 132-135 

* « 44 (Strornbergmodel" II").125 

* • “ (Strornberg O. OT, OX) . . 133 

* « 44 (Strornberg OE).132 

* 44 44 (Studebaker" Jiig-Six," car). . , 138 

* ** « (Tillotson).136 

“ « « (Zenith). 129,130,131,132 

* adjustments, correct,incorrect.120,121 

“ “ first set interrupter and plug gap. 138 

" air-ball valve, type of. 143,141 

* air-bied jet, principle of. 133,13,5 

* air cleaner and washer. 142,989 

“ air-valvc principle. 100,98 

“ “ spring, relation to amount of air . . 98 

“ “ type, adju.sting of. 119 

■ « ^ of. 100,98,97,10.5,125 

* altitude a<ljusiment of.1148 

" attached horizontally.115 

“ “ vertically. 115 

* (Auburn car). 1058 

* auxiliary air valve, principle and pm pose of. 97,101 

“ back-firing of.118,121,4628,4621 

* Baverv principle of jet.150 

* (Buick car) heating method. 107 

“ (Cadillac "61").108,109 

* choker: do not use more than necessary 119, 462E 

* cleaner or strainer. 142,989 

" compensating type. 125,131 

“ ^ ^ principle of.. 100,101,125,130 

* compound nozzle. 130 

" concentric float type, meaning of.97,98 

* connected to engine, how .33,96,116,113,105,127 

* constant-level type, meaning of.95,97 

* control metering-pin.101,102 

* diffusor on Clamdel carburetor. .. 143 

* discharge back into, cause of. 768,118,121 

* double jet, compensating type.126,136 

* dripping of gasoline, cause and remedy. 98 

* drip or drain outlet. 140 

* drips, causes of. 122,462 

* duplex (Zenith). 132 

" early constant level type. 96 

* economizer action. 132 

* electric heater for. 107,142 

* (Ensign).927 

* exhaust heated.'. 144 

^ expanding type, principle of. 102 

** failure of /rasoline to rcacli it. 114 

* fitting to inlet manifold .. . 115 


flange determines size of carburetor .... 109,1050 


C:arbi 


iiretor flange dimensions, S.A.E. 1050, 1061,106 

“ gaskets... 733,115 

“ openings, SAE. 109, 1050 

float adjustment, purpose of 08, 122,123, 1129, 1132 

“ chamber, location of. 97 

■ concentric to mixing chamber.97,98 

* cork, coating of. 1132,123 

“ gasoline soaked; remedy.1132 

* heights. 123 

“ level ailjustmcnt (Holley).1132 

* “ *• (Kingston).1129 

“ * * various. 123,144 

* " meaning of. 97,98.123 

* logged, meaning of. 122,1132 

* metal, leaks. 122, 123,462K 

* needle valve, purptiso of and repair 97, 122, 123 

* principle. 105 

“ purpose and construction.06,97 

“ rci*air. 1'23,1132 

" si lting (Schebler motorcycle type).1014 

“ ^alve tester .1039 

floats, cork varnish for. 123,1132 

ft>r C4»nstaru-Mpec<l engine. 96 

“ Minable-spccd engirii. 96 

(Fold).1127, 1128, 1130.1058 

(Fordson tractor). 988, 989. 99(1 

(Franklin). 142, 1058 

froHi 8 or freezes: reason. 109 

frozen, how to thaw. 110 

fuel distributor. 143 

fuel-system chart. 462H, 113 

“ “ troubles... 114-115, lOU, 462I-462M 

fvielizor.108, 140 

“ flame, color indicatitm. 140 

gaskets.115,733 

gas heater (Franklin). 142 

ga.so]ino connections to. ... 127,113 

“ fails to reach: probable causes . 461 

• needle valve, purpose and types of. . . 98 

governors. 100,946,942 

f [ravity air-valve type. 129 

leated correctly operates with less gasoline. . . 105 

** too much, effect.106 

heating methods . 105,107, 10^>, 140, 142, 144 

“ tho air ilrawn in. 105, 106 

“ " mixture. 105,106,140 

(Holley-Ford). 1130, 1131 

(Ilolley-Fordson) tractor type. 988,989 

idling adjusting screw. 96,99,125 

inlet manifold too large, elTect of. 115 

installation. 115,122 

(Johnson). 129 

(Jordan car). 1058 

kerosene and gasoline (Kingston).987 

S Kingston) ball air-valve type. 98 

KingHton-Ford). 1128,1129 

Kingston-Ford model " Y "). 105,106,1128 

(Krol)s) principle. 07 

leaks, causes of.1132 

(IJberty engine).1148 

(Lincoln car).1060 

main air inlet and auxiliary air inlet. 97 


“ “ “ purpose of... 96,97.98 

make, size on motoreyclo engines.1068 

“ “ “ passenger car engmes,, 1056 1059 

“ s u tractor engines. 996-998 

“ « s truck engines. 966-977 

manufacturers, adilress of. l44 

(Marmoncar). 1058 

(Marvel) . 1'20, 144 

(Master), principle of. 102 

(Mayback), principle of. 90 

meosuring-pin type. 136 

metcring-pin and multiple jet, purpose of. 101 

" “ controlled by air suction. . . . 102, 137 

“ “ a « airvalve.. 102,124 

metering pin, controlled by throttle.. 101,102,125 

“ “ how operated. 124,128,137 

“ “ type, principle of. KK), 101 

mixing chamber, purpose of. 99 

“ tube or mixing chamber, purpose of. .. 96 

mixture, control of.... 1134 

“ heating of, 106,107,108,109,140,142,462B 

“ “ “ on old cars. 1038,1039 

“ lean, indication of.1132 

" “ rich, varying mixUire.. 101,117,118 

“ overheating of. 462B, 142, 106 

“ remarks on. 95, 109, 117, 142, 462A 

* rich, indication of.1132 

* too rich, cause. 1041,114 

motorcycle (Schebler).1014 

multiple jet expanding type. 141 

“ “ meaning of. 99 

needle valve controlled by air valve. 124 

“ “ (Ford). 1127,1132 

* seat, cleaning of. 141 

(Overland car)..1058 

parts, cleaning of. 1039, 474 

“ of. 97,98 

“ to adjust. 119 

pick-up device, meaning of. 139 

pitot function and principle. 136. 100, 102 
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Carburetor pitot tube, principle of. 133,135 

plain-tube principle .., 100-102,129,130,133-135 

pneumatic, principle of. 130.137 

pope and eneozea: probable causea. 118, 121 

pruning and heating of, reasons for. . 103, 101, 105 
“ by choking air intake, meaning of... . 104 

• “lifting float. 98 

“ methods. H)4 

pnnciplee. 100 

purpose of. 33,95,96 

(Rayfield), principle of . 102 

reeds. 136 

repair bench. 123 

repairing of. 122,123,1132,1050 

(Hchcbler nuxiels L and T), principle of .. 101,102 

(Scripps-Booth car) . 134,135 

side-float type, meaning of. 97 

simple type of.96,130 

Bimphfiodfunction of. 9<> 

single jet principle .. 130,96 

sire, how to determine . 109,1050 

“ make on truck engines . 960 977 

“ of float determine<l by air pressure. 112 

“ on passenger cars.1055 

spray nozzle or jets, purpose of. 99 

strainer, or cleaner. 112.989 

Sunbeam engine (Claudel). 143, 1061 

surface and spray type. 95 

temperature regulator.106,131 

thermostatic control (Cadillac ‘‘61 ”). 108, 109 

throttle, rotary type.143 

“ valve, purpose and types of.. 31,33,90,99 

“ “ clearance . 96,99,125 

not entirely closed.96,99 

136 
109 
109 
123 
119 
127 


(Tillotson) 

too large, effect of. 

“ small, effect ol. 

tools for repairing. 

to tost and adjust... . 
trouble auxiliary spring 


118-123, 458^462, 46‘2A.462I-462L, 115. 1011 


" Venturi principle 98 

" with metering pin and dash pot . 102 

“ wrench (Fora). 1136 

“ (Zenith).130-112 

Carcass of tire, moaning and purpose of.008,609 

('ardan joint, meaning of. lt>71 

(’are of air compressors.625 

“ “ battery in service.561 

“ “ “ when received dry . 576 

“ “ Bendix drive mechanism . 32t) 

* • brakes and adjustment. 886 

** “ brushes, generator and iiK'tor.496 

“ “car .643 

“ • clutch, disk cork insert lubricated type.F'll 

“ “ cut-out and regulator (Roiiiy). 352 

■ “ electric horns. ..445 

* “ governors for engine (Pierce).917 

“ • magneto. 398 

“ “ starting motor. 320 

“ “ tires and tubes.611 

■ “ truck axles (Timken).952 

“ • wire wheels. 602,4 

Carriage bolt, illustration of....70t> 

Carrying capacity of copper wires (B S gauge).426 

Cartridge typo fuse.429 

Case-hardened warped pieces, straightening of.725 

Case-hardening crucible.724 

“ “ meaning of.724 

* • small pinions. 725 

* “ steel, example of.724 

Cost iron, meaning of. 746 

“ * pistons. 8')9 

“ “ soldering of. 721 

“ • w’clding of. 716 

“ steal, meaning of. 716 

Castellated nut, illustration of. . .706 

“ • valve cap, removing.772 

Caster action. 907,897 

• meaning of. 1074,906,907 

■ of front axle yoke and steering knuckles.907 

Castor oil for engine lubrication. 106 

• “on leather of cone clutch, to soften.839 

Caterpillar tractor. 985, 

(I)ath(^e, meaning of.1074 

Cell connections, different methods of. 177 

“ “of storage batteries . 521,525 

“ connector of 8tora|;e battery, purpose of.529 

* in battery depolarized, cause of. 579 

" meaning of. 629,1074 

Cellular core of radiator, removing for repairs.738 

“ type radiator. 147 

Celluloid, how to clean. 646 

“ jars, how repaired. 585 

* meaning of.1074 

* windows for tops. 755 

Cement and gravel for base of concrete floor.668 


Cement around spark plug becomes porous. 234 

* concrete garage floor. 667 

“ for radiator leaks... 152 

Cementing patch on inner tube. 613 

C.E.M.F., electrical meaning of. 375, 413 

Center of gravity, meaning of.1074 

Centigrade, meaning of. 1074,1048 

“ to Fahrenheit table.1048 

Centimeter, meaning of.1048 

Centrifugal ball-type governor for carburetor.100 

“ governor for engine. 946,947 

** u u ap>eedom€ter. 445 

* type of circulating pump. 146 

Chafed tires, cause of.610 

Chaffing strip of tire, meaning and purpose of.609 

Chauffeur, meaning of.1075 

Chauffeur's license.1072 

Chauffeuse, meaning of.1075 

Chain, block type.950 

“ connecting and offset link.950 

“ drive of automobile. 6 

» “ “ generator. 74.75,51 

“ « « niotor-generator, removing, replacing.373,731 

“ “ “ truck.950 


“ hoist.694 

“ pitch, meaning of.950 

“ roller type.6,950 

“ silent type. 7. 8, 74,75,730,731, 732 

“ singing, cause of. 74 

“ sprocket.731,7,8 

Chains and gears. 7, 72, 7 1, 75,950, 730 

“ eaioof. 950,951,730, 1054 

“ for driving trucks..950 

** “ tires, pneumatic. 592 

“ ‘ “ solid.627 

“ how to measure . 950 

“ silent, where to obtain. 731 

Chanifcr, meaning of , 1075 

“ of piston ring, porpo.se of. 160 

Chamois, kind to use.671 

Chandler gear shift. 636 

“ traffic transmission, priiK'ipie. 1079 

Change-gear pri nciple. 2 

“ gears, meaning of.1075 

Changing direction of rotation of magneto. 316 

** from higher to lower speed ori a grade . 632 

“ gears, esp when starting from standstill.631 

■ “ from higher tolowcrspccd (car ninning). , 29 

“ “ remarks on. 29 

(’hannel iron, meaning of.747 

(’haige and discharge side of ammeter, meaning .... 333,334 

“ of battery, meaning of. . 529 

* rate of battery, mt'aning and purpose 529, 567, 572-577 

i^harging action of storage battery.541 

“ and discharging ac'tion of storage batlery . . 572,540 
“ “ “ sulphated batteries.575 

• apparatus for storage batteries.56 b 571 

“ batteries from alternating current (rectilier). . . 568 

“ “ pointers on. 572 

• • repaired. 576,590 

“ * several. 567 

• “ small and largo. .... 575 

• battery after being charged in wrong direction . 576 

• u u repairing. 589,590 

• • cells: internal circuit.5tl 

• “ constant potential method. 579 

“ “ from 110 v. direet-current line. 565 

- " ‘‘220 V. “ “ “ . 566 

• “ • 500v. “ • “.566 

- * methods of. 564.579,572 

• “on car. 573 

• “ only direct-current generator can be used 179 

• “ purpose of.325 

“ * series method. 561,572 

• “ using lamp resistance.565 

• » u resistance units, con.struction of .. 667 

“ “ when doped . 575 

• li • it should be done. 563 

• “ with another, not practical. 578,579 

“ “ with use of two auxiliary rheostats .... 571 

“ current to battery flows through ammeter. 331 

" doped battery.675 

" rate, compound-wound generator, adjusting. . . . 356 

“ “ of generator adjusting (Ilelco). 407,391 

• . - « « (no<lge-N.F:).. 370,375 

“ . . « « (Kemy). 363 

■ « « « increased or decreased 

347, 367, 301-366, 375. 407-409, 506, 616 
“ “ too high: effect on lamps, battery water. . 407 

“ rates for FIxjde batteries. 573, 575 

‘ resistance for batteries. 564 


Chart of lubrication recommendations. 

Chassis lubrication. 

“ meaning of. 

* top view. 

Check-valve, meanins of. 

“ “ two-cycie engine... 

“ valves, unionc, elbows, etc. 

Checking at^ustment of oiling eVstem 

* alignment of DiitoQ and connecting rod 


. 164 

. 174A 

... 4,1075 
xii, 174,978 

.1075 

.1003 

.. 680,681 

. 161 

.803 
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Che 


n.e 

Che 


Checking distributor aett’ng when putting in new parts . 208 

“ “ timing (liemy). 208, 302 

ignition advance, if too far.305 

“ circuit to find cause of missing . . . 2oH 

■ timing (bat. coil) . 301,302,305,208 

• '‘of magneto. 300,043 

■ “ with ammeter.301 

• • • test lamp. 301,371,732 

lamp adjustment. 430 

opening of interrupter points (Uemy-Studebakeri 211 

play between piston pin and bushing.700-708 

sheet, sales sheet, and repair sheet.OOS 

speedometer.447 

toe-in, method of. 000 

valve adjustment (clearance).50, 77<>B 

“ clearance... . 50,77fiB 

“ setting or inning 50,7.1,67 

“ timing by flywheel , 67,70 

“ “ {liston travel. 1103, 70. 1054 

“ “ (Kord engine) 1103 

nu al compound, meaning of..,, 1075 

clement, meaning of. 1075 

fire cvtingiii.shcr, how to make 670 

generatois of electricity. . 17 a 

rectifier. 560 

terms in oonneetion with storage batlerv .. .. 5.0i 

niically pure electrolyte, riieanmg of . , fi.iO 

diet "Fli" difTerential, removing ... 870 

" 400” eone clutch. SiiO.H-ll 

" 400” engine cylinder-hi*ad tl '^a.sscmbly . 57 

”400” firing order 638 

”400” gear-shift movement .. 638 

”400.” timing spark of. 303,201 

”400” valve grinding. ... 57 

front-wheel ball bearings, removing, cleaning.. 008 

“ “ bearings, atljustmg of. 008 

ignition timing. 1052 

racing parts (Ford) . 1031 

rear axle .... 870 

service-car body. t»77 

specifications. 105H 

“ tyjie of stiMTing gi'iir . . 11 

“ valve timing spccilications. 1052-1051 

Chisel and punch s(*t, ilhrstiatiofi ot ., , <>05 

“ diamond point, illustration of. 714 

Chisels and punclie.s. 605 

“ kind of, for shop use .. 606 

“ types of . .... 61>5 

Chfikc tula' or venturi used <jn Z(“iiith caibuictor 131 

Choker or dumper for pruning eaiburetor 101,106, 110, 462B 
C'hoking air intake of earbviri tur, iiieanmg of . 101, 106 

CIii'i.sfeii.sen four-wheel air brak(? .. . . HH6 

Cliroine .ste^'l, meaning of 746 

Chuck for drill, illusfiation of . • 712 

Circle: how to find dia , eireuiufercnee, area . . . 1018 

Circuit-breaker (Deleo). 302,400 

“ “ lock-out typo (Deleo) . . 302 

“ “ meaning of. 1075 

“ ** or fuse always in lighting circuit. 450 

“ “ purpose and principle of (Deleo). ,. 301,302 

“ * used in place of fuses. . . 430 

“ “ vibrating t> pe (Deleo) . . . 301,302 

* electrical, divided into 10 circuits (Doilgc).300 

“ internal of cut-outs (Ford).510,520 

** of a magneto sy.stem is a closed circmt . . 250 

*• “ closedcircuit interrupter, distributor (A K).... 206 

* “ rut-out and generator (llijur). .. 364 

* “ distributor to spark plugs, symbol of . . 412 

“ “ Ignition roil and condenser .. .. 228,229 

“ ** “ system modern closed circuit.197 

* “ “ “ using 4-cyl. commutator. .. 192 

* “ * % u intcmipters. 215 

* “ motor-generator (North K^t). . .. 368 

■ • open-circuit interrupter, distributor (A K ). ... 206 

* “ shunt-wound generator, simplified. .. 341 

■ meaning of. . 1075 

■ when tracing, start with (-+-). 176,413,448 

Circuits, electrical, how divided into 8 circuits.... 332,413,448 

* “ where to start tracing ... 332,413,448,450 

* of ignition coils, grounded, insulated ,. . 209, 334,415 

Circulating engine lubrication system. 158 

• methods for cooling engine.146 

• pump, meaning of. .1076 

“ pumps.146 

• splash engine lubricating system (Hudson), . . 161 

• water pump, how placed on engine. 37 

Circumference of circle, how to find.1048 

“ “ flywheel, how to find. 60 

Claudel carburetor, adjustment of. 143 

Cleaner for window.1040 

Cleaner or strainer for carburetor... 142,989 

“ “ windshield, automatic.649 

Cleaners for windshield.649 

Cleaning aluminum.476 

“ bearing (Timken rear wheel).863 

“ brake drums. 886,887 

* • lining. 886,893 

■ brass parts. 1039, 474,475,646 

* brushes of [generator and starting motor. 496 

■ car and engine. 646,6^ 

* * * removing old paint.648 


Cleaning car of grease. 646 

“ when overhauling. 664 

* with nmtor-tlnveri vacuum cleaner.625 

carbon from engine. 763,1108,1109 

c'vrburetor needle sent. 141 

carburetor parts... 1030,474 

celliiloul . 646 

ch.a.ssis witli a spray. 648 

cloth uph(»!sterv .647 

clutch (Morg ik Heek). 849 

“ leather with kerosene, not gasoline. 839 

“ with nontsftiot oil.810 

commutator.401 

cut-out points (Deleo) .410 

drive chains .f>51 

eh'otrieal ii])paratus, repaire<l parts of. 474 

engine. 663,760 

“ crankcase. 167,172,174 

• exh.uuHt system.761 

• iiiteriittlly witli kerosene, pointers on..... 167 

“ M « light fresh oil best. 167 

- oil pan. 167,172,174 

trout-wheel ball bearings (Chevrolet). 908 

“ “ liearings .907 

“ * “ (Chevrolet)...9t)8 

■ • roller bearings .907 

gla.sa.646 

hor I, electric. 444,446 

ignition mt'r. points. .304, 220, 221,211,225,308,314 

liiiiip lenses . 439, 646 

“ refleef or and lens. 430,646 

leather iiphdhtonng .647 

metals, varh>iis kinds. 476 

iierror lenses.646 

niohinr tops.647 

inutllLr.729 

oil pan of engine . 167 

“ of engine. 804 

“ pipe (Ford). 1130. 1137 

“ sereen of engine lubrication system.938 

outfit for eh'ctrieal apparatus.474 

paiitiwote tops .617 

parts of ear, table and kerosene tub for.761 

radiator. 161,740 

retloetors. 646,439 

sediment from battery jar . 643 

solutioii.s for various metals.474 

spark plug . 236, 237 

Ht(‘ering-knucklo pin . 907 

tank: gasfdine, kerosene . 1039 

t<tpH, upholKtering, ete . 647 

liiiek front-wheel bearings.962 

uphol.stering, etc., with air.626 

“ of grease and dust. 647 

varnish and polishing . 046,648 

windows. 640 

windsliii'lds. 616 

Cleanser for enameled parts of the car.646 

“ windshield (automatic). 649 

Clearance adjustment, external brake.888 

between finished jnston and eylmder. ... . 810 

“ magnets anti coils (Ford).. . 248,1116,1117 

ineaninjf of. . . . 1074,810 

of aliimmiirn pistons (Franklin). 92, 1052 

** automobile . . 4 

** bearings allowed for oil film. 789. 109 

" brake Imniis. 887,888,889 

“ carburetor throttle valve. 96 

" conrieeling-rf)d bearings. 783, 798 805 

• “ “ (Liberty engine) .1114 

“ “ “ (Packard Twin-Six). 88 

“ engine beatings. 783,944 

“ “ . “ (entl play).784 

“ * main bearing (J^iekard Twin-Six) ... 86 

" * * bearings after spottiiig-in.787 

“ gear teeth, explanation of . 869,874 

" magneto interrupter points. 296,297 

“ piston dcpenils upon. 810 

• “ factors which determine... 824 

• “ (Franklin) . 92, 1052 

• “ how measured. 810,811 

“ ■ is allowed at skirt. 810 

• • (Liberty engine). 1144 

■ * meaning of . 43,810 

• • ring . 827-a33B 

• • “ gap.827 

“ * * OToove. 828 

• * standard, meaning of. 813A, 813 

• ■ too great, cocked piston results.803 

• pistons when regrinding cylinders .. 810,814-81.5 

• spark-plug gap for magneto ijjfnition. 297 

• top band, externkl brake (Salisbury).872 

“ valves, purpose and meaning of.. 67-60, 73, 776B 

Cleveland tractor.984 

Clicking noise in enj^ine (oil pump). 777 

Climbing a hill: engine becomes warmer. 182 

* * “ on “third” or “high”.633 

* • ■ with a retarded spark. 152 

* • “ * spark advanced causes a knock. 777 

Clincher bead tire and rim, three types of. 696 

* demountable rim. meaning of. 697 
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Clips for elecirici>J t«st«. S83,464,620 

Clocks for automobiles. 649 

Clockwise rotation, meaning of. 209,1075 

• * of crankshaft, meaninc of. 52 

• m M magneto. 288 

• « « « armature. 294,295 

Clogged muffler causes overheating. 153 

Close nipples for pipe fitting. 680 

Closed and open-circuit ignition coil systems.196 

• circuit armature winding, meaning of . 340 

• * generator armature is more efficient.328 

■ • Ignition interrupter, principle of. 196 

• « “ * (Remy).211 

• • • system.197 

• » * (Atwater Kent *‘CC” type) 205 

■ “ • * example of. 197 

“ • * “ how to identify. 207 

" « « timer. 205 

Cloth upholstery, cleaning . 647 

('lutch action. 21 

adjusting. 838-855,23 

“ (Autocar truck). 925 

" (Borg & Beck). 23,846 

“ u » M engage and release method 848 

• (Buick“fiix”).854 

“ (Dodge).857 

• (Fordson tractor). 994 

• (Hudson). 852 

** (International truck).928 

- (Mitchell).,.. 862 

" multiple-disk cork-insert lubricated.851 

• (Ueo). 854 

■ (white truck 3-ton).935 

assembling (Ford).1094. 1005 

assembly of (Borg & Beck).. 816,850 

(Borg A Beck). 23,846,1066 


brake. 


24 

adjustment. 842 

* (Packard Twin-Six).1071 

" on (Studebaicer series “ 20 "). 842 

“ purpose of.840 

“ repairing of.850 

• worn, causes tro\ible in shifting gears.461 

(C’adillac) . 22 

cleaning of (Bor^ A Beck). 849 

“ or treating of with neatsfoot oil.840 

(Cleveland tractor).984 

compressor (Borg A Beck)..850 

cone, adjusting. . ‘. 838,840 

“ fitting new leather to.843 

“ parts of.838 

repairing of. 838,840 


ty|)e 


21 

(Chevrolet *‘490"). 839,844 

(Dodge early model). 841 

** * lubrication of. 840 

“ * (Mormon).844 

“ “ removing and replacing ot.842 

* “ straight cone or inverted cone. 838 

“ • troubles of. 839,845 

construction, study of. 22,1066,838 

(Delco generator) principle and purpose of.388 

^Deloo motor) principle and purpose of.389 

disassembly of (Borg A Beck). .. 851 

- “ (Dodac) . 857 

• « (Mit^ell).862 

disconnecting of (Mitchell “F”).801 

disk type. 21,22,23 

disks inserting corks. 851 

(^Dmlije).857 

uragging: noisy gear shifting.840 

drags. 24,461,850,856 

“ probable cause. 461 

dry-disk type. 22 

dry type. 21 

expanding type. 21 

facing of cone clutch, leather or fabric.8.38 

“ pattern of, for cone.843 

fails to operate: cause and remedy. 850 

* * release.840 

fierce or grabs: oause of. 461 

* (see also “Clutch grabs’*).461 

(Ford). 1088,1091 

(Fordson tractor). 990,991,994 

frosen, meaning of.840, 23 

gaskets..734 

governor, purpose of (Pierce).948 

grabbing or slippin^E: cause of. 830,842,845 

“ • stuttering: cause and remedy.850 

grabs. 461,839,842,846.850,844 

“ after relining oone. 844 

* cause of (Hudsony.852 

* or is fierce, probable oause.461 

(Helle Shaw). 22 

how to UM properly. 838 

hub repair (oone type). 846 

importance of.633 

“in,” meaning of.20,21 

(Indian motorcycle).1012 

leather, clean with kerosene, not gasoline. 839 

* dry or hard. 839 

* expanding adjustmsat.. $42,841,838 


Clutch leather, greasy.839 

“ “ oily and greasy.839 

“ • cause of.461 

• • worn down. 839 

• lever linkages out of adjustment.839 

" lining burned or worn. 839 

• lubricated disk type. 21,851,852 

• “ cause of slipping .852 

• * nmltiple-disk cork-insert (Hudson).852 

• lubrication of.819,862,171,173 

• makes used on passenger cars. 1060-1063 

• « « « traoUjrs. 999-1001 

• “ * • trucks. 966-977 

• meaning of.1075 

• (Mitchell).862 

• multiple-disk cork-insert lubricated type.851 

• * “ dry-plate type of (Reo).852 

• * • type. 21 

• noise, cause and remedy. 850 

• oil for lubricated type multiple disk (Hu^on). . . . 852 

• “out,” meaning of. 20,21 

• overhauling of. 757, 8*38, 844, 8.50,853 

• parts, location and purpose. 20,847,858 

• petlal. 21 

“ “ adjustment. 840,841,847 

• * arrangement on ((.)akland "34-B”). 840 

• * clearance adjustment of (Cadillac).841 

• • meaning of.1075 

• plate type. 21,22 

• pointers on operating. 849 

• purpf>se of. 20, 2 

• relation to rear axle.20,28 

“ release ring bearings may be worn...839 

• relining of. 844 

• removing. 8.50,857,861 

• • (International truck).928 

“ ;• (Ueo).853 

“ repair cone type . . 844 

• repairing and adjusting... 838-857, 23 

• “ (Hco).853 

• replacing (Dodge). 857 

• riveting leather to cone. 843 

• rivets projecting, cause and remedy.839 

• roller type, for starting motor.324 

• sliaft. 28 

• shaft out of line.839 

• single-plate (Borg A Bock) parts, assembly... . 846, 23 

• “ ‘ type. 22,23,935 

• slipping. 24,461.838.8.39,84.5,817,849 

• * cause of and te.st 461,838, 8.39,845,24,847,849 

“ “ “ * (Reo).8.53 

“ • followed by chattering and grabbing.850 

“ spinning, moaning of.839 

• spring a<ljustmcnt.841 

• “ compressor (Chevrolet). 845 

• • * (Ford).1137 

• " • (Reo). 853 

• • not usually adjustable.851 

" • tension weak.839 

• • tightening of (Dotige).857 

• springs, replacing of. 843,853,851 

" (Star car).1071 

• sticking, cause of.845 

• (Studebaker** Light Six”). 854,85.5 

“ testing for slipping.8iJ8,839 

• • if purcha.sing second-hand car.641 

“ throw-out, adjusting.842 

• triple-plate type (Autocar truck).925 

• trouldes, cause and remedy (Borg A Beck).... 849, 24 

• • cone typo. 845, to 

• • transmission out of line. 839,856 

• (Twin City “ 16 ” tractor).984 

• types of. 21,838 

■ when driving do not slip. 852,838 

• * to use neatsfoot or castor oil. 839,840 

• (White truck 5^-ton).031 

Coach style spring suspension. 11 

Cocks, shut-off, for gasoline tank. Ill 

Codes of storage batteries, age of. 623 

Coefficient, meaning of.1075 

Coil and battery ignition system, closed-circuit. 197 

“ * “ " • meaning of. 1075,196 

• * " • “ open circuit. 202,196 

• ■ . “ • systems. 196-220 

• file, illustration and purpose of .717 

• for ignition: box ana cylindrical type.205 

• * “ non-vibrator type 

196, 202. 205, 209, 212, 213, 228, 371 
■ • • vibrator typo. 188.189 

• ■ testing magneto armature.313,314,315 

• (high-tension) test of. 231 

• (ignition) winding, how to trace. 415,462B 

• low-tension, principle of. 184 

• on test should jump in air without missing.. 228,232 

• primarv winding, principle of. 184,185 

• symbol of.412 

• testing of. 230-232.223,226,227,286,290 

used with Boech magneto dual-ignition system.. 267-269 
winding between rotors oi K.W. magneto.246 

Cods, ignition (Deloo). 213,232,307 

• (Remy).209.232 
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Coils, 16 stationary on Ford magneto.24S 

(>old chisel. ..6115 

“ test of engine lubricating oil. 166 

** weather and carburetion.119 

“ • en^no fails to start. 104,119,462B 

* • starting, us© of ether.10;i3 

Cole aluminum-alloy piston.807 

“ Delco electrical system. .. 407 

* model “870” engine firing onler. 6.'16 

“ • **870’* gear-shift movement. . 636 

Collector ring from which current is taken from tuaKUeio 243 

* * on magneto instead of commutator.336 

Collision insurance.... 1072 

Color of exhaust smoke, indication.^.103,16H, 461 

“ “ flame carburetor ftjelijter mixture.140 

“ • good ignition spark. 286,231 

“ * spark when testinf^ ignition coil. 231,286 

“ • • plug porcelain, if porous. .. 23.5 

Colors for tempering different kind of tools. 724 

Columbia brakes, adjuatment of. 891,802 

“ front wheels, camber of. OOti 

* internal brake, cam actuated. . 893 

* rear axle. 86‘>, 10»)6 

“ rear-axle gear coiiTact . . ... 87(1 

“ « « specification.s and lubrication of ... . 861) 

“ fhree-unarter floating rear axle, adjusting. 868 

Combination switch (Delco-Essex). . 40t> 

“ “ O^f'Ieo) description of.40'b429 

* voltmeter and ammeter for testing . 464 

Combining magneto with coil and buttery sy.‘<tem (double) 284 

** “ a « « « K (dual)... 284 

Combustible mixture, importance of. . ,290, 304, 462A,95, 117 

Combvisti(jn and time of spark, relation of.291 

“ chamber. 31 

* “ -mcariing of.48 

“ * will be constantly oil-soakod. 168 

* meaning of. 30 

* slow, cau.se of. 118 

“ space, meaning of. .1075 

r'fMiiMiercial application of Ford cha8.si.s 1110,1141 

“ car specifications. 966 977 

“ cars. , .911 

“ “ electric. 063,961.965 

“ “ number registered in U S.1068 

* “ using Borg & lleck clutch.819 

Commutate, meaning of.310 

Commutator and other noises. ... 492 

** brushes of starting motor, purpose of . . . . 326 

“ “ symbol of.413 

“ burned black or mica protrudes, cause, . .. 4H0 

* bursts.517 

*• ponnection.s loose, indications of.493 

* construction.193 

* dirty, effect of. ... . 491 

* do not oil or grease. 480,492 

* dressing down. ... 492 

** duty of. ..193 

* examine it., .491 

* excessive oil on: instull new bruflhos.410 

“ flat, cause and meaning of. . . . 508,480 

* (Ford).. . ,1113 

* gives more trouble than any part of generator 448 

* holes in, how to fill.492 

** liow to clean .491 

* if running true with armature shaft .... 493 

* Ignition. 192,1113,1110,218,222,1126 

“ “ how helps control speed of engine . 193 

* ** of a four-cylinder engine. , .. 192,1126 

* ** purpose and construction. 192, 193, 1111 

* * troubles, causes of.224 

* indicates 90% generator and motor trembles. 508 

■ made of copper segments.341 

“ mica, do not undercut on starting motor.,. . 329 

** “ protruding (generator).492 

* number of B(?gments on.336 

* of direct-current generator, construction of.. 341 

* ** “ ** • purpose.... 336,341 

* • generator blackened, cause of.448 

* * “ converts A.C. to D.C. 340 

* * "do not oil or grease.481 

* ■ * indicates 90% of generator 

troubles . 480 

* * • test for grounds.515 

■ “ ** testing. 600,514-516,497,489 

“ * ** motor, purpose of.326 

* • • ‘ testW.... 519.500,497,489 

** • • • when roughened badly,. 449 

** grounded, cause of. 501 

“ out of true, remedy. 493,480 

* replaoing of, pointers on. 481 

* roller, setting of (Ford).1105 

* rou^ on starting motor: remedy.478 

" sanoiogof.491 

“ segments, meaning of.340 

* short-cirmuts, cause. 401,500,508,514,516 

* starting motor, do not undercut.329 

* testing, with voltmeter.493 

** tests for grounds, starting motor.519 

* throws solder, meaning ot.479 

* trouble: high segments.493 

* troubles ana tests. 491,492,493 

* two-on-ooe armature. 343.344 


Commutat or undercutting mica. 492 

used with vibrator type ignition coil.... 188,189 

work, lathes for.474 

worn bars.492 

Comparative compression lest of engine.766 

* test of armature coils, moaning of . . . 488,498 
('’omparison of a *i*'-pipe tim to maolunist's tap... .710 

Compass for finding N and S polo of magnets . . . 311, 179, 312 
“ how determinoa direction of magnetic whirls . .181 
■ “ polarity of magnet .. 179,503 

“ to use watch for ..660 

Comp<'nsa(ing air valve, meaning of. 1075 

gears, meaning of. 17,1075 

jt‘t of Zenith carburetor. ... , 1.80 

“ principle of. 101, 100, 130,125, 136 

f>pe of carburetor.125,131 

CompeiiNutor or ballast-resi.stor (VVestinghouso).430 

Coinpoiiinl air pump, hand.622 

and primary armature, meaning of.246 

“ “ w'otind magnet (is, meaning of., . 283 

armature type magneto. 256, 2.58 

field wmding ‘’bucking-series".3.56 

• winuings, shunt anil aeries. .’145 

for hipping.701,816 

for NcalIug battery jars. 681 

meaning id.1075 

wound generator, adjusting output.470 

“ “ cumulative, differential 

action. 354 

“ " • long shunt. . 355 

* * • short shunt 3.54,35.5 

* ** differential, long siiniit.3.56 

* * * short shunt 35.5 

* * explanation of. 354 

* * inoreasing output.356 

* • senes, slmrt shunt connection 356 

“ * using thermal unit. 356,357 

■ • when used ns motor.338 


CorniJ 


Comp 


with oumulative action 

• • • differential action, 

• motor. 

“ motor-generator (N.K ). 

(Himms-Huff)... 

cHsed-air fittings. 

“ starter for engine, principle of. 

used for cleaning car upholstering 


354 

355 
338 
369 
379 
626 
117 
62.5 


‘asiori applied to rear axle shaft. 1074,863, i./ 

at time of explosion. 766 

average of engines. 766 

determines opening of interrupter points . . . 314 

** ^ type of magneto to use.314 

Ford engine for racing, remarks. 1028, 1029 

good; offeet on power of engine. J20 

** fori'o of combustion greater. 59 

high: advantage and disadvantages. . .. 76.5,766 

** Iianier on bearings. 706, 102!) 

" produces more heat.766 

how weakens maijoeto magnets. 312 

if poor (Fi>rd engine) .1103 

increased when tnrottle is wide open.312 

knock, how reinedieil.780 

“ meaning of.778 

• reduced by Benzol, gasoline. 103.3 

leaks, placfiS to look for.’767,7tlH 

lo.s8 of and effect on power.765 

“ “ ** ill effects of.820 

* * due to leaky piston rings and 

valves. 767,768 

maximum, determined when throttle is wide 

open.766 

meaning of.1074 

increasing or decreasing of, in engine. . . 766, 780 

“ of (Ford engine).1136 

of airplane and motorcycle engines.766 

“ engine, cold and hot: cause of difference, 59 

*• “ importance of. 462A 

: • relation to cylinder bore . 820 

* ** using kerosene. 988 

* "L" or “T*-head engines. 706 

“ overhead valve engine.766 

or relief cocks, purpose of. 60 

* “ * where placed on engine. 37 

(Packard engine). 86 

(Packard Twin-Six engine).1071 

poor, cause and effect of. 121,767 

pressure before ignition. 116 

** increase as throttle is opened . ... 766 

• meaning of. 116,765,1044 

“ of touring-car engines. 766 

ratio (Ford engine). 116 

• meaning of. 116,8(XI 

“ of passenger cars. 806,116,1074 

relation to magneto magnets.312 

* “ spark-plui^ gap. 236,312,314,316 

relief, motorcycle engine.1009 

ring for piston.826 

** or junk ring of sleeve-valve engine. 88 

space in engine.767 

stroke, locating position of piston on. *70,307 

• top d.o.j how to tell. 66,70.307,942 

• of gasoline engine. 32 

• too of. how to find. 70. 306 
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Compression tap or cock, meaning of.1075 

“ test of cylinders, how made. 224,767 

• tester, home-made.1037 

• testing engine for. 766 

• “of (Packard Twin-Six). 86 

• whistle. 443.649 

Compressometer, meaning and purpr>se of.767 

Computations, miscellaneous.1048 

Conaphore anti-glare jens deflecting type. 437 

Concentrated sulphuric acid, meaning of. 530 

Concentric and eccentric piston rings. 826,834 

“ float of carburetor, to mixing chamber. 98 

• meaning of. .1075 

“ type carburetor, meaning of. 97 

Concrete bloca for door. .1040 

“ floor for garage, how to build.667 

“ mixing of. 680,690,667 

Condensation, meaning of.1075 

Condenser, action of. 191 

always shunted across interrupter points.228 

“ used with a high-tensitJti coil.189 

and coil-test suggestions. 230 

“ ignition coil, home-made testing deviees. . 230 
“ “ resistance-unit tests .... 229,230,231 

Atwater Kent.206 

capacity test. 229 

circuit, how to trace (ignition coil). 415 

“ in Ford ignition coil.222 

• of Atwater Kent closed-circuit system 205 

connected wrong, effect of.229 

connections, how made with ignition coil. 228,229 

“ to coil, importance of. 228 

construction, purooso of . 191 

cooling system (Cadillac). 155 

cycle and fre<juency of.. 192 

defective, causes sparking at interrupter.308 

• indications of . 230,231,227 

for distilling battery water .5^ 

ground connection comes loose.231 

e rounded, test for.485 

ow assists demagnetizing ignition-coil core. . 190 

“ mounted on timer.205 

in good condition, how to tell. 230,231 

“ ignition coil, connection of.228 

• interrupter housing, connections of 228, 227,205 
“ N.E.-Dodgo, Model "O” interrupter . 227,371 

installing (Atwater Kent).206 

instructions and tests (ilemy).229 

location (Doleo) ignition.213,211-219 

“ in coil or in breaker housing,. .. 450,228 

• “ Ford ignition coil.222 

“ (Romy)... 228, 220, 212, 209 

makes an oscillating discharge. 191 

never attempt to open.191 

not in g(KHl condition, indications of. 229, 230,231 

of magneto, construction of.314 

“ • high tension. 256,261 

* • indications and usual troubles.. .. 314 

• “ purpose of. 257,261 

placed across contact points. 198,205,206 

principle, construction, high-tension magneto.. 261 

• of. 191 

purpose and meaning of. 191,185,1075 

relation to quick opening of contact points. .. 257 

should be near contact points.228 

symbol of.412 

test, by color and volume of spark.231 

“ compare with one known to be good. 230,231 

• for grounds.485 

• “ • open, short circuit (N.E.). .. 227 

“ purpose of. 231 

• (Remy coil) where to connect. 210 

testa of magneto. 314,315 

“ with voltmeter.485 

troubles and tests. 227,229,230,231 

* (Atwater Kent ignition system).206 

Conductor electrical: best is silver. 175 

“ meaning of. 175,1075 

Conductors of electricity, best.. 176 

Conduits, purpose of. 428 

Cone olutcm. 21,838 

“ * adjusting. 838,840 

“ “ (^evroret**490"). 839,844 

“ * lubrication.840 

* “ (Mormon). 844 

• “on esfly model (Dodge). 841 

“ “ ports of.TT:.838 

“ • relining of. 843,846 

• “ removing, replacing of.842 

■ • repair ((JhevTolet^490”).844 

“ ■ straight cone or inverted cone.838 

“ • troubles. 838,839,845 

“ “ with cork inserts. 842 

Congested district, meaning of.652 

Connecticut, address of.202 

“ distributor gap: distanoe points are set. 198, 232 
“ ignition, adjusting. 198,2()0.303.306,418,419,232 
“ * closed-circuit 

systems... 198-200,302,426 ,419 ,232 

• • ooit interrupter. 199,200,232,303 

* “ system (Lexington).303 

* * tnermoaUt awit(^.19^100 


Connecticut ignition, timing of.198, 199, 200, 303, 232 

“ “ with thermostat switch (Over¬ 
land “4”). 419 

interrupter (Lexington “ S”) .. 303 

“ or contact-breaker. 199 

magnetic thermostat switch (early model) ... 201 

Connecting cells, analogy ol. 177 

“ different methods of. 177 

iit-out when terminals are not marked. 506 

1, adjusting. 799,802,1106 

aligning jig. 803 

“ of. 802, 804 

alignment for racing (Ford).1030 

and caps: when removing mark them. 799,801 
“ engine’bearings, adjusting.944 

* piston. 803 

“ “ alignment of. 802 

“ “ how to remove from engine... 796 

“ pin bearings.795 

“ ' “ removing of. 795 

bearing cup. 42 

“ ^ removing of.800 

“ “ with liner on bushing.801 

* raps, adjusting with shims.799 

“ clearance 8-cyimder engine.805 

* “ (Liberty engine).1144 

* “ (Packed)...... 86 

* how run-in in oil or burnishefl. .. 788 

“ knock, detecting of.1108 

* “ U«tfor. 778 

“ knocks.796 

“ side play (Liberty engine).1148 

bearings. 42,781,802 

“ adjusting. 799.802,1106 

* “ after fitting.800 

* assembling after fitting. 802 

" burning-in. 788 

■ fitting. 799 

* “ of on an 8-cyl. engine..,. 805 

“ • to crank pin., . 800 

“ (Ford).1106 

“ if not fitted with shims. 799 

“ new, how to fit to old shaft.800 

“ on tractor engines, pointers on. . 801 

* replacing of.945 

“ spotting-in. ..800 

* taking up (Continental engines). 94 

* when loose, how detected .799 

bent cau.so8 knocks and piston slap.777 

bushing (upper); removing of.797 

dipper put pose and location. 162 

distorted or bent. 802 

for racing-car engine (Ford). 1026,1030 

how aaseinblod to crankshaft. 36, 802 

“ constructed. 795,42 

(Liberty engine).1144 

meaning and purpose of. 1075,36,42,795 

oil splasher. 161 

removing from crankshaft.800 

shims. 43 

should be weighted. 803 

spade or flared-end type.804 

stationary.. 42,795 

testing of.. 799 

* “to see if bent or twisted. 803 

typos of.795 

upper end.795 

using oscillating piston pin.795 

“ stationary piston pin.795 

V-type engines.... 43, 805 

wear illustrated. 796 

*' yoked,’^ meaning of. 83 

rods “side-by-side,’* meaning of. 43 

wire under screw or nut, method of.428 

Connection for synchronizinfl; two interrupters. 221 

Connections and ignition wiring troubles....240 

“ electrical, should bo bright and clean.425 

“ when dirty, add resistance.425 

for dry cells, how to make.241 

* motoring generator.491 

• testing tor »ound in armature.489 

from steering device to front axle.902 

how to make: generatozH battery, ground.... 428 

multiple, meamng of. 177, 625, 626,639,678 

oi battery cells, different method. 624,625 

* terminals, if poor.428 

electric wiring^ should be soldered.427 

magneto distributor to spark plugs.294 

I spark plugs to distributor, 4-cyl. engines.. 294 

‘ wire, how to make. 240 

parallel, meaning of. 177,626,626,638 

series, meaning of.. 177,625,526,638,678 

Consequent poles of generator frame, meaning of. 358 

Constant amperage battery charging. 564 

“ clearance type of piston... .!.!!!! 807 

ourrat battery enarging method. 664, 572,679 

and constant voltage, meaning of.340 

level type carburetor, meaning of. 96 

meani^ of........ . 1076,1044 

mesh transmiasioD.... 1075 

potential battery charing. 679.064 

•ouroe of eleotno supply, meaning of.,., •. 


196 
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107 

274 

2:)S 

2SO 

200 

:jit 

417 

204 


Constant speed, constant-current type generator. 355 

voltage and constant current, meaning of.346 

• or current generator needs regulation.., 342 

• regulation fBijur).349 

• * depends upon battery charge. 346 
Contact breaker (see also "Interrupter") 

• adjusting (see also "Adjusting") 

• “ (Atwater Kent). 203,205 

‘ * (Bosch).20S 

• • (Connecticut). 199,2tX>, 302 

• • (Delco).220 

• “ (Dodge-N.E.).371 

“ • (Eiseraann "G4" magneto). . . 270 

• • passenger cars. 1064,1065 

• • (Pierce Arrow).404 

• • (Remy) . 208,211,212 

• * (Westin^house).207 

• clearance, leading Ignition systems . 306,232 

• elementary principle of.181,185 

“ how to rig up for testing ignition coil... . 230 

• (magneto) advanced, retardetl. 289 

• Liberty engine. 1149 

“ meaning of. 

• of Dixie magneto. 

“ * high-tension magneto, parts of. 

** * K W. high-tension magneto.. 

“ • magneto, principle anJ construction 

• • , “ tests of. 

• on intake and exhaust side of engine . 

“ open-circuit type (.\twater Kent) . 

• “ closed-circuit ignition systems . 19<i, |07 

• or interrupter of magnetos.2t»0, 295 

“ point adjnatrnont, paAscngcr cars 1055-1057 

“ points, a<ljlisting (magneto). . . , 257,270 

“ “ dro.ssing of.224 

• * frosted appearance of.. . 220,221,211 

“ “ renewing of (Connecticut) ,. 200 

“ “ should he flat and good contact . 211 

“ points, t<io wide or too close.29(\,303 

• “ what made of. 3! t 

“ quick opening, iiniiortanco. . 257, 296, 252,190 

“ set advanced or retarded, meaning of. .. 301 

“ test for ground, open and short circuit .. 227 

“ “ lamp for ignition timing .404 

“ tests of magneto.314 

“ when changing direction of magneto... . 316 

“ with 1 and 2 contact-breaker arms. . . 213,214 

interrupter (see "Contact-breaker") 
points of cut-out and regulator (Heiriy), care of 
“ “ “ “ “ “ wfiut made of. . 

** should he flat to make good contact. . .. 

" surface.s and removal of. 

symbol of. 

h('r(>w, moaning of. 

sector, moaning of. 

Continental engine. 93,94,936,937 

“ “ bearings, adju.sting. 94 

* “ earn shaft en<l play adjiislincnt.937 

“ “ for trucks. 936,937,938 

* “ ".14" valve timing. 67 

* “ lubrication. 93,94,936 

“ “ model"Jr’.037 

* « u " L4,” valve timing of. 936 

" - « -Nj-. 94 

* « « " N" piston clearance. 43 

‘ “ “ "7R"and"7W". 93 

* « « '‘7H” valve <liametcr. 55 

- <• « "711" valve lift.50,55 

* * oil pressure. 936,927,038 

* “ oversize and standard-si/.e nistons ... 938 

“ * piston clearance and cylintlcr bore. ... 938 

“ “ questions and answers on.937 

* “ valve-clearance adjustment ("7R"). . 58 

* a a timing of.07,93.94,936,937 

Continuous-current service, meaning of.179 

“ or direct current, meaning of. 178,1075 

Contraction, meaning of. 1075 

“ of cylinder. 59 

Control of magneto spark.289 

parts of some of the leading cars.635 

Controller (G.V, electrical truck). . . 964 

Conversion table: hundredths of an inch to sixty-fourths. . 68 

Converting decimals to fractions of inch .702 

• hundredths of inch into fractions.702 

Cooling fans: types, adjustment and purpose. H6 

* lubricating oil. 165 

methoti of engine, passenger cars. 1056-1059 

of engine. 145 

• “ Iw air. 155,156 

• • * water. 145 

• • with kerosene. 154 

system (Liberty engine).1144 

• purpose of.2,145 

• (tractor engines). 996-998 

• when to wash out. 151 

troublee. 150-162 

Copper and brass gaskets, use of. 733 

asbestos-filled gaskets.733 

* lined gaskets for spark plugs. 236 

bronee, lead, wading of.747 

gause brushes: why used on starting motors.329 

graphite brushes: now seated to commutator. 329 


352 

352 

211 

221 

412 

1075 

1075 


Copper graphite brushes: why used on startiitg motors.... 329 

* or brass tubing can bo purchased annealed. 721 

* radiates heat. 747 

* tubing, flanging and bending of. 722 

* wire offers less resistance to flow of current. 183 

“ “ why used as an electrical conductor. 17^1, 176 

Cord tiro construction. 608,609 

* “ is not as susceptible to stone bruises. 610 

* tires made by molded ot>wrnpped-t read methixl. 609 

* * standard sizes of, for passenger car and truck.... 594 

* * wheel load and air pressure.593 

Core of armature, laminated, meaning of. 243 

* * * reason why soft iron used.. 180 

* ■ drum-wound armature is laminattnl iron. 341 

“ * radiator, cellular and tubular tyi>e. 737 

* *• “ moaning of. . 737 

* * ■ sold by square inch; how to measure. . . 740 

Cores for radiators, where to obtain. 740 

Cork ami felt gasket •, use of. 734 

* floats tor carburetors e«tated with varnish. 123 

* inserts for cone clutch . 843 

* **..**. miiltiplo-disk clutches. 851 

Corona of ignition spark, meaning of. 286, 233 

Cost of ehaugintf t wo solid-tired whft ls to pneumatics.. . . 628 

“ “ vulcanizing plant, cteam, small.619 

Cotier-pin luflts, jig for drilling.1036 

* “ how to secure. 716 

* pin.s . 681 

* “ f.)r Ford car. 1139 

Coulomb, meaning of .. 176, 521 

Countor-balauce, moaning of. 76, 46 

* “ of single cylinder engines. 76 

* * weights for six-eylindcr crankshaft. 81 

C(.tinter-balaiic<*d crankshaft . 46,76 

('ountcr-clockwiso <lrivo of magneto. 288 

* “ rotation, meaning of. 209, 1075 

* * “of di.strilnitor (Ueniv) ....... 209 

‘ • “ “ magneto. 28C 

* “ “ “ “ armature ... 291,295 

Counter-eloctromotive force, meaning of.181,375 

“ * “ of battery, meaning of. 375 

Counter-sink for brake lining. 894 

Couple-gear KUH-el<>ctrio truck. 061 

Coupling box, piirpoHO of .429 

Coujiliiig.s for driving magneto. 287 


Coiijx^. 

Coup<^‘-?/an<laulet . 

Cow'l ammeter (dash ammeter), puri>o.so of.. 

“ meaning of. 

C p , meaning of. 

Cruekixl battery jar. 

“ cylinder: efTect and how to n'pair., 
flanges (earlmretor) 


. 5 

. .. . 451 
1074, 035 
. ... 432 

. 584 

. 462,723 
110 


Cracks on doors, cause of.646 

Crank arm of erankshalt, meaning of. 44 

“ case: drain and fill with oil. 172 

• “ integral with cylinder. 51,41,789 

• * oil dilution of. 167, 101.1075, 1006 

• • H.A.E. dcsignatmnof "split," and "barrer’typo 41 

• * separate from cylinder.40,71,93,30 

• • typos of. 41 

• • very hot and engine weak, probable cause. . . 461 

“ * wrench.1037 

• pin bearing, if badly under size. 800 

• * - lapping of. 791 

• * bearings Bcoroci or cut. 701 

• • “ worn oval or flat. 701,792 

• • meaning of. 44 

• “ testing of. 703.702 

Cranking engine by hand . 630 

“ “ why necessary. 96 

“ meaning of. 498 

“ opiTation and ammeter readings (Delco).393 

Crankshaft aligning tools. 804,803 

“ “ alignment, meaning of. 784,792 

“ • application of stJirting mf>tor.324 

“ ‘ ballbearing. 922,0.30,031 

• • “ “ (White). 930.931 

" ■ bearing knock, detecting of.1108 

• • •* pm scored, dressing of. 801,791 

• • bent. 791,792,703 

• « « alignment of. 792,784 

• « « slightly, straightening of. 793 

■ « « testing and straightening.793 

• • centrally located, meaning of. 60 

• “ construction of. 46 

■ “ counter-balanced. 46 

• * crank arm, meaning of. 44 

• « « pin, scored, dressing of. 801,701 

• " cylinder, and piston grinding as a business,.. 818 

• • disalignments of.791 

• “ drive gear, location of. 61 

• * oight-in-line engine.45,82 

** “ end play (Ford engine).1107 

• *• « « of engine, cause and renifdy. 780 

“ * thrust or end play, how to take up , 795 

“ “ four and eight-cylinder engine 77,82,84,45 

“ “ grinding, remarks on . . .817,819, 792 

“ “ grinding when to grind. 792,817,819 

• “ How designated in degrees. 44,45,46,47 

• ■ * measured in degrees. 44 

• ■ inspection.791 
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Crankshaft installing new; test oil passages...804 

• * lapping of, in lathe. 792 

• “ (Liberty engine).1144 

• • main bearing, end play (Ford). 1107,1114 

• • “ * knook, testing 

for. 778.779,460.1108 

■ * main bearings.(see ‘‘Engine bearings") 

‘ • “ - (Ford). 1106,1107 

■ • • • number generally used. 41 

■ • • • of engine.781 

• • meaning of.1075 

• • oil passages: if stopped use drill. 804 

• • out of true: result, teat. 792 

■ • questions and answers on. 795 

• • racing car (Ford). 1027,1030 

■ ■ repair. 791 

• • sQored: remedy. 791,792 

• * S'x-and twelve-cylinder engine 77.80,81,85,1144 

• “ six-cylinder engine: left and right hand. 80 

• “ "solid" and "built-up" tyjie. 46 

“ * sprung, causes. 791-793 

- - storing of.•. 793 

“ * testing for concentricity (or other shaft). 792 

“ “ throw and piston movement...60,61 

• » ti meaning of and how to find. 44,60 

• • • out of line. 791,793 

“ “ throws relative to cams and pistons. 78 

“ ■ timing gear, whore fitted to engine. 37 

• * whip, meaning of. 806 

“ “ whipping of. 46 

“ “ worn, how to remedy.790 

Crating battery and automobile. 583,649 

Creeper, purpose of.672 

Cross-filing, meaning of.718 

“ oil mter.670 

“ steering method. . 10,898,900 

• threaded gasoline feed-pipe connections. 110 

Crossed beam of light rays, meaning of..436 

Crossing street, rignt-hand vehicle has right-of-way.653 

Cubic inohea in ball, how to find.1048 

“ ** « oubio foot of water.1048 

• • to cubic oentimeters.1048 

“ meters to cubic feet.1048 

Cumulative action of compound-wound generator..354 

“ and differential action of generator. 345,351= 

* u ti « « compound windings. 354 

Cunningham starting motor used, principle of. 322 

Cup-aiid-oono bearing. 19 

Curb or road-side pump for gasoline.672 

Cured, moaning of.609 

Current alternating, transformed into direct. 242,339 

“ direct, meaning of. 1075,242,339 

• electric, measured in amperes. 175,176 

" generator supplies to battery.336 

“ induction of... ... 183 

• of any generator is alternating. 339,242 

• “ electricity, meaning ol. 175,338,1075 

• paths, e-xterrial, internal of battery cell. 638-542 

• regulation of generator, meaning of. 346 

• wave of magneto, meaning of. . 254 

Cushion, meaning and purpose of. 608 

“ tire used where more resiliency requiretl. 626,627 

Cut-in and cut-out adjustment of N E.-Dodge cut-out . . . 372 

“ “ • “ “ “ • Delco cut-out.410 

• “ * • “ “ “ Romy cut-outs.351 

Cutler-Hammer magnetio gear shift. 1015 

Cut-out, action, principle and purpose of. 331,333,332 

“ “ (Ford). 1122,519 

• adjusting (Bijur). 364,365 

■ “ (Delco). 409,410 

• « (Dodge N.E. "8100").372 

• “ (Remy). 350.351 

• and ammeter action when testing (Remy).351 

• “ regulation (Remy) care of.352 

• armature docs not close tight, cause of.470 

• battery discharge, principle of .... 331,333,370, 504 

• charging current must pass through series winding 355 

• oonstructioii of (Remy). 360,351 

• cuts in too quickly, remedy for. 604 

• defective, indications of. 465 

• (electric) meaning of. 1075,331,332 

• electric principle of (Delco). 409,410 

• “ “ similar to water check valve. . 331 

• * B.vstem: purpose, principle. 332,333.341,347 

• exhaust, purpose and fitting of. 49,729 

• if discharge from battery is more than 

3 amperes. 351,504 

• internal circuits (Ford). 619,620 

• mag-dynamo; motorcycle.1013 

.* mechanical type. 1013,1014 

• (mu6Ber), meaning of.1075 

“ not used on Delco-Essex. 406 

• points, cleaning of (Delco) ..410 

• “ * with sandpaper.352 

• • fail to close, effect of.604 

• “ “ “ open, cause of.470 

• * stick or burn toirather: result, cause. 449,504 

• purpose and principle of... 831,332 

• (relay-regulator) (Remy generators).360 

• aeries winding in series with Charging circuit. ... 449 

• ibunt or voltage winding, meaning of.. 332,333,341 

• glow to cut-in, remedy for. 60i 


Cut-out symbol of...413 

• terminals, how to tell. 606 

• test and adjustment (Remy) . 350,351 

• “ board (North East). 476 

• testing (Bijur).365 

• ‘ (Delco). 409,410 

• • (Dodge-N.E.). 372,373 

• • (Ford). 619 

• • (Ward Leonard).352 

• “on car and on bench. 479,470,490, 604 

• • speeds of cut-in and cut-out action.605 

• troubles, how to locate (Overland "4").505 

• “ locating and repairing (Ford).619,520 

• • tests, adj's. 504,519,373,365,410,351,4020 

“ voltage at which should close (Delco).410 

■ “ circuit of shunt-wound generator.341 

• « « where to start tracing. 332,333 

• * or shunt winding, where to start tracing 332 

• • winding burned out when points stick. . 356 

• « « burns out, cause. 449,604 

• “ “ circuit (Remy).. 362 

• “ • connects across main circuit.... 449 

- ( Ward Leonard). 352 

• windings, testing.605 

• “ “ (Dodge-N.E.). 372 

• “ (voltage and series), troubles of. 449 

“ why not used on Delco motor-generator. 387 

Cutting, key-way.715 

“ hnes-of-force by wire across magnetio field. . 339,183 

“ magnetic lines-of-force, meaning of. 183, 18-1, 250, 251 

“ of files, grades.717 

• off magneto ignition. 262,309 

• welding and decarbonizing outfits. 750,751 

• wheels down or building up. 607 

Cycle, explanation of (ga.soline engine).31, 32, 33 

“ of condenser action, meaning of. 192 

Cylinder and piston information.815 

“ bore and stroke, meaning of. 48 

“ M u « niilhmoters and inches .1049 

“ • finding.821,810,811,48 

“ “if worn cxtroinoly out of round.831 

“ “ stiuaro with crank case.822 

• “ stroke: engines of paasenger cars.... 1056-1059 

• “ where usually marked. 43,824 

“ bored, how. 817,821,823 

“ bores, how meiwurod.810,811 

“ centrally over crank.shaft, meaning of , . .. 48 

• contraction of. 59 

“ cracked, effect and how to repair. 462,723 

• cut but not out of round can be filled. 814 

• desigas. 47 

“ detachable head, meaning of. 47 

• eight-in-line. 82 

“ en-bloc, moaning of.1075 

“ enlarging, different methods. 821 

• “ (Ford engine) .1028 

• * how jimcn and how to determine. 814,815 

• • necessity of.814 

“ * questions and answers on.817,824 

" * when and how.817,820 

• “ “ should bo done.814 

• gauge dial, purpose of.811 

• “ for actormining inside diameter. 703,811 

• grinder.819 

• grinding as a bu.smess.818 

• “ (commercial ears).820 

• “ how...817,821 

• “ machine; how operated.817,821 

• “ (passenger cars).820 

“ head bolts, order in which to tighten.733 

• “ east solid or detachable. 47 

• ■ gaskets.732 

• * leaks due to improperly fitted gaskets.733 

• * nuts, how to tighten.715 

• • type on pawngor cars. 1056-1059 

• how cast on passenger ears. 1056-1059 

• lapping and methoila of.815,821 

“ “ when should bo done.814,815 

• leaks: cause and remedy. 151 

• “ water, cause of.768 

■ nuts loose, cause knock.777 

• offset, and effect of.47, 61 

“ out of round, rings have unequal tension822, ^0,831 

• oversise (S.A.E. standard).815 

• paint.647 

“ parts must be tight... 33 

• piston, and crankshaft grinding as a business.... 818 

■ clearance to allow when enlarging.810 

• priming cook, meaning of.1075 

• reaine<r, how.817,821 

■ reamer attached to cylinder block. ..714,817 

• * illustration. 714 

" reaming machine for enlarging cylinders.694 

• rebored to fit pistons.823 

• regrinding, prices charged.818 

• • why and when.820 

• reground, new pbtons and rings necessary.. 822,823 

• repairing.814 


rotary type. 91 

rusting, small leak in.,,.723 

scored cause and treatment of.... 814,816,816,167 
seasoned or beat treated.818.890 
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Cyliofler shape; pfWMnMr cars. 1056-1059 

• sleeves (G.M.C. truck engine). 916 

• “of engine, removing and replacing.. 916.814A 

• • or barrels. 39,916 

■ standard bore, meaning; of.813A, 813 

“ stroke and bo*'c, meaning of. 48 

• “ finding. 60 

• test for ignition missing: relief cock. 239 

“ testing, for leaks. 829,767 

“ • « roundness.812,814B 

• thin walls of. 822.814B 

• travel of ring in . 812,814.817,822,833 

“ types of. 46,47 

• walls, if rough. 47.821,8MA 

• water jackets. 46 

• wears where rings travel.812,814,817.822 

• what constitutes a perfect one.814 

• “ made of. . ’.46,47 

“ with radiating flanges.156 

• worn: fitting piston and rings 811-813,8148, 817. 83:JB 

“ “or cut, symptoms of.812, 814, 817 

• • * scored, trouble caused by.814 

• • out of round: remeily for . 814 

Cybnders airplane engines, what sometimvs made of. 47 

“ angle of two-eight-and twelve-cylinder . 84 

“ cast in-block, meaning of. 47 

• degrees apart (Cadillac). 82 

“ « « (Lincoln)., .... 82 

• • • (WillB-St. Claire).\ .. 82 

“ “ nlaced. 84,45.47 

• eight-in-line. 82 

“ honing.M6. «24A 

• how cast. 47 

• « « on passenger enra. 1058-1(161 

■ “ h^ld to crank ease.i7 

• integral with crank case.51,41,824 

• (Liberty engine) .1143 

“ inonobloe, meaning of.40,47 

“ numbere<l how. 66.1053, 80,83 

• of twin-HU engine: degree.^ a|mrt. 84 

• opposed-type engine. 1009,48,84 

• replacing, over pmtona. . 83.'lA 

• separate from crank rase.46,71,93,36 

“ side by side, meaning of. ... 43,85 

• staggered, meaning of.43,85 

Cylindrical and box-typo ignition coil, meaning of . 20.5 

“ type ignition cod.213. 228, 229, 205, 204 

• t « « (Homy). 209 


D 


D’Arsonval or moving-coil principle of ammeter. ...... 468 

Damper or choker for priming carburetor. 104,106 

“ “ shutter for radiator (Hudson).149 

Dash ammeter (also termed cowl ammeter), purpose of .. 451 

* “ for checking ignition timing.301 

“ “ how indicate.s troubles.471 

• • (moving-coil type), principle of .468 

• and tail-light circuit.392 

• lamp, location, and candle power of.4:il 

“ meaning of.1075 

“ pot for carburetor, meaning of.102 

* type ammeter, how to compute readings.334 

* “of cut-out (Ford).520 

Data books, brake lining (footnote).893 

“ for generator te^ts. 490 

* “ motor tests. 489 

“ Ford car. 1080,1082 

“ tables, etc. 1048-1052 

D.C. electric lamp base, double contact...434 

“ electrical meaning of. 413 

“ meaning of, applied to engine.. .61, 70 

Dead center, meaning of. 63 

“ points of magneto (Ford). 249 

“ rear axle, meaning of. 1075,15,863 

• smooth file, illustration and purpo'^e of.717 

Decarbonizing outfit. 763,751.764 

“ ^ welding and cutting outfits .7 /0,*151 

Decimal equivalent of fractional parts of an inch., 1048,702,712 

“ point, tenths, hundredths, etc , meaning of. 701 

Dedmals, fraotional parts of an inch.1048 

“ how to read... 701 

• ^ meaning of. 701,702 

Decreasing compression. 780,766 

Defects of spark ^ugs.309 

Deflecting tsrpe or headlamp lens. 437 

Degree as used with crankshafts. 44,46 

“ designation of. 44 

Disgrees and inches, how to mark on flywheel. 69 

“ applied to valve timing, meaning of. 70 

■ converting to inches.(KI, 68, 299,1060 

• cylinders are placed. 45,47,84 

• flywheel rim, converting to inches. 68 

• ignition governor advance.. 212,307 

• marking flywheel, using a protractor. 69 

• meaning and designation of.... 60,68,299,704,1050 

• measuring with protractor.1050 

• minutes, seconds, symbols of.. . 60,68, 299,704,1050 

• on flywheel, finding.60,69 

• symbols of.704 

• used with crankshaft. 44 

• an setting magneto. 299 


Delco, address of. 239 

“ Buick armature windings. 343,344 

“ “ electric 8\^tem (1921-1922). 394,395 

“ “ ignition distributor.219 

“ • motor-generator armature.343 

• “ * • lubrication of. 173 

• • « - . 393 

“ Cadillac distributor and timer. 214 


■ electric 8ystem(tyi>e *'59’’-1921). 395 

“ ignition timing. 216 

* motor-generator.396 

“ timer (interrupter): two contact breakers 215 

circuit breaker. 392,409,430 

“ ‘ lock-out type. 392 

“ “ points .302 

“ “ piirposte of.430,392,409 

Cole electric sy.item (imMiel 870). 407 

combination sv>‘itch and ammeter, description of. 40\), 4*29 

cut-out construction and ailjustment of.410, 09 

double distributors.216 

“ ignition. 216 

Duesenbeirg eloctrio sy'stem (tVOl). 40*2 

elei trio systems... 383 

* * location of ammeter.409 

Essex electric system (ino^lel "A”) .405 

flexible brush arms, ..eating of. 401, 495 

• “ arms ri‘.h stops. 495 

generator: sdjusti: g charging rate. .. 407,408,409, 506 

“ armaturs (four-pole), winding <if.343 

“ “ (two-pole), winding of.342 

“ principle and purpose of.38H 

• eouarr.ie from starting motor.399 

“ Ihird-brush regulated. 399,393 

H.C S. eloctrio system (1921-22). 401 

headlight dim circuit.393 

Hudson electric Intern (model "(■)”-l021).307 

“ model “(j** motor-generator. 397 

“ « « generator (1916, 1917). 389 

ignition, adjustinif. 216-221, 229. 232,391, 3(K), 307 

• and lighting switch, symbol of.413 

“ automatic advance. 388,307 

• coil with condenser in coil.213 

• coils. 213-215.232,307 

• contact-breaker points,adjustg. 220, 221, 232, 307 

“ “ • “ synchronizing of . 221 

“ (Liberty engine).1119,1151 

“ timing.220, 221, 229, 232, .307 

“ two sets spark plugs, etc. 216 

• unit, a top view. 214 

interrupter. 214-221,307, 232 

** fiber nibbing block, if wears.. 220 

“ two contact oreakers using one coil , .. . 214 
“ with single contact breaker, one coil ... 214 

Lafayette electric system. 398 

“ ignition system. 219 

light plant.1002 

Lincoln electric system. 398, 1050 

“ ignition system. 218,399,1059 

“ motor-generator. 398 

McLaughlin motor-generator.393 

Munnon generator, ignition and eut-onl.400 

“ mixiel "34-13” wiring diagram.400 

“ (1921, 34B), electrical system.399 

Moon electric system (6-68). 401 

nu>tor clutch, principle and purpose of.389 

“ generator, a single-nnit system . 336 

“ “ armature test for ground. 497 

“ * 11 M tost lamp.497 

“ “ “ two windings, two 

comrnutat ors. 343, 386 

“ “ clcctromagnetie regulation (1913) .383 

• “ lield-c<iil teat with test lamp.602 

• “ “ circuit...380 

“ “ mechanical regulation.385 

“ • rncrcury-typM voltage regulator.. . ,3X4 

• “ motoring circuit.389 

• “ partJ^of . 386,387 

“ “ third-brush regulation.389 

• “ why cut-out is not used.387 

Nosh (691), wiring fliagram.402 

Olds (47), wiring iliagrarn.402 

-Packard eight, wiring diagram. 407 

“ six and twin-six Ignition. 420,421,217 

“ (si x-cylindor) distributor.219 

“ (.Six) Ignition (model 116-1921). 420 

“ (Twin Six) distributor. 217 

“ “ ignition. 217 

Pierce Arrow double distributors. 216 

" “ electrical system. 403, i060 

“ “ ignition system (double).216 

“ “ starting motor.406 

regulation method (early mo<ieI mcchanic^ul).354 

resistance unit and condenser, testing.229 

separate generator and motor using cut-outs. 399 

starting motor (four-pole round frame;.326 

“ * series-parallel field winding.326 

Stut* ignition. 416,216,1060 

“ “ system (double) . 216,221 

thermostat for generator circuit. 395 

third-brush regulation, principle of.408 

voltage regulator, mercury type. 385 
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Dclco, Westcott ©lectrio Bystem.402 

“ Hairing diagrams.3^,390,395-407,420 

Delivery wagon and truck explanation. 5 

De luxe lif^ht-weight gray-iron piston. 808 

Demagnetisation of niagneto armature core. 252 

Demagnetizing core of coil: purpose of condenser. 190 

Demountable rin», meaning of...597,1075 

“ split rim, how held to wheel. 699 

Denatured alconol and water for non-freezing solution 

163,164,1041 

• • boiling point of. 153 

• • speoifio gravity of. 1041 

Density, meaning of. 1075,530 

• or specino gravity of electrolyte to use. 634 

Dent in fenders, how to remove. 726,727 

* • gasoline tank, how to remove. 728 

Depolarize, meaning of.1075 

Depolarized storage battery cell, cause of. 579 

Depolarizing ignition switcn, purpose of. 203 

* meaning of. 224 

• switch: why used (silver contact points).... 352 

Des Axe crank-shaft setting, meaning of. 47 

Designation of degrees, minutes, seconds, inches, feet. 60 

Detachable cylinder head, meaning of. 47 

Detonation, meaning of. 462B, 1075,778 

Diagnosing electrical system of car • . 411-^115, 478, 462B-462G 

“ troubles, electrical: divide into parts. 418 

“ “ “ how to start testing.. 477,482 

“ • • proce.s8 of. 451,454 

“ *■ • tracing. 411^15.402,332,426 

• “ • where to start tracing.... 450 

• ■ misoellaneous. 454,461,462 

• “of automobile, requires thought. .. . 454 

■ ■ ‘ carburetor, 454,458.462A.462L. 118-123 

• « « « (Pord). 1127-1132 

“ • “engine.4.54,458-461,4621 

“ “ “ fuel system,462A.4C2H-462M, 114,1041 

“ mu generator... 455, 462 N, 4620,478,479 

“ mum divide into parts. 448 

“ • • « electrical, mechanical... 455 

• mu electric.445 

• • * ignition: divide into parts.450 

“ « « « system. 462B-462G, 222,239 

“ “ “ lighting “ . 482,483,481 

• mm magneto. 309,310 

“ “ of starting motor 455,462P, 486 

“ • « « <» divide into parts . 448 

• « « storage battery 656-o59,448,456 

• « « storage battery: divide into parts 448 

“ « « wiring: divide into circuits 449 

• • use process of elimination. 4.54 

Diagram how to traco ignition system.. 411-415,449,332,334 

“ of average valve timing . 75 

“ “ compound-armature ty|>e magneto. 256 

“ “ connections for “trickle charge" of buttery... 578 

“ * electrical systems (see “Wiring diagrams'^) 

* • oleotrolyt© mixture. 535 

" “ N.E. fijrowler circuit.T. 500 

“ • operation of K.W. magneto. 301 

“ * volt^e amperage of generator, various speeds. 424 

“ explaimng open, short circuit in armature coil.. 498 

* of firing order, engine. 70,77, 78, 81,87, 1150 

“ valve timing. 61,75,1150 

Dial cylinder gauge, purpose of.811 

“ indicator, purpose of. 792 

Diameter exhaust pii>e8, various cars.1055 

• of circle, how to find.1048 

“ “ pulleys, how to find. 692 

“ • valves: car engines. 1052-1054 

Diametrical clearance of piston ring.827 

Diamond-point chisel. 695.714 

Dictionary. 1074-1079 

• En^lish-^ench.1079 

Die<ast bearing bushings for engine bearings .782 

“ “ “ “ purpose of.787 

* “ bushings for lower end of connecting rod.798 

Die-cast split bushing for connection rotl . . 799 

* “ “ bushings, meaning of. 798 

“ * • removable bearing bushing .782 

Dies and taps. 709,699 

Diesel engine: four-cycle operation.1005 

“ * principle of.1005 

Difierential, action of. 18 

“ “ compound-wound generator.354 

(also called compensating gear). 17 

*‘ bearing, adjusting (Timken).865 

“ « «i (Timken rear axle),.. 866,867 

• • (Timken truck aue).. 954,065 

• bearings, adjusting (OMC truck).919 

“ “ taking up (Timken).866 

• bevel-gear type. 18 

“ care of (Studebaker)..876 

“ oarrier, meaning of. 863,870 

• case is divided into two parts... 880,878 

• compound-wound generator. 355 

“ disa^mbling and assembling. 878,880 

• . « « (Dodge).859 

• drive pinion: replacing one different dia.878 

“ (Ford).1097 

• (Ford truck). 913,914 

“ (Fordson tractor).995 

“ gear adjusting.... 865,866,868,870.873,874,882 


Differential, gear adjusting (GMC one-ton truck).... 921,923 

“ • (International truck). 929 

“ • toldsmobile). 873 

* • (Timken rear axle). 866,867 

“ adjustments (Timken). 865,866,867 

“ backlash taking up (Timken). 865 

* carrier, removing (Salisbury).870 

“ “ unit (Salisbury). 871 

* contact, moaning of. 869,874 

* “ when correct. 874 

* disassembling and assembly. 878,880 

“ for Ford racing car.1098 

“ lubrication of. 172,865 

* meaning of. 17 

“ removing, replacing. 869,870,877,878 

* testing. 874,881,878 

* type in general use, . 878 

* when properly a<ljustt«l. 866,878,874 

(OMC one-ton truck). ... 921 

(GMC two-ton truck).920 

housing holds lubricant for rear axle gears . ., 172 

internal parts of. 878 

(Maxwell “25“) 880 

locking typo (F W.D. truck).962 

lubrication ofl72-174, 859, 865, 869, 876, 878, 882 

(Powrlok) or (M and S) . 882 

principle of.17,18 

removing, replacing, 15,863,869, 870,877, 878, 883 

“ of (Chevrolet).879 

‘ “ (Chevrolet “FB”). 879 

“ (Columbia).. 868 

• (Ford).1097 

“ (Fordson tractor). 995 

* (G.VIC one-ton truck). 922,921 

“ (Maxwell).880 

“ (Mitchell).877 

‘ (Old.stnobile).873 

‘ (Salisbury).870 

ring gear. 8.869,875,878 

* “ adjustment . 865,866,867,868 

870, 873, 875, 878 

“ * always on left side. 869, 878,18, 6 

“ “ location of.878 

“ * on lett side of differential 

, case. 869,878, 875 

* “ riveted to differential case.877 

spur-gear type. 18 

Diffusing type of headlamp lens. 437 

Diffusion of battery, meaning of. 629,656, 644 

DilTnsor used on Claudel earhnretor. 143 

Digest of engine troubles: cause and remedy.458 

“ “ storage-battery troubles (externa!).656 

" “ “ “ “ (miernal). 657 

“ troubles.454 

“ “ “ chassis: cause and remedy.461 

“ “ * electrical, engine, miscellaneous.454 

“ “ • engine: cause ami remedy.461 

“ “ “ generator: electneal, mechanical.455 

“ * “ starting motor: mcchamcai, electrical. . 4.55 

Dilution of lubricating oil by gasoline.. .. 167, 104, 1075, 1006 

“ test of lubricating oil.1075 

Dimensions of tiro rims.[. Q 07 

Dimming headlamps, methods for . 439, 440,43.3, 393 

Direct current can be rectified from alternating .... 568, 669 
generator: alternating internally... 179,339 

“ driven by belt.577 

how produced from generator .339 

is used on all circuits except ignition.452 

meaning of.242,178, 339,1076 

only is used for charging battery.673 

pits ignition contact points.224 

transformed from alternating. 243,339 

drive, meaning of.8,29, 10 

• flow of current at brushes, how was chang^...... 340 

!! . charge a storage battery...... 340 

indirect mounting of worm-shaft bearings.868 

Direction of magnetio wnirls around wire. 181 

“ “ rotation of electric motor, how to reverse.!!! 328 

• * whirl of lines-of-force around ft wire. 183 

Dirty or greasy commutator.830 

DIS. or DIST'R., electrical meaning of.’ * 413 

Disalignments of crankshafts... 791 

piston and connecting rod. .!!*.*! 802 

Disassembling battery.535 

“ magneto....313 

■ of Connecticut ignition interrupter.200 

steering gear.901 

Disassembly of magneto......! 313 

Discharge and charge side of ammeter, meaniiig of . .. 3^,334 

of battery, meaning of.529 

.through cut-out, action of! 370 

Disonarging action of storage battery.54O 

" bat tor v; computing discharge rate. .!..!*.!!! 675 

rate of storage battery, how found.522 

storage battery cells: internal circuit_ 540,542 

Discoimectmg battery from generator 366,362,376,430,348 349 

Dwk clutch.21.22.23 

piston, meaning of. 43 

• wheels and rims. . i, 602 

“ * ooDstruotion of... .^. 1602,3 

• for Fords, where to obtain. 1031 

Displaoement typo of armature of starting motor.321 








































































































































































GENERAL INDEX 


1173 


Diflplay bin for supplies.682 

Distance car can be stopped in by brakes. 888 

“ or extension type of motometer. 149 

• rods. 7 

Disteel wheels. 602 

Distilled water, meaning and use of. 559, 561, 562. 584 

Distributing tube for engine lubrication. 160,161,162 

“ « high-tension cables.210 

Distributor and armature speed of magneto; relation of. . 292 

** interrupter (Lincoln-Delco). 218 

■ “ (Paokard-Delco). 420,421 

• timer (called the Unisparker).202 

• “ shaft, how connected (Reiny)... . 208 

(Atwator-Kent). 202,205 

(Bosch). 208 

brush of magneto, speed of.293 

“ or rotor (^Weetinghouse). 207 

checking when installing new parts (Remy).. . 208 

(Connecticut). 199.200. 303 

connections on (Cadillac-Delco). 215 

“ relation to cylinders.294 

contact, two types of.245 

control of. 193. 212-215. 20;.. 201, 388 

counter-clockwise rotation, meaning . .. 208. 295 

I Dclco).214-210.307 

Delco-Buick). 219,307 

Deli^'Cadillac).215 

Dolco-fiafayette). 219 

Deico-Liberty engine). 1149,1151, 1117 

I)clco-Lincoln). 218 

Detco-Packard Six). 219 

I)clc{>-Packard Twin Six). 217 

Dcico-Pierco-Arrow). 216 

1 )clc(>-Stutz). 210 

iisasscmbly (Connecticut). 200 

Dixie niagm^to, 8 and 12-cylinder.275 

drive explanations.210,211 

for ignition, elementary principle of. ..195 

gap and brush type, mcuuing of. 201,198,201 

how driven.. . ^.210 

how to open: K.W. magneto.281 

interrupter closed-circuit (Re/ny) ... 208,212, 232 

“ crankshaft speed relation. 210 

is usually attached to magneto. 245 

lubrication of.206, 200, 219, 372, 391 

magneto ignition, purpose of. 244,245 

(North Last).371 

of magneto, parts of. 258 

“ “ purpose of. 214 

* * spiecdof. 294 

“ “ using separate coil. 241,247,252 

or distributor, meaning of .1075 

“ synchronous system of ignition . 195 

point gap, distance should be. . . 201,198, 208, 232 

purpose of. 105,211,215 

(Remy). 208,211,212,302 

rotation of magneto. 295 

rotor of, coiLstruction of.205 

sectoraof magneto distributor.260 

setting (llemy cod, battery ignition). 208,232, 212 

shaft of magneto distributor. 200 

single and double type .213, 214,216 

spark-plug circuit, symbol of. 412 

speed of high-tension magneto..260 

troubles . 241,462B-462G 

(Westinghouse) . 207 

wires should be separated. 206,240,308 

Divided exhaust manifold. 50 

* rear-axle housing.862,863 

Dividers, purpose of.704 

Dividing electrical system into parts (troubles in each)... 448 

Dixie magneto.... 271 

magneto adjusting interrupter points . .274, 297,296,274 

“ distributors.275 

eight and twelve-cylinder distributor...... 275 

high-tension circuit.273 

magnetic circuit of. 272 

motorcycle type.1012 

parts of...276 

primary circuit.273 

testing.316 

timing of.274 

twelve-cylinder.278 

Doble steam car.1019 

Dodge cam shaft, removing. 704 

carburetor adjustment. 137 

chassis, top view. 378 

dutch, adjusting of....$57 

“ and gearbox, removal of....867 

• cone and transmission (early models).841 

* disassembly of. 857 

* replacing of.857 

differentia, disassembly of.859 

drive system.857 

electrical system. 367,368,369,1058 

‘ “ divided into 10 parts. 309 

jdne firing order. 636.1052 

• lubneation. 162,1058 

oil ac^ustment. 162 

showing location of electrical units..378 


Do) 

ly 

Dv 

Dmi 


D 
I hi 

D. 

n 

I)c)U 


en^n 


Dodge engine, torque of.. .. 104? 

** valve guide: sise drill and reamer. 774 

• - timing.71,1052 

gear-shift movement.636 

iguitioii coil, oondenaer, interrupter, tests of.. . 226, 227 

“ timing. 371, 1052 

“ unit conaiHts of.228 

(N K ) ignition ttwts. 226 

• * unit, construction (model “O")... . 371 

• infernal electrical wiring diagram.. 369 

■ motor-generator, adjusting charging 

rate,.370,374 

* ■ * (early systems). 377,379 

* * ■ gear, puller for.1037 

* test board. 476 

rear axle.859 

“ ** ailjustments. 859 

■ - kind of od.172.859 

■ ■ ratio.1059 

* ■ shafts, removal of. 859 

spanner wren, h for silent chain.1037 

spiu'itieations. 1058 

traimniis8i(>n, lubrication of.859 

truck... . 912 

valvo-tiinuig spot iticatious.1052 

wiring diagiain . 369 

clutch . 8 

.purpose of .676 

11 lamp, location of.432 

of headlamp, removing .435 

si'lf-opuning, for rcimir shop.1039 

to prevent driving into.1040 

I cuivs, meaning of 1085 

ped battery, I'liarging of . ... 675 

“ storage buttery, incumng and came of .559, 535, 575, 673 

iping a battery, ineiimtig of.535 

t Ignition, timing. 200,208 

ble-aeting brakes . 13 

and dual ignit loll s> stmns. 284 

brake tlrum.884 

chain-drive metliod. 3,6,911,950 

** “ truck . 911 

circuit-breaker (DcIcmi).392 

eonlart lamp ba‘ie, abbroviuted DC. 411^ 

cut tile, illustration and purpose of.717 

decker starting motor (Htmiy).327 

distributor (Deleo) ignition.216 

tilament lamp bulb.433 

geared starting motors, meaning of . 323 

head ongmsers* wrench, rnaclnnists’ type.696 

ignition.263,261,285,216 

* advantage of. 216, 290, 263, 264 

• (Deloo).216 

■ location of spark pings .2.13,216,264 

■ magneto, principle of.263 

“ synchronizing contaet-bretikcr p(»ints.. .. 221 

jot blow-pipe torch. 719 

“ comperwating typo carburet or.126,136 

point seribers, purpose of.704 

reduction drive (Steinnrietx electric truck) .... 964 
“ “ to ditTerential (\utocar methixl).. 924 

* u u wheels . 93.3,929 

“ • « « « (White method).... 933 

spark plug: shell is not grounded. 234 

switch, symbol of.413 

system of ignition, advantage of . . . 263,264, 280, 216 

tube pneumatic tiro, meaning of . 691 

Doughnut or oulloon tire. 628 

Dowel pm, moaning of. 1075 

Drag link, also called drag rod.902 

“ “ connections: front axle to steering gear.901 

• rod, adjusting.903 

Dragging of brake.887, 888 

Drain engine crank case and cleaning of. 167,172,174 

“ “ “ “ often, reason for. 104 

Drainage of garage floor. 667 

Draining gasoline tank. 110 

“ radiator: nm engine. 153 

Draught and blast air cooling. 156 

Draw tiling engine bearing caps. 785 

“ “ meaning of. 718 

Drawers for keeping parts removed from car when 

repairing. 678 

Dressing commutator down and undercutting the mica. . . 492 

“ engine bearing caps. 78.5 

■ for leather tops. 647 

* * “ upholstery. 647 

* ignition contact-breaker points. 211,221,224 

* platinum contact points.v. 224 

“ tungsten contact points (Deleo). 220, 221 

Drift, purpose of. 715 

Drill and tap size for pipe threads.709 

- - f - S.A.E, threads.709 

“ • gauge. 705 

“ tape, size to use for S.A.E. and U.S.S threads, . 697 

bit stock, illustration of. 712 

blacksmith’s, illustration of.712 

can be tempered in a flame. 724 

chuck, illustration of. 712 

kinds of. 711 
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Drill portable, electric.700 

• press.003 

• • back-geared. 693 

• * * * and sensitive.693 

• - stand.700 

• • tor running-in Ford bearings.1137 

• rod sizes.712 

• seleotinjj; sizes of.705 

• sharpening.712 

■ size to use for tapping.714 

• sizes, how designated. 705,708,712 

• straight shank flute, illustration of.712 

” taper shank, illustration of.712 

Drilling a hole: selecting drill to use.705 

“ “ piece of thick metal .713 

“ cotter-pin holes, jig for.1036 

• instructions on.713 

• machines . 695 

Drip (or gravity feed) and splash engine lubrication.158 

“ type of carbide generator (acetylene gas). 440 

Dripping carburetor, cause of.98,122 

“ oil from transmission.855 

Drive, angular. 24 

• chains, care of . 950,951 

■ “ name of parts.950 

• end of magneto.288 

• gearing, rear axle. 16,17,863 

• meth<38. 2,3.6 

• - bevel gear. 6,7.16.28 

• • chain. 3.6,911,950 

• • double chain. 3,6,950,911 

• • “ reduction (Autocar truck).925 

" * * * (White trtick).933 

“ • internal gears. 960,929,033 

• of generator.336,337.72,74,75,211.51 

“ • propeller shaft.6,28,16 

• • tractors.982 

“ • trucks.911 

“ ■ worm.7,17,956 

• pinion.7, 8 

■ * adjusting (Columbia). 868 

• * “ (Dodge).859 

• * • (Salisbury). 871 

• • • (Timken). 865-867 

“ “ bearings, lubrication of (Timken).865 

• * removing (Mitchell).877 

: - replacing. 9,873,877 

■ • • in differential.878 

• • shaft, fill the grease cup. 172 

• • “ locjseness in bearings, how to take up 867 

• • when replacing one of different diameter... 878 

• reduction. 8,956 

• shaft-dri ve metho<i. 2 , 6 ,7, 28 

• * importance of lubricating rear end. 172 

• • testing (second-hand car). 642 

• straight line . 24 

• system. 3,6,17,929,925,933* 

*• ** (Dodge). 857 

■ systems cam shaft and generator.*51,74, 75, 1146 

• • parts. 1 

Driven ring gear. 8,869,875,878 

• « « replacing. 878,869,875 

Driving a car: correct and incorrect positions.634 

* “ “ general pointers on.643 

■ “ * pointers and rules of the road.663 

■ generator by means of line shaft. 477 

* “ for testing output.476 

“ * from accessory shaft (Remy-Studebaker) 211 

■ " ignition uriit from cam shaft. 337 

• interrupter and distributor. 210 

* magneto.287 

• “ for testing, methods of.314,315 

• out bolts that are to be used again. 707 

• safety rules for. 666 

* starting motor, generator, and ignition unit.336 

Drum-type aruiature, construction of.341 

• “ for direct current.3^,341-344 

• ■ • revolvesbetweeainagnetiopoleB.... 343 

Dry battery, meaning of.1076 

• coll: a primary cell, a chemical generator. 178 

Dry cell connections, how to make. 241 

** * construction of. 178 

■ " does not deliver current steadily. 177 

*• * positive(-+-)andnegative ( — ) terminal... . 177,178 

• • voltage of. 178 

• cells, symbol of.412 

** • used for ignition. 17^^7,248 

" disk clutch. 

** itorage battery, principle of. 828,629, &21 

of battery, meaning of.577 

- type clutch .21.847 

Dual double Ignition S 3 rBtems. 284,263,264,286,216 

^ ignition.. 263 

^ Bosoh two-epark magneto, coil and battery .. 265 

• ** low-teusionmagneto; coil, battery... 245,248,264 

• * • high-tension coil. 252 

“ ■ « • • high-tension coil (Remy) 247 

• pneumatic tires for truck use. 627 

“ power car (Woods).. • 1015 

• solid tire. 627 

• vatve engine has four valves to each oybnder. 52 

• • ~ (Pierce* Arrow). 54 


Dual valve engine (Stuts). 54 

* valves, advantage of... 54 

Duesenberg car, specifications of. 1055, 1062 

*• electrical eouipment. 402,1055,1063 

• four-wheel brakes, principle of.385 

• gearratio.1063 

• radius rod. 7 

• straight eight-crank shaft. 45 

“ wiring diagram (601). 402 

Dummy drum for adjusting internal brake. 890 

Dump body and hoist: trucks...951 

Duplex cable, purpose and use of . 240 

“ carburetor (Zenith).132 

• governor for engine .946 

• Ignition (Bosch vibrating). 267 

Duralumin gears, meaning of. 75 

Durant gear shift. 538 

Dust cap, description gnd purpose of. 601 

Dynamic balance of reciprocating parts, moaning of. 806 

“ • • rotating parts; meaning of.806 

Dynamo: a mechanical generator: direct current. 178,242,339 

“ and generator mean the same.338 

“ generates alternating current, delivers direct 179,339 

* meaning and purpose of . 1075,178, 242 

Dynamometer, electrical.1045 

• fan typo.1044 

Dyneto motor-generator (Franklin). 423 


Eagle carburetor, adjustment of. 143, 144 

Earth connection or "ground,” meaning of. 1075, 176,452 

E C.. meaning of. 66 

Eccentric adjustment for silent chains. 75 

“ • of fan holt. 146 

• and concentric piston rings. 826,834 

• meaning of. 107.5 

• shaft: weeve valvo engine. 88 

Eclipse Bendix automatic drive for starting motor.319 

Economizer action of carburetor . 132 

Edison storage battery..690 

Effect of altitude on carburetion. 116 

• * offset cylinders... 61 

• • valve “lag” or "bounce”. 62 

E H P., meaning of. .1075 

Eight- and twelve-cylinder magneto distributor.275 

• circuits of electric system of car.332 

*• cylinder crankshaft . . . 45 

• “ engine firing order . . 84,87 

• • “ fitting connecting rods.805 

• * • ignition parts. Sliced of.211 

• * * lap of power BtioKcs. 87 

• • ■ over lubncAtion right block.161 

• “ ■ straight type.. . . . , 45,1069 

• ■ ■ with cylinders at angle of 90®. 38 


• ■ magneto (Bcrling) . 

• • " "-type engine. 

• external circuits of electrio system. 

Eisemann automatic advance magneto. 

• * ^ spark-control magneto. .. . 

• high tension "G4 ” magneto. 

• magneto (dual system) timing of .... 

■ “ "Gl,” timing of. 


261,265 
.. . 82 
. . .426 
. . 283 

.. . 270 
269,270 
.... 299 
. 270 


• interrupter and gap clearance 290, 297,270 

‘ pivoting type of magneto. 283 

icarc lead-burning outfit. 581,582 

bench grinder .700 

brake (Hartford). 806 

buffing machine. 700,694 

circuit of 4-oyl. vibrator-coil ignition system. 193 

• te.sting devices. 463,464 

circuits, how divided into 8 circuits. 332,413,448 

• tracing, where to start. 332,413,448,176 

commercial cars. 963,964,965 

conductors: those w'hich are best. 175 

connections of cells.I 77 

current always flows from positive to negative. . . 181 

* direct, how'pnxluced from generator., 339,242 

• for car lighting. 431 

* how induced in wire from magnet_ 183,184 

“ “ made to flow armature coils. 338,250,346 

■ if sent through coil of wire . 181 

* “ “ * several turns of wire. 181 

* “ * “ straight wire. 181 

• in wire de()ends upon. 251 

drill. 694,700 

dynamometer.IO 45 

energy or e.m.f.: methods of generating. 178 

equipment, automobiles, specifications_ 1056,1064 

• trucks. 966-977 

gas truck. 9 (jl 

generator (see also "Generator”) 

• construction and principle of 

. . 331,338,341,462M 

preh mi nary explanation of. 335 

pnnciple of regulation. 331,341 

“ purpose of.. ... 33 I 

■ regulation similar to water governor... 331 

relation to electrio motor.338 

■ troubles, locatiwt. 612,613,455 

water analogy of.. 3^1 

headlamp (see "Headlamp*'} 
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Electric heating of priming mixture of carburetor. ... 107,142 

• horn; amperes it draws. 444,453 

• • care of and trouble diagnosing. 444, 445 

■ * fitting to car. 441 

• ■ testing of. 453,485.451 

“ * tests with meter. 453,485 

• • types of. 443 

■ horsepower, meaning of. 17ft 

• ignition, meaning of.1075 

• information, how to locate in thia book.477 

• lag, meaning of. 196 

• lamp (see abo "Lamps”) 

“ “ bases, types of. 433,434 

• • bulbs: base, voltage, o.p., amperes.... 433,1055 

• « « double filament.433 

• • ■ (Ford). 443,1119,1127 

■ « • for motorcycles, sizes of.431 

• • • types of.432 

• ■ • used on passenger cars . 1055, 1057 

“ ■ • vaouutn and gas (nitrogen) filled. . . 432 

■ ■ • voltage of . 432,433 

• * filament offers nwistance.176 

■ ■ * of Mazda lamps.432 

■ ■ reflector, purpose of.432 

“ * spherical candle power, meaning of.432 

“ • sockets: construction and types.431 

• lamps (Mazda). 432, 43.t 

“ * types of, and where placed on car. 431,432 

• lighting systems, methods of. 431 

• motor for driving gen. on test. 476, 477 

• “ horns, tcwtlng of. .. 415 

• • how to reverse. 328 

• • (see also "Starting motor”) 

“ * torque test of. .512 

" parts of a oar location of. 411 

« « « « « where to obtain. 415,4.81 

■ portable drills.7t)0 

• primer (carburetor). 142, 107 

“ repairman: work he can do on generators.480 

• repair shop, laj out for.580 

• repair tools. .47.3 

• servicenstation equipment.601 

• spark, how produced with low-tension coil. 184 

“ “ substitute for match.1037 

• starting and generator systems, a study of. 411 

“ • motor (seo "Star ting motor") 

• stop signal.654 

• supplies for electric department. 680,481 

• symbols and terms applied to them.412 

" system cut-out sitnplmod. 331,33.3 

‘ “ (Dodge-North East). 367,368, 369 

• ‘ (Ford). 1119-1127 

• ■ (O M.C. truck). ..917 

• ■ how divided into parts and circuits.332 

• * . * parts are driven. 336,337 

• ■ in general u.se, remarks on. 286 

• * (Liberty engine) .1149 

• • make of, on passenger cars.... 1056-1059 

• * of car, external parts.411 

• « « « water analogy of.331 

■ • « • whore to start tracing... . 450,448,413 

“ * on passenger cars. 1055-1064 

• • separate into parts to trace troubles. . . 448,41.3 

•• * single, two and three-unit, meaning of.... 3.36 

• ‘ (Star car).1071 

• • tractors. 999-1001 

“ systems on (Maxwell 1913 to 1921). 381 

“ “ pointers for studying.411,332 

• terms aboroviated.413 

" test bench, or stand, home made.475 

“ “ board. 228,232,476,477 

‘ • “ (North East). 476 

• testing device.s. 463,404 

• * repairing (see “Testing, repairing”) 

• tests, how to start .477 

• “ motlern methods. 507 

“ transmissiim (Owen magnetic).1019 

• troubios: causes of. 451 

• • external or internal.448 

• truck: controller connections.964 

“ “ (G.V.).96.3 

“ • (Ward).965 


vaponzer (carburetor). 107, 142 

Electrical parts of car, diagnosing of (see "Diagnosing") 

“ parts, where to obtain. 481 

“ pressure...(see “Volt”) 

■ service station-equipment.... 680,477,481,489,607 

“ symbols.412 

“ testing devices.. 223, 2(40,315,463,476, 499,607,551 

* • instruments.. 221, 223,463, 499, 509, 647,551 

“ • outfiU. . 223,2.30,315,475,499,507,447,551 

“ testa, how to start... 477,411-415,460 

* troubles generator. 455,51.4 

“ * starting motor. 456,518 

Electricity. 175 

* and current of electricity, difference between,. 175 

* * magnetism, principle of. 179 

* elementary principles of.. 175 

“ flows from ( + ) terminal, through circuit to (—) 176 

' how made to flow in a wire.* 250 

« m a m M meang of 

magnet. 183,184 


Electricity, how set in motion. 175 

“ _ • transmitted. 176 

* is in almost everything. 175,180 

* meaning of. 175 

* inechanienl generators of.242 

“ methods of generating. • . . .. 178,179 

“ must have a complete circuit. 462 

* silver, best conductor . 175 

" starts at positive terminal of gen. or bat. 452 

“ velocity of. 176 

* water analogy of. 175 

Eleetroile, meaning of . 1075 

“ movable and stationary (igniter).. 185 

* of a spark plug: what made of, and diameter.. 234 

* ** spark plug, purpose of. 188,2.34 

“ * wipe spark igniter. 187 

“ spark plug. 234 

Elertro-field-magnets.24.3 

* “ “ magnetized when armature revolves 24;t 

Electrolyte: ndju.sting oi^alancing of. 634, 6(45,536 

“ alkali or acid solution . 639 

* eurvo <<r diagram showing how to mix. 63.') 

“ dcrwity or specific gravity of.534 

“ doped, too strong. 636,660,673,575 

“ freezing point of. 631,5(14,661 

“ how to till cells. 689, 534 

* hydometor tester. 631,633 

“ in tropical climates is weaker. 533, 57ft 

“ kiH'p above level of plates. 631 

" “ in stone vessel. 681 

“ level in battery. 661 

* “ low in battery; causes and remedy. 658 

“ meaning of. 629, 630,1075 

* • • by volume and by weight. . . 635 

" mixing of. 634,635 

* of 1 275 to 1.300 sp. gr., why used.635 

* purpose of . 628 

“ spilled, how to refill. . 685 

* strength det«‘rmine<l by speeifio gravity. 6.30,534 

“ “ to use. 634,636,570,689,690 

“ IcHf, Ilow made and purpose of.542 

* (e.ster. 631,533 

“ to put into cell not to exceed 1400 H(j . . . 634 

* when to use in n battery. 634, 689, 576, 690 

Eleetrolvtie or eleetrolysi.s, meaning of.210, 224 

ICleetro magnet and permanent magnet, differeneo of. 1H3 

“ “ circuit when reriiagiietizing a magnet. 183 

* • for remagnetizing magneto 

magnets.1118,311,312 

* • how e m f. is induced in turns wire. 184 

“ “ “ used to prodiieo a spark. 184 

“ ■ iiieariing of . 182, 260,1076 

** “ " purpose and construction.., 182,183 

* " polarity of: now to tell. 182,183 

“ “ pnnnplo of. 182 

“ * strengtti of depends upon. 182 

Electromagnetio current regulation: explanation. 348 

“ induction, principle of. 183 

“ regulation, constant current (Homy). 360 

• “ “ voltage (I)eloo). 383 

“ “of generator, meaning of. 347 

“ starting motor switch, principle of.322 

“ voltage-current regulation, diagram. 348,347 

Electromagnetism: how differs from magnetism. .. 180 

“ meaning and principlo of. 180 

KleetromotiVC force, meaning of. 176,180 

lOlecfrcm.s. tneainnfi^ of. 176 

Electroplating equipment for. 766 

Element, meaning of .1075 

“ of at or ai^e battery, moaning of. 527,629,638 

Elementary principles of electricity and magnetism. 175 

Elements of lOdison storage battery. 590 

Elevated gear-typo oil pump. 160, 16J 

Elgin (K) car, parts of. 106fi-1067 

“ oil pump, meamng of. 160 

Elliott reversed type-steering knuckle. 910 

Elliott type-steering knuckle. 908,910 

Emergency brake (now termed hand brake). 12,889 

Emery wlieels and stand.694 

E M electrical meaning of. 175,180,338, 41.4,107.5 

“ generated in a wire, how.269 

* how causes ejeetricity in wire to flow. . . 2.50,3.38,346 

“ ^ ** induced in wires of armature. 2.50,338,346 

** induced and generated, meaning of. 184 

“ “ in a wire by a magnet, now . 183 

* « « wire of eleetro-rnagnet, how. 184 

“ prodivced by generator: dependent upon. 346 

* puts electricity in motion. 176 

Empress hifdi-prossuro oil gun. 174 

Enameled electrieal apparatus, bow cleaned. !75 

“ parts of car, cleanser for.646 

Enameling fenders, equipment for. 728,756 

Kn-bloe, meaning of . 1075 

Enclosed typo fuse and how to test. 429,430 

“ valves, moaning of. . . .‘. 66 

End of compression stroke, how to determine. 307 

“ plate of two-pole generator. 301 

* play in crankshaft main bearings (Ford). 1107,1114 

** ** ** main bearings; cause and remedy of.. .786 

“ “ “ universal joint.866 

** side assembly of storage-battery cells.624 

£ad thrust play, taking up on crank axid cam abaft.706 
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Energy, meaning of. 901,1075 

Engine adJueting and inspecting of parte when overhauling 664 

^ - (Waukwha). 938 

air-cooling methods. 156 

“ coolea (Franklin). 92 

airplane type . 39-54 

and car inspection. 663-664 

“ chassis troubles, digest of.461 

• generator; farm-lighting plant.1002 

assembly after enlarging cylinders .823 

• of. 36,93,926.936.937.1099 

(Autocar truck).... ... .923 

automobile, truck, tractor, airplane 

type. 38.39,93.936,938,1143 

average speed of.290 

aviation type (Liberty) .1143 

“ • (Wisconsin) . 63 

back fires and back kicks 62,118,121 

“ “in muffler, ijrobahle cause.461 

balance, four classes of. 806 

“ obtaining of . . . 1029.1030 

balanced, moaning of.813,806 

balking may bo duo to.309 

ball bearing.781 

“ ^ crankshaft. 930.931.922 

bearing aligning reamer. . 714 

alignment by roaming. 790 

clearance at end.786 

end play of.783 

boring tool and reamer.714 

buslnng worn.782 

bushings. 42 

“ die-cost and babbitted.787 

“ fitting to connecting rod.. . . 801,802 

“ how held in place.802 

“ riveted to prevent turning .... 802 

* solid and aio-cast.782 

* “ babbitt and die-cast.782 

“ types of.782 

clearance, meaning of.782 

“ of (Oldsmobile). 805 

knock.H, cause of. 777,782, 783, 460 

metals.781 

bearings. . 41,781 

adjusting. 783,941 

“ and testing after burning'in . , 788 

“ by dressing bearing cap. . . . 784 

adjusted with slums. . 911 

aligning and fitting to crankshaft. 785 

assembling of.802 

babbitting of.789 

boring, reaming and running-in.789 

“ « « scraping.786 

bushings when damaged must be renewed 781 

classification of. ... 781 

cloaranoe must bo allowed for od film, . 789 

“ of. 782,944 

do not overlook oil grooves... 800,801,804 

end play allowed.802 

fitting (Ford).787 

* to shaft, instructions on.802 

grooves in. . 171 

how made. 36 

inspect crankshaft before fitting.784 

Idnds of. . 781 

“ * metal used.781 

lapping compound for..791 

marking and spotting-in of.785 

may bo ourned-in if not worn thin.787 

methods of fitting and aligning.785 

oil-film thickness. 783 

reaming. 789 

running-in in oil. 788 

“ * machine home-made.789 

spotting and scraping. 945,785, 786, 800 

testing lor knocks. 778,779 

* if loose.793 

those which first wear. 795 

tight, remarks on.789 

wear taken up by removing shims. . 42 

bore and stroke, meamng of .... 48,63,76,1074,1078 

“ stroke passenger cars. . . .,. 1058 

braking effect with low gear.960 

(Buda) (truck type). 38,39 

(Buick-six). 71 

fcadiUao). 82 

cam shaft, adjusting. 794 

“ * bearing adjustments.794 

• • four candor. 50 

• “or orankshaU, if out of true.792 

• • replacing front cam-shaft bearing.794 

cams and cam shaft, purp>oce of. 50 

carbon knocks. 778,170,460 

oarburetion. 95 

• (tractor).987 

carburetor priming methods.104 

* adjustment for idling. 96,99,125 

... 663,760 

cleaners, construction of.760 

(Cleveland tractor). 984 

cold: avoid opening throttle full.. 103 

• xcQuires more current when starting... • 325 


const 

(('uni 

(Conf 

cuuli 


Engine compression determines type of magneto. 314 

“ “ good and poor, cause and effect of. 120,121 

* high, advantage; disadvantage.. 766, 766 

“ “ harder on bearings.1029 

* increased as throttle is opened. 766 

“ importance of. 462A 

“ increasing. 766 

“ knock: how reduced with gasket. 780 

* loss of, and effect on power.765 

* pressure, effect and cause 765,766,767,768 

* ratio. 116 

“ “ different engines. 806 

“ relation to cylinder bore. 820 

“ remarks on. 1028,1029 

" test: a comparative test.766 

“ testing . 766 

“ tester, home-made.1037 

“ tilling kerosene.988 

nnerting rud (see aUo “Connecting rod") 

“ “ and main l>earing8, adjust¬ 
ing . 944,783,795 

“ “ pi.ston, alignment of.802 

“ “ “ disalignment of.802 

“ " pin bearings.795 

“ “ pistons, how removed.795 

“ liearing knocks, cause and effect... 796 

“ liearings. 42 

“ “ fitting of. 790,795,945 

“ * • testing.70^802 

“ “ how babbitt^!.801 

“ “ • to detect if loose. 799,778 

“ “on tractor engine . 801 

“ • spotting-in. 800,786 

“ rap . 42,799 

* lower bearings, how burned-in. 788 

“ rnethmls of fitting to crank pin. 800 

“ new, fitting to old shaft. 800 

* on ■'V’’-type engine. 43,806 

“ testing for alignment. 803 

rods aud pistons, lining up of.803 

“ should bo weighed.803 

•uetion, study of. 30-57, lOM 

nentivl).93,94 

neiital truck typo “L4"). 936,937,938 

ig system. 14.5-156 

cooling system: non-freezing solutions.153,154 

“ “ when to wash out. 151 

“ temperature regulators. 149,150,650 

crank and cam shaft, questions and answers on, . . 795 

rase: drain often, reason for. 104 

“ draining of, and cleaning. . . . 167,172,174 

“ hot, probable causes. 461 

“ water in, cause of. 768 

rases, typos of. 41 

pm bearing, if badly undersize.800 

“ * scored or cut.791 

• • bearings worn oval or flat. '791,792 

cranking by hand.... 629 

cranks slow, lights dim, mi.ssing; cause of.567 

cr.ankshaft (see also “(Jrankshaft”) 

" 44,45,46,791 

aligning tools. 804,803 

alignment, meaning of.784 

and cam-shaft end-play.795 

ballbearing. 922,930,931 

bent, alignment of . 792 

“ testing and straightening_ 793,792 

disalignments of.791 

dressing scored bearing. 801,791 

four cylinder.45,46 

end-play, cause and remedy. 786 

if out of true or bent.792 

inspection and repair of.791 

mam bearings, construction of.781 

“ “ most wear lower half. . 42 

oil passages if stopped, use H" drill . 804 

speed: relation to cam shaft. 292,293 

test oil clearances when installing. 804 

throw, meaning of. 44 

throws out of line.793 

welding.744 

whip of... .806 

• * worn, remedy of. 790 

cyhnder (see also “Cylinder”) 

“ bore of, where marked. 824 

• • piston clearance (Continental).938 

“ bores methods of finishing. 821 

“ boring machine, purpose of. 786 

• cast separate. 38 

“ crack in, effect.462 

“ designs and how cast. 47 

“ enlarged, when and how.. 817,820 

• enlarging of: different methods. 821 

I _ . . * questionsandanswers.. 817,824 

finng order, how to tell. 79,78,307 

" head gasket leaks compression, water.... 768 

“ gaskets. 732 

- • nuts, tightening. 715,733 

! how bored.. 817,821,823 

• I ground.....*. 817.821 

numbered. 66 

• • reamed. 8i7,82l 
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Ezixine cylinder lappini: of.821 

^ • leaks.151 

• maximum temperature of. 165 

• measured, how.810,811 

• offset. . 47 

• piston clearance when enlarging.810 

• reamer.711 

• robored to fit pistons .82d 

• regrimiing, prices charged for.S18 

• regroun<l, why and when. 820 

• repair of.814 

• seasoned or heat treated. 818, 820 

• sleeves (G.M C. truck).010 

• * removing and replacing.910 

• thin walls of.822 

- T, L. I, and F head.47,30 

• to tell if firing. 230 

■ troubles of. . . 814 

• types of. 46,47 

• wears usually where rings travel.818,822 

• worn or cut, syinptoma of . 817,818 

oylmders, angle of .... 81,47,48 

Diesel, principle of . ItMt.** 

difference truck and paasenger-car type 937,011,3.8, .10 

(Dodge) side views. 378 

does not deliver full power: probalile eausc.s . 460 

“ • idle, cause_ 118, 120, 458, 462A 1020 

don’t race after standing all night.171, 119 

• run long with spark retarded. 031 

double cylinder opposed. 38,923 

drain and fill with oil monthly. .. 172 

dripping oil, cause of. 108 

dual valve (Stutz) and (Pierce Arrow). 54 

effect of good compression . .120 

(eight-cylinder), bearing clearances of. . 805 

• “ crankshaft. . . 45 

■ * fitting connecting rods 80.5 

• * “V”-type. .82,47 

« « V’’-typo w'ith cylinders 9(P.. 82,47 

exhaust cut out. 49,729 

“ how silenced . 48,40 

• pipe and muffler overheat; probabhi cau‘'C3 461 

• “ diameters.lO.'io 

• racing car, effect. ... 102r» 

• smoky, cause of. . . . 168 

explanation of the four strokes of pi.nton . , 32, 78 

factors which con,sumo power. . . ll.3t 

fails to idle, cause. 118, 120, 4.".8, 462A 462C 

“ “ Start but starting motor oiicrate.^ 486 

“ “ “ cause of.4<)2B, 4621, 11 i 

• * “ during cold w'cathcr.101 

• * * Fordson tractor).99.') 

• * • probable causes.458 

(Falls) used on Elgin car. 1066 

fan, mounted in rear of engine... . 927 

(Hro trucks) how cooled.153 

firing impulses. 78 

• order diagrams. 76,78.81,87 

• * eight-cylinder “ V”-tyne........ 83, 84, 87 

• " four-cylinder how to uetermine.. . 70,307 

• ‘ how to tell. 79, 306, 1 KM) 

“ “of leading car engines. . . . 6.35^10, 10.')l 

• * one and two-cyhndor engines. 76 

• • three-and four-cylinder engines .. . 77,78 

• * twelve-cylinder engine.85,87 

• • twin cylinder.KM)8 

first four-cycle.107.3 

flexibility of control, meaning of. . . . . 101 

flywheel, how to mark m degrees and iiiclieo. 09 

• mark indicating top comp. ex. stroke,... 70 

• “ meaning of.66^70 

• * valve ami ignition timing. 70,306 

flywheels, remarks on. 31 

for motor boat or sled (Ford). 10.33, 10.31 

• trucks. 916,923,926,930,931,9.36,037,938 

force-feed lubrication system. 159,160 

(Ford) (see "Ford engine”) 

(Fordson tractor). 990,991 

four-cycle explanation.31,32,33 

four-cylinder used mostly on trucks. . . 911,937,38,39 

• * vertical type. 38 

• • why does not fire 1, 2, 3, 4. 77 

front-end drive, gears.72, 51 

• * • nehcal gear. .. 75 

• • “ methods. 72,74,75,51 

• • • silent chain. 75.51,730 

• • • system (Haynes).75 

fue]-«3nitem, principle of. 112, 11.3, 462H 

« « troubles. 114, 115, 1041, 462I-4G2M 

galloping, meaning of. 121 

gasket^or. 733,734 

gasoline. 30 

• consumption, increasing m leage of.. 1133,134 

(Gnome Monosoupape). 1151,91 

• revolving-cylinder type. 1151,91 

Golden Belknap and Swartz (model " E.M. 31").. 79 

Governor: engine; transmission; dual drive... 946,947 

• (Monarch). 949 

• (Pierce).947 

• stationary type engine.1004 

• (Waukesha). 939,940 

Governors: purpose, types.946 


Engine governors U8<*d on tractors. 996-998 

heating metluHls ... 106 

high 8pe«Ml.290 

horsepowej, how measuroil...1044 

* meaning of, ... ..1043 

pa.s.sengor car.s. 1058 

horiaont.'ll opposed typo i.Vutoear (ruck). . . 922,023 

idling mljusf ment. 96, 99, 125 

“ fact urs \shieh a.s.si.st 118, 120,132,4.’i8. 462A -4620 

* meaning of. 99 

if baekfires .121,118 

“ heaU up exeeasivt'ly.121 

“ runs smooth on level and ini-s-ses on grade. . . . 121 
ignition s.v'stom troubles.. . .^ 462D-4620 

“ timing (.see "Ignition and Timing") 

ignition (Tractor). 985 

(Indian twin-eyliruler).1007 

inlet and exhaust manifolds. . . . 48,49,50 

internal eorubuation type, iiieaiiiiig of. 30 

(Iiiteriiatioiril oiie-ton truck). 926 

IS not getting enough oil. 167 

Knight, hisii>ry ol . 1073 

knock causes and retiUHlies 460, 778, 779, 780,777, 1108 

“ clr\eloped after being overhauled. 802 

“ diK'ti> instoii slai).779 

* (f'ordson tractor) . 995 

“ how to locate.777 

“ “ “ “ by sound.778 

“ locating, with uir pump.779 

* pieigmtion.780 

“ probable eau.sos. 400 

“ Hjiark, gas and compre.ssion, iiicaiiing of... . 778 

“ when bearing bushing becomes worn. 782 

"I, "-head. 33 

lack of flexibility, proliablo eau.so.s. 459 

lacks power (Forilson tractor). 995 

(Lafayoite), specifications of.639 

lap of power strokes (1, tl, 8 and l2-o.vl.). 87 

(Liberty) .1142 

lifting device (Ford).1135 

loja's or loads up, probable cau.ses. 469, 114 1041 

loping, meaning of. 118, 121 

loses power, why. 705,59,61 

)o.Hs of compression and ill effects of.820 

lubricating of, when ovorliauhng . 604 

“ oil, kiMil to use. 165 

“ “ tests of. 105,166 

lubrii ation (Cadillac). 83 

“ ((’ontinontal " L4 ”).9.30 

* (Fonlson tractor) . 992 

‘ (Franklin). 92 

“ full-force-fced, example of.937 

* (King eight). 160 

* not o|>eratiiig, causes.462 

* purpo.se of.l.')8 

‘ racing cur, 1025, l()2»k 1027, 10.30, 1031, 10.12 

* (.Studebaker Light-Six). 161 

* Hy.stom (Ford). 1.69 

* “ typos of oil gauges.164 

“ “ used on passenger cars,. 10.66-1059 

* 8y.steins. 157-163 

* “ early methods. 1.67 

“ tn)ubh*3. 167 

* (White truck).931,9.32 

rnagni'to speed four- and six-cvlindor. 293 

main beaniig adju.stmeiifs (Old.stuolnle ‘'4,6B’’). . 805 

“ bearings, adjusting by removing shims.. 783,944 

“ “ ahgn-reaming of. 790 

“ * bur mng-Mi of.787 

“ * “ nmning-in, boring, roaming 787 

“ * en<l play of, cause and remedy. . . . 786 

“ “ fitting, pointers on.. 780 

" ■ marking or spotting in. 785 

* * number generally u.snd. 41 

“ “ “ ^ used on leading cars. 41 

* * rnn-in in oil or burnished.788 

“ “ spotfuig-in ami scraping. 78.6,780 

* “ testing after adjusting . 78.3,784 

“ “ “ and arijusting after fitting.. 786 

“ “ tools for scraping.785 

make on pa.ssenger cars... 1058 

inaki'H an unusual hissing noise: probable causes.. 461 

luanifohl gaskets.7-3.3 

marine type . . . . 1(M»4 

mark on flywheel (top of ex. and comp, stroke) 70, 307 

miH-ses ut all Hr>eed8 . 206, 460, 119, 121, 221, 459 

“ “ high speesl: probable causes.4.69 

“ * “ speeds (magneto): cause. 309,312 

“ “ low speed: probable cauw's. 4.69 

“ ■ “ speeds (magneto), cause of. 309,312 

“ explosion, cause of.2.(8, 459 

* on grade or hard pull, runs w ell on level... 121 

“ when driving over rough roads. 223 

* • idling or at light loatls.209 

* with spark advanced. 296 

■ “ spark retarded .296 

missing explosion: allows gasoline to get into oil. . 167 

(Mitchell model "F”). 51 

(motorcycle) eompreasion relief, purpose of.1009 

“ (Uarley-Davidson) .1009 

* ignition timing.1010 

* liPeciflc^aUoos of.1068 
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Engine (motorcycle) twin-oppoaed type (Indian).1009 

* “ valve timing.1009 

moving parte. . 36 

(Naab). 39,41 

new: use plenty of oil, reason for, ..... . . 171 

non-freozins solutions (see “ Non-froezing”) 

numl)er; where usually located.1051 

oil added to. 167 

“ dilution test. 1075 

“ does not flow through pipe, test of (Dodge). .. 164 

• how to put in.938 

• kind to use.939 

“ leakage, causes of. 462 

“ level gauge, bayonet typo.162, 172,936 

“ lighter grade in winter. 172 

“ pan, replacing of (Ueo). 784 

• passages, cleaning of.804 

" pressure afijustments. 938,937 

“ “ regulation (Oldsmobile).804 

“ to use (Buick).... . 174 

oiling system, inspection of.938 

oils: best generates little gas . 166 

old, advantage of using low-gravity gasoline.104 

open throttle before stopping .104 

overhaul (Waukesha truck engine) . 044,945 

overhauling of. 757,758,731,938-015,603 

overheat! cam shaft and valves. 91 

* valve type: usually greater compression. 766 
overheating, causes of. . . . 152, 301,460,995,1108, 121 

** steaming, feel radiator. 151,150,152 

(Overland "4 ”).39,40 

(l*aokard Twin-six).85, 86 

paint.647 

parts. 36,37.41,93,94,806,936,926, 10i)9 

" oversize. 811 

* to be lubricated. 158 

Passenger cars; specifications of. 1066-1069 

(Pierce Arrow). 54 

piston (see also “ Piston”) 

* aluminum alloy. 43 

* and connecting rod, removing of.796 

“ clearance (Continental intKler”N”). 43 

“ * meaning of . -... 43 

* clearanoe, passenger cars ..806 

* “ too great; cocked piston resvilts . 803 

" cylinder; size of, where marked. 43 

* displacement, meaning of.1046 

* * passenger cars. 1058 

“ measure<l. how.810,811 

* must work parallel with cylinder bore .... 803 

, * number of rings usually fitted to. 809 

“ offset, meaning of. 48 

“ (oversize) (Continental).938 

* pin r.nd btishings, removing.796 

* “ bushing, fitting. 797 

* purp'jse of.807 

* ring fitting to worn cylinder.. 811,818,814,822 

" rings, purp^we of..*. 825,44 

“ speed, meaning of.1042 

* standard and oversize (Continental).938 

* vise. 797 

“ whbt made of.807 

plain bearings; type used moat.781 

power, how to obtain greatest percentage.1134 

* increasing; ether and picric acid.1033 

* strokes, how lap.87, b5 

priming cups.681 

principle of for truck use. 911,937, 38, 39 

* “ operation .30-35 

prony brake, test of.1046 

pumping oil, causes of. 168 

<iuick pick-up; acceleration. 101 

racing of, causes overheating. 153,171 

radial and rotary type. 1078 

rating: 25-35, meaning of. 644 

Hod Seal (see ‘‘Continental”) 

remodeling for racing (Ford). 1025,1028 

removing carbon from. 763,1108,1109 

• parts (Fordson tractor). 992 

repairing. 781-834 

* (Waukesha).938 

requires more gasoline in winter. 105 

revolutions (r.p.m.): (Rolls-Royce).1069 

right and left side of.83,80,54 

“rock,” meaning of. 121 

rocks on compression. 121 

rotary-cylinder type. ^ 

* valve type. W 

runs few minutes, then stops; probable causes-459 

* on lees gasoline and more air when warm.... 117 

* smoother at night, why.644 

* well, low throttle, backfires, high speeds. 122 

* • but car drags, probable causes.461 

running-in after fitting piston and rings. 833 

• “ when new. 171,633 

should not be slowed down by retarding spark. . 35,306 
single cylinder horizontal. ^ 

aix-cyhnder. 

“ “ camshaft. 60 

• • crankshaft. 

* * firing order. 81 


Engine six-cylinder ” unit power plant”. 38 

“ sleeve valve type. 89. 1069 

* “ “ finding jKwition of piston 307 

“ • ■ (Stearns-Knight). 88.89,90 

* * • overhaul fWiUys-Knight).... 1069 

slowing down, correct method of. 35,306 

slows down, back-fires. 462B, 4621,118, 121 

“ . “ stops. 4621 

8i>ecifications Duesenberg car.1002 

“ Ford rao<ieT*'T” car. 1081,1082 

“ (Nash quad truck). 962 

■ (Pierce Arrow car).1070 

“ ( Rolls-Royro car).1062,1069 

“ (Star cAr).1070 

8pec(l; how controlled . 33,34,99 

“ “ nraitioii commutator helps ocmtrol. . . 193 

“ * increased for racing. 1024-1033 

“ “ to slow clown or increase.35,34 

* relation to tire and road wheels. . . . 1050, 1016 

“ taxicab. 97S 

“ tractor typo . 996-998 

“ truck anl tractor use.38, 39 

* using governors.938 

“ where generator i.s charging battery.334 

* why increa.scd by advancing 

spark. 306,34,35,201 

stand, a<ljustablo.671 

“ for running-in after overhauling.789 

stands, axle 8tand.s, and hoi.-^ts.67.1 

starter, electric.319 

“ for passenger cars. 1059 

starters, types of.317 

starting. 20,629 

“ if crank lost, starter out of orcier.1011 

“ in cold weather 1127, 119, 462B, 556, 563, 1033 

101 

“ • ■ « heating methods. 106,149,650 

* magneto ignition. 309 

* methods.317,318 

* must be cranked: why . 96 

“ on Ignition, principle of. 268,317 

* position of spark lever.629 

“ retard spark lever. 204 

* two ea*»entials necessary.454 

* use of choker. 101 

“ “ “ ether .1033 

starts but mi.sse.s, probable causes.458 

“ “ sneezes III carburetor; probable causes. . 45(S 

* • will tiot pull, probable causes.458 

stationary, ignition timing of.304 

“ parts. 36 

" type.1004 

steam; (Doble). 1019 

“ (Stanley).1017 

(Stearns Knight). 88 

stops suddenly, probable causes.459 

“ slowly with misfiring, probable causes.459 

Btraightr-eight crankshaft. 45 

“ “ cylinders. 82 

stroke, bore (Duesenberg).1069 

“ “ meaning of. 48,63.76,1041,1078 

strokes of.. . 32,33 

“ “ piston relation to time of spark. 291 

(Studebaker model “ ”). 51 

super-charger, meaning of. 1078 

temperature: factor in using oil. 165 

testj oar geared low or high.642 

testing after burniug-m bearings. 788,789 

“ compression.7^ 

“ • of, with a gauge. 767 

* if purchasing a second-hand car.641 

that is run without oil. 167 

••T”-head.30 

three-cylindor crankshaft. 45 

^ * ■ firing order of.!. 77 

" three-point” and “four-point” suspienaion of,,.. 41 

timing gears. 52 

" “ meshing (Waukesha). ....939 

“ • (Reo‘‘T6,” “Ufi”). 72 

to obtain a slow even pull of without missing. 120 

top d. c., meaning of . 63,66, 70,306 

torque, meaning of. 1043,1045 

of (Dodge).1043 

" “ (Ford) .1043 

■ • (Rolls-Royce)...1069 

tractor, specifications of. 996-998 

" those using water with fuel. 999-1001 

* type. .. 39.981,985.988 

specifications of. 996-998 

troubles and causes (Fordson tractor).995 

* digest of.458,462A. 462B,462I, 462L 

which cause knocks.777 

truck and passenger car: difference between.,!!!. 937 

■ (Continental ” L4 ”). 936,937 

specifications of. 966,977 

! type.vii, 38.936 

u»e. 38,39,94,911,916.923 

, , .. j 926.930,931,936,937.938 

twelve-cylinder. 84,85 86 

* • crankshaft.’. ’45 

twin-cyhnder . 1007.1008 

V”-type. 38,47 
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Kngine twiu-eylinder “V’ -type crankshaft. 45 

• * SIX.»4,85,86 

• two-cyde, principle of. KXKl 

“ * cylinder crankshaft. 45 

“ ** essentials before it xv'ill run. 117 

“ types of. 88 

“ unit-power-plant, meaning of. 41 

“ use<l on passenger cars. 105ti -10.'>9 

" valve caps, replacing of. 772 

“ “ clearance (see also “ V'alve clearance”) 

• " “ adjusting eight-cylinder V-typp 88 

“ " * adjustment 59,77t‘iB 

“ “ “ (Packard Twin Six) ... . m 

** * * purpo.se and meaning of 57-59,78, 77tiB 

* “ grinding.5<l, 770.1105 

* • “ (ChevrnU't^ . 57 

* * guides can be replaced.9.tS, 770B 

* valveless type UKM 

" valve location (liberty). 51.114."i 

• *• “ .5.1,54 


parts . 

tinung (huick) 

“ by Hy wheel marks 
“ “ piabm pvKsitiou . 

“ (Continental) . . 

“ (Dodge) 

“ (Hudson) 


.54. 709 

. 71.1052 

. 911.942,10.54,00 
942. 1108. 10.54,70 
. . 9.1,94.980,987 
71. 1052 
70. 1052 


(Hupnmbile). 74,75, 10.52 

. 70. 105.4 

.941 


(Loconmbile) 

" “ “ (Waukesha) 

“ valves (see also '' Valves”) 

“ “ grinding of. .50,770 

“ valves-in-the-head (.Vash).19,41 

“ “ on-the-side . . .89,40 

“ “ open too late or early.110.8,38,02 

“ “ purposi* of. ... 52 

** “ tynes of. 778,55 

“ “ w fiat made of ,51,778 

“ vibration and balance, relation of. . . . 805 

“ volumetric elficiency. 402A 

“ wanning up of.10.5,119, 1.50 

“ water circulation, thermo.stat control of. . . ,119 

“ “ cooling of. .. 11.5 

" “ temperature beat.152 

“ “ “ how indicated, regulated. . 11.8,119 

“ “ thermostat (Cadillac).1.50 

“ when one eyi is on power what are the rest doing 78 

“ (White truck 3-ton).982 

* (Weidlcy). . 91 

“ will not idle, causes of.121,4021,1041 

“ .** * stop when switched off, probable causes.. 401 

“ with cylinder aleevea or barrels. 39 

“ wrist or piston pm bearing. 42,797 

* (Yellow taxicab).979 

ngineers’ single-end wrench, illustration of.090 

iigli.sh-French dictionary. 1079 

Enlarging a cylinder, necessity of .814, 812 

“ cylinders, clearance of pistons. 810,814B 

Insign carburetor, principle and adjustineiit of.. . . 927 

.ntz electric transnussioii.1019 

I D., meaning of. 00 

l.P.M .meaning of.107.5 

iquolizing traction, meaning of. 012 

Equipment and supplies usually required in a garage... 070 

** for brake service shop . 890,897 


“ camping 0.59 

“ “ repair shop, importance of. 7(X) 

“ a <♦ h or service station. 091,700 

“ ** soldering .720 

“ “ storage-battery work. 580, .581 

" of machinery for a small shop . 092 

“ “ motor vehicles reipiired by law.6.58 

f^ex Delco electrical cirouit.s.405 

“ engine: spark plugs, how fire. 10.52 

“ " valves, clearance. 1052 

“ gear-shift movement and engine firing order .087,1052 

“ Ignition timing. 208,303,1052 

model “A”: timing spark of..302 

" oil-pump adju.stnient. 102-164 

“ spark plug, size of.230 

* specifications of. 1052-1061 

“ valve-clearance adjustment. 68, 1052 

“ valve-timing specifications.1052 

Estimated horsepower.1044 


Ever Ready mechanical starter Tor engine. 318 

Exciter brush, meaning of.1075 

Exciting generator fields.497 

Exhaust and inlet valve caps, purpose of. 60 

“ box, meaning of.1075 

* cams; usual^ wider nose than inlet cam. 65, 56 

* coil (Delco-Stute) ignition.417 

“ cut-out. 49,729 

• “ * fitting of.729 

■ - « outfit.729 

• gas heating of carburetor. 106,107,108 

* heating, k'vosene fuel. 087-990 

• ‘ of car. 156 


Exhaust horn or whistle.. 443,739 

“ how silenced, principle of. 48 

“ • to give racing-car effect (amplifying of)... . 1025 

" manifold ooustruction. 49 

“ “ divided type. 50 

• • oaint. 647 


** how connected to exhaust manifold. 48 

“ when termed. 48 

pressure-feed engine lubrication system. 157 

“ fueJ fe«.d . in 112 


shunt valve (Holley vaporiser). 989 

smokv, ciiuse of .lh>8 

stroke top d. c., how to tell. 70, 79, 306, 942 

spark plug, nioaiiiiig of . 216,417 

stroke of a gasoline engine.32, 88 

valve, average closing and opening of.68, 75 

“ cap.<«. where placed on engine. 87,50 

“ cltvsi ^ when 7 .31 

“ opemug and cliMiiig {Hsritxl.64.7.5 

“ •g)en« too early or late, effect 38,62 

“ pui pose <.>[ 5{ 

“ MMittirks on oiHUiing ai>il closing of. 61 

“ requires more gniidmg; why. 56,779 


“ » m weak, cause and effect of. 776 

“ " sltMii carbon coated, cause of.769 

** « s clcanirico loss than inlet: reason.... 58 

“ valv»«: how plai'cd on 3'and L-hciid engine. 58,54,87 

“ “ mercury Cooled. 56 

** “ next to water jacket. .51 

* whistle, fitting, of. 729 

1 .xide age or dating 0(>do. 523 

“ batteries, l apacity of . 62.3, 571 

" " types iiuluated on name plate..52.1 

** battery chargiiig rates. 575,57.1 

“ “ disaasombling of. 586 

“ “ rea-ssembling of.588 

“ ’* table for i ml ini and retiair charge.577 

“ type ”3-X()R-13," buttery shown III section.527 

E.\-(). ineHnmg of. 66 

Expanding piston tapper.816 

“ reamers .714, llJ8 

“ type carburetor, piinciplo of.102 

** ** clutch . 21 

10xpaii.smn and contraction when welding. 744 

“ force in n'lation to piston. 30, 31,3.5 

“ meaning of.107.^ 

** of gase.<} in a gasoline engine. 80 

* pressure, nieamng of. 765,1041 

Explosion ill mufller, cause of . 121,461 

“ meaning of. .80 

* occurring at the right time or too early. 8.5 

* pri'SHiire, ineuiung of .116,76.5 

lOxtcnsiori or syplmn tank on radiator. 148 

“ socket wrench.1086 

* type of water temi>erature indicator. 149 

I'lzy Out, for removing broken studs. 716 


F 


Fabric construction of tires. 608 

“ flexible universal joint. 861 

“ urea; air pressure, wheel load of.593 

“ “ standard sizes f<jr passenger curs .694 

Fabroil gear, meaning of . 75 

Face of gear teeth, meaning of .h(jy,874 

Facings lor clutclies.897 

F. A. generator (Ford) troubles, tests, etc .. . .512 to 617, 

Fahrenheit, meaning of.1075,1048 

Falla engine, view of. 1066 

Fan, attention required . 1*50 

“ belt, adjustineiit of. 146 

" ** slipping causes overheating. 15.3 

“ “ tightening (Fordsmi tractor)...994 

“ blades, how to draw more air. 153 

“ dynamometer.1044 

“ how draws air through radiator cores. 146 


- - of.172, 

** mounted in rear of engine. 927 

“ not working properly causes overheating. 153 

“ picks up oil oozing from bearings. 168 

* types, adjustment, purpose. 146 

Farm-lighting plant.1002 

Faure-typa storage-battery plate.537 

F. B. electrical testing devices.5(XJ, 564,607 

Fedders radiator. 148 

Federal truck rear-axle ratio. 9 

Feeler gauge for testing piston clearance.811 

Feet, inches, minutes, seconds - symbols of.60,704,1050 

Felloe band, aizes for tire rims.607 

“ bands, purpose of. 606 

Felt and cork gaskets, use of.784 

Female threads, cutting of. 709 

Fender, canvas for speed cars.1032 





























































































































































1180 


GENERAL INDEX 


Ftnden, painting and enameling of.728 

“ piupose of. 4 

* toob and pointern for etraigbiening. 727 

F-head type cylinder, meaning. 47 

Fiat true cellular-type radiator. 14S 

Fiber block Delco contact-breaker, if wears. 220 

“ meaning of...1075 

Field and field coil, meaning of.1075 

“ brush, purpose of (Reiny generator).359 

• circuit of generator, where starts.332 

• coil connections to brushes (Ford generator).... 503,504 

** “ tests, for open circuits.614 

• coils, replacing on field nolcs.502,603 

“ “ reversed when replacinj^, test of. 503 

" “ tested by millivolt readings.467 

• fuses in most third-brush regulated generators.302 

■ ground tests with light. 482 

“ magnets of magneto.242 

• polo polarity, wound left or right hand.. . .354 

“ ** windings of starting motor.320,327 

“ poles, if loose. 448 

** “ multi-polar and bi-polar, meaning of .320 

• “ of generator detachabloj non-detacliable.. 502, .503 

• « « “ magnetio circuit of. 357 

** « « generators are electromagnets.339 

•• “ “ magneto. 212 

• • « starting motor, how liecoriie magnetized.. . 33.5 

• “ * “ “ usually four. 335 

“ “ which can be removed. 502 

• - - end is N and S ..3.58 

“ short-circuited or grounded, machine may operate . 502 

• winding testa of generator and motor.4H7,4SH, 4.S9 

• “ troubles and testa. 501 

• windings (Delco motor-generator).386 

“ “ of direct-current generator. 315 

• “ “motor-generators..367,308 

• • « Htarting motor... 326, 327 

Fierce clutch (see also “Clutch grabs”).401,8^18,839 

Filament at focal point, meaning of.438 

“ of electric lamp bulb, purpose of.432 

“ ** “ “ bullis: double filanuuit.43.3 

“ “ “ “ carbon, tung-^ton.431 

Filaments of cloctrio lamps, made in difTerent shapes.432 

File, bastard cut, illustration an<l purpose of.717 

“ (lead smooth, illustration aiKl purpose of.717 

“ (Umblo cut, illustration and purpose of. 717 

“ open-cut float, illustration and purpose of. 717 

“ rasp cut, illustration and purpose of .717 

“ second cut, illustration and purpose of . 717 

“ single cut, illustration and purpose of .717 

“ smooth cut, illustration and purpo.se of.717 

Files, how to uao and different kinds of.716, 718 

“ li-tt of forshop use .696 

Filing, how done.718 

Filler cap, vent hole of gasoline tank, purpose. 4621 

Filling material and fluxes for welding.711.746,747 

Fillister head machine screw, illustration of.706 

Film of lubricating oil, purpo.so, meaning. .. 16S, 169,782,827 

Final cotnpre.ssion pressure .1 H* 

“ drive eystein, passenger care. 1().50-1()63 

Finding polarity of field poles (Ford generator) . , 50.3 

* pasition of piston. 65, 70,79, 302, 306, 942 

Fins of radiator: spiral and flat. 147 

• “ “ how to repair.738 

Fire extinguisher, how to make.670 

“ for cooking when touring. <>59 

“ how to make when touring. (»59 

“ if gasoline.10.3,641 

“ jdug, parking near. <152 

“ pot, purpose of .719 

" truck engine, how cooled . 153 

Firestone type, A, B, and C tire rims....597 

* “ E split ritn. 698 

Firing impulse, meaning of.; - • • •.. 1*^ 

“ order arranged to decrease vibration. 77 

“ “ (Buick). 220 

• • Cadillao (type 61-61).81. 21.5 

• - “ (tyP®V-<i3). 1051 

- “ charts.76,7.8,81,84,85.87 

- - (Chevrolet 490).63.8,303 

• “ (Continental “LI” truck engine). 9.36 

“ “ diagrams of engines.7<l, 78,81,87 

« • (Dort). 200,208 

“ “ engine, how to tell. 307,79,78 

■ * (Essex). 208,405 

• “ (Ford engine).1100 

“ “ 4-cylinder entwine, why does rot fire 1, 2, 3, 4 77 

■ “ (Franklin engine).424 

■ ** how position of cams gox erns .. 78 

• • • to tell. 79,306-307,1100 

• * (Hudson). 208 

• ** (Liberty engine).1150 

• - (Maxwell) ^6) . 303 

• • (MitoheU) (F). 302 

■ “ motorcycle twin-cylinder engine. 1013 

• • not known, how determined. 307 

’ • of an eight-cylinder V-type engine.83,84.87 

“ « •» engines. 76, 1051 

• • four-cylinder engine, how to determine.. 79,307 

• “ “ leading car engines..636-640,1051 

*• ■ one and two-eylinder engines. 76 

• “ “ six-oylinder engine. B1 


Firing order of some of the leading cars. 635 

“ “ “ three and four-cylinder engines.77,78 

“ « «six-cylinder engine. ... 81 

• • «* some of the leading cars. 635 

• ■ “ three and four-cylinder engines.77,78 

• ■ (Oaidand) (6-44). 418 

* • (Packard eight). 407,45 

“ “ (Packard Tw in-.Six). 217 

• “ pasijenger cars (1924). 1061 

* • (sje “Wiring diagrams”). 

“ “ (Pierce Arrow).217,1070 

* “ relation to cam, crankshaft, piston. 78 

■ “ sleeve-valvo er:trine (Stearns Knight). 89 

• “ (Studebaker) (EM).416 

* “ twelve-cylinder engine.84, 86 

* “ twin-cylinder inotcjrcycle engine.1008 

First auto club in America.1073 

“ automobile.1072 

“ “ race.1073 


* “ sliow .1072 

“ engine, four-cycle. 1072 

* ignition coil, high-tension.1073 

“ pneumatic tiro.1072 

^ “ rubber tire.1073 

Fitting bearings on a truck engine.944,801 

“ “ to crankshaft. 785,787 

“ connecting-rod bearing to the shaf t. . 709,800,802, 806 

* electric horn to car. . 444 

* exhaust cut-outs, exhaust horns, shock absorbers. 729 

* generator brushe.H, new. 494 

* leather to clutch rone. . 843 

magneto to engine frame.287 

* motor bnnhes . 494 

“ piston if not lappc.I.813 

“ “ pin bushing. 797 

* * pins. 798 

; ; nngs.825 

to groove.s of pistons.832 

** truck wheels with pneumni 1 C tires.628 

Fittings for gii.soline pipe line .... . 681 

Fixed hub or semi-floating rear-axle shaft 15,10,863,864,867 
“ - « “ « « “ (Timken) 

, 803, 805, 800, 15 

"spark, meaning of.2S9, 297 

Fixtures and supplies for a garage.670 

“ for garage.670 

* “ lianclling lubricating oil.s, v,astr, grease.670 

* “ repair shop .670 

* “ stock room.’ [ 678 

Flame color fuehz«‘r mixture.. . * 140 

• “ good spark . 23286 

• propagation, meaning of. 290,304 

riango and round type of gaskets, u^o of. 733 

Flanged, hub-typo rear axle .15, 10, 863 

Flanges of carburetors, S V h). siz(-( . 109 , io50 

“ removing from rear-axle drive shafts... 870 

Flanging copper tul>ing 722 

Flank contact of gear tc(dh, meaning of.869,870,874 

“ of gear teeth, meaning of. .869 874 

Flap o\ er inner tube, placing of.. '601 

Flash ancl burning points of oil .. .165-167 

I'Ut file, illustration and purpose of.. 717 

“ head screws. \ 7 O 6 

“ of thread, meaning of.707 

“ on commutator, cause and meaning of.!! i 608 

• rate system of charges for overhauling n car. !. . ! 758,759 

" wrenches, open-end.696 

I'lcxiblo service connectors. .]. | 583 

“ steel-armored wire or cable . . . .!!426,428 

Fh’xibility of control of engine, meaning of *101 

Flight: heavier than air machine principle of ... . ...! .1022 

Flint gear shift .. . . . . . 638 

Fhvverboob, meaning of .. . .1075 

Flout, cork, how varnished .. 123 1132 

• heiglit of carburetors .123 

• level adjustment Ololley carburetor).. .1132 

• “ “ (Kingston carburetor).1129 

• ■ “ various carburetors.123 

• * * (Zenith carburetor). 123 

■ " of carburetor, meaning of . 97 123 

■ of carburetor, adjusting . 1132 

I I I coating of 1132,123 
logged, meaning of. 122.1132 

• . c k II i>'Ctal, leaky. . 122, 123, 462K 

Sehebler motorej'cle carburetor. 1014 

• • Zenith carburetor, Liberty engine....!!!.!,!!! 1148 

" needle valve of carburetor, purpose of...... . . 97 

• of carburetor, purpose and testing of..... . .. 96,122 

• “ . “ , small, air pressure re<iuired. ... .’ .*112 

• troubles and adjustments (carburetion). 122,123 462K 

type engine oil-lovel indicator. 1(^0 105 

• “ gasoline gauge.Ill 

• vacuum fuel-feed system, repair of....! .. 114 

■ valve tester. 1039 

Floating storage battery on line, meaning of . 334 

• type of rear tt^e . V.... 15 , ie 853 

Floor for garage, how to build... / 667 

Flute drills, purpose of. !!..!!.!.* 711 

Flutes, meaning of. !!!!!!!!!!!!]* 710 

Flux and solder for radiator repairing.] * * *740 736 

• magnetic, meaning of. !!!!!!!!., , 1076 

• nr acid for soldering metals, also braxiog.721 
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Fluxes and filling material for welding. 744, 74fi, 747 

Flywheel application of starting motor. 

• circumference, how to find. fiO 

• diameter, passenger ear engines.10">l 

• how attached to crankshaft . 37, 02fi, 03, IMl 

• “ marked for ignition timing.70,301.31)2 

• « « “ top comp, stroke. 70. 302, .107 

‘ « « « « ex. stroke. 70.302,307 

• « valve timing 0,'j, tifi, 07, 00,70, 300 

• “to convert degree marks to inches. OS 

• mu ^j^greea of... . .00, t>') 

• « « maik in degrees and inoliea. 09 

• knock, cause and testing for. 77S 

® loose, testing for.778 

" markings for ignition timing (Franklin).424 

• marks, meaning of. . 05-70 

" meaning of .. . 1070 

■ on multi-c.\ hnder engines lighter.31,77 

purpose of . 31 


Ford electric lamp hiilbs: base, voltage, C.D.. ampere® ... 433 

1179,1127 


elr 


remarks tin. 
where fitti'd i 


31 

37 


Flywheels tandem, meaning of. 1078 

Foeul adjiistnieiit for ditfeient lenses. 4v{9.4i2 

“ point of re Meet or. 430 

Focusing of headlamps and meaning of... . 431, 43S, 4;i.''», 4 42 

Following tai), purpose of. 710 

Font and hand tiro-i'ir nuiii|)S.022 


brake, also teimetl »cr\ice brake. 12,.kS9 


“ “ n'fjuires more adjustment. 

“ designation of. 

^ pound, meaning of. 

“ poutula torque meaning of .... 
orce feed and splash; engine lubrication system 
“ « •• lubneation system (Studid 

“ “ engine lub.ication system. 


101 , 


sss 

t.o 

1070. 1043 
;, 1<U5. 1070 
.. .. 157 

ikiu ) , , l<il 

159, mo 


'^Continental “7H”) 93 

** water-circulation syatem f(,r coulmg engine. 140 

Forced drauglit an-cooling sn sDmu . , , . .. I5ti 

Fore-and-aft method bteeimg gear.8’i8,900 

“ steel mg iiwt hod . 10 

Foi Oman’s desk , . . . .OtiO 

Fold accessoiies, fitting: prices to ehaige.700 

“ ampeie meter.1122 

“ automobile (model "’f”) . lOSO 

“ battery charger (rectiliei)... 1139 

brake oiaiiK'tcrs .10S2 

_ 10H2 

. . 1138 

1097 
lOSn,1081 
. 758,759 


^lining .size.. 

** tran.s band.s chatter. 

brakes, pointers on. 

ear, jiarts of . 

“ prn es for ovei hauling, ns an oxomple. 


carburetor caily model .10'», lOt) 

“ float adjustriieiiL. 1129,1132 

“ heating system. 105 

- (Holley). 1130,1131 

- (King.ston). 1128,1129 

“ needle-valve adjustment. 1127,1132 

“ repair outlit. 123,11.32 

- troubles . 1128,1129,1132 

« types of . 1127,1128.11:10 

* wiencli.113.0 

ears, prices of.. .1080, 1124 

chassis, dimensions of. 1140 

“ for commercial use.1110 1141 

“ lubrication of.1081 

^ Chevrolet axle stand . 674 

® universal engine stand. <>74 

circuit diagrams: tw'o cohtrs. ..1125-1127 

closed van body.1141 

clutch. 1088, 1091 

“ assembly of.1094 

* control of .1091 

“ if slips in high speinl.1092 

• * * or drugs.1091 

combination bodies for. .IMl 

commutator, oiling of.1084 

construction in general.1085 

cotter pi ns for. 1139 

cranking engine. .. 1081 

crankshaft bearing pins, diameter of. 788 

creeps when cranking engine.lOttl 

cut-out, action of. 1122, 519 

“ • principle, troubles, tests. 519,520,506 

data on.1080 

device for cleaning oil pines... 113<», 11.37 

• “ compressing clutch spring.1137 

• “ lifting engine. 1135 

■ • “ valves.1136 

• “ priming.1134,1136 

• • protect’ng wind shield.113.9 

• • raising front of car.1135 

• * • rear of ear.1135 

■ • rear-axle work.1138 

• • removing torque tub^.1137 

• “ replacing traH'.missum bobs .1137 

" “ towing .1135 

■ to eliminate starting crank rattle .1139 

• “ obtain power from rear wheels.1140 

differential, parte of. 

Note: Reference to "Ford" above, pertains to Modd "T** 
Index" for later Ford material. 


cMrical ciicuits, tracing of..1124 

“ system and the eight circuits . 1119-1127 

le Mild car speeil.1080 

battery tliseoiineoted, optuating with.1123 

beiinngH, aligner reamer for.1137,714 

“ are babbitt. 782 

lilting.787 

“ Miavdiine for boring, ulign-ronming . 790 
“ mam, adju.sting .. . 1106,1107 

“ main titling by boring, reaming . . , 789 

“ running-in on drill press.1137 

cam-^»h:ift bearings .794 

* “ removing. 1107,1108 

“ “ speed aiul gears.1100 

CHI bon removal . 1108, 1109 

etjuipiesj^i.in, if iucieaseit...1136 

“ poor .1103 

‘ THtioof . 116 

connei iiiig-rod beai mgs.1106 

“ “ “ adjusting.1106 

coolmg system .1080 

cinnkf-.h!ift etivl play.1107 

“ “ leiMJVing....1107 

cylinder 

“ head cap screws broken...1110 

“ •* gasket, reiiliieing.1109 

“ “ removal .1102 

* standard boie.811 

" when and how iiiueh to enlarge. 8l2 

ileviee for lifting .1 ItM." 

diuining oil. . I0S4 

fan pulley, removing.1108 

filing Older and iiiunes of parts. 1101,1100 

for motor boat.1033 

“ “ sl.‘d.10;i4 

gaskets, liow to lit ...1109 

guide serews for gaskets.1110 

kno' ks, rauscs of HOP 

loo.seneNs in rear engine bearing.1107 

lulirieation . 159.1083,1084 

riiissiiu'. siniie causes of.1111 

numbers of .1080 

oil: kind to use .1084 

“ pqie, eleamng... 11.36,1137 


ovi'rhaiilmg.758 

civei heat mg eauses .1108 

ov<T-lubi ieati n of eyimders.1109 

oversize valves and guaies.1 l()3 

piston and ring.s. 1102 

position «>f pistons wlien valves open, close, . 1 104 
ludiator hose size .1080 

reidaeiiu^ in friiiie.1116 

runmng-in.1102 

“ “ Htainl . 789 

spark plug constantly oily, eivuse of.1109 

Hpei'ificatioim of . 1099,1080,1085 

HjM'ed of, per mile.1080 

starting. 1082,1083 

“ -crank ratchi*t, removing.1108 

• in c<ild weather.1127, 1128, 119 

nc timing gear.1100 

“ “ meshing.1104 

torque and h j>. lOSO,101.3 

valve clearance.1 105, 1052 

“ grinding. 110.3,770 

“ noi.se, one cause of.1101 

“ H[)rings .1105 

“ tapjiet worn .1104 

“ tappets, instHlling, ni-w.1108 

“ timing, cheeking .1103 

" “ of .1104 

valves: ideal seat.1103 

** location of.1102 

water pump for .1108 

will nut run: test for.1117 

fan lubrication.1085 

flat lorry body.1141 

front axle, disconnecting radius rods.1088 

“ “ removing .1087 

“ “ spirrJIe binhings ati<l arms.1086 

* “ Htraighteniii'4 .1088 

“ wheel Hi>indle as.sernbly .1087 

“ wheels, a Ijustiiig . 1087 

“ “ alignment of. . 906,1088 

* removing, testing of. 1086 

fuel fee<J, gravity 112 

garage, smallest size of.1082 

gasket sets . , .11 !0 

g.asidiMe tank gauge . 1082 

gearratio .1080,8,0 

“ “ for racing. 1098 

grease leaks from rear axle h«ibs. 1098,1085 

greasing of.1084,1085 

generator. 1121,510 

Ford, a great deal of which has been deleted. Bee "Supplement/iry 
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Ford generator and motors oiling of .1122 Foi 

“ * armature, type. 1121 

“ “ bruflhea, installing.1123,517 

“ “ charging circuit.1126 

“ • * rate of. 1121,516 

“ - •• speed of.1122 

* disconnected from battery.1123 

motoring test. 491,510 

* neutral position of brushes, how to locate.. 360 

** operation of...1121 

* output, to increase or decrease.516,517 

“ removing.1123 

* sanding third brush.1123, 6i7 

* setting third brush. 1123,516 

“ tests. 512,513,514,515,516,1123 

hay and straw wagon body. ..1141 

headlight and taiMight circuits.1127 

ignition.1110 

*• adjusting.:. 222,1110-1118, 1126 

“ and lighting switch.1122 

" coil, adjusting. 222 

“ - box. 1110,1111 

“ “ circuit and connections. 249 

- * units.1112 

* u M adjusting vibrators... . 1112,222,188 

“ commutator.1111 

“ " removing.1111 

** “ repairing.1111,1112 

“ “ wiring.1112 

“ horn and magneto circuit.1126 

« K.W.system. 1138 

“ setting commutator roller..1105 

“ timing of.1113 

“ troubles of.1111 

* wiring troubles.1111,1112 

inductor type low-tension magneto. 248,249 

instruction.1080 

lamp bulbs. 433, 1119, 1127 

lighting circuit (magneto). 1119 

* circuits (storage battery).1119 

* system, with generator. 1123,1127 

“ “ with magneto.1119,43.3 

live-stock dray body.1141 

“ wire circuit diagram. 1124,1125 

magnet, remagnetiser... 312 

magneto: air gap or clearance of magnets 1116,1117,248 

* assemoling of.1116 

** cause of weak magnets. 1114 

“ dead points. 1116,249 

“ generates alternating current.224 

* now magnets are located.1113 

“ low tension: ignition high tension 187,218,249 

“ magnets, how placed.248 

“ magnets, remagnetising. 312,1118 

“ on engine, location of. 249 

“ principle. 248,249 

“ relation of speed to voltage.1082 

* replacing magnets on flywheek.1115 

“ 16 coils and 16 magnets. 248 

* speed, voltage.1082 

“ tester. 1117 

*• testing. 1114,1117 

* testing coils for grounds.1115 

* • magnets.,.1114 

model “T".1080 

oil leaks rear axle hubs; cause of. 1085,1098 

• level gauge. 1137 

operation of.. . 1082,1083 

overall dimensions of. 1080 

oversUe piston and rings, when to use.812,813 

piston-clearance standard. 812 

piston: free and loose fit, meaning of.812 

measurements of. 813 

rings, gap clearance.813,827 

rings. 827 

• how installed.813 

standard sise.812 

“ • expressed in decimals. 812 

when .0025'oversize is used. 812,813 

* .03125'oversize is used.812 

• .038'oversize is used.812 

where measured.812 

power plant. 1099,1100 

" ** and electric system.1120 

^ external parts...1102 

• removing from car.1101 

. ices of cars. 1080,1082 

priming spark plugs.1136 

oducts of. 1080 


radiator core, where to obtain. 740 

* repair outfit.735 

reactanoe coil. 433,1119,1127 

reamer for piston-pin bushings. 1138,714 

* “ special work. 1138,714 

* * steering spindle bushings.1138 

" transmission bushings. 1138,1095 

rear axle, assembly and disassembly.1096 

** * ball-bearing thi-uAt for. 1138 

• • differential removal.1097 

' * drive plnien removal.1096 

Note: See footnote page 1181 relative to Model 


’d rear axle, drive system, testing for wear.1006 

* * grease leaks out brake drum, cause. 1085,1098 

* ' lubrication of. 1084,1085 

“ “ parts of 1096 

' * plain-line-type. 10^, 15 

“ “ ratio. 9 

* “ shafts, removing.1096 

' ' stand, home-made.1138 

“ thrust collars worn.1098 

- - wrench...1137 

“ wheels, removing. 1097 

screw plate set or taps and dies.699 

shinping weights.1082 

socket wrenches for various parts of car. 698 

space for housing.1082 

spark and throttle levers. 1082,1087 

“ control.1083 

* plug gap. 223 

“ “ size of.236 

“ “ troubles . Ill 

springs, care of.1088 

“ removing one leaf. 1088 

starting and lighting system.1121 

“ car.1083 

“ engine.1082 

“ motor. 1121,511,618 

“ “ assembly of. 617,518 

“ “ circuit.1125 

* “ gearratio. h07 

* “ how connected with engine.1121 

“ • if fails to start. 1121 

“ “ parts of .1121 

“ “ removing. 1122,511 

* “ testing. 508,511,517,618 

station omnibus body.1141 

steering gear. 11,1085 

* “ connections of.1086 

* * principle. 1085,1087,11 

“ “ tightening .1086 

“ wheel, removing. 1086,1087 

storage battery. 1123 

tire and wheel sizes. 1080,1081 

tires, oversize. 1130, 595 

* sizes of. 595 

* transposing. 1139,504,595,1088 

tool box in door. 1139 

tools and devices, miscellaneous. 1135-1140 

“ “ bearings...1()03 

track and road clearance .1081 

transmission, assembly of parts.1094 

“ band, slow speed, tightening.10ft2 

“ bands, brake ami reverse, tightening .1091 

“ “ installing.1093,1138 

“ • relining.1093 

“ bearings. 1093 

• bushing reamer. 1133,1095 

• control peilals. 1090,1092 

" cover, removing.1092 

• g«ar ratio.1089 

• oiling...1083 

• parts disassembled.1094 

• principle and purpo.so of . 1088,1089,1090 

■ reaming and rebushmg drums and gears. 1095 

• removing.1093 

• triple gears.1094 

■ “ “ if worn.1093 

■ troubloe.1092 

truck.912 

chassis, dimensions of.913 

gear ratio of.913 

rear axle.914 

“ “ and differential, assembly of_913,914 

“ “ disassembly of.913,914 

** * lubrication of.914 

“ “ reduction .... .913 

• • worm has four and six threads.956 

spccifioations of.913 

speed of.913 

tire sizes . 695,913 

versaljoint. ..1098 

“ “ disconnecting.1096 

■ • lubrication of.1086 

valve, constructioD of. 773,1029 

*• grinding, toola for.771,770 

* guide reamer.1104 

“ ■ reaming.774 

" guides, not bushed.774 

“ has no tappet adjustment.769 

“ lifter tool.1136 

* tappet holes can be reamed oversize.775 

■ timing.liaVllOfi 

vibrator coil adjustment (K. W.).222 

■ • converted to non-vibrator. 1138 

" " unit, internal construction.222 

wagonette body.1141 

w ater circulating pumps. 1108,11.36 

wheel and tires.1C81,1080,1085 

* base.1081 

wheels, alignment of..1088 

wire wheels. 4 

wiring diagram, external; starting motor, generator. 1120 

T” Ford rs/srences in this General Index. 
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Ford wiring diagram, not equipped with generator.1119 

“ diagrams, two colors. 1125-1127 

• single-wire system. 1124 

wrench, jew speeder... 11.17 

Fordson tractor. . 900 

belt pulley. 905 

clutch 900.001.904 

“ adjustment.994 

differential, removing. 905 

engine. . . 900,001 

“ carburetiun.9N8 

• fuel system . 988 

• ignition. 991 

• non-freezing solution.002 

“ removing from transmission.. . 905 

“ ^ parts.902 

“ specifications of.000 

troubles and cau.sc8. O'b'i 

valve size . 900,1020 


Freezing point of storage battery solution. 531,534, Ml 

** • • water. .1050 

solution.(sc© **Non-freezing”) 


Frei 


■ ■ valve timing. 

■ fan belt, tightening. 

• front wheel bearings, adjusting. 

■ « • removing . 

■ fuel system, troubles of. 

• gear ratio . 

• gearshift. 

• ignition. 

• lubrication . . 

• operation of. . 

■ radiator troubles. 

** rear axle, removing. 

• * wheel, removing . . . 

• repairing... . ... 

• steering gear, adjusting .. .. 

■ tools . . . . . 

• transmission, lemoving. 

“ vaporizer, adjusting . , 

- - (Ilollev) . 

Formula: computing capacity cylindiioul tanks. , 

“ horseijowcr; S. A J']. 

Four-cycle operation (Diesel engine) 


993 
. 99 4 
995 
995 
99 4 
990 
99 J 

.. 991,994 
. . . 992 

. ... 991 

. 99:1 

... . 095 

. . 994 

... . 092 

. 995 

9'»a 
. 994 
, . 994 

osh.oho.uoo 

, . 10.50 

1012 
1005 


“ nrinciple of gasoline engine.51,52, 55 

cylinucr automobile. . X 

" engine cam shaft. .50 

* “ firing order . 77,78,79 

“ « « « liow cams (Iff»•!iiiiue.. 77,78 

■ 4i « « a todeteimiiie 79 

“ * ** . ** why not . l,‘2,:i,4,77 

“ * ignition parts, sjxa'd of. . 210 

■ “ lap of power strokes. 87 

• * ontriK'Karid tractors, why. 58,59,911,057 

“ ignition commutator. 192 

“ inagueto speed .. 295 

“ vibrator-type ignition coil, commutator 192, 194 

in-one valve to(*l .... . . . <il5 

polo generator divided into quarters. . 343 

^ “ frame, magnetio circuit of .558 

“ or rnulti-polar generator, with third-brush . 559 
“ rectangular generator frame: iiiagnef le eircuit . 5.58 
speed gear shift gatc^-typo selector. ... .27, 29, 058 

^ • (Nash quad). 902 

• “ • (8 A. E) for truck. 012 

“ - * (White truck) . 951 

* transmission gear ratio 9,1009, 1089, 1070,057, <>58 

• - (White truck) .. .953 

strokes of piston of a gasoline engine 55 

terminal motor-generator (North East model "D”) 379 

wheel brakes (mechanical, hydraulic and air) . . liJ. 885. ix 

“ drive; four-wheel steer; truci: »J(>1,902 

* - truck. F. W. D. . . 902 

Fractiens of a thousandth and hundredth pa it of in. neh. 701 
Frame of Ford, lowering for speed. . ,1052 

“ where ground wire is connected, pointers on . ... 428 

Frames . 1 

“ bent, straightening of ... . . . 720 

“ may be straightened without heating .. . 720 

anklin bearing and pinion adjustment. . . 882 

carburetor. 142 

electrical system model “OA” and ”91i” . . 425,424 

electrical system *' Series 10”.424 

engine, air-cooled.92,1.50 

“ firinj; order. 424, 037 

• lubrication system. 92 

“ valve clearance. 92 

exhaust heating of carburetor mixture. 107 

gear-shift movement.637 

ignition timing..424 

rear axle, adjusting and lubrication of . 882, 883 

“ “ semi-floating. 882,883 

“ wheel and axle...883 

valve springs, testing of. 776 

wiring diagram. .423 

Free-fit piston clearance, meaning of.811 

“ running test of starting motor. 490,511 

FVeezing of battery electrolyte, cause, remedy. 531,534 

• cooling system, how to prevent . 1.53,154 

point of alcohol.1050 

“ “ benzol. 1050 

- •gasoline.10.50 

• * kerosene.lOM 

• • mercury.1050 

• • Qon-frecsing solutions. 154,1041 


aeh-Enghsh dictionary.1079 

horsepower, meaning of.1043 

iicncy, moaning of .. 102, 248 


Frwji- -.. . 

Friction disk-tyi>e transmission. 25, 26 

nt and roar axle, parts: lubrication of. 173, 172 

axle. . 10,15,007,910 

“ Ackerman principle. 10 

• alignment of. 004 

• bent or twisted . 003,904 

• bushings, replacing of .910 

• chocking for bout steering knuckle.904 

• connections to steering gear.002 

• for truck (Timken) .053 

• (Ford! . 1087,1088 

“ one Hide shifted farther ahead than other.903 

“ H]undies spi ung...... . .905 

■ spring seals out of line.904 

• steeling 1 iiucklo: ndjustmont of (Mitchell). . . 909 

** ‘ ■ castered, effect of.907 

“ • ■ Elliott type. 008,910 

“ “ “ rebusliiiig. 909 

■ “ “ spindles, cambered. 906 

“ “ ■ yokiNi bent.904 

“ sti>p-scr(>w adjustment. 005 

“ strau'l I telling of (Fordson tractor).095 

“ t) ucLs ( rimken) .052 

- “ (I'rairic).009 

- types of. 10,15,907,910 

-eiul di ive by gears. .72,51 

“ - « - Silent cliain. 74,51 

" “ (fadillae engine). 83,731 

“ “ (Haynes) ... . . 75 

“ " lieheid gear for engine. 75 

■ “ (llupmobile) . 75 

• “ (King).. . 74 

• • (Liberty engine).1146 

- - methods . 72,74,75,51 

- - (Mitchell). Ill 

• (Paekaid'Fwin-Six Engine). 86 

“ • (Ueo) 72 

• “ (Stefirns Knight) . 80 

“ “ (Stuih'liakf'r engine) . 337,74 

“ “ type of on pas.seng(‘r raiH. 1056-1050 

wheel alignment of . . . 904 

“ baiarn'ing of.004 

“ ball b(>aimgs miju.sf ing ((’hevrolet) .908 

“ **,**. removing cleaning (Chevrolet) 008 

• bearings adjusting.. . 907,008 

• “ • (Mitchell).009 

• “ cleaning.907 

• • lubrication . 173 

■ • removing .907 

• • testing to see if loose.905 

• • truck cleaning, removing .952 

“ • typ(‘B of, on piiHsenger ears. 10<'>0-1063 

• camber, caster and toe-ill adjustment. . 906,907 

• clicking noise, cause. 909,1087 

“ (Ford) . 1086,1087 

• f^atln'r or to<‘-in . 906 

“ lining up of 904 

• roller bearings adjusting ^'l imken).907 

“ “ “ rloaning (1 imken).907 

“ ** • removing ('Fimken).007 

“ (Sheldon truck typo).958 

" should ht steering Hpindlo snugly.908 

“ loe-in of. 906,907 

“ irueing up of.904 

“ wobbly, caiiHo, remedy. . . 905 

Fronfenac cyl. heads for Fords, where to obtain.1031 

Frost on carburetor, reasfin for.. 109 

Frosted ignition contaet-breaker points (I )«‘lco). 220, 221 

Frosting compound for headlamp lenses .440 

izeii carburetor, how to thaw. 110 

rlufch, meaning of. 840,23 

radiator, indications of. 150,153, 1 54 

“ thawing of. 740,1.54 

el and oil rectifier .166, 1(K)6 

rapacity, passenger cars. 1058 

coiwmiuption excessive, cause. 402B 

distributor of Master carl>uret(ir. 143 

feed, air pressure . 112 

“ gravity.112 

• mcth(j)d: make used passenger cars .. . 1056-1059 

• methods.Ill 

• system, tractor engines . 999-1001 

* systems, vacuum. 113 115, 752, 462H 

• troubles (vacuum). . 114, 115 122, IDll, 462I-462M 

• vacuum zystein. 113 115, 462H, 4621, 762 

for racing engines.1033 

• tractor engines.VIII, 081,987 

stationary engine. 1004 

system (Fordson tractor engine). 988,990 

• (G. M. C. truck engine).917 

• (International truck).927 

• (Liberty engin**). 1148,1149 

“ steam car (Dobls).1019 

• « • (Stanley; .1018 

systems: tractor engine. 987,088,989 

two-cycle engine. 1003 
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ruelizer action of Packard carburetor. 108, 

* ignition coil (Packard), meaning and purpose of. 

* • primary circuit. 421, 

* mixture, color test. 

* spark plug gap. 

* - “ (Packard). 108.140,421, 

* • • • meaning and purpose of . ,. 

F'ull automatio advance, meaning of. 204,212, 

“ elliptic springs. 

• face contact of gear teeth, illustration of.809, 

• floating axle shaft, illustration of. 

• « rear axle.10,16,803,864,866, 

• force-feed engine lubrication system. 159, 

• molded method of tire construction... 

Function of cut-out. 332,519, 

* “ ignition system (Atwater Kent). 

Furnace for preheating for welding purposes. 743, 

Fuse always placed in series with circuit . 

“ “ used in lighting circuits. . .. 

• * “ unl<‘88 circuit-breaker is provided. 

• between generator and battery, why.... 430, 

• block.*!, whoro usually located. 

• blowing of, meaning .. . . 

“ “or melting of, opens the circuit. 429, 

■ blows rciieatedly, cause of. 483,472,450, 

• box used on Studebaker “EJ”.. 

® capacity of. . . . . .. 430, 

" clip connections, importance of... 430, 

” ' dinorent types of . 

^ if blown or loose between generator and battery 430, 

“ in main charging circuit, ii blows. 

’ “ shunt field-circuit of generator (Dodge-N. E.)- 

• “ “ “ “ 3d brush gen. why. 430, 

• not often placed in main charging circuit . 

’ “ used in starting motor circuit. 427,428,429 

” or circuit breaker always in lighting circuit.... 450 

purpose of . 

symbol of. 

^ tester.231 

^ testing.. 

“ ty pes of....... .. 

wires, made in different diameters. 

F. W. I), truck; four-wheel drive. 


140 

421 

407 

140 

140 

407 

421 

307 

11 

874 

867 

954 

937 

608 

604 

202 

744 

429 

430 
430 
483 
429 

451 

452 
429 
429 
429 

429 
481 
376 

430 
370 
451 
430 
451 
430 

429 
413 

430 
430 
430 
429 
962 


G. or (ilON., electrical meaning of .413 

G. or CiUNl)., or (lU., eh'ctrical meaning of. 413 

Gallons in cubio foot of wabu.. 1048 

“ of water to pounds.1048 

Oalvanometcr, meaning of. 1070 

Gap-bed lathe. . . . . 693 

“ between distributor brush and spat k-plug ternjinals 198 
“ clearauoo of interrupter, n>eaning of .. 296,297 

• * “ piston ring. ... . 827,828 

“ * • spark plug for magneto ignititm.297 

• of cut-out adjusting (Delco).410,409 

■ “ sparkplugs, different kinds..c.236 

• * ^ * for aeronautic engines.234 

• “ " “ « magneto ignition.297 

“ “ “ “ (Ford). 223 

• • “ “if too great.309 

“ * “ »» « 4* wide or too close ..... 121,221,237 

• • “ “ relation to engine coinpresaion. 236 

• size of, when testing an ignition coil. 231,228 

“ tyi>e ignition distributor, meaning of ... 198,201,204 

Garage: mid supplies to sell. ... 682 

ami repair shop prices for storage and repairs- 669 

“ “ “ stock room, fixtures for.678 

“ shop for 9, 15 and 28 cars. 605,660 

“ “ foreman's desk.669 

“ “ wrench sets for.698 

building and eciuipping.665 

departments which can be added.682 

drainage of floor...667 

equipment and supplies.670 

fixt\ires and supplies for.670 

“ for handling oils, waste, grease, etc.670 

floor: how mix concrete.690 

“ “ to build.667 

for Ford, smallest size of...1082 

“ one machine, construction of.689 

heating of.667 

* plant for.670 

jack.607 

ligliting of.667 

meaning of. 665,1076 

money-making additions to.683 

ofl5ce, pointers for.668 

space to allow for storing of cars.666 

“ walls, painting of.1040 

Qas blow-torch, home-made.719 

burners; also culled gas tips.441 

electrio automobile (Woods).1015 

“ truck.961 

filled lamp bulbs, meaning of...432 

for headlights, lighting of, by electric spark. 441 

^nerators, types^of... 440 

heater (carburetor Franklin). 142 

• (Starrett).719 

knock, meaning of...* 778 


Gas lighting (acetylene), principle and methods.440 

* generators, non-freezing solution. 154,441 

“ of.441 

meaning of. ... ..1076 

producers, principle of.1<X>6 

starter for engine, principle of.317 

tanks for welding and cutting, sizes and capacity. 742,749 

“ for welding, where to obtain.740 

throttle lever. 103 

“ “ purpose of. 193 

torch and soldering iron. 719 

“ with needle-point flame for radiator repairing. . 730 

under pressure, electrical re.sistance of. 236 

Gases for w ehling, how’ supplied.. 742,749 

“ w hich can De used for lead burning..682 

Gasket between carburetor and inlet manifold. 116 

“ for eliminating compression knock.780 

* of cylinder he^ not tight, leaks compression, water 768 

“ “ inlet manifold leaks. 110 

“ replacing on Ford engine.1109 

“ sets (Ford).1110 

Gaskets and the use of grease and shellao.738 

* asbestos, copper and paper, use of ... 733,734,1109 

“ copper asbestos for Ford engine.1109 

* cork and felt, use of. 734 

“ cutting of.734 

“ flange and round type, use of.733 

“ for curburctor. 733,116 

“ “ clutch.734 

“ “ cvliiidor heads. 732 

“ “ engine.. 733,734 

“ “ “ water manifolds. 161 

“ “ rear axle.734 

“ “.sparkplugs. 230,233,680 

“ “ transmission. 734 

“ “ wheel flanges.734 

“ if old . 161 

“ kinds of.732 

“ oil-proof pa JXT.734 

“ purpose of. 732 

“ removing and applying of.733 

“ when old ones are used over again.733 

Gasoline air-pressure feed method. 112 

“ « ** gauge (Packard). 112 

“ " . (Liberty engine).1148 

“ anti air: proportions of, for carburetion. 117,95 

“ “ “ starter for engine (Christensen).318 

“ “ kerosene carburetors...987 

“ “ “ for cleaning parts of car.760 

“ “ petroleum lubricating oils .1*70 

“ “ radiator filler.671 

“ benzol, ether, remarks on. 1033 

* blowpipe torches.719,720 

“ boiling point. 1060 

“ connections to carburetor .. .... 127,113 

“ ronsuiiiption, device to tell .1038 

“ * excessive, cause. 462B 

■* “ ^ in Bclation to acceleration. 101 

“ tlilutes engine oil and test 167,1075,166,104 

“ drawn from vacuum tank to manifold, cause of.. 122 

drips from carburetor, cause of. 122,98 

“ “ feed line. 110 

energy how used .1134 

“ lost if heated too much. 106,142 

engine parts. 36,37, 41,93,920,936, 1099 

“ principle of. 30 

fads to now to carburetor; cause 

no, 114, 461,1041,4621 

“ f(*ed-line rep.iir. 721 

“ pipe broken . 110 

“ “ connections, if cross-threaded. 110 

“ piiHJS, sizes of. 111,1055 

filling station layout and greasing rack. 673 

fire, now to extinguish. 644,103,670 

float gauge. 127 

“ level in carburetor.97,106 

freezing point.1050 

fuel-feed methods. Ill 

“ * G. O. Bystem. 115 

“ • Oil-vac “ 115 

‘ “ Stewart • . 112-116, 462H 

“ “ vacuum system principle of. 112,462H 

“ tank: air vent hole if clogged. 110 

“ troubles. 110,114,116,1041,462I-462M 

gas generator for radiator repair work. 736 

gauge... 650,111,127 

“ float type. Ill 

gets into oil when engine misses. 167 

high, low gravity compared with hard, floft coal.. 106 
how drawn into cylinder with sir. 96 

• energy is produced out of. 96 

• made. 103 

“ temperature affects the volatility of. 103 

" to save.1134 

if too much, spark-plug sooty. 769 

leak into float changes the gasoline level. 97 

leakage, vacuum fuel feed.114,1041 

low and high gravity. 103,104,105 

more milfsa per gallon. 1133,1134 

needle valve of carburetbr, purposeand typesof. 98,96 

number B. T. U. to a pound.1074 

oil mixed with. 100 
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Oasolineold. 110 

• paraiBne and petroleum baae. 103 

** pipe-Une fittinjcs. 680 

• pipe aise, panenger cars.1055 

• pounds to pints . 1050 

• pressure (Packard Twin-six). 1071 

“ primer. 113-1 

** priming, heating and vaporiiing methods.. . 103,105 

• proper gravity of. 103,105 

“ pump, curb or roadside type. . 672,073 

** recommended for Liberty engine . 1148 

“ reserve, how controlled. Ill 

“ rota rubber. 110 

• should be heated. 103,105 

“ specific gravity..1050 

“ spray for cleaning engine ..760 

“ storage of tank supply to insiile of garage .... 672 

“ straining of. 110 

“ supply siiouUl be stored in an underground tank. (i70 

“ .system (Liberty engine) 114H 

“ tank air-vent hole, purpose. . 4021 

“ “ and gauges 111,127.050 

“ “ uuxiharv ... 111,113 

“ * baffle plates. Ill 

• “ eapacity, how to figure ... 1050 

• « u passenger cars . 1058 1003 

• • dent in, to remove. 728 

• “ filler cap hole, purpose of. . . 402H, 113 

“ u - « tight on air-iircssure feed 112 

“ tt - « « a (^^addlac lO."! 

“ “ (Ford racer). .1031 

• " gauge. 050 

“ “ “ (Ford). 10,S2 

“ “ (International truck). ft27 

“ leak, temporary repair. 110 

• “ location of....xt, xn, 11. lOHl 

“ “ removing dent in. 728 

« “ reserve valve. 1I1,'J27 

“ “ nhut-off rocks. . 111,027 

• “ vent hole, purpose of. 4021 

• t(^tof . 103 

• too much caiuscs smoko. . 103 

• « « or rich mixture cause,s carbon 170 

■ « « produec.s too rich a mixture 117 

• torch, how to operate. . . 720 

• « « « use air with. 720 

• “ or fire pot. 710,720 

• unvaporized, how thins luliricating «»i! 101 

• “ wa.shoa oil from cyliiuh r walls 107 

• vapor alone will not burn 3,1, o.'» 

■ “ not consumed in engine, results of .... 101 

• volatility, meaning of. . 103 

• vulcanizer. .. Oil 

“ water in, how indicattnl. llt» 

“ w'eight of ono gallon .... 10.‘>0 

• why more used on cold <lay. 

na.s.sing of .storage battery, meaning of . . .520,572 

Gate-type gear sliift . 27,20 

Gather of front whecl-s, meaning of ... 0<)0» 

Gauge, air pressure, for gu.soline (Packard) 

“ for acetylene ami oxygen, how calibrated 7.50 

• “ cylinder inside measurements. 703,811 

• “ drills and taps . 7()5 

“ “ engine oil pressure . , 10»1 

“ “ gas tanks ralibration of ... . 7.50 

“ a « « for welding, purpose of .... 712 

“ “ gasoline. Ill, 050, 127 

- “ “ tank (Ford). 10.s2 

• * measuring cylinder bores ... ..Ml 

“ “ " pitch of screws. ..701 

- - oil level. .. PK) 

• - “ - (Ford).1137 

*• “ steel and wire. . . . . 705 

" “ testing air pressure of tire. . . 020 

• engine compression.707 

• • wire and sheet metal.701 

• gasoline air pressure . 11^ 

“ oil: does not show flow of oil; cau.sc. 103,402 

“ reading in pounds and atmospheres . ..,.442 

“ (thickness) for testing clearances, cl c. . 703 

• vacuum for testing. l()4l,1079 

G B , electrical meaning of. 413 

Gear backlash, amount between cam and crunk-shaft gejir 924 

“ “ Cost motion), how taken up . 5'>,so‘), 874 

“ ■ ofrearaxle8(adjusting)809,870,871, <73,805,867 

“ (bevel-driven), adjusting (Dodge).859 

*• box, meaning of. 1070 

* • removal of. 8.57 

* change principle. 2,25,29 

“ • * two-range transmission.918 

“ changes, magnetic gear shift. .. -• 1016 

“ “ (Owen magnetic transmission).1020 

* contact applied to rear axle (Columbia)... - 870 

* * explained in Oldsmobilo instruction boi»k . 874 

* “ terms used describing. 809,874 

“ ** under load is a full-face contact .. . 870 

“ driven cam shaft. 61,52,74,75 

“ manufacturers, addresses of.679 

* puUer for silent chains, how used. 74 

■ * home-made.1036 

* ratio and gear shifts, truck.912 


Gear ratio (Duc.senberg).1063 

‘ “ for racing. 1024,1028,1098 

“ “ (Ford). 1080,8,9 

“ “ (Fonl transmi.ssion) . . 1089,9 

“ “ (Ford truck) ... ... . 913 

• • (Fordson tractor)... 990 

‘ * (F. W. D. truck) .9(K1 

• “ how affects pulling power of oar.642 

‘ * how to compute . . . . 8,950,U)40 

• ' (Lafayette rear axle) 039 

“ “ Dx'omobile rear axle and transmission . . 038 

“ * incaniiig of.8,1070,950 

" “of rear axle . 8 

“ * trnnsmis,sioti.8,6*37.038 

• " passenger curs ... 1059-1003 

“ “ iPicicc-.\rr(i\v), 38, IS h. p. cars. 037 

“ “ (.Stuiilcy and Doblc Htciim car). 1018,1019 

• “ tofidofear. 9 

“ “ liui.smissmn . . .9,037,038,1009,1070.1089 

“ “ two-iang' transmission (tJ. M. ('. truck). 918,919 

“ “ worm til .v'c, how to computi*.950 

“ icduction of . . . (SCO "Gear ratio") 

• “ double (autoi'tir truck).924 

“ “ of starting motors. . 323 

“ « » winch usisl on tru ks .952 

- ‘ (Picrce-Arrcw) . . .1070 

“ “ when largo and small is ni'cessary.918 

•* ('V hit 0 tnu k). .931 

“ set, lubrication of. 171 

“ “ meaning of ... . 1070 

“ ■ hift ball and socket . 27.28,29 

“ “ cxninph'srf. 29,035-039 

“ “ (Fonlsou tractoi) .. . 992 

“ “ four-speed (Locomobile).038 

- li (Nash nuiid (ruck) .902 

“ - « « trucks..912 

• “ gate ty|>c. 27 

“ “ lever ...... 27 

^ « « adju.sling tciiRioii of .800 

“ “ mngiietie.... 1015 

" “ movement (('hevrulct "490") 038 

" “ “ of soim* of the leailmg cars.035 

“ " (Owen magnetic ear) 1020 

“ “ ro<l, plunger, spring trouble.856 

“ " S. A. 10. Htamlanl ... . 27,29,912,035 

- “ selectors . . . . .27,29 

“ “ stiff, cause of. 172,850 

“ * (Htudebakci) , 29 

“ “ (White tnnk ^ 4 -ton) ... 931 

“ shifting dilllcidt . .... ... . 85<1,172 

“ “ of t ranstnisaion. . , . . 20,031 

“ “ shaft pluni^^er types . .850 

“ shifts and gear ratlo, 1 1 u*'k .. . 912 

“ teeth, de^< liptive teinis of .. 8t»9, 874 

“ “ hardening of 747 

“ t> |M* ein ulat mg pumji . , 140 

“ “ oil pimip 100 

“ W h^•••I nullei, borne-miitlc .... 103fl 

Gears niul r liains. 7 

“ do not shift cuHV, cause. . , 850 

“ do not sf nv in mesh, •;aiim*, 850 

“ Fabroil and Dunilumin .. .... 75 

“ for v.'dve Imnng 72,71 

“ front-r nd drive . 72,51 


“ * (Htudebakci) , 29 

“ “ (White tnnk ^ 4 -ton) ... 931 

“ shifting dillleidt . .... ... . 850,172 

“ “ of 1 ransriiisaion. . , . 29,031 

“ “ shaft pluni^^er types . 850 

“ shifts and gear ratlo, 1 1 in k .. . 912 

“ teeth, de^< liptive teinis of .. 8t»9, 874 

“ “ hardening of 747 

“ t> |M* r-in uliit mg pumi> . , .140 

“ “ oil pimip 100 

“ W h^•••I nnllei, hi>fne-nilit|c .... 103fl 

Gears niul r liums. 7 

“ do not shift cuHV, cause. . , 850 

“ do not sf iiv in mesh, •;aiisr*, 850 

“ Fabroil and Duralumin .. .... 75 

“ for v.'dve Imiing 72,71 

“ front-r nd drivr* . 72,51 

“ helical, v/hat made of . , . 52 

“ of rear nxh; or dilTeieiif lid, adjust mi nt, (t lldsmoliile) 87.3 

“ * transmission, how shifted 27,28,29 

“ shifting of, w hen tlrivmg .031 

“ striiight tooth, where generally usi'd .. ... 52 

fleiumer steering gear, adjiist.ing ... 899 

(leiK'iatedself-indueed e. rti. f or eounter rv m. f ,mi‘iiningof 184 
Generating elertneity Ijy a wire cut I mg Imea-ot-foree . . . . 183 
“ u u |i,ic.s-(*f-foree eiilting will's . 184 

“ * chemieally and irieehanieiilly . 178,179 

Generator.... ... (Hce, also "Fleet.i le, generator") 

“ acetylene gas . . 742 

“ action of njoli»r generator (Delet,-I ludson) , . 390 

• “ “ “ - « - (.^orth l'/iHt). . . Ht;8 

*• adjii.Mting charging rate 500,301-365 

• ** “ “ (Auto Litcj.3.50 

• “ “ “ (Hijnrj.,305 

“ “ “ “ (Delco). 407-409 

“ “ “ “ F..rd) .,.616 

“ • “ “ F ) ..374,375 

• « - tt principlo of. 3.31,.346 

“ “ “ " (Iteiny). . . 303,350 

“ •« « a (seo also " Adjusting") 

“ * • “ third-brush... 500,301,357 

• u It u vvlicn to. 503,500 

• adjusting on bench or cur (Bijur).306 

• amjx!rage of. 179 

“ " average (winter, summer).500 

• atnl circuit (Autolite) (1911918 Overland) . 350 

• and dynamo mean the Burm*..3.38 

“ “ motor combined. .330 

“ armature and field tests with a meter .488 

• “ drum type for direct current 3.30,341-344 

" ‘ (Ford type) . 1121 

• " grounds at high speed.493 

• “ installing of, pointers. 481 

• ■‘off center, causes of. 612 

• * open-circuit tests with ammeter. 614 
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litor armature reaction, explanation of. 359,360 

“ replacement of.481 

* short-oircuita, caiiae 600, 501, 614, 616,491 

* winding, two coils p«;r slot (Deloo). . . 344 

“ wires cut the line»-of-force.338 

arniaturcB, construction of. 341,342,343,344 

* purpose and construction of. 341 

“ winding of. 342,343,344 

assembly, name of parts .... 513, 335, 3^, 462N 
at high speed, voltage does not increase; reason 347 

(Autolite). 353,418 

bearings, alignment of.. . 480,512 

bearings and brushes, pointers on. 377,480 

belt slips, test of.408 

bench test, conditions which necessitate 479 

(Bijur)..349,364,4:0,421 

“ third-brush regulated cut-out external. 364 
■ “ • “ internal. 364 

bi-polar typo, meaning of .335 

brush troubles and tests . ^ . 493,494 

brushes (see also "bnishes”) 

“ (carbon), why copper plated..3,59 

* construction and location of.3.59 

“ fitting new ones.494 

“ installing (Ford). 112.3,517 

“ purjxiBe of.. 341 

“ sandtng-in, spotting-in, seating of.480, 494 

“ setting of.. 3.59, 300,496 

“ shifting to loi’ute line of commutation. 360 

* why set on neutral line... 3.59,360 

bucking series, reversed senes winding . 3.56,357 

builds up too much due to loose or corroded bat¬ 
tery terminal . 483,4.30 

chain adjustment . . 74,75,7.30.51 

charging circuit (chart) :*. 462N, 331-332,1126 

“ “ must not be opened.. 362,483,4.30 

“ rate, adjusting (Delco). 407,408 

“ “ adjusting 

506, 563, 301, 863, .364, 374, 407, 409, 516, 573 
“ “ how increased or decreased... 331,361 

“ “ too high, effect of.606 

circuit dividwl into parts. 332,414,478, 462N 

" if open to battery. 428,430, 483, 362 

“ wheio to start tracing. 332,462N 

commutator (see also “Commutator”) 
commutator, do not oil or grease.... 480,481,492 

• dressing down.492 

• indicates 80% of generator 

troubles.480 

• mica insulation undercutting. ., . 492 

“ “ protrudes; cause and rem(Mly 480 

• purpose of. 336,339,340 

• Uoubles and remedies of 491,492,493 

600.508,514,616 

compound wound, accumulative action. . 345,3.54 

“ “ adjuHtini^ output of.356 

* “ cumulative in action. . 354,355 

“ ■ differential in aclion 355,356, 354 

• “ meaning of.345 

conditions which necessitate tests.479 

oonuectiuuB, field to brushes (Ford).503 

• to battery, important 362-365,430,428 

479 

consequent field poles, meaning of.3.58 

constant current (llemy relay-regulator).350 

“ “ type regulation 

principle. 346,348,357 

“ “ type battery must be in circuit 364 

“ voltage * regulation . .340,347,349 

construction and principle. , . 331,335,338,.341 

could be operated as a starting motor. 328 

current, how taken from commutator by 

brushes. 360, 340 

current is an alternating flow inside.339 

“ strength; what dependent upon. 338 

• weak cause.. 470, 479, 480,493 

out-out and motor testing stand. 507,475,477 

out-out (see also “Cut-out”) 

“ troubles 462N, 604, 619, 373, 365, 410, 351 

(Deleo). 400,405,407,408 

direct current, belt-driven for charging battery 671 

dissassembling of. 512 

disosnnectioQ from battery . 366 

- - - (Dodge-N.E.). 376 

• • “ (Ford). 1123 

drive methods. 336,337,61,72.74,75 

* * for testing 476-480, 490, 604, 608-5U 
driven by motor or line shaft for testing .. 476, 477 

* « • meohanioaliy by engine.179 

electromagnetically remilated, meaning of.347 

e. m. f. or voltage produced dependent upon... 346 

exciting field coils.497 

fails to deliver current 465,470,479,608,513,462N 

“ ■ generate current; tests.477 

* * indicate “charge” on the ammeter. 451 

* * motor, resultant effect of. 513 

farm lighting plant.1002 

field circuit, where to start tracing.332 

* coils, replacing on field poles. 502,503 

* exciting of.497 

* fuse, purpose. 336,376.430,480,483 

* open-circuit test with meter.502 


Generator field pole and frame, magnetic circuit of.. 357,338 

“ * « polarity, now to find. 502,503 

“ “ • “ ■ determined.. 339,357,603 

• * • ‘ U-stof. 503 

• * poles are electromagnets.330 

• « « “electromagneitxed,” meaning of... 336 

• « « loose, rerntnly.448 

• « « magnetized, how. 330,341 

- - - which end 18 N or S. 358 

• “ short circuits, tests for.510 

• “ winding tests . 501,502 

“ * windings, general explanation of. 345 

“ “ * principle of.345 

‘ (Ford) . 1121,610 

• frame magnetic circuit of... . 358,338 

“ fuse. 336, 376, 430, 480,483 

• “ in shunt-field circuit, why. 430 

“ generates alternating current. 336,339,340 

• “ MU delivers direct 179,339 

“ (Gray and Davis). 353,355,324 

“ ground connections. 428,479 

• “ test for field, commutator, armature. .. 515 

“ how to dry out if subniorge<l.497 

• if fails to deliver output and cut-out fails.480 

“ M u u run when making motoring test. 479,514 

• indications of defective cut-out .45.5 

“ inherent regulation, meaning of. 347,357 

“ inspected for electrical defects, first . 513 

“ is usually shunt wound. 478 

“ (Keiiico) for (Ford). 1138,1139 

“ (Liberty engine). 1149 

• lubrication of . 172,173,480,1122 

“ magnetic circuit of (four-pole)... 358 

“ “ “ principle of . 3.57,358 

“ “ field of Imes-of-force, liow produced. . 339 

“ magnetism, loses its residual .497 

“ magneto combined for motorcycle .1013 

“ magneto, ignition coil principle, based upon . . 1H3 

“ make and voltage; passenger cars . 1056-1059 

“ mechanically ri'gulated (Autolite early model). 353 

“ ** “ (G and 1) early model) 353 

“ “ . meaning of .... 317 

“ motor combined (see “Motor generators”) 

“ motorcycle . ... 1014 

“ motoring, din^ction armature should ri'Volve 504 

“ “ test (Forrl generator) . 491,509 

“ t» juirpose of, and procedure.479 

“ motors very .slowly: resultant effect of . ... 513 

• (North East).336 

“ oiling of. 172,173,1122 

“ open and short circuit, imlications of.455 

“ “ circuit, causes and tests.513,515 

** operated as a inotor .. .. .... 328, .338 

“ output adjusting different regulations . . 478, 

479,506 

• ■ • (sec also “Adjusting”) 

“ “ average maximum in amperes.466 

" “ in watt.s, meaning of. 340 

“ “ (Remy), different models. 352 

“ “ varies due to battery c e m f. 375 

• • when to increojie. 563,506 

“ (Overland “4” Autolite). 418 

“ (Owen magnetic cur) . 1020,1021 

“ parts ()f 330 

“ polarity at brushes, how governed..342 

“ “ relative to connection to battery.365 

" principle and action of.338 

“ “ compared to a water pump. 331 

“ “ of, regulation . 331,341 

“ produces direct current, how.339 

“ purpose and construction. 331,336,341 

“ regulation . 346-304 

“ “ compound w'ound fields.354 

“ “ constant current.. . 346, 348, 354,350,357 

** “ “ “and voltage, 346,348,.352,349 

“ « « voltage. 346, .347,349 

“ “ electromagnetic. 347,350, ,380.38.5 

• “ inherent. 347,3.54,357 

“ “ methods. 340,347,354,3.57 

■ “ of output, why necessary. . 331,346, 

341,342 

“ “ principles. 346,347,354,357 

“ “ thermal or ballast-coil principle 356,357 

“ “ third brush (Delco). 391 

“ m u u principle.357,361,408 

“ “ three principles involved.414 

“ “ why necessary.. .. 331,346,341,342.347 

“ relation to motor. 338 

• (Remy). 350,363 

• residual magnetism, effect from loss of. 497 

“ reverse series winding, meaning of. 354,355 

“ winding bu^s the shunt... 3.55 

• series field winding not used alone.345 

• shaft if worn.480 

• fihunt-field fuse, purpose of. 376,430,480,483 

• « • winding, diagram of. 345,341 

• a « « for automobile.345 

• • wound. 411 

• • « changing polarity. 671 

• ■ « if wrorfldy connected to b,5tteiy.. 366 

• • • meaning of. 346.341 

• mm type, simplified.847 
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3eneriitor Bhunt-wound usually.411 

siuiilar in many respects to an electric motor.. 388 

six-pole, magnetic circuit of. 358 

speM, average when motored. 480 

• lessens, voltage drops.348 

** on motoring test.480 

starts generating from residual magnetism.... 33ft 

terminal, which to ground .325 

test board (North East).478 

* by examining commutator indications , . 480 
testing according to data in service manuals 4Sft, 400 
“ field-coil connections to brushes .. ^4,513 
** forground in field.commutator,armature 515 

• • oiien fiald with test-points. 514 

“ how to driTe. 478,510 

• on bench: procedure.47ft 

• “ car procedure.470 

“ (see also "Testing generator") 

• shunt field wnnding with battery . 401,510 

• three methods of. 41K) 

■ voltage of. 409 

• with meter .. .. 480,487,488,514 

tests: driving, battery field, and 

motoring. 490, 491,509 

** (Ford) on F. B. test-stand . 510 

** purpose and procedure. 479,482 

thermal regulation principle (Uushrnore-Bosch) 350 
thermostat burned, indications.303 

• resistance, purpose 302,303,395,130,408 

• froubhis. 303,395.430,408 

third- brush, adjusting 

357, 301-305,375,407.500. 510 
“ “ an inherent method of reguhitum 317 

• * fuse in sliunt field circuit, why 

430, .370,480,483 

• • methods of shifting. 408, 303,3tl4, 50<i 

“ “ position on four-polo generator . 313 

• “ regulated adjiwting output . . 301 

“ “ “ always shunt wound . . 357 

• * • (Bijur). 305 

• “ “ (Delco) .391 

• “ • is an inherent method . 357 

“ * “ principle and action of 

357,301 

“ • “ with thermostat 302,395 

tracing circuits of. 411,448,402N 

trouble chart. 455, •1G2N 

troubles, commiitater indicates 90% .50.8 

• diagnosing of . 465, 462N, 4020,478,479 

“ electrical. .... 455,513 

“ * usually duo to two causcH. . 513 

“ indications when "motoring" generator 491 

“ testa . 457 

“ conditions which necessitate tests . 479 

“ diagnosing, tracing, dividc<l into parts. 418 

• general inwi>ection of.508 

“ indicated by commutator.508 

“ locating and repairing.512,513,514 

“ mechanical . 455,512 

type of cut-out (Ford) . 520 

using three brushes, not a third-brush (Rerny) 359 

valve, meaning of. 95 

voltage above oaltcry e»it-out fails to close... . 470 

• changed by moving brush. 329 

• if lower than the battery voltage. 470 

“ over 6 volts, cut-out does not close.. . 470 
“ relation to battery voltage. 340,347 

• too high clause, effects 340,430,370,483,506 

watts output, now to compute . ... .340 

(Westinghouse).322 

when to increase charging rate. 503,500 

windings compared to motor windings. 338 

with permanent magnet field poles . . ..... 353 

“ plain shunt winding requires regulation 341 
“ work which can be done by electrical repairman 480 

Q.G. vacuum gasoline fuel-feed system. 115 

Giant pneumatic non-skid cord tires for truck use.594 

• single solid tire, for heavy trucks. 027 

“ solid tire: standard sizes and carrying capacity.. , 627 

Gill piston rings... 825 

Glass and reflectors, cleaning. 040 

' • body and metal polishes. 045,040 

• curtain lights for tops. 750 

• polishes. 045 

Glossary of gear contact terms. 809,874 

* to storage-battery terms. .529 

Glycerin and alormol, use of, for non-freezing solution.... 154 

** ■ water, use of, for non-freezing solution. 154 

G. M. C. truck electric system.917 

* • engine inlet and exhaust manifold. 917 

“ « « using cylinder sleeves. 910 

* • (1-ton) differential, removing, adjusting. . 921 

“ • • model specifications of.920 

“ • rear-axle parts, adjusting. 918-920 

“ “ two-range transmission. 918 

“ * (two-ton-model), specifications of.915 

Gnome revolving cylinder engine. 1161,91 

Golden, Belknap Swartz four-cylinder engine. 79 

Governor action on truck engine. 939,942 

“ drive methods. 947,946 

^ Kisemann muneto. 270 

* engine, centrifugal type. 947 


Governor engine (Monarch).949 

“ “ suction type. 947 

• “ transmission drive. 946,947 

“ • types of . 946 

• for advancing time of ignition, purpose of. 203 

• “ carburetor. 100 

“ * clutch (Pierce).948 

“ • Ignition; (.\twater Kent). 202,203 

• • “ (Bosch). 208 

“ * “ (l)clco) ... 388,215,219,307 

• ■ * (N.E.). 371 

“ “ - (Uemy) 211.212,208 

• " “ (see also'* Automatic advance") 

• hydraulic principle ... 100 

“ (international truck engine) .927 

• make iiseil on tractor engines. 990-998 

** meaning of .1070 

• (PicrriO uporation and regulation of.947 

• principle of cut-out. 1013,1014 

■ Simplex and Duplex, setting of.940 

• speeds of engine (Continental).938 

• stationary engine. 1004 

• throttling type. 947,939,942 

“ type speedometer. 445 

** why throttling type used with kerosene .... 1(M)4 

Grabbing of cone clutch, cause of. 839,842,845 

Grade, how to find.1040 

“ meaning of..1040 

“ slcofiest that car might climb.1047 

Gram, meaning of.1070 

(iruiiiH to oniices.1048 

Graphite, use of, for engine lubrication. 100 

Gravity air-valve type carburetor . 129 

“ ami exhaust pressure fuel feed. 111,112 

ceil, why terrneii. 539 

•* fuel feed . Ill 

- meaning of. 629,530,1070 

“ of gasoline ... 103,105 

“ “ “no h)uger an accurate test. 103 

“ “ storage-battery solution . 629,5.30 

“ or driivfeed engine lubrication system. t.'VH 

** (sppcmc), meaning t)f., 530 

• • t<'st, non-freezing solution.10*41,154 

Gray-Da vis, early mechanically regulated 

generator. 363,324,355 

“ inner tube is not ciilored. (U2 

Grease cups . Osl 

** gun for garage use, how to make. . . 071 

“ kind to use . 171-174,701 

“ leaks from rear-axle brake drums (Ford).. . 1085,1098 

“ removing from brake fabric. 893 

“ “ “ car . 045 

“ “ “ cloth upholstering .047 

“ runs out hub of front wheel and steering knuckle 909 

“ Inhere generally used on car. 172,173,171 

Greasing a car, instructions on,. 701,174,004 

" and oil changing station, layout for.073 

“ Ford car. .1084 

" rank, layout for. 073 

Grinders, electric bench type.7(K) 

Grid of storage battery, moaning and purpose of. . 529,537 

Grinding crankshaft, remarks on. 817,819, 792 

“ when. 792,817,819 

" cylinders, pistons and crankshafts; as a business 818 

" engine cylinders.817,921 

- - valves. 770,60,67,1103 

• machine for cylinders.819 

" valves .(soo also "Valve grinding") 

• “ mljust valve clearance afterwards.772 

- - (Buick Six engine). 71,72,772 

• • cage type .772 

• • ((’nevrolet "490" engine). 67 

" valves-on-the-side.770 

" • « « - detachaVilc cylinder head. 772, 56 

• - (Overhead).772 

• •* overhead type.772 

■ • replace valve caps when through. 772 

• wheel . 1037 

GRND, meaning of. 176,413,415 

Groove clearance of piston ring. 828 

Grooves in engine bearings. 17i 

- “ piston . 171 

Ground batteiy cxjnnection serves as return path. 451 

" brush of high-tension magneto; where located.... '201 
caused by battery box being acid soaked, common. 48-1 
connection from battery to frame; examine often. 449 

“ of storage battery, importance of.428 

connections: importance of good contact.451 

“ of generator and batUiry .412 

■ should be filed or scraped bright. . . 425 

in armature coils, teats for.615 

“ * how to localize (North East).376 

• armatures are caused by.501 

* brushes or field coils, how to localize (N.h] )... 370 
** commutator or armature of motor, tests for... 610 

• “ tests for.515 

“ commutators, cause of .601 

* wiring system of car, testing with test lamp... 484 

i ndioations of.453 

meaning of. 176,462.1078 

or earth connection, meaning of.1076 

symbol of.412 
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Groiinfi test of iirmuturp with meter ... . 489 

" “ “ motor-Kcnerator armature witii test lamp 497 

“ testa for hi urth rigi^ing ... ... ryX.i 

“ “ of generator held, commutator, armature rorls •'>1.") 

“ two kinds.4."»2 

Grounded ignition-coil circuit (Remy). 209 

** wire, meaning of .170 

Grounding battery and generator. 170 

“ battery, starling motor or generator .. . 32.1 

“ the battery, which terminal.. 32.') 

• wire to frame or engine- clean oil all paint 47.3 

Growler; an audible testing tievice for arrnatuies .. 403 

“ best for testing motor arrnature.s 4S2 

" for testing armatures, ju inciple of. 499, .100, ."it)I 

Gudgeon pin, meaning of. 1070 

Gunsmith’s die or screw plate. 709 

G V. electric truck. 903 


H 

If (hydrogen), meaning of.037 

flack-saw, power ..0)91 

Half-and-half solder, meaning of . 720,738,7.10 

“ elliptic springs. 11 

" inch spark plug, dimensions of. 080 

“ round file, illustration and purpose of.717 

" speed shaft, meaning of. 1070 

Flammered type piston ring.. 820 

llamrnerH, kinds and use of.(*9.'), (>90 

Hand air pump for general garage use.. . . 022 

“ “ " * initial air presHiiie for gasoline tank .. 112 

“ ami foot tire air pumps. 022 

- brake. 12, 8S I, «H5. 8.S<) 

" " adjustment of. . 887 89.1 

“ " also termed emergency brake. 889 

" flic, illustration and purpose of . 717 

“ operated horn.. ^ 

" spark-control lever.‘ 20.1 

llaiulles for hand-actuated horns.443 

Hurd solder, composed of. 720,721 

“ " meaning of. 721 

" soldering or briulng, meaning of. . . ... 720,721 

" starting due to ignition cud vibiutor adju.siment . . 223 
Hardening biHHS, biunzo or Cupper, process of ... 724 

" steel, process of . . 721 

Harley Davidson inotoicyclo. 1012,1(M>8 

“ “ “ engine. 1009. lOtiS 

Harrison radiator. 118 

Hartfnid electric brake. 890 

Haynes fiont-tuid drive system. 7.5 

" Hix-cyhnder engine . 80 

H. C' S -Doleo electrical circuits .401 '' 

“ gear shift, and engine flung order. 0.19 

Headlamp, adjustment of.43.5-4.10 

“ “ (Studebnker) . . . 43.5 

“ aiiti-gluro lenses .437 

“ bulbs, uunibors of, used on passenjjer cars . . 10,55 

“ checking adjustment of. 439,440 

“ eonnected how.431 

" diaim'ter of, used on passenger cars. . .. 105.5,10.57 

“ dimming of . 439,410 

" door, removing.43.5 

“ focusing . 434,43,5,438 

“ glare, methods for reducing...437 

“ height on road.4.18 

“ lens diameter, pa.sscnger cars. 10.55 

“ reflector.(soe “Reflector”) 

“ “ methods of tilting. 435,430 

Headlight adjustment, light on road depends upon.434 

Healil cylinder grinding machine. 810 

Heat-proof paint. Ct7 

Heat treatment of steel. 723 

“ units, meaning of.lo70 

Heating car, methods of. 150 

* carburetor (Marvel). 144 

“ “ mixtuie.100-109,140.112,141 

“ " mixture: old cars. 1038. 1039 

* “ too niuoh.100,112 

* cold engine rapidly (radiator shutter).119 

* engine qui'^kly, methods.105 

* garage by steam. 607,070 

' inlet inamfoUI. 49.105, 100,107,108. 109,917 

kerosene: tractor engine carburetiuii 987, 988, 980, 990 

“ long inlot pipe.1039 

‘ inethwls of gasoline for curburetion, reasons for 103,105 

■ of carburetor, if too much. 100,142 

* “ engine, excessive, causes of. 152,121.142 

* the air and mixture of carburetor. 105,109 

* * * drawn into carburetor. 105,106 

* * • expansion of, and result. 108,106 

* • carburetor mixture. 106,107,108,109.140 

■ • priming mixture (carburetion) electrically 107,142 

soldoring copper or iron. 719 

Heavy-bo<lied oils. 165 

car, typical example of. 14 

* duty truck, meaning of.912 

Heel contact of gear teeth, meaning of. 870,874 

Height of light on the road. 438 

Hehral gear front-end drive for engine. 75 

* • popular type for cam-shaft drive. 52 

gears, what made of. 52 


Hehcal, nioanjng of. 1076 

“ or spiral gear. 

*■ “ “ tooth he\ el gears. 17 

Helix or solenoid, meaning of . 181,1076 

“ “ “ polarity of. 182 

Helle-Shaw'clutch. 22 

Hexagon head cap screw, illustration of. 706 

“ nut, illustration of . 706 

High-amperage discharge leO, of battery . • . 534, 652, 6.53, 554 

* “ “ tc><ter, how to make. 551,555 

■ and low-gravity gasoline... 103,106 

“ “ “ tension Ignition coil windings, symbol of.. . 412 

* “ “ “ “ meaning of. 186 

“ “ “ “ iTiagnetfi.s, illustrations of. 2cS3 

“ carbon or hard steel, meaning of. 746 

“ flame rate, meaning of. , .. 103 

“ frequency magneto, nicatiiug of. 248 

“ gear, meaning of .1076 

“ “ or <lire<*t drive, meaning of. 8,29 

“ gravity of battery, caustes and renicily of.658 

“ mica bfforo cutting, appoaranco of, moaning of.492 

“ pressure lubrication svstem. 174 

“ rate discharge test of battery, purpose of. 534, 552 

“ segments in commutator, cause of.493 

* tension an<l low tension, meaning of . 186 

* “ circuit armature type magneto. 273 

“ “ “ (Dixie magneto) . 273 

“ “ cod using magnetic \ ibraltif . 189 

* * * voltage and amperago of secondary 

winding 18 

* “ coils, non-\ ibrator type.196,197 

“ “ distributor (Atwater Kent). 202 

“ * “ (Delco).214-219 

“ - - (Remy). 211,212 

“ “ “ on loiv-ten.sion magneto. 241 

“ “ “ purpose of. 215 

“ “ ignition coil (Roscli dual). 267,268 

* " “ “ (Delco). 213 

- • - “ (Remy). 209,228 

* “ • « uun-vibrating dosed 

circuit. 205,207,197,213 

* • “ • principle of.190 

■ • • • size w ireurnl nurnberof turns 2 VO, 188 

* * • « tester, home made............ 2.30 

“ * “ is the appro\ed system now in use.,. 186 

■ * “ system, closoil oirciiit (Conno<*ticut). 198 

* “ " non-\ lb. coll, close<l circuit. . 197 

" ■ “ using low tension mag.-icto .... 244-252 

* ■ “ vil>rator cod, constiuctioa of. 18H 

“ * magneto alone. 262 

“ * “ arnialiire a Hiding.256 

* * “ con.st ruction of. 258 

“ “ “ ignition, advantage of. 262 

" “ **,**. ftystems. 262 

" * " principle, construction, ty 1)6 .256 

“ tcnsi«>n magneto, winding of. .2.57 

" “ meaning of .l88 

“ “ or voltage, why induced in scconduiy winding 189 

“ “ safety gap. ... . 198,261 

“ “ yibratoreoilu.siiigaconimutator 19 V, 192,190,188 

“ voltage test lamp.... 463 

“ » u H jjj (.jj-ftat. 463 

“ tt « u T^itliout fiist's .46,1 


Hill climbing and dc.scending, poimi rs on.6.33, 6.35 

“ “ withretardedspark.enginebecomeswarmcr 1.52 

History of the automobile. 1073 

Hit-and-niis.s governor on stationary engine. 100 V, 1005 

HL , electrical meaning of.. 413 

HjO (water), ineaniiig of . 537 

Hj.S 04 (Sulphuric acid), meaning of. 5.37 

Hoists . . 674,675 

“ chain type, for repair shop. 69 V 

“ engine stands, and axle stands. 672, 074 

Holley carburetor (Ford). 1130,1131 

“ vaporizer, tractor engine use. 988 

Ilolophane, anti-glare lens; didlecting type. 437 

Home garage for one machine. G.H9 

“ made car wasliors. 615 


“ “ carbon high-ampcrage-discharge te.ster.555 

“ “ chain hoist and frame. 675 

• “ chemical rectifier. 569’ 

“ •* devices for repairing. 1035-1040 

• “ electrical test stanrl. 47.5 

• “ engine bearing ruiining-m machine. 790B 

• “ “ cleaner. 760 

• * • stand, adjustable. 675 

• “ paa blow'-torch. 719 

• • Ignition-coil tester. 230,232 

■ * magneto and armature tester. 315 

• • methods of driving generator for testing. 476 

• • resistance high-aniperagc discharge tester 55.5, 547 

■ • spraying outfit for painting radiator. 739 

■ • steam generator for battery work. 583 

• • tester for ignition coil and condenser. 23C 

• ■ towing truck. 676 

• • water condenser (battery).684 

Honeycomb type radiator. 147 

Honing cyliitders. 816,824A 

Hood cover and radiator cover, purpose of. 150 

Hook rule, purpose of. 704 

Horn circuit, troubles of. 445,451 
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Horn oirouit, usually connected to one side of ammeter. . 451 

• • ■ taken from ammeter, how to trace . 451 

, , 453,485 

■ electric failure to operate; causes. 445.4S5 

- ■ testing of. 444,445,451,453, 485 

• ^exhauKt) fitting of. 720 

• mechanical, silencing df.1037 

• tests with meter.4H5 

• troubles, diagnosing. 444, 445, 451,453,485 

Horns .(see ‘‘Electric horns**) 

Horsepower, calculated.1044 

• computing; of. 1042 

electrical, now to find. 176 

“ meaning of. 176 

engines, passenger can. 1058 

equals 740 watts. 432 

estimated.1044 

formula. 1042, 1044 

French, mejining of.1043 

how measured. 1044 

meaning of.1043 

pronv-brakc test.1045 

Horseshoe type of permanent magnet. 170 

Hose clamps for radiator hose. OSl 

“ connections on radiators.I.M 

“ diameter, passenger cars. 1055 

“ for wash rack and flexible base nozzle.645 

“ leaks. 151 

“ rubber, for radiators, etc. 681 

Hot-air method of heating a celt. 156 

Hotchkiss drive method. 7 

Hot-spot manifold, meaning of. 49 

“ method of heating inlet manifold. 106,107 

Hot tube ignition: the original ignition method. 186 

“ water and exhaust heated intake manifolds. 107,109 

“ “ heating of carburet ion mixture. 107,108 

• “ method of heating car. 156 

Hound rods (Fig. 7). 16 

How to (see "Principles,” "Testing.” "Adjusting.'* "Troubles”) 

How to park in a city street ^ . 655 

“ • study mechanical cori iction of a car.1066 

• • turn in a city street.... 655 

“How to Run a Lathe" and "First-Year Lathe Work”... 693 

HP, electrical meaning of.413 

Hub caps, ti^teniiig of .•.005 

Hudson and Essex oil pump.163 

***** piston ring. 833 

auxiliary vacuum pump. 115 

Hudson-Bosch ignition timing. 208 

carburetor, adjustment of... 130,137 

clutch oil.852 

Delco electrical system (model "O”). 397 

** ** ^ ** (1910-17).389 

** ignition timing,..391 

electric system, how driven.336 

engine firing order (model "O”).637 

** lubrication. 162,103,164 

* main bearings, number used. 41 

■ valve timing. 70 

f jear-shift movement (model "O”). 637 

ubricated multiple-disk cork-insert clutch.852 

oil-supply control mechauisrn. 163 

radiator damper or shutter. 149 

valve clearance adjustment. 58 

water pump, how driven. 336 

Hundredth part of an inch, how expressed in fractions. .. 701 

Hundredths of an inch to sixty-fourths.. 68,1048 

Hunting link of silent chain, purpose of. 7^10 

Hupmooile engine valve timing.74,75 

** firing order..'.639 

** front end drive system. 75 

• gear-shift movements. 639 

• specifications of. 639 

• valve-clearance adjustment. 58 

Hurrying battery charge. 575 

Hydraulic analogy, meaning of.1076 

** ** of connecting cells of battery. 177 

• • * electrical system of a car.331 

• • •electricity. 175 

• brakes, purpose and principle.13,886 

• governor for carburetor. HX) 

• •■* principle. 100 

• hoist for truck.051 

■ meaning of.1076 

• oU seal (Timken). 883,910 

• shock absorbers. 12 

• speedometer principle. 446 

Hydro-carbon enmne, meaning of.1076 

Hydrometer for battery acid and water, how differs.... 1041 
• readings after adding water, of no value.... 531 

• syringe for testing specific gravity. 631,629 

• test of batteiy, 631,634,647,653,659,662,676,590 

• • • gasoOne. 103 

• • • Don-freesing solutions. 154,1041 

* tssts of storage battery for locating troubles. 559 

• used during tune bmttw is on charge.666 

I 

I-beam, meaning of. 747 

I-hsad cylinder engine, timing valves. M 

• cylinder, meaning of..... 47 


I or IG . eleetrioal meaning of. 413 

1. meaning of.... 66 

Ice boat, speed of.1060 

Idler for adjusting slack in silent ohaina. 75 

** gear (reverse) of transmission, removing. 860 

• gears, removing.860 

Idling adjusting screw on carburetor. 96,99, 

* of engine, factors which assist 

118, 120-123,182, 402A-462C 

" • meaning of...122,1076 

Igniter, niako-and-break, principle of. 185 

“ meaning of.1070 

wipe spark, principle of. 187 

Ignition, adjusting (Atwater Kent) 

203, 204. 206.303,306. 424,232 
" (Bosch bat. ooil). 208, 232 

• (Connecticut) .. 198,‘200.303,306,419, 232 

• (Delco). 216-221, 229,391,232, 307 

• (Ford). 222.1110-1118,1126 

• (ro4gneto)... ‘257, 261, 264, 266, ‘206, 270, 
273, 274 , 279, 280, 295-300; 
308-316 

- (North East). 371, 232,226-228 

• (Ilcmy).... 208,211,212,228,232,302.306 

• (Woetinghouse). 207,232 

advance and retard, meaning of 34, 301,306,306, 2tU 

• ia degrees.212,307 

• testing and checking.. 305 

air temperature raised (Diesid engine).1005 

and earburetion, relation between... 462A 

** lighting Bwitciies (Delco). 409,220 

applied to a gasoline engine, how. 34 

(Atwater Kent). 200-206,303,424, 232 

*• • for Ford.11.38 

automatic advance of earn and rotor.212 

• s « s rotor. 207 

• • range of. 212,307 

• * (see also" Automatic advance" 

and "governors") 

• • serni and Tull, meaning of 204,212 

• • speed when starting to operate 

2()4, 212,307 

" *01 spark 202,204,212, ‘208, 388,307 

** • u u purpose of.203 

• and manual advance, purpose of.. 203,204 

(Bosch) (coil and bat) . 208,232 

** vibrating duiilex system. 207 

cam adjustniont methods. 801,302,307 

“ meaning of.1070 

• and rotor, advance of. *208,307 

checking the timing. 301-304 

circuit divided into parts. 334 

- (Ford). 249,1126 

** testing with a meter. 485 

** usually connects to one side of ammeter.. 451 

circuits chart. 462D 

• rhere to Sturt tracing. 416,450,332,334 

coil adjustments (K. W.-Ford). 222,223 

• amperage test. 232,220,223 

■ and condenser home-made testing devices . . 230 

• ** ** test suggestions. 230,227,231 

** (Atwater Kent). 202,205,207,232 

** '(Bosch). 208,282 

** box and cylindrical type, meaning of. . . 204,205 

• color of spark when testing.231 

• connecteil wrong, effect of.229 

" (Connecticut). 199, 200,282 

• cylindrical type. .. 213,228,229,205 

** defective, indications of. 231 

- (Delco). 213,215,232,307 

“ first high-tension.1073 

** high-tension, how constructed. 188 

“ • principle of. 190 

• bow marked. 232, 209 

• if poor grade loses efficiency when hot.235 

“ low-tension, principle of. 184 

** marks on. how vary. 209,232,213 

• master vibrator type. 194 

• multiple cylinder vibrator type. 192,193 

** North East. 371,226,227,232 

■ DoD-vibrating type 
, 196, 205, 202, 209,212, 213,223.371 

• opening, closing of primary circuit, why. 184 

" ports of. 462I>-4620. 481 

• primary, amperage of. 232, 226 

• • winding, principle of. 184,185 

■ (Remy). 209-212,228-232 

• running test of. 232,227,230,231 

• safety gap, purpose of. 198,308 

• size wire and numbers of turns. 240,188 

• strained if gap is too wide. 237 

• 3-terminal type using pole-changing switch.. 210 

• terminals. 176 

“ testing of. 223,228-232,286,290,4620 

• • operate until heated (other pointers) 

*■ • (Dodgo-N. E.). 2^228 

• • of, feel the coil for heat. 200,232 

• test amperes, primary. .. 232, 226,223 

• • secondary. 188 

• tests for grounds, open, short circuits (N. E.) 226 

■ • (Remv). 229,232 
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fguition coil two, tbree-tennlnal oyUndrioaltype(llemy) 209,213 

“ unit (Fordson tractor).994 

“ unite (Ford). 1112,222,188 

” using a oloaed'Cirouit interrupter.197 

* ** an open*Girouit ioteiTupter.196 

* (vibrator type), adjusting. 222 

■ • ■ construction of. 188 

* • ■ for four-cylinder engine. 192 

* • “ internal construction of 192,193 

* voltage and amperage of secondanr winding 188 

* “ of primary wnan circuit is broken. .. 188 

* (Westinghouse). 207,232 

* windings, how to trace circuits.415 

* ** sise, turns and direction.. 188 

" with condenser, proper connections. 228,229 

coils non-vibrating type . 209.212,213,220,228 

* and interrupters, various makes.232 

commutator. ..192,1113 

* a revolving switch. 188 

* construction of. 193 

* how helps control speed.. 193 

condenser, purpose, principle, and action of. 191 

• should be near interrupter-points.228 

- teste. 227.229,230.231 

(Connecticut with thermostat switch)418,419,199-201 

contact-breaker (auxiliary). 217,421,1149,268 

** points, adjusting (mag.).... 257,297 
“ • (see "Adilasting ignition”) 

• points, adjust before timing. 307,220 

" * opening quickly, importance of... 257 

“ • testing and dressing of.224 

control of, on passenger oars. 1056-1069 

cut off when starting switch is depressed, causer... 457 

data. 232 

(Delco-Buick). 219,220.395,307 

(Delco-Cadillao). 215 

(Delco-Hudson).. 391,397 

(Delco-Packard Six and Twin Six).. 4^,421,217.219 

(Deloo-Pierce Arrow). 216,403 

(13eioo-8tutz). 416 

distributor (see also “Distributor”) 

“ (Buick-Delco).219,307 

** (Cadillac-Delco).216 

• (Liberty engine-Delco).1151,1147 

• (Linooln-Dmco). 219 

• (Packard Twin 8ix-Delco)...217 

• (Pierce Arrow-Delco). 216 

• synchronous system. 195 

“ troubles. 241 

double, dual coil and battery 

systems. 284.263,264,286,216,290 

• location of spark plugs.,.233 

** synchronising contact-breaker points 

(Delco).221 

• system (Delco). 216 

drive methods. 210 

dual, double, two-spark magneto systems 263,264,265 

“ systems (Bosch).... 267, 268, 209 

fails, feel the coil for heat with switch on.206 

" suddenly. 309 

flame propagation. 290,304 

for tractor engine (K, W.)...985 

** trucks in general, . ..911 

(Ford engine).1110 

(Ford) K.W. system.1138 

(Ford magneto). 1113,1114 

(Fordson tractor). 991 994 

(Franklin models “9A” and “9B”).,423 

full automatic advance, meaning of. 204,212,307 

governor (see “Automatic advance”) 

• principle. 203,288 

• spe^ advances. 212,307,232 

high-tension magneto, advantage of.262 

“ “ meaning of . 186 

“ " vibrator coil .. 188 

how obtained if battery disconnected. 366 

(Hudson-Delco). 391,397 

instructions (Delco). 213 

interrupter.. 196, 462C, 260 

adjusting (see “adjusting”) 

(At Kent). 202,205,207,232 

(Bosch). 208,232 

cam-setting methods 301-303,307,232,220 

(Conn.). 199,200,303,232 

(Delco). 214-221, 307, 232 

Magneto. 256,260 

(NJ)). 369,371,372,227,232 

open and closed circuit type. 196 

pointers on. 462C 

points adjust before timing. 807,220 

* adjusting (see “Adjusting”) 

* clea n ing of 

224,225.304,220,221,211,308,314 

* made of. 224,225 

* why must open quiok. 257,258 

(Remy). 208,211,212,302,232 

retaraed, advanced. 301-303 

see also (“ Adjusting ignition ”) 

troubles. 

(Westinghouse). 207,232 

jump spark, meaning of... .^. iS§ 

knock, meaning and aauae of. 85,306,778 


Ignition K.W (see “K.W. Igniiioxi *) 

(Lafayette-Delco).219 

lag of. 194 

(Liberty engine). 1149,1151 

light, horn circuit from one side of ammeter.451 

(Lincoln-Delco).219,399 

low tension, how used.244 

* “ magneto and magnetic iiJug. 255 

“ • ** high-tension, coil. 244-252 

* * * oscillating type. 255 

* • meaning of. 186 

magneto, distributor. 244,245 

“ (Dixie), principle. 271,272 

* (G. M.(X and Autocar truck engine) 917,924 

* how cut off....262 

make used on passenger cars. 1058 

“ “ “ trucks. 966-977 

manual advance, range of.212, 204 

manufacturers* address.481,^2,207-209 

marine engine.1004 

master vibrator circuit (Franklin car).424 

missing explosion, magneto, cause. 309 

“ of, causes, tests 

224, 238, 239, 309, 311, 312,459,119,121, 221 

motorcycle (Splitdorf mag-dynamo).1014 

original method, a hot tube. 186 

(Packard-eight).407 

(Packard Six-Delco). 219 

parts, relation to speed of engine. 210,211 

" to carry in stock and where to obtain. 481, 232 

(Pierce Arrow-Deloo). 216,403 

platinum points, remarks on. 204, 224, 225 

poor causes overheating, .. 152 

primary circuit, exhaust coil side (meaning).417 

“ “ intake coil side (meaning).416 

" “ whcie to start tracing. 334 

principle, based upon electromagnetic induction . 183 

proper time for. 34, 35 

purpose and principle of. 186, 34, .334, 184, 291 

racing car (bord). . . ■ * . 1027. 1030 

range of advance. . . ^ ’. 212,305,307 

resistance unit purpose of. 198 

“ " and condenser teste. 229,230,231 

“ " burned out, indications of.231 

“ “ checking of. 198 

“ “ connected properly will heat.... 229 

“ “ defect causes a weak spark.231 

« - (Delco).388 

• • easily fitted if bur led out. 231 

• • test. 231,229,198,217 

safety spark gap, purpose of. 198, 308,201 

secondary circuit, where to start tracing... 334, 462B 

semi-automatio advance. 204, 212, 307 

setting (.see “ignition timing’*) 

“ time of spark. 301,291 

" (Stearns Knight). 88 

spark advance, meaning of. 203,212,307 

“ color of. 231,286 

* corona and nucleus. 286 

* heat and intensity of . 286 

* how made to vary.^5,34,35,291 

“ “ produced with electromagnet. 184 

“ intensifier, purpose and princi^e of.237 

“ lever. 34,303 

" methods of producing. 186 

" plugs (see “Spark plug”).23^237 

* nucleus and corona. 286 

* time of, in relation to speed ot engine .... 292 

starting of oqgine, principle of. 268,317 

stationary engine .1(X)4 

(Studebaker “Light Six-Remy”).211,212, 302 

substitute for a match, how used.1037 

switch (Liberty engine). 1149,1151 

switches, made in many different forms.429 

system (Atwater Kent open circuit).202 

* « « closed circuit)... 205,207,232 

" (battery and coil). 196 

“ « tt « different makes of.411 

** « • « gpark control of.289 

* (Bosch). 208,232 

* (Cadillac-Deloo).214,215 

" closed circuit (Atwater Kent type** CC”) 205 

207,232 

" •or open circuit, how to tell.207 

- (Connecticut). 198,199. 200,201,232,303 

“ (Delco). . 213-221,232.307 

* divided into circuits for tracing. .. 450,462D 

‘ (Ford). 248,249,1126,1111 

* (Q. M. C. truck engine). 917 

" how divided into parts for tracing. 334,462D 

* low-tension mameto and master vibrator 246 

“ • • make and break. 185 

* make of, on passenger cars.10^, 1064 

* ports of. 462D-4620, 481 

* (Pierce Arrow-Delco).404 

* Remy coil and batteiy. 208,211,212,232,302 

* testing of (Atwater Kent).206 

* (Westinghouse). 207,232 

* adjustment table.306 

* advantages and disadvantages.285 

■ ooU and battery. 196-220 

* four on one encine. 264 
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Ignition systems, low and high-tension . 180 

* * misoellaneous, setting time of spark 

of. 301.1052 

• on diflereiit cars.1058 

“ (tractor 6^nes).999-1001 

test board (North Eiwit) . 470 

tester. 1039,239 

“ (Arioo) (Neon gas) . 239 

“ for vibrator-type coils (Ford).223 

“ (magneto), home-made . 315 

testing devices. 228. 230 

- outfit (N. K.)., . 227,228 

thermostat switch . ■ ■ 198 

time of spark in relation to combustion. 291 

timing adjust interrupter points first. 307,220 

“ ammeter, use of 301 

“ (Atwater Kent) syatein . 205,200,232 

“ (Autocar truck engine). , . .... 924 

“ Automatic advance of spark (A. K ) 200,207 

- average . .. ... 232,301.306.1054 

“ (Bosch coil and battery) ... 208, 232 

“ (Bosch two-spark magneto). 204 

- (Buick-Delco). 220.307 

“ by 1^-wheel marks 301,70,424.1054 

“ (Cadillac-Oeleo). .... 216 

“ (Cadillac models "53 arul 55") . . 732 

“ checking of .301, 302, 208, 305 

“ “ with ammeter 301 

“ “ “ lamp 301,371,732 

“ (Connecticut).. . lOK, 100, 200, 201,303, 232 

- (I)elco)... 220,307.232 

“ (l)ixio niotoreycle maKiieto) ... 1012 

" (Dodge-North East) 371 

“ (Dort six). 208 

• (Essex). 1052.303,208 

“ (Ford) . 1113.1052 

“ (Franklin-Atwater Kent) . 424 

" (G. M. C. truck engine) .917 

“ how effects heating of engine. 304 

“ (Hudson).1052.208 

“ information. 301 303. 1064 

“ instruction.291 

“ leading systems .306 

“ Lexington (Connecticut). 303 

" (Liberty engine) .. . .* 1151 

“ (magneto). 300,943 

" magneto (see magneto timing) .297-300,306 

" make-and-brenk. . 304 

“ methods of 301 307,232,220,201,206.208.212 

“ miscellaneous ignition systeniH.. 301-304,1052 

" (Moon-Delco) 401 

* motorcycle engines . . 1068, 1010 

(NE) 371,372,232 

" (Overland 4. 91, 92). . . 418 

*• (Packard-eight) ... . 1063 

“ (Packard'Pwin-Six). . ...1071 

“ passenger cars. 1052 

" (Pierce Arrow) . ... . 405, 1063 

" preliminary remarks on.291 

“ purpose of and methods. .. 301 

“ (Remv). ..208,211,212.232.302 

“ (see also "Timing") 

*• stationary engine. . 304 

“ (Studebaker) . 211,212,302,1053 

“ test lamp for. 464,371,301,732 

“ top d c , how to find . 65, 70, 79, 30t), 943 

" verifying of.. 305 

“ vibrator coll ignition.304 

“ (Westcott-Delco). 401 

“ (Wostinghouse). . 207 

“ (Willys-Knigbt).105:1. 1069 

“ with advance lever arm .301,208,212,220,307 

“ “ ammeter (dash).301 

* * cam.301-:i03,208,220,307 

“ “ flywheel marks .301-303,70,1054 

“ “ test lump. 461,371, :i01,732 

“ “ * “ (Cadillac "53 and 55").. .732 

(tractor engine). 985 

trouble, locating of (N. E. mcKlel "()").226 

troubles and tests.222 239, 462B-462G 

“ " (N. FL model "O") . 226 

causes of. 485, 462B-462G 

(Ford).1111 

magneto.309 

those common.450 

tungsten contact points. 204 , 224, 225 

two-point, meaning of.266 

unit (Dodge) consists of.228 

" (Dodge-North East model “O").371 

“ (Marmon-Delco) mounted on generator. . . . 400 

“ mounted on generator.337 

using two spark plugs, advantage of.264 

“ " “ " per cylinder (Delco).. 210,233 

(Wostcott-Delco).402 

wire, three kinds of.240 

wires: connections and how to mark when 

removing. 241 

wiring troubles and connections.240 

(Yellow taxicab engine).*..978 

I, H. P. or indicated horsepower, meaning of. 1044,1076 

Imitatmn platinum will pit.224 

imperial oxytod, acetylene regulators, construction of_ 749 

** welding, cutting and decarbonizing outfits 749,750,751 


Imperial air pump (Brown). 623 

Impulse, meaning of . 248, 253 

“ or waves of iiuluctor-type magneto armature.. .. 246 

“ - - • shuttle-type magneto armature. 246 

“ pump, sometimes termoil spark-plug puiim.623 

“ starter, construction ai.d operation of . 281,985,986 
“ • principle of (K. W )... . 985,986,281 

Inboard, outboard type starting motor drive . . 320 

In-block ty(>e cylinders, meaning of. 47,1070 

Inch, designation of ... 60,704,1050 

** how dividtnl into one thousand parts . 701,702 

Inches and degrees, how to mark on nywh(H*l .... 69 

“ " millimotors appluHl to cylinder boro, stroke.. . 1049 

“ converting from iiogrees . 68 

* fractional paits to decimals.702,712, 1048 

“ sixty-fouitlis to decimals.702, 1048 

“ Hvmbols of 704, 1060 

“ thousandth mid hundredth part of.701,702.1048 

“ to centimeters .1048 

Incomplete combust.on . 170 

Increments, meaning of ... 1076 

Indian motorcycle .1011, 106H 

clutch.1012 

“ “ engine. 1007 

“ twin-oppoM'd tyi>e.1009 

“ - timing.. .1068 

'• " transmission. .1010 

Iniiicateil horsepower or 1.11 I*., meaning of. 1044, 1076 

Indications of ammeter. 334,471 

" “ carbon. 170 

• " correct carburetor adjnstmtmt. 120,96 

" “ grounds. . 463 

“ “ iiioorroct carburetor adjustments. 121 

" “ open circuits .452 

" short circuits 453 

Indicator dial Kiinge, purpose of.812 

** eluctiical, principle and purpose of.469 

“ for valve timing 66,69,70,73 

* in sern^s with starting circuit. . 451,461,469,424 

“ instead of ammeter (Franklin car) ... 424,451,461 

“ of oil level m engine, bayonet type. 102 

“ u « « « « where locat*Hl . 161,160 

“ " water tcm|)cruture of engine . 148 

Induced curriuit, meamng of.1076 

Induction cod (see "Ignition cod") 

“ " niouning of. 184,1076 

“ eleclromagnetio, meaning of. 180,183, 107t) 

Inductor magnuto pnsliices impulHeH per revolution (K. W). 246 

type armature timing . . . .284 

" “ magneto arriiaiure, meaning of. 246 

- “ “ (K W ).24fl 

" " " innaiiing of. 246,283 

Inertia lag of valve, meamiig of . 62 

“ meaning of .lOTil 

Inherent constant-current regulation methods. 351 

“ regulation, meaning of 354 

" " of a generator, meaning of.347 

Inlet air-exhaust niariifold (Ford racing cat).1027 

“ and exhaust valve caps, purp<iSo of . 60 

“ manifold . . . . 116 

* " conHtrin'tion. 49 

* - how healiMl . 49, 106, 107, lOH 

" “ meaning of ... 48 

* “ relation to carbuietion. 115 

* “ why smaller than formerly . ... . 116 

“ spark plug, moaning of . 417,216 

" stroke of a gasoline engine. 32 

“ valve, average eloHing of.63,75 

“ “ " ijlK'niiig of .63,76 

“ “ cage, meaning of . . . 1076 

" “ if opens early, effect of .61,1103,1104 

- “ “ “ late, effect of .61,1103,1104 

* " oixming and closing iKjriod. 64,76 

* “ “ remarks on. 61 

* “ purpose of .52,63 

“ “ remarks on closing of . 61 

“ • spring weak, effe< t and cause of.776 

* valves on L^eotl engine, how placed.63, 54 

* " on T'heod engine, how placed... . 37,50,53,54 

Inner ring (piston ring). . 827 

“ shoe for small blow-outs or weak places in tires. . 611 
“ tube acid cure, repair. ... 615,016 

* ** and valve stem fur pneumatic tires.591 

* “ blow-out repair.616,016 

* “ cementing a patch. 613 

* • cuts and tears, how to repair.616 

- - folding. 613 

* “ inserting into casing, instructions fc**. 001 

- - life of. 612.613 

" " mandrel for repairing. 616 

* * pinching, cause of. 613 

* * placing over.601 

* • pointers.612 

* " removing from tire .696 

“ “ " inner valve with valve cap. 605 

“ " repairing, prices to charp . . .622 

* " * with a portable electric vuloanizer, . 615 

■ " replacing, in tire .595 

* “ splices, how to make. 616 

* " testing air pressure of. 695 

“ *• trouble. .61? 

* “ valve core, if immovable from stem . .. 016 

** * ** leak usual cause. 592 
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Inner tube valve 81 . 601 , construction o(. 591 

" “ * “ if not placed properly in oaring... 601 

" “ “ “ seat repair. 616 

" “ “ tool. . . 613 

^ “ vulcanized repair, how to test.616 

** " vulcanizing.613,614 

“ " why gray or red. 612 

** valve leaks, cause... 592 

" "of tiro, principle and action of. 592 

Inside break in fabric of tire...610 

" calipers, purpose of.704 

" rnicroinctor caliper. - ... 703 

Inspection and adjustment of car when overhauling 663,664,758 
" hole for seeing timing marks on engine flywheel. 93 

" of car and engine. 66^1-664,768 

*• “ engine and parts. 664,758 

*• or trouble lamp, how connected.431 

“ pit, purpose of. 670,672 

Inspiration, meaning of.1076 

Installing an air compressor, pointers on.624 

Instruction numbers, pages where begin (see Table of Contents) 

Instrument lump, loeation and candle power of.431 

Insulated ignition coil(Kemy). 209 

'• menning of.1076 

Insulation, meaning of.1076 

“ of spark plugs.233 

“ “ wire, why necessary. 176 

Insulator, meaning of. .. 176,1076 

“ space between spark-plug points.236 

Insulators of electricity, those whiim are non-conductors.. 170 

Insurance, (automobile), kinds of.1072 

INT., electrical meaning of.413,1077 

" T., MAG., etc., marked on ignition coils, meaning of 209 

Intake coil (Delco-Htutz ignition).417 

“ “ side, meaning of.416 

" manifold paint. 647 

" manifolds, hot water and exhaust heated. 100,107 

“ spark plug, meaning of.417, 216 

Integral, meaning of.1077 

“ or one-piece type spark plug. 233,234 

Intensifier for ignition, purpose and principle of.237 

" spark. 1039,237 

Intensify, meaning ot^.1077 

Intensity coil, meaning of.1077 

Intermediate or second gear, meaning of. 0,29,1077 

Intermittent, meaning of. 1077 

Internal battery short circuits, causes of.544 

" brake, expanding band.884 

- « shoes.884 

" circuit of a cell being charged. 641 

• « « « « « discharged.1^8,642,540 

" combustion engine, meaning of. 30 

" construction oi starting motor (N.E. model R). . 329 

• ,< u storage battery.637 

“ gear drive rear axle. 933,929,060 

" resistance of battery high; causes and remedy of. 629 

" UK storage battery... 542, 535 

" shoe brake. *...«• .884 

“ short circuit of battery: indications.558 

" troubles of shortage batteries. 512 

international truck carburetor.927 

“ “ clutch adjustment.928 

" " engine. 926 

" " (one-ton model).925 

" “ rear axle, internal gear drive.929 

" “ transmission, rear-axle adjustments928,929 

Interrupter (see also "(Contact breaker") 

" • “ Ignition" and " Adjusting”) 

" adjustments (see also "Adjusting") 

- “ . 301-304,307,232,462C 

" • (At. Kent).202-207,232,303,424 

« * (Bosch). 208,232 

• * (Conn.) .. 198-200,232,303,418,419 

" • (Delco) ... 216-221, 229,391,307,232 

" • (Eisemann) "64" high-ten mag. 270 

- • magneto. 297-300,306,308,260 

“ - (N.E.). 371,232 

■ ■ passenger ears. 1064-1065 

• * pointers on. 462C 

■ ■ (Hemy bat. and coil) system 

208-212, 228, 229, 302, 232, 304 

■ " (Remy magneto)... 279, 299, 297, 284 

■ ■ (Westinghouse). 207,232 

• (Berling magneto).284 

• (Bosch) dual magneto, coil, battery ignition.. 267 

• (Bosch **DU4’ high-tenaion magneto).295 

• cam. 295,296,293,210 

" * for bat., coil ignition. 207,210 

• • rotor advanc^ together.208 

■ « <» « separate.307 

• « « crankshaft relative speed.210 

• “ setting, methods. 301-303,2^, 307,232 

■ closed-circuit coil battery ignition (Remy).. 208 

" urn coil, battery ignition 196 

■ (Connecticut). 199,200 

" contact points, what made of... 314,220 

• disassembling and assembling (Connecticut).. 200 

• (Dixie magneto). 274 

• gap clearance, different ig. gystems . 806,308,232 

• 4141 meanings. 296,297 

• ■ • of magneto. 297 

• ground, open, short oirouit teat (N Jk ignition) 227 


Interrupter (K.W. high-tension magneto). 279.297,800 

meaning of... 1077 

of ^h-tension magneto, parte ol.258 

* ignition, driven now.210 

” magneto, principle of.260 

* ■ purpose of...295 

* * 8.A.E. designation of.295 

■ • tests of. 814,224,244 

on low-tension magneto. . .244 

open-circuit type, coil, battery ignition.190 

opening relation to engine compression.314 

or contactibreaker of magneto. 295,260 

point gap, average adjustment of. 306,232 

points, adjust before timing. 307,220 

** cleaning, adjusting. 304,224,225,232 

* dressing of. 224,225,221,211 

" frosted appearance of. 220,221 

" quick opening of, importance of.. 257,258 
" renewing of (Connecticut ignition).... 200 

“ spring tension of.407 

“ symbol of.412 

" too wide or too close. 296,303,462C 

• what made of. 224, 225 

quick opening, importance of. .. 190,252,257,290 

(Remy ^‘RL’° magneto).296 

rotation of, clockwise and counter-clockwise.. 209 

set advanced or retarded, meaning of.301 

symbol of.412 

test lamp for ignition timing.... 464,371,732,301 

testing, adjusting. 462C-4620 

troubles, diagnosing. 462C-4620 

types of. 232 

^ with one and two contact-breakers (Delco) 213,214 

I.O., meaning of. 60 

Ionic principle, meaning of.540 

Iron and steel, welding of...746 

** various kinds of.746 

“ wire has greater resistance than copper.175 

• why soft iron does not retain its magnetism.180 

Irregular sparking is noted at all plugs, tests of. 200 

Irreversible steering gear, meaning. 898 

Irving radiator shutters, principle.650 

IS or IQ.S., electrical meaning of.413 


Jack for general car use. 607 

“ * • garage use... 675 

“ “ straightening parts.728 

“ " tire changing.607 

• shaft for chain drive. 6 

Jacoz steering gear, adjusting. 898 

Jaywalker, meaning of.1077 

Jefferson Highway.660 

Jeffery early model U.8.L. electrical system...382 

Jets for carburetors. 99 

• “ , . “ , (Zenith).130,132 

• multiple, of carburetor (Master). 102 

Jew speeder wrench: Ford rear axle.1137 

Jewett electrical system. 417 

J. H. tonneau windshield. 649 

Jig for drilling cotter-pin holes.1036 

Jobbers of automobile supplies, list of. 687 

Johnson carburetor adjustments.‘ . 129 

Jordan carburetor adjustments.134,135 

* Delco generator, third-brash adjustment.408 

“ spark plug, size of. 236 

Jump spark coil, meaning of.188,1077 

“ “ ignition, meaning of. 188 

• • meaning of.1077 

• • plug.. 188, 233 

Junction box, purpose of.428 

Junk ring, meaning of. 88 


Keeper for a permanent magnet, purpose of. 185 

“ • magneto magnets, purpose of. 311 

Kemco electric system for Ford ..1138,1139 

Kerosene and gasoline for cleaning parts of a car.761 

carburetorSi installation of.988 

do not put in engine. 172 

for cleaning engine internally, pointers on.167 

• cooling engine. 153 

• non-freezing solution. 154 

• • • pump must be used. 154 

• steam cars, how used.1017 

freezing, boiling point, specific gravity.1060 

fuel, how used.987,988 

• of, for tractor engines.987 

why throttling type governor is used.1004 

Key-way, cutting of.715 

Key-ways for puUe 3 r 8 and shafts.715 

• • (Woodruff). 715 

Keys, round and square, use of.715 

f types of...715 

Kilogram, meaning of.1048 

Kilometer, meaning of ’.. 1077 

Kilometers and miles per hour.1049 

• tomilee . 1048 

Kilowatt, meamng of.1077 
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King cftr startiiiK motor. 319 

• engine lubrication avstem.160,161 

• gaaoline reserve tanlc ahut-ofT cock. Ill 

• pin bearing, rebuahing of.909 

Kingston ball air-valve type carburetor. 98 

* carburetor (Ford).1128,1129 

• “ kerosene and gasoline.987 

'• • model “Y” (early Ford).105,106 

Klaxon electric motor horn, adjustments.444 

Knight engine, history of.1073 

* ** (see "Stearns Knight"). 

Knock cam shaft, remedy for.794 

“ caused Iw auxil. coil spring. 127,777 

* * . oil pump spring. 777 

* compression, relieved by fuel. 1033 

“ connecting-rod bearing.796 

* engine l>€aring, caustj of. . . 782, 783 

“ • caused by high compression. 780 

“ n u ii preignition.780 

• causes of. 777,778, 779,780, 1108 

• “ (Fordson tractor).995 

“ “ how to locate. 777,778,779 

“ “ that develops after being overhauled 802 

“ from carbon deposit. . . 778,170,4<>0,7S0 

“ howsometimesrelievedby a<ljusting valve elearanee 59 

* ignition, spark, gas, comp. 778, 306, 3A 

“ ocf-urs when engine bearing buslnng is worn 782 

** pbton-pin bearing, how to detect .796 

“ spark, gas, and compression, meaning of. . 778,306,35 

Krebs carburetor, principle of. 97 

K. W electrical meaning of.413 

“ circuit breaker, removing and adjusting.280 

• high-tension ignition for Ford cars. 1138 

“ magneto. 279,284 

- “ “ - circuit.301 

“ “ “ “ distributor connections to 

spark plugs. 295 

“ “ “ ** gap clearancr.297,281 

“ ignition coil (vibrator type), adjustment of (Ford). 222 

“ “ coils, construction of. 188 

“ impulse starter (tractor engine use) . 985 

“ “ ^ (truck use)... . .281 

“ inductor type magneto. ... 246 

• low-tension magneto. 282 

“ “ “ and ma.ster vibrator. 246 

• rood smoother. 12 


T<., electrical meaning of.413 

L-hcad cylinder engine, timing valves.65,66 

“ engine cam shaft. 50 

“ gasoline engine. ... 33 

• type cylinder, meaning of. 47 

Lack of flexibility of engine, probable cau.sc.s.459 

LaFayettc-Dolco electrical system (1021). 308 

“ “ ignition distributor..219 

“ engine firing order and specifications of.639 

■ gear-shift movements.039 

* rear-axle gear ratio. 639 

Lag of ignition, meaning of. 196 

“ valve, meaning of.62,63 

Laminate, meaning of. 1077 

Laminated armature core, meaning of. 243 

* iron core of drum armature, purpose.341 

“ “ used for armature core. 341 

“ shims, how used to adjust engine bearings. .. . 944 

* valve heads. 772 

Laminum shim, purpose of. 783 

Lamp bank resistance for charging butt i-ry ... 565 

“ bases; type used on pa3si*ngcr cars. 10.55,1057 

“ “ types of. ... 433,434 

“ brackets, tilting of.438 

“ bulb tester. ... 223,231,232 

“ “ with double filament . , . . 433 

bulbs, computing watt capacity of .432 

“ “ double filament.433 

“ “ electric, types of. 432 

• “ for Ford (not equipped with generator).1119 

• “ * motorcycles, sizes of. 434 

“ “ gas (nitrogen) filled and vacuum.432 

“ * nitrogen gas-nlled, meaning of 432 

• “ symbol of..413 

“ “ voltage of. 432,433 

• charging outfit for battery. . 666 

• lens, deneoting type used most . 437, 438 

• * diameter on passenger cars . 1055 

• * (see Lenses) 

• " types of. 437,442 

• portable.1038 

• refieotor, cleaning of. 646,439 

• • purpose of. 432 

“ spherical candle power, meaning of.432 

tAmps, adjusting of. 438 

“ all bum dim, causes.483 

• ** fail to bum, cause.452,484 

*' amperage, voltage, and candle power of.432,433 

" bright engine speeds up, dim at low speed.s, cause. 483 
^ burn brignt. engine wiu not crank, cause. 557 

• “ brightly, but fail to illuminate road, cause... 483 

• * but no i^tion, cause.482 

• * out often, cause.4^,484,430 


Lamps, do not light or dim, engine running, causes... .482,488 
“ flicker, ammeter unsteady, causa of.488 

* for synchronising interrupter points (Doleo).221 

* go out for an instant only, cause.488 

* grow dim when engine is siieeded up, causes.488 

* if all fail to light.452 

“ “ one fails to light, probable causes.. 452 

“ in one cix;cuit do not burn, causes.482 

* old, current consumption greater. . . 432 

“ one branch only lights, causes.484 

■ • only burns dim, causes.483 

■ short life sometimes duo to too high charging rate. 407 

“ too bright, cause of.483 

* types of, and whore plncetl on car.431,432 

" usetl on passenger cars.1056, 1057 

“ will not light, but motor cranks engine, eauso of. . 483 

Ijinohester vibration balancer, damper.780 

Landnulet, meaning of. .. . 5 

Lap in eonnection with valve liining, meaning of. 62 

" joint piston ring .44,825 

“ or parallel wound armature.s...342 

Lapping aluminuin pistons .816 

* comnound ..791,810 

“ cranKshaft bearinn pin .791 

“ eylinjjcrs and devices for.821,815,816 

“ meaning of.1077 

methoils and devices.816 

“ of power strokes, meaning of. 62 

“ or enlarging cylinder, when require*!.815 

“ piston and rings to cylinder.815, S16, 1020, 1029 

“ ** ring to cylinder.831 

* sides of piston ring to fit groove of piston.832 

Laps of power strokes, eight-cylinaor V-type engine.84,87 

“ “ four-cyiinJ<ir engine. 87 

" “ “ “ six-cylimier engine... 87 

“ “ • “ twelve-cylinder V-type engine.. .85,87 

Lard oil shoulil always be used on taps or dies. 711 

I.atho for electrical repair work. 474 

“ How to Hun and First-Year Lathe Work (book)... 693 

“ tools. 693 

“ “ how to make. 725 

Lathes...693 

I.avine steering gear, atljusting. 899 

Laws and ruh*s of the road. 650-654, 1072 

" automobile.1072 

* “ where to obtain.1072,1073 

* governing lights. ...438 

Laying out work for drilling... 713 

Layout for a garage and for shop buildings... . 066 

“ of shop for battery and olectricul repair work.... 580 
Lead and spark of armature winding, meaning of.344,343 

* burning of storage battery.529,581 

“ “ outfit for use with acetylene an*l oxygen.... 582 

“ “ with illuminating gas and air.582 

“ “ « - 4* « oxygon.... 682 

“ “ pointers on. 582 

“ “ rack.683,681 

* • torch. 682 

“ “ with acetylene. 751 

* • « gas. 582 

“ connector for nattery. 686 

* of coils of an armature, meaning of. 344 

“ “ valve, meaning of. 63 

* pipe, jointing by wiping. 722 

* wire, meaning of. 176 

Leading polo tip and trailing pole tip, meaning of.360 

*• • tips, symbol of.413 

I.enk in gasoline tank, temporary repair . 110 

“ proventalives for radiator.152,739 

“ proof piston ring. 825 

Leaks; air leaks in inlet manifold. 110 

“ from radiator hose, pointers on. 151 

** in cylinders, cause and remedy... 161 

* * radiator, often hard to reach. IM 

“ intake manifold gaskets. 110 

“ of piston rings and cylinder, and testing for, . 168,828 
** radiator (Fordson tractor). . 903 

Ivcaky piston rings. 108, 767, 708,8J 5,828 

* radiators, remedies for.151.152 

Lean earburetion mixture, indication.1132 

^ mixture, how causes a knock .. 777 

* of earburetion, meaning of. 98 

Leather-lined and leather-cover tire (Woodworth).693 

* tons dressing of. 647 

" upnolsteringf cleaning and dressing fur.; 647 

Lee puncture-proof tire. 693 

Left-hand six-cylinder engine crankshaft.80,81 

Lemoine typo of steering knuckle. 910 

Length of spark plug depends upon engine. 235 

I.K;ngth8 of spark plugs.235,236 

Lens, cleaning.439 

“ for headlamps, diameter of. 1055-1067 

Lenses for headlamps, types of. 437,442 

I.«etts deflector anti-glare lens.437 

Lever systems of a car. 629 

Lexi-gasifier. 108 

Lexington brake operation, principle of.885 

* exhaust and inlet manifold. .. 108 

“ ignition timing. 303 

* tilting headlamp reflector (bellows type).435 

“ timing spark of.. 303 

* wiring diagram.. 420 
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Liability insurance.1072 

Liberty engine ammeter readings.1150 

• angle of cylinders. 84 

• cam-shaft drive....1145 

“ carburetor.1148 

• cold-weather instructions.1144 

• connecting rods.1144 

“ cooling system.1144 

• crankcase.1144 

- - shaft.1144 

• cylinders.1143 

“ drive-gear system.1145 

“ electrical system.1149 

• exhaust-valve spring tension..1146 

• firing order....1150 

• fuel consumption.1148 

** gasoline system.1148 

" general construction.1143 

• generator.1149 

- history of.1142 

“ ignition.1149 

*• “ distributors.1151,1147 

• « switch.1149,1151 

• • timing.1151 

“ • wiring.1151 

• oiling system.1142 

“ piston aisplaoement.1143 

“ “ pin.1144 

“ " pointers.1140 

• - rings.1147 

“ pistons.1143 

“ propeller.. *..1144 

“ replacing connecting-rod bearings. ..1148 

“ spark plugs.1150 

“ starting of.1142 

• storage battery.1150 

“ stroke and bore.1143 

• tachometer drive.1146 

** valve-clearance adjustment.1151 

“ * timing.11.50 

“ valves.1145 

“ “ location of. 54 

twelve-cylinder engine cylinders; degrees apart.,. 47 

Licenses, automobile.1072 

chauffeurs'.1072 

when touring, different states. 660 

of valve determined by shape of cam. 63 

* “ meaning of. 59 

jft-the-dot curtain fastener for tops. 7.56 

Light beams, straight, crossed, spreading. 436 

^ bcKliodoils. 165 

“ car, typical example of... 14 

“ duty truck, moaning of.912 

“ electric, source of.432 

“ focal point of reflector.436 

* for the road, ideal. 438 

“ fundamental laws of... 436 

“ principle of...436 

* rays; crossed, spreading, and straight beam.436 

Lighting a car, mothers of. 431 

and ignition switches ^Deloo). 409,429 

circuit: its different circuits. .. 450 

• start tracing from one side ammeter. 450,451 

• tests with a meter.485 

• ■ * -test lamp.483.484 

- troubles, those common.. 451 

usually connected to one side ammeter.450,451 

- where to start tracing.332,334 

Ford oar from magneto.1119 

garage with battery-charging current.566 

plant for farm.1002 

switch, symbol of. 413 

switches usually placed on cowd. 429,409 

system, testing oi.485 

the garage. 667 

troubles: causes, indications and tests.482 

welding torch electrically.751 

Lights burn out due to loose bat. terminals. 483, 430 

• • often, cause. 484,483,430 

cut off when starting switch is depressed, causes . . 457 

dim, weak starter, causes and remedy. 558,483 

- when engine is speexied up, cause of.483 

fail to bom: how to locate cause. 451,482 

ignition cut off when starting switch depressed.... 457 

(oil) how to improve brilliancy. 442 

too bright, cause. 483,430 

Like poles of a magnet repel. 179 

Limousine, meaning of.5,1077 

Lincoln and Wills enmne cylinders, degrees apart. 82 

carburetor adjustment.134,135 

cylinders 60® apart.218 

Deloo electrical system (1921).. 398 

- ignition. 218 

• motor-^nerator (1921). 398 

distributor, direction of rotation.220 

engine cylinders, degrees apart.47,82 

Highway, map of. 660 

Line of oommutation, meaning of. 360 

- shaft drive for jienerator test.476 

* - for repair shop, how to fimire sise pulleys.692 

r.>uier riveted to prevent turning in Mells.802 

Liners, meaning of...1077 


Line»<of-force (see also “Magnetic linee of force’*) 

- - - collapse, meamng of. 180 

■ • • cutting of. 250 

- - - do not cross or merge into each other.358 

• - - how cut by a wire.339 

- - - join around a helix or solenoid. 181 

“ - “ meaning of.179,180,250,338,1077 

- - “ path of, in K.W. inductor-type magneto... 246 

• - - rate of speed they cut.184,338 

- - - whirl around w’ire in magnetic field.339,183 

Lining brake bands. 893-896 

- - - a suggestion. 1138 

* up connecting rods and pistons.803 

Liquid, meaning of.1077 

Liter, meaning of.1048 

Liters to U. 8. pints.1048 

Litharge, meaning of. 536 

Live axle, meaning of.6,15,863 

- meaning of.1077 

• or feed wire of elect’l. system. 426 

Loading up, meaning of. 118 

Local action of battery: indications, causes, and remedy.. 657 

* ^ circulation, meaning of... 162 

Locating troubles of electrical system in general.456 

Location of spark plug in cylinder. 232 

Lock-out type circuit breaker (Delco). 392 

Locked or stalling test of starting motor, meaning of.490 

Lockheed hydraulic four-wheel-brakes.886 

Looking a car, one method of.1037 

“ differential (F.W.D. truck). 962 

• nuts and studs, methcxls of .716 

® plunger for transmission shaft...856 

Locomobile double brake drum, principle of.885 

“ engine main bearings, number u.sed. 41 

- * valve lift. 69 

* « « timing. 70 

* instruments and control members. 638 

* opierating levers and geax-shift movements. .. 638 

- rear axle and transmission-gear ratio.638 

** » u j.fttio. 9 

“ spark plug, sixe of. 230 

“ starting motor, principle of (formerly used). . 322 

- steering, spark, throttle, and accelerator. 100 

- top chassis view. 14 

“ uses air pressure fuel feed. 112 

- valve clearance adjustment. 68 

- - timing. 70 

Logged float carburetor, meaning of.122,1132 

Long and short shunt connection of compound windings . 355 

Long stroke, meaning of. 43 

Loose and poor connections; relation to open circuits 

452,430,483 

" bearings of engine, test for. 793 

• commutator connocUons.493 

“ oonneoting-rod bearuigs, how detected.799 

• fit piston clearance, meaning of.. 811 

• or free-fit, and tight-fit piston clearance. 811 

- piston pins also cause knocks.777,797 

• spokes, cause of. 3,1138 

switch terminals.241 

:, moaning of. Hg 

f power (engine), cause . 765, 59, 01 

- residual magnetism, effect on generator.497 

Losses by evaporation. 153 

Lost motion in steering mechanism or 'loonections.902 

* ** meaning of.1077 

Louver cover, purpose of. 149,150,1077 

Low-amperage discharge test, meaning and purpose of. . . 553 

Low ana high gravity of gasoline. 103,105 

“ “ ** tension ignition, meaning of. 186 

carbon mild steel, meaning of.746 

or first gear, meaning of.9,29 

speed, meaning of.1077 

tension and high tension, meaning of. 186 

- coil ignition, disadvantage of.285 

• • - make-and-break system.185 

• - * wipe-spark system. 186 

• • principle of. 184 

" ■ voltage of.185 

■ ignition, disadvantage of. 187 

• - remarks on.187 

■ magneto and high-tension coil in series.252 

• - - « « I shunted.252 

■ ■ armature type.249 

“ “ construction of.242 

■ • (Ford). 248,249 

• ■ how differs from high-tension magneto 242 

• - ignition, principle.... 242,249,250,253 

• ■ internal circuit of.243 

■ " interrupter and igniter.244 

• • (K.W.^.282 

• ■ sectional view of.240 

• * used with separate high-tension 

coil.244 

• • with make-and-break 

igniter. 185,244.240 

® * " separate high-tension 

, .coil.244, 247, 248, 240, 252 

• make-and-break ignition, why not used..... 252 

voltage test lamp. 464 

ver dead center, meaning of. 63,6b 

, eleotrioal, meaning of.. 


Loss 


Lo^ 
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Lubrioftnt, kind to use. 166-167,171-174 

• mixed with dirt of little value. 172 

Lubricated diak-type clutch. 21 

Lubricating air pump with neat'afoot oil. 112 

axle, front and rear, and parta. 173,172 

brakes.887 

car (Ford).1083, 1084, 1085 

• high-preAsure ayatem. .. .. 174 

“ in general. 171,173.174.664,701,882 

• • winter. 172 

• new. 633 

• when overhauling.664 

carburetor control parta... 173 

chaaaia, high pressure.174 

cleaning, inspecting car. 66.1,661,7.'>8 

clutch .171-171, 816,851.8.VI,S.'>6 

“ (Borg and Hcck). ..819 

• (Mitchell). 862 

differential gears and rear axle parts. - 172 

drag link, tie rod, etc.172,173 

drive chains. O,*)! 

* pinion bearings.172,173,865.910 

electric horn. 444,41.> 

“ parts'of car 172,173 

engine: drain and 611 monthly .172,174 

" when overhauling .664 

• (White Ji-ton truck).932 

** ' (White 3-ton truck) .93."» 

fan. 172.108.') 

front wheel bearings.173,864,909 

generator and motor.172, 173, 480. 1122 

governors for engine. 946,947 

high-presaure Sy.stcrn. 174 

horn, electric.414,4 4.') 

ignition distri 20.'>"209,212. 219,232,307,372, .391 

“ unit (Dodge-N. K.). 372 

“ (Dixie).277 

motor-generator (Dclco-Bui' k). 173 

oil diluted with gasoline, cause. 168 

“ dilution teat of. 1075 

“ for engine, generates very little gas.166 

“ lighter grade m winter.172 

“ made of. 165 

" relation of, to carbon.169 

" tank and pump. 670,671 

** thinned with unvaporized gasoline, how. . 104 

oils for engine, testa of. 166 

“ dilution, test of .1075 

" should be carried in about three graiies .. 670 

parts of car, example of. . 172 

pinion, ring gear, difTercntial bearings. . . 865,910 
rear axle 172-174,859,865,869,871,876,878,882 

“ “ (Columbia).869 

« « (Dodge).859 

- - (Ford).1084,1085 

“ (Ford truck).914 

« (Franklin) . 882 

“ (Timken truck type).957 

“ - (White truck). 932,935 

“ end of drive shaft, importance of. 172 

“ wheel bearings .173,864,878,883 

“ “ hubs (Timken).864 

six-cylinder engine and car. 173 

speedometer.447 

springs.12.173,761-763 

starting motor using Bcndix drive.320 

steering gear. 173,898-901,903 

“ “ (Mitchcll’T”).901 

system, alemitc. 174 

tractor (Fordaon).992 

transmission. 171-174,856,847,857 

- (Dcxlge).859 

“ ^ (Mitchell).860 

truck-spring leaves.951 

universal joint (Ford). 1085 

“ joints. 172.861,862 

wheels, front and rear and parta of car.17.3 

(White truck, ^-ton).932 

( « “ 3-ton).935 

Lubrication Alemite high-prcssurc system. 174 

cone clutch.840 

connecting-rod bearings. 159 

engine (Cadillac). 83 

• (Continental‘T..4”). 936 

• (Continental “711”).93,94 

« (Dodge). 164 

*• early methods of. 157 

• (8-tyl.), right block too much, cavise.. 161 

• engme cold, oil pressure higher.164 

• force and full-force feed systems.. 159,160 

• (Ford).159 

“ (Franklin). 92 

• full-force feed (Continental “L4”). .. 937 

• » M u method. 159,937 

• (Hudson). 163,164 

« (King). 160,161 

• Ttiiging oil with gasoline. 169 

■ (motorcycle).1010 

- (Nash). 39 

• not operating...462 

purpose, methods of... 158 

* ^. 158 


Lubrication engine, (Studebaker Light-Six). 161 

■ tractors. 996-998 

“ troubles of. 167 

“ when new. reason for. 171 

** (White ^'-ton truck).631 

“ (White S-ton truck).932 

(Fordsoii tractor). 992 

high-pressure system. 174 

oil gauges. 164 

* passages, engine crankshaft, clenmng . . . 804 

raring ear. 1025-1027, 1030-1032 

rear axle . 172.882,869 

“ “ (Ford truck).914 

* - (Mitchell).878 

‘ “ (Timken truck-type) .957 

system (Liberty engine). . .1142 

" on engine, passenger cars.... 1058 to 1063 

truck roar axle (Timken).958 

Lynito is aluminum alloy.810 

M 

^f. ami S or Powrlok dilTereiilial. 882 

M , electrical meaning of.413 

Maebeth anti-glaro lensj deflecting t j pe .437 

Marluno bolt and machine screw, differeiico between .... 700 
" for boring and align-reaming engine bearings. . . 790 
“ “ burning-in engine bearing.s. 787 

* ** running-in engine bearings in oil.788 

“ serex,' and a machine bolt, difference between.. 700 

Machinery eipiipment for a small shop.692 

Machiniaia’ hand tap, purpoao of.710 

“ steel rule or scale. 704 

Magnet and pole pieces of magneto. 258,259 

“ electro and permanent, difference between. 183 

“ light (Webster).695 

“ like poll's repel and unlike poles attract. 179 

“ N and M pole, how to determine with compass .. 179 

** of low-tension magneto. 242 

“ “ magneto, made of 'rungston steel ... 311 

****** remagneiizing, disnsseinbling. . . 311,312 

“ - • “ of.311,312 

“ “ usually two, four, or six magnets.,.. 243 

“ “ • weak, cause and result of.311 

* permanent type, polarity of. 179 

“ polarity of, how to tell . 179,311,312,503 

“ renmgnetizer. 1118,312 

Magnetic car (Owen).1019 

“ circuit in generator frame.338 

* “ meaning of. 1077,179 

* “ of bi-poiar generator.338 

“ “ “field poles. 250,328, 339,34 2, 34 5, ,358 

* «< « generator. 357,338,358 

* « «i « field poles, how distort eil 360,361 

■ “ “ generators, principle of. 357,358 

■ “ “magnet. 179 

* “ “ magneto (Dixie). 272 

* “ “ starting motor . . 327,328 

“ field for the wires to move in. 338 

“ “ meaning of .1077 

“ “of electromagnet, strength depends upon. . 184 

“ “ “force . 180 

“ “ “ generator, how produced. 408,339 

“ “ “ starting motor. 327,328 

“ flux, meaning of. 180,250 

“ j?ear shift.1015 

“ induction, meaning of. 180 

“ line.s-of-forcc. (see also “Liries-of-force”) 

“ M tt u and armature reaction . 251,360 

“ “ flow only in one direction .327 

“ “ how flow (rnagneied. 250 

“ “ like elastio bands.327 

“ “ meaning of. 179,180 

“ “of generator, how produced . . 339, 408 

“ pluit. 255 

“ solenoid, meaning and uses of . 181,322 

“ thermostat switch for ignition. 200 

“ transmission (Owen).... .1019 

“ type sneedometer, principle of.445 

“ valve lifter .1038 

“ vibrator coil. 188 

" “ purpose of. 188,189 

“ whirls around a coil of wire. 181 

* “ *» “ wire. ISI, 183 

“ “ a « « direction of. 181,183 

“ “ “ how produced 181, 183, 250, 339 

Magnetism and eleetricity, principle of. 179 

“ cannot be transterred through wires. 179 

“ induced into iron or steel, how. 180,183 

“ of magnets, why steel and soft iron is used... 180 

“ principle and meaning of. 179 

“ residual, loss and meaning of.180, 339, 497 

“ Why ste^ retains^ soft iron loses, magnetism.. 180 

Magnetized and non-magnetized iron or steel . 180 

Magnetising and demagnetizing coil core, effect of. 184 

Magneto armature, construction of. 259 

“ core and end plates. 243 

“ “ demawetization of .252 

* disassembly, assembly, and testing of 313 

“ maximum positbn. 253 

* must be driven at a fixed speed. 245 

* out of alignment, cause.316 
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Manfneto armature, poHition relative to contact breakei . 25^9 

^ primaryaniicompoundtypejfjeaningof 240 

* reaction, meaning of. 251 

* rubs againat pole piecea, cauae. 310 

* secondary winding, to tell if open. ... 314 

* teeter, home made.315 

* two impulses per revolution. 253 

“ type, compared to Dixie.271 

■ * how generates current.250 

* • parts of. 249 

■ types of. 245,2S3 

“ where to set .. 254 

* windingdefoctive.pnvesweakapark 310,312 

* * high ten:jiori. . ..266 

* *ero position.253 

armatures classified under two types.245 

automatic, advance (Eisemann).283, 270 

base, what mucle of. 243 

Bosch dual system ..207-269 

(Bosch “I)II r' high-tension) . 266, 257 

(Bo.sch“DU4") size and niimbcr of layers of wire 240 

Ilosch vibrating duplex ignition system .267 

cables and terminals.. 308 

cam speed relation to engine crank-shaft speed.. 296 

carbon brushes, care of.310 

care and repair of. 308 

chantring direction of rotation. 316 

checking ignition timing of. 300 

circuit (K. W. high-tension). 300 

rlockwise rotation from drive end. 2s8 

condenser, principle and construction . 261,257, 3!4 

“ ^ tests.311,31.5 

connection with Spark-Control lever. . .. 288 

contact-breaker (see also “Magneto interrupter”) 

“ * advanced ana vetarded. 289 

“ “ cams. 202,203.206 

‘ • points, adjusting. 308,207,306 

• * * keep f»il away. 207 

• * , , * platinum. 225 

couplings f(.>r driving. 287 

current wave, meaning of. 264 

cut off by switch, how.262 

dead point of (F'*rd) . .. 240 

diuK^ram of current and impluse wave. .. 246,253, 251 

“ “ voltage wave.25.1 

difference between iow tension and high tension 242 
disassembly, a.sscmbly, testing (Berling). , ., 311 

distributor and armature apce<l, relation of.. .. 202 

“ brush, speed of. 201 

“ how connected to spark plugs.204 

* parts of . 25S 

“ purpose of . 244,245 

* shatt . 261 

* speed. 204 

(Dixie) construction and principle. 271,272 

“ motorcycle.1012 

• testing of. . ..316 

drive; clockwise and c lunter-clock'tPi.se 2t)4,288 

“ end. 288 

• methods and speeds. 287 

driven by gears on L-head engine.. 288 

M Sum 'T-head engine.28.8 

driving methods.287 

“ • fortesting. 314,315 

dMpIex(Boeoh vibrating).267 

(Eisemann). 269,270 

f Ilia to spark at times, why. 312 

fixed spark, meaning of. 280,207 

for ciglit-cylinder engine (Berling).2f»4, 266 

** four-cylinfior enniiie.203 

“ six-cylinder engine. 2t)3 

(Ford), now magnets are located. 1113 

(Foril low-tension). 248,249 

gear removing tool.316 

generates alternating current . 179,242 

“ and delivers alternating current. 178 

{ ground brush, where located.201 

ligh and low tension.. 283 

* frequency, meaning of. 21S 

“ tension, advantage of. 286 

* “ (Berling) . 284,300 

*• (Berling two-spark). 264 

- “ (Bosch). 257.25H 

“ ** (Bosch dual). 267 

“ (Bosch two-point).266 

• • (Bosch two-spark) .. 264,265 

• “ ronstructiun of.258 

• • (Dixie).271 

“ ** (Eisemann automatic spark control) 270 

• * (Eisemann “G4’*). 260,270 

• • iTcnition systems. 262 

• • (inductor) .271-282,284,301 

“ • intcfUHl circuit. 202 

- - (K. .) .279 

• “ (Mea).271 

• “ performs three functions. 256 

• • primary winding and circuit... 256,260 

• * (Remy “1500“).278 

• • (Remy two-spark).231 

• • shuttle. 256-259, 269-271, 27S-284 

* * type, construction, principle of 256,267 

' * use alone, disadvantage of. . 262.2S5 


Magneto high tension, winding and circuit cf. 266 

ignition adjusting. .257, 261, 264, 

265, 266, 270, 273, 274, 279, 280, 295-306; 308-316 

ignition, advantage of. 262 

“ cut oil. how. 262,309 

• dual and double system. 263 

“ (Q.M.C and Autocar truck engine). 917,924 

• setting of. 297-300,306,943 

“ spark-plug gap too wide or too close... 314 

• starting engine. 309 

“ system is closed-circuit system. 250 

“ tioublfts .300 

• two point. 266 

• “ spark. 263,265 

impulse starter. 281,985 

inductor tyjies. 246,247,248 

installation.287 

interrupter adjustments. 207,308,306 

“ also used for coil and battery. 267 

* canw . 205,296,203 

“ gap clearance. 296,297 

“ is connected to spark lever, how. ... 287 

“ parts of. 258 

“ platinum points . 224,225,308 

p(*ints, aeid test of.314 

“ principle, oonstruotioD ..... _ 260,295 

purpose of.^. 20il 

“ quick opening of. 257,258,252,296 

" test of .314 

is cl.»se<l-circuil svstein.245 

(K W. high-tension). 270,306 

“ “ “ diaiributor, connections 295, 301 

(K W.-tr.‘ictoi tvpe).985 

lix’iitum on engi.ie .287 

lovv-iension and high-tension coil in scries.252 

“ “ « « u u Bhunted.252 

“ “ armature type, parts of.249 

" * how used for ignition.244 

“ * (inductor). 246-248,282,1110 

" “ internal circuit of.244 

“ “ (K.W.).282 

“ * sectional view’... 249 

* “ (shuttle). 243,246,249.250 

“ “ type (Homy nuxiel “HD”'. 246,247 

“ “ with separate high-tension Co.i . 244,252 

lubricalion (Dixie) .277 

muguete and pole ])iecP8 . 259,258 

" »iss*MnblinK, put like poles in contact ..311 

** N and 8 pole, how to find_311,179,312 

“ remagnetizing of.310,311,312 

** te.^tmg if need lemngnetizing.311 

" w’eak, cause and re.sult of.311 

inanufaetuiers, iwldiesHes of.284 

Mason pimeipie as uppUe<i to Dixie magneto. .. 272 

(Mea).271 

meani igof . . .. ..1077 

must be driven at fixed speed. 287 

oiliiigof . 309,277 

oscillating low-tension type.2’»5 

j>arts (Dixie) 276 

pivoting or rockingtypo.283 

placed tin engine, how . ,q7 

pole pieces wilfi extenHions (Simms) .3n() 

principle and action of. 250, 251, 252, 253,2.54 

“ based on electromagnet ic induction .. . 18.1 

purpose of . 179,242 

rcmai ks relative to.282 

(Hemy) high-tension “series 1500“.278 

safety spark gap, purpose of . 308,261 

Bocoudary di.stiibutor, speed of.260 

* winding insulation hardens, cause.... 312 
setting and timing (Waukesha truck engine).. . 943 

“ (.\utocar truck engine).924 

• by degrees and piston travel.... 298,299,943 

• “ signt hole.209 

*• interrupter retarded, piston after top.... 208 

“ . - on top.297 

“ time of spark.297 

“ varies, how.] [ | 298 

shuttle-type armature.] 9,43 

(.Simms) .300 

single-spark type, replacing with two spark_264 

spark, control of .289 

“ plug gap clearance.... 297, 306,309, Sli, 314 

“ “ “ if too wule; if too aose.314 

speed (Ford) .1082 

(Splitdorf) motorcycle (Mag-dynamo).1013 

symbol of.. 

tester for testing electrical circuita.464 

•• home-made.. 

testing apparatus. 314 

“ of. . ..313,314,316 

“ on engine.310 

timing. .. . .291.296-300,270,281,924,943,917 

• (Berling “E41‘’).300 

• (Bosch dual).299 

• (Dixie).[ 274 

• (Eisemann dual).299 

• (Eisemann‘‘G4'’).270 

• (K.W.).7.: 281 

■ (Remy“RL”).299 

■ (Splitdorf tow-tenaion).300 
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M«CD 0 to timinc ^thln itaelf.300 

trouble indications condensed. 310 

troubles^ diagnosing.. 300,310 

* first determine if due to magneto.310 

12-cylinder (Dixie). 27H 

two-point system, meaning of. 200 

type to use determined by compression of engine. 314 

variable spark, meaning of. 207 

voltage, maximum and rero.230 263 

“ wave, meaning of.2,63 

windings, number turns and size wire. 2.67 

dn air inlet of carburetor, purpose of . y<), 1)7,1)8 

and connecting-rod bearings, adjusting .914 

bearing adjustment (Oldsmobiie model ” 4611 ”) . . 806 

boring tool, illustration of.714 


Mai 


bearings . 


clearance (ra»kard' 
end-play, cause and remedy of 

knock, test for. 

reamers, illustration of . . , 


.11.41 


boro roam, and run-in. mothtxl... 

“ “ burn-in, run-in, how to .... 

burn-in, how to. 7K7 

burned-m sei:>aratcly. 

how attached to an 8-03 hnder V-engine. . , 
replacing.. 


8t'> 

780 
778 
714 

781 
781) 
;s7 

, 7.SS 
78S 
804 

94:. 


“ run-in in oil or burni.sh, how to. 7.s8 

“ spotting-m ami scraping . 78.'), 7K<i 

“ testing and adjusting after fitting . 7 sr> 

brushes on generator, how placed . ... 360 

gasuluie tank (See also “Gasoline tanks'’^ . Ill 

“ “ cap pa.sH. cars. 10,68 

“ magnetic circuit, meaning of..., . . 367 

“ “of field poles, meaning of , .. 3.68 

“ “ field, meaning of. 3,67 

“ “ “ of starting motor, moaning of.327 

Makc-and-bteak igniter, purpose of . . 1 S 6 

“ ignition, derivation of. 187 

“ “ uuMUung of. .1077 

" “ on four-eyliluler engine, . 180 

“ “ “ stulionaiy engine. 180 

" " timing.304 

“ " using diy cell.s to start on. 180 

“ low-tension ignition system.186 

Male threads, cutting of .. .701) 

Malloahlc cast iron, meunitig of and how to tell. . 7)6, ):)8 

“ iron, welding of. . . .740 

Mandrels for inner tube repairs. .010 

Manganese bronze, meaning of.1077 

Manganin alloy for shunts di.seovered by Dr. VV’eston 406 

Manifold, exhaust ami hot-watcr heated. 109. 107 

“ inlet and exhaust. 48. 49. .60 

“ “ exhaust heated . 10 /, 108 

“ “ fitting to carburetor. 116, lit* 

" “ relation to carburetioii. 116 

“ intake and exhaust paint.047 

“ of (G.M.C. truck engine).917 

Manley potjtable work bench. 093 

" towing truck.070 

" 22-ton pr (»3 .076 

“ wrecking crane.070 

Manual and hand advance of spark, pnrjio.so of 204 

“ spark control, meaning and purpose of. . 193, 21.6, 204 
Manufacturers (see Addresses) 

Map of Lincoln highway.000 

Marino engine, principle of.... 1004 

Marking compound for bearings (Prussian blue). 786, 787,946 

“ “ . “ valves (Prussian blue).709 

" connecting-rod bearings when removing. . , . 799, .801 

" of pistons and cylinder bore. 43 

“ piston rings when removing. 830 

“ wires when removing.241 

Marks on flywheel for valve timing. Oti, 07, t’i9 

“ “ ignition coils, how vary.209 

Marmon carburetor adjustment. 134.136 

“ cone clutch.844 

• Delco electrical system (34B). 399 

• “ generator (34B). 4(X) 

• “ “ third-brush adjustment.408 

• engine and pistons, remarks on . 040 

“ “ main bearings, number used. 41 

■ front axle, type of. 910 

■ gear-shift movements and engine firing iorder. . . 640 

• has positive (-I-) of battery grounded. 215 

• instruments ana controls. . 640 

• piston, a combination type, principle of. 808 

“ rear axle. Ifi 

" steering gear, adjusting.901 

Marvel carburetor, adjustment of (model ”£"). 126 

• • heating method. 144 

Mason principle of ms^eto as applied to Dixie magneto. 272 
Master carburetor, adjustment of. 143 

** * float height. 123 

• « principle of. 102 

• link for drive chain.9,'>P 

• truck. . .. vii 

• vibrator adjustment (Franklin car).424 

• - ooil. 194 

• mm low-tension magneto.240 

• mm ignition, disadvaota^ of.285 

■ • « purpose of. 194 

• * igniuon coil adjustment (Franklin).424 


Match, substitute for. 1037 

Maximum and zero position of magneto armature. . 250 to 2.63 
“ gravity of storage battery, meaning of. 520 

* temperature iu cylinders. 165 

Maxwell carburetor, adjustment of.143,144 

“ difTerential gears, te.'tiing, adjustment of.881 

“ electrical systems (1916 to 1921). 381 

" (Simms flulT).379,3,80 

“ ignition timing (Mixlel ”2.6”). 30.3 

* rear axlcj (li.iasaembly of.880 

“ type of tire nm used .694,603 

Maybach float principle for carburetor. 96 

Mayo radiator . 148 

Mazda electrie lamp bulbs .432, 433 

“ X « a voltage, c.p. amperes ... 433 

“ lamps for Ford cam .433 

M B , electiual meaning of.413 

MeC’anna governor fi>r engine.047 

-Met ulloiigli vuBe grinder for val\'e refan r .773 

“ ** lem'ating tool .. .774 

MeGulloiigli's non freexing si.liilion table . . 164 

MePailiin starting motor, primuple of (We.st inghouse),... 322 

.McLaughlin elei trieul s> stem (IVleo) (19211 .304,39.6 

“ . " . “ (mode! “D-liO”).422 

“ wii mg diagram.305 

.Mill high-tension magneto (jiivotmg tyj>e).271,283 

“ magneto, timing of.271 

Mean eliei'l i\e pres.^ure, meaning of .766,1044 

Meaning of ‘by volumo and by weight”.535 

“ ** ground and sliort circuits.4.61 

Measurement of pwton.s (Fortl) .813 

Metisuring-piu type of earburetor. 136 

“ piston, elearanee .810 

“ tools, kind fur shop u.se. 696 

.Meeliiuiieftl eontrol of iiietering-pin. 102 

“ eut-out, priiieiple of.10i3, lOl*! 

“ eflu'ieney of engine, meaning of.1077 

“ cMuivahuit of lieatj meaning « f .1077 

“ gear shift ttpplieal loll to Hywheel.323 

“ generator of electrieity.178, 170 

“ “ troubles, dige.st of. 455 

“ lag, meaning of . 106 

“ regulation rnetluni (early inoilel ,\utolite), . . , 363 

“ - « (early model Deleo) . . . 3.64 

“ « X (early nuslel Gray A Davis) 363 

“ “ of generator, meaning of . 317 

“ « « « out put (I >«‘leo). . . 386, ,386 

• starter for engine, prineipl(‘of. 318 

“ starling motor troubles.4.66,517 

" trouldesof generator.<612,613, <165 

“ valve, meaning of.1077 

MechaiiieHlIy operated engine valves. 63 

“ “ gasoliiio needle \ ;dve < f l arburetor 98 

.Mei li'inwiun, meaning of .1077 

.M< It mg pi lilt of aluminum.746 

“ * “ solder.720 

* “ « various inatenal.s and met. I . !04S 

M. K P , meaning of. . . ..10)1, 1077 

Mereeiles radiator core . . . ... .1)7,148 

Mereer electrical system (early nu del.) .3S2,.322 

“ re.'ir-axle ratio . ....',) 

Merck’s motor ether. . . 1033 

Mercury arc leetdier. 670 

* cooled exhau.st val\es . 66 

■ freezing, boiling point of . 10.60 

“ type voltage regulator (Deleo).38l,.')H.6 

Mcslij meaning of. . . . . .26, 1077 

Meshing pinion deeper into hevel-dnve gear (I'rar.klin).. . 883 

“ timing gears.72,0.39 

Metal battery boxes. . 241 

“ conduit, purpose of. 240 

“ polishes.045 

“ saw. how to vise .. .. 723 

Metals, cold, offer less resistance than when liot.465 

" for engine benring.s.7Hl 

^ melting points of. 1048 

* solution for cleaning .474,475 

* various, what compos(*d of .746 

Meter for tosting Ford magneto.1117 

“ meaning of. 1048 

“ millivolt, how to read.466, 4fi7 

* tests of held windings. . .602 

“ “ “ lighting, horn, arnl ignition l ireinfs. . .. 485 

“ * “ starting motor and generator .486,487,488 

Metering-pin controlled automatieully.101 

“ “ “ by air fluelion.102 

• ■ • mechanically by air valve. . . . 102 

• “ of carburetor, how ofierated . 124, 1JM, 1.37 

“ m M u pneumatic control (Hudsoiij, 1.36 

• * on earburetor (Stewart), dash control. .. 1.37 

• • nrmciple of. 101, KK) 

Meter to yanis. 1(>48 

Mcfhoila ol valve grinding ... ..66, 770 

Metric size tires and equivalrints ip inches . 595 

“ spark )»lug, dimensions of. OhO, 236, 236 

* system, tables of.1048, 1049 

Mira insulated spark plug. ..234,233 

“ never uiidereiit on starting motor eomniutaior.329 

* on commutator correctly undercut .... . 492 

“ “ “ protruding, meaning of .492 

* protrudes between generator commutator liars. .480,402 
Micrometer caliper for inside, outside measurements. .703,709 
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Micrometer oeliper inaide measurement of cylinder.811 

** * outside roeaflurement of piston.811 

* * reading one-thousandth part of inch . 702 

“ “ with a Vernier reading. 70;i 

* calipers automobile repairman need most 702,703 

“Miked,” meaning of.812 

“Miking” pistons, meaning of .823 

Miles and Kilometers. ... .1049 

Mill file, illustration and purpose of. 717 

Miller carburetor, adjustment f>f . 141,142 

Milliampore, meaning of . ISM 

Millimeter, (mm.), meaning of. 1048 

Millimeters and inches, cylinder bore and stroke . 1049 

** tenths of, table.1049 

“ to inche.s, table.1049 

Millivolt drop, explanation of. 465 

“ meaning of. 499 

“ meter, now to read..465,467 

" tests voltage drop in armature field. . 467,499 

“ reading, explanation of. 467 

** test of armature coils . 499, 467 

Miniature screw base for electric lamp bulb. 434 

Minutes, seconds, feet, inches, symbols of.1050,704,60 

Minus lap, meaning of. 62 

Mirror, rear view.649 

Mirrorscope for placing on fender. 649 

Miscellaneous rejiairs an<l adjustments.710,757 

“ tables, data, etc.1048 to 1062 

Misfiring, meaning of . . . . 1077 

Missing nf ignition at tiigh or low speeds 224, 234, 237,309, 462G 
“ “ “ causes of . ..238, 224,236,30th 45H, 119, 121, 

221,206,302, 1111 

“ * “ due to poor grade of spark plug . . . 234 

“ “ “ “ “ secondary winding punctured . 223 

* “ “ (magneto). 309,296 

“ “ “ testing for.225,238,239 

“ “ “ where dry cells are used. 241 

Mitchell electrical diagram (external).411 

“ engine cam-shaft drive. 51 

“ front-axlo .steering-knuckle adjustment. 909 

“ “ wheel bearings, adjustment of .909 

“ gear-shift movement and engine firing order. . . . 636 

“ rear axle, adjustments of.876 

" “ wiieel hub...877 

“ steering gear, adjusting. 901 

“ timing the spark of. . . 302 

“ transmission; removing,disussernbling, assembling 859 

^ universal joint aiul clutch.861,862 

Miter-cut piston ring. 826 

Mixing electrolyte . 534,535 

“ oil with gasoline . . 166, 833A 

“ tube or chamber on carburetor, purpose of- 96, 99 

* valve, early form for oarburetion .... . 1003, 1{X)4 

“ “ how used on tw’o-cyolo engine 1003, 1004 

Mixture, color of flame (Packard fuelizer) . . 140 

“ for curburetion. .. ... 117.95,462A, 290.142 

“ “ “ combustible. . 462A, 95, 117, 142, 290 

“ of carbuietor, heating of . , 105 to 109,142 

* “ “ overheating of. 462B, 142, 105 

* testing of .... ... 117 

* too rich or too weak .. 114,117,118, 1041,462B 

rnm. (millimeter), meaning of.1048 

Mohair tops, cleaning «)f .... . 047 

Molded metiiod of vulcanizing, meaning of. 618, (iOt) 

Molecule, meaning of. . .180, 1077 

Molybdenum steel, meaning of.747 

Monarch governor for engine .949 

Money-making additions to the garage.6S2 

Monkey-wrench etiquette . . . 661 

Monobloo cylinders, meaning of. 40,47,1077 

Monosoupape engine (Gnome). 1151,91 

• meaningof.. 1151,1079 

Moon-Delco generator, third-brush adjustment. 408 

Moore multiple-exhaust system manifold. 108 

Morelight anti-glare lens, diffusing type ;.437 

Morse adjustable silent-chain sprocket .73' 

“ silent chain, disassembling and assembling of.730 

Motorneter, a water temperature indicator. 148 

Motor (see also “Starting motor”)... 

• and generator armature windings on one.343,344 

■ “ * field-winding tests. ..500,501 

“ armature winding (one ana two coils per slot).. 343, 344 

• boat, speed, fastest. 1050 

• * using Ford engine.1033 

• bob, propeller and wheel driven.1034,1033 

• brushes, setting in correct poeition.329 

■ • shifted opposite to generator brushes.361 

• ■ when fitting; new ones.494 

• bus or coach, description of.977 

• olutoh (Deloo). 

“ cycle (see " Motorcyole”) 

■ eleotrio, torque test of.512,489 

• for driving generator for testing. 476,477 

• free-running test . .490,511 

• generatoronaindrive, removing, replacing (Dodge) 373 

■ • charging rate.374,375,407,408 

■ * circuits (Dyneto-Franklin).423 

• * compound wound, meftnitigof345,354,380,381 

• • (I^lco) 1913, 1914 early model.383 

^ • third'brush regulated.393,389 

• • early form of .327,367 

• * eleotromagnetio regulated.379,384,382 


Motor generator field-coil tests with test lamp.502 

“ “ generator below, motor above.367 

• “ (North East-Dodge) how driven.368 

“ “ (North East model “D“ and “Q”).. 379,367 

• “of two general types.367 

“ “ (Owen magnetic car).1020,1021 

“ “ parts of (Delco).336,383 

* " path of current when used as generator.. 368 

“ “ “ “ “ “ “ “ a motor.. . 368 

“ “ principle of.367,368 

- - regulation. 370.384-389,391 

“ “ run as a motor to “run-in” the brushes.. 373 

" “ set for charging batteries.670 

* “ shunt winding more turns than series. .. 345 

* ' (8imrns Huff).379,382 

“ “ SIX pole, third-brush regulated .380 

• “ takes the place of flywheel (U.B.L.)... . 382 

“ " third-brusn regulated. 368,380,393 

“ “ two windings, two commutators 343, 344,389 

- “ types of.367,379,382,383 

" “ (U S.L.) (24-volt motor, 12-volt gen.)... 382 

" meaningof .... 30,1077 

“ often referred to as engine: remarks on. 30 

" sled using Ford engine 1034 

“ speed changed by moving brushes. 829 

" terms, meaning of.1074 

“ tonjue test, explanation of . 490 

“ trouble chart .456 

“ type of electric horn. 444 

“ wheel (Smith).1034 

“ will turn over, but too slowly to start engine.487 

“ World 8implifie<i system of accounting. ...668,1040 

Motorcycle carburetor (Schebler)... .1014 

“ clutch (Indian) ... 1012 

“ engine compression relief, pm [lose of .1009 

" “ connecting-rod attached to flywheels. . 43 

• " firing order 1008 

“ “ (Haney Davidson) . 1009 

“ “ ignition timing 1010 

• ” (Indian twin-cylinder).1007 

“ “ Hndiaii twiM-opposc<l).1(X)9 

“ " valve timing 1009,1068 

• " engines curlnirotor, make and sue.1068 

" “ speciHeations of. 1068 

• generator . 1013, 1014 

' (Harley Davidson).1012 

“ (Indian) 1011 

“ mag-dynamo (Sphtdorf).1013 

“ magneto (l)ixie) .1012 

si,>eed, fastc.st.1050 

“ transmission.1010 

Motorcycles.1007 

•• number reguteied in U. ,S .1068 

" tmecihcutions o1 . .10t>8 

“ State with gi catcht numhei . .... 11X58 

Motoring generator, meaning and pur|)o.se of 383, 387,490,491 

“ " lc.st . . 491 

" terms, meaning of 4... .1074 

" test of generator (Ford on F It. test-stand) 509 
“ “ “ puipose and procedure479, 482, 508 

“ " w ith cut-out on general. »r (Ford ) . 510 

* " W'ithout cut-out on geneiutor (Ford ) ,519 

Moulded brake lining 895,894 

Moulds for imttoiy parts . 583 

Mounting ignition unit on gciiciator .337 

Movable electrode of an igniter, meaning of. 185 

Moving coil principle of ammeter 468 

“ “ “ “ Wt'ston “2S()“ voltmeter-ammeter465 

M, P. H , meaning of. .1077 

Mudguard, canvas.1032 

Mudguards, purpose of . 4 

Mud hooks, illustration of.627 

Muffler cleaning.729 

^ clogged, cause of . 153 

“ construction . .. 48 

" discharge back into, cause. 768 

* explosion in, cause of .121,461 

• meaning of. .1077,48 

" or silencer, purpose or principle of. 48 

“ silences exhaust noise, how . 48 

Multiple connections of battery cells.177,526,638 

“ cord tire, meaning of. 609 

" disk (^utch.21,22 

* “ cork-insert lubricated clutch adjustment.. . 851 

■ " dry-plate typo of clutch (Reo). 852,853 

“ “ lubricated, cork-insert clutch (Hudson). .. . 852 

* jet carburetor .99,141 

* “ purpose of... 101 

* parallel, series connections of 

cells .,177,525,526, 538,578 

Multipolar generator frame, magnetic circuit of.368 

** type field poles, meaning of.326 

Muncie transmission, used on Elgin (“K”) car.1066 

Mushroom-type valve lifter.56,56 

Mutual induction, meaning of.. 190 

N 

N. , electrical meaning of. . . .^.413 

N and S pole of a magnet. 179 

-«««•• magnets, how to find.311,179,312 

N. A. C C horsepower formula.1042 
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N. A. C. C. ineanin« of.1042 

Nash carburetor (Marvel). 144 

“ engine lubrication. 39 

• “ v'alve adjustment . 39 

“ “ valves-in-tbe-head type.30,41 

“ “ quad truck. 962 

“ ■ spark plug, site of.236 

“ wiring diagram ( 691’‘).402 

NE., meaning of, address of.232 

Noatsfoot oil ou leather of cone clutch, to soften. . , . 839,840 
Negative and positive ( f-) terminal of a dry cell ... 177,178 

“ plate of battery is gray or light color .527 

*• plates of battery harden, cause and reme<ly of., 558 

• pole (—), meaning of. 1077 

• terminal is light-gray and marked thus (—) 178.528 

• " meaning i.f .176 

• • of battery, il groundetl.325 

• • symbol of.412 

Nelson, spark-plug size of.236 

Net>-lite, a stop signal.655 

Neon gas, meaning of. 654 

“ “ used as a stop light. . r> 5 .> 

• ■ “ “ an ignition tester. 239 

Nera car, specifications of. 1U14 

Neutral lino; why brushes aie set on baine. ,t 59 

“ lock, transmission. .... S 5 ti 

• plane, location of, on generator commutator.. . 360 

“ position (Ford magneto). 249 

“ “ of brushes, how to locate . . ... 360,369 

“ « « generator c*)mmutator, hoH to timl 3t>0 

• “ “ transmission gcais. . 2 ti. 2 S, 29 

“ “ on commutator, how to find.360 

N.F C (tires), meaning of. . 594 

Nickel, greased to prevent tarnishing.646 

“ meaning of. 1077 

“ plated parts, how to clean .646 

“ soldering tool, best for aluminum. . 721 

steel (low carbon) meaning of. . 746 

“ trimmings should be rubbed with an oily rag .... 646 

Nitrogen gas-filled lamp bulbs, meaning of. 432 

Noise and soueaks of a car, causes. .3, 462, 644 

“ from differential gears, cause of... . . . 805,867 

“ of armature, caused by one of three thingri.. . . 506 

“ “ brushes, cause of.. . . 491,408 

“ “ generator bearings, cause of.480 

" “ “ commutator . . 492 

• “ silent chains, cause. 74 

" in rear axle. sr*'.i,S73 

“ “ “ * how to chrninate.865,867 

" “ “ “ occurs on straight cou.bt ahead.873 

" " “ “ « « - pull ahead.873 

“ " « « turning corners.873 

“ “ rims, cause of. 462,610 

“ “ Spokes, cause of. , . ... 3,1138 

“ " transmission, abiioi mal, cauHO. 462,8511 

“ " valve action, cause of.58, 59, 775 

“ -wheels. 3.909.1087,1138 

“ “ - or spokes. 3 

“ when shifting gears, cause of.631 

Nomenclature of Ixslies. 5 

Non-circulating engine lubrication systom . 158 

Non-conductors of electricity. ... I7ti 

Non-freezing solution for acetylene gas generator.154,441 

“ “ - u cooling system.153,992 

“ * •* (Fordsoii tractor engine). 992 

“ “ “ table...... 154 

“ “ solutions, test specific gravity of. 154,1011 

Non-reversible steering, meaning of.898 

Non-skid tire chains. 592 

“ “ tread tire.. 592 

Non-vibrating closed-circuit ignition coil. ... 205,207 

“ ignition coil and condenser connections.... 228 

Non-vibrator coil-ignition system. 196,197 

North East cut-out winding tests.372 

“ “ (Dodge) internal electrical wiring diagram. . . 369 

• “ electric generator. 336 

• “ electrical system (Dodge). 367,308,369 

“ * “ test-board... ... 228 

“ “ growler for testing armature, construction... . 6 (K) 

• • horn, adjustment.445 

■ “ ignition, adjusting_ 226, 227, 228, 370. 372, 232 

• “ « ^. 226,227,232,371 

• M mu 232,226 

• “ * system (model “O") (Dodge car) 371,232 

• • * testing outfit. 227,228 

• • « interrupter. 369,371,372,227,232 

• « ‘ timing.........371,372,2.32 

• * motor-generator adjusting charging rate.374 

■ • “ “ assembling sprocket end 

housing.377 

■ • • • commutator end. 376 

• • * “ disconnecting battery. 376 

• • • “ formerly used on Dodge .... 379 

• - - “ (moder'G”). 367 

■ * • * sprocket assembly (Dodge). . 377 

• • starting motor (model *‘R”) used on Reo. . . . 329 

• • test-board. 476 

• pole, meaning of.1077 

Nose of cam, meaning of. 50 

Nossle, flexible type, I or wash hose.645 

Nucleus of lotion spark, meaning. 286 

Numbers, where usually located on oars.1051 


Nut when tight, how to remove. 716 

Nuts and studs, how to lock . 717 

• bolts, and screws, kinds of.706 

• on cylinder head.**, how to tighten . 7lfl 


®, meaning of... ..1077 

O (oxygen), meaning of.537 

Oakland carburetor (jViarvcl). 144 

* clutch pedal, arrangenient of “34-li” . . . 840 

“ gear shift and firing order . 636 

* radiator. 148 

* “32" electrical system (Uemy) .422 

* "*6-44" electrical system (Homy).418 

Odometer, purpose of . . 415 

“ resetting of .447 

Offset cylinder, effect of. . 61 

* c>linders or offset crankshaft, mcaiiing of. 47 

** link for dn\o chain .950 

piston, tnvnning and pur])o.He of. 48 

(^hi j, moaning of. 175, 1077 

Olimer taxiimitvr, description of. 979,980 

Ohms, liuw to find.176 

“ law . 176 

Oil and fuel rectifier. 166, 1006 

“ asphalt util base. 166 

* Mack stMlinicnt indicates sulphur ill.166 

“ castor, for engine. . 166 

“ « hanging and greasing station, layout for . . .. 673 

* • of, how often. 167 

“ cooling of, reason for.165 

* cups. 681 

“ “ ht»w fc<*d oil by gravity.158 

“ diluted with gasoline, ('aiise of .. .. .. 167 

* dilution of crank cose oil. 166, 167, 104, 1006, 1075 

* “ test. 1075,104,166,167 

* ilripping fiom trunHnii.sston .... . .. 855 

drips from cap S('rew*H and loose bearings . • . 168 

“ ^ - engine .168 

** effect of not enough. 167 

“ “ too mucli or poor grade .... . . 167, 238, 239 

“ engine, adding to. 167,938 

“ “ brands of, don’t mix. 167 

“ " cooling of . 165 

“ “ kimi to use . 165,169 

“ " testing of.... ..166 

“ ** using over again, not advisable .167 

excessive in cornlmsiion chamber, prevention of. 169 

“ fccil gauge docs not show flow of oil, ('aiise. 462 

“ film clearance for engine bearings.789 

“ “ of piston ring. 827 

“ “ pur[>oH 0 and meaning of.. 158,169,782,827 

“ “ thickness in engine bearings, nieatiing of.783 

“ filter. 670 

" gauge . 164 

“ “ bayonet typo ... 172 

“ " does not inaic*s,te, caiiso . 164, 105, 162 

“ expanding tube . Itl4 

* “ exti>rnal and inteirml view'of. 164 

“ " if does not show pressure (Hudson) .. . 163 

“ “ iinhcations. 164 

" “ needle r(;ads higlicr or lower than usual. 165 

* * * vibraU*8 or is steady, cause. 164 

“ “ purpose and construction of. Ifl4 

“ “ troubles, how indicated .. 164,163 

- " types of. 164 

- grooves in hearings , .171 

“ “ inspect tliciii when taking up on licurings 783, Ht)4 

“ “ of engine liearings.171 

“ “ “ “ “ when fitting.8(K),801,K04 

“ gun high pressure for chassis hibrir;ation. 174 

* in combustion chamber, cauw. 169 

“ • engine diluted with gasolini*, cause of. 167, 1075 

* kind to use: passenger car, tnn'k, tractor.939 

“ leakage from end of worm shaft.919 

“ “ • engine, cause.462 

“ “ rear axle. 882,1 Of 18,1085 

“ level (engine) indicator, bayonet type. 162, 172, 936 

“ ‘ gauge (Ford).1137 

“ “ • petcocka (Ford). 1083 

“ “ indicator, where located. 161,160 

“ * indicators. 165 

“ • truck rear axle (Timken). 957 

* lighting seldom used. 442 

“ lights, brilliancy of, can be improved.442 

* mixed with gasoline. 166, 833 

* of vitriol, meaning and purpose of. 529 

* on clutch leather, cause.461 

“ • cylinder walls to be kept below flash point. 165 

** pan, cleaning of. . 167,760 

“ * rnntficinff (Rcfi fUiirinpl. 7fid 


replacing (Roo engine).784 

• paraffin base. . 165 

® passives in crankshaft, cleaning of . 804 

“ “ of engine, cleaning of. 165,804 

"* pipe clogged, remedy (Ford). 1137 

- - - test of. 165,804,1137 

• * sizes, passenger cars. 1065 

• pipes, testing with air pressure. 165,804,1137 

“ poor grade, how detected, by test. 166 

• pressure; adjust when engine is warm . 164,161 

• * adjusting. 161.163,164.938.804 










































































































































































1200 


GENERAL INDEX 


Oiloreasure: adjustments (Continental engines). 938,937 

* of. 100, 164 

gauge. 102 

* internal construction. 104 

“ location of. 100,162,103 

high when machine is cold. 104,168 

how regulated on Oldsmobile “Eight”.804 

in relation to crank-shaft bearings. 804 

lower when engine is hot. 164 

of Dodge engine lubrication system. 164 

• engine varies with speed and temperature. 164 
regulation adjustment (White truck engine).. 933 
“ (Continental "L4’' truck 

engine). 936,937,938,93 

• of engine (spring, ball valve). KK), 161 

“ (Oldsmobile engine)..• • • • 

relief valve adjustment (Continental engine) . 93 

shows at low Hueetls; none at high speeds. ., . 163 

spring and ball valve, regulation of. 161 

tnrottlo controlled. 163 

too high abnormal consumption. 161 

“ ^ bad effects of. 16H 

ip, elevated type. lt»o 

gear type. KiO 

Hudson, Essex. 1(13 

plunder or piston type. 160,163,164 

priming of. 162,163 

rotary type. 160 

spring causes knock. 777 

submerged and elevated, meaning of. 160 

“ typo. 160,926,937 

troubles... j. 162,164 

vane typo (see Fig. 6). 146 

“ rectifier (and mol).166,1006 

“ ring for piston. 825,826 

** seal rear wheels, drive system (Timken). 883,910 

“ stoam cylinder^ used in many rear axles. 172,174 

“ stone dressing ignition contact points. 225 

* storage system. 671 

“ strainer. 162 

” strainers, purpose and cleaning.160, 161,162, 938 

- tanks..... . 670,671 

“ test: Saybolt vi8Co.si-meter. 160 

“ testing, simple methods of. 166,1075,104 

“ to use in winter. 172 

“ too much or not enough, effects of. 107, 238, 239 

“ transferring from barrel to storage tank.071 

“ tubes, cleaning of.105,804 

* Vac gasoline vacuum fuel system. 115,752 

“ viscosity test of. 166 

“ when heated, generates gas. 165 

Oiling , 

“ generator, starting motor. 172,173,480,1122 

** interrupter and distributor (Atwater Kent). 20r> 

“ magneto. 

system engines passenger cars... 1058-1063 

best engine oil generates little gas. 160 

. 165 


Oils: best engine oil generates little gas.. 
* for engine, light and heavy bodied. 


Old. 

“ gasoline... 116 

* paint, removing from car.. . 048 

Oldsmobile cam-shaft bearings, cam shaft (model *'45B”) 794 

carburetor mixture, hot-water heating of.107 

eight-cylinder chassis. xii 

engine-bearing clearances.805 

“ oil pressure, regulation of.804 

gasoline tank..,.Ill 

gear contact, explanation of.'.. 874 

main bearing adjustment (model “45B”).805 

rear-axle adjustments. 872, 873,874 

wiring diagram ('*47”).402 

Olympian, spark pluff, siae of.236 

One-cylinder engine firing order. 76 

lamp burns dim, cause of.483 

“ fails to light.452 

piece clincher rira...695 

“ rear-axle housing..862 

.** straight-side demountable split rim.598 

thousandth part of an inch, meaning of.701 

Open and closed-circuit interrupters. 196 

“ " short-circuit indications of generator.455 

** shorted armature coils, meaning of.498 

circuit and ground indications of starting motor.... 450 
** armature tests of generator with ammeter... 514 

* “ winding, meaning of.340 

* difficult to locate. 452 

* due to corroded battery terminals.430 

“ field tests of generator with test-points.614 

* if occurs in charging circuit. 428,430 

" ignition interrupter, princmle of.196 

“ * system (Atwater Kent). 202,204 

* in armature, cause of..601 

* • • coil; tests with ammeter.614 

■ • generator^ how to test for.613 

■ motor-senes field winding.601 

* * starting-motor armature coils (Ford)..... 519 

* indications and cause of.452 

* intermittent, probable cause of.452 

* meaning; of. 451,1077 

* or partially open dkouits in generator, causes.. 513 

* poor ooimeetioos, grounds, mettning of.451 


Open circuit short, and ground, test of wiring 83 r 8 tem 484,485 
** " test of generator armature with meter.488 

* « « « « field with meter. 488,502 

" " timer contact points. 196 

" ** type armature, not effioient.828 

“ curing, meaning of.0W 

* cut Boat file, illustration and purpose of.717 

" end flat wrenches, purpose of.696 

" type fuse.430 

Operating bench test, electrical (N.E.—).227 

" oar. 629 

“ Fordson tractor.991 

" gasoline torch, single jet type.720 

" temperature of engine. 165 

" truck.912 

Opposetl cylinder engine firing order.76 

“ " type engine, crank-shaft degrees. 45 

- cylinder degrees. 48 

“ “ « of engine. 38.46.48.194,923 

Order of firing of engine cylinders. 76, 78,83,84, 87,307 

Orphan car, nieuning of .682 

“ oars, where to obtain parts. 682,079 

Oscillate, meaning of. 1077,191 

< > 80 illating discharge of condenser, meaning of.191 

“ low-tension tyx>6 magneto.265 

“ piston pin, meaning of. 42,795 

Oscillograph for measuring milliamperea. 188 

O. S., meaning of. 811,812 

Otto, or four-stroke “cycle,” meaning of.1077 

Outboard and inboard type starting motor.320 

Outer shoe placed on outside of tire...611 

Output of compound-wound generator, adjusting.366 

“ “ generator, how adjusted. 478,479 

■ ** ** mustberegulated (why) . .331,346,341,342,347 

“ " third-brush generator, how increased.361 

Outside calipers, purpose of.704 

“ micrometer caliper.703 

Overcharge of battery, indication.s, causes, remedy... 658,659 
Overdischarge of battery, indications, causes, remedy.... 668 

(Overflow pipe of radiator. 148 

Overhaul of car at home garage.663 

Overhauling brakes.893 

“ car and inspection. 663,664 

" “ flat rate system of charging 758 

* “ meaning of.767 

* clutch and transmission.767 

" engine.767 

■ Ford oar...758 

* radiator.757 

“ running gear parts.757 

“ storage battery. 684 

* Willys-Knight engine.1069 

Overhead cam shaft. 53, 64 

“ “ shafts and valves. 91 

“ railway for repairshop use. 075 

• valves. 53 

Overheating causes most troubles of cooling system. 152 

“ of battery, causes and remedy of. 643,559 

" '• brush-holders, cause of. 490 

“ “ carburetion mixture. 462B, 142,105 

" “ engine and retard of spark. 304 

“ “ * causes of 152, 304,400,995,150,154 

“ « « excessive.121 

“ u u steaming, feel radiator.... 154,150,152 

“ " exhaust pipe, mufller; probable causes.... 461 

Overland ("82,” ”80-6”) Autolite generator and circuit... 366 

“ carburetor adjustments. 136 

" electrical system (model "32”).422 

“ ”4” cut-out, troubles and tests of. 603 

“ •* electric circuits.419 

M u u system.418 

• “ engine. 39,40 

• « “ cooling method. 40 

■ M « specifications. 40 

■ « valve timing. 40 

*• " gear-shift movements and firing order.636 

« ("4’^ “91” "92”) ignition timing.418 

“ “ rear-axle ratio. 9 

*• • steering gear; type of. 11 

« ** top chassis view. 14 

" * wiring diagram. 418 

• “ spark plug, size of.236 

Overlap of piston ring in cylinder.833 

“ « valve. 62 

Overload on battery, meaning of. 326 

Oversiie cylinders (S.A.E. standard).815 

• engine parts.811 

" piston, meaning of.811,812 

• ■ pins,. 798 

• • • ends different colors.798 

• • ■ instead of rebushing piston.811 

• • rings.828,833,822 

• «. « when fitting overaise pistons.813 

• pistons (Continental engines).938 

• • expressed in decimals.938 

• • remarks on.811 

“ • - « clearances.808 

• stud in worn bolt ho«e.716 

■ tires 

• « meaning and purpose of.89t 

• valve and tappet guides . 774,775 
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Oversise valve etems.. 813,776A 

- • ■ purpose of. 776A 

- • tappets. 776B, 813 

* valves (Ford en^ne).1103 

* woven brake lining.896 

Overslung spring suspension. 1 

Owen magnetio automobile.1019 

Oxide, meaning of. 536 

Oxy-aoetylene cutting, cost of. 749 

• * of metals.747 

- * torch. 748,750 

“ gas tanks, where to obtain.749 

■ regulators, internal construction (Imp,) 749,750 

• “ purpose of. 742,750 

■ welding aluminum, to prevent collapse. . ., 746 

• *• cast iron, malleable iron.746 

• * copper, bronse, lead, thin castings 747 

• • cost of.748 

• • cutting outfits.742,749, 750,751 

• • examples of. 744,745 

• • expansion and contraction.744 

• * filling rods, fluxes. 744,746,747 

• • flame, adjustment of.743 

• • furnace for preheating. 743,744 

• • gas tank sizes. 742,749,750 

• • gases, how supplied. 742. 749 

• • iron and steel.746 

• * materiai.743 

■ • of aluminum. 746,747 

• ** outfit, purposes of use. 741,747 

• - outfits. 741,742,749,750,751 

■ “ pilot light.752 

• “ precautions. 752 

“ • preheating and reheating.743 

“ “ preparation before welding.744 

“ “ pressure of oxygon, acetylene tanks 742 

" prices to charge. 748 

** " purpose of.741 

“ “ qualifications of operator. 741 

• “ size of blowpipe torch..744 

•* “ thin castings. 747 

• torch, purpose of. 742 

Oxygen and acetj^lene gauges, how calibrated.750 

* decarbonizing, meaning and purpose of .764 

* outfit. 751 

“ “ outfits: questions answered. 763 

excess of, and gasified fuel.108 

“ for removing carbon from engine. 764,751 

" gas for welding and cutting, where to obtain... 749 

“ “ regulator, purpose and construction of... 742,750 

^ ** tank, pressure of. 742,750 

** “ tanks for welding and cutting, sizes of.... 742,749 

“ gauges, how calibrated.750 

“ regiDators, when used.749 

Oxy-hydrogen flame for cutting.749 

• gases, purpose of.749 


P 


Packard auxiliary contact-breaker for fuelizer. 217 

• carbiu-etor. 139,140 

“ “ fuelizer. 140, 108 

• data of.1053-1060,1071 

** Delco interrupter adjustment.220 

• eight chassis. ix 

• * crankshaft principles. 45 

• • ignition system. 407,1060 

“ • “ timing.1053 

• • nine bearings.41,45 

• “ wiring diagram.407 

“ electrical circuits. 407,420,421 

“ engine main bearings, number u.sefl.41 

“ four-wheel brakes. ix 

“ front-end drive system. 86 

“ fuelizer, purpose and construction of. 108,140 

“ gasoline tank reserve shut-off cock.Ill 

g ear shift and control (Twin-Six). 638 

ydraulic governor. 100 

“ -six Delco ignition distributor.219 

“ “ electrical system (wiring diagram) ... . 420 

• specifications. 1057,1060,1071 

* standard adjustments of.1071 

“ Twin-Six adjustments, standard. 1071 

• Twin-Six air-pressure fuel feed. 112 

“ “ brake adj ustment.1071 

“ “ Delco ignition distributor.217 

“ “ electric system (wiring diagram).42J 

“ “ engine. 85,86 

• « 41 valve clearance. 86 

* - firing order. 45,407,217 

“ * ignition tuning.1071 

* • valve-clearance adjustment. 68 

* valve-timing specifications.1053 

* water thermostat, where placed. 150 

Packing for water and lubricator pumps. 735,150 

Paint cracking on doors, one cause.€46 

* for cylinders end engine. 647 

“ “ exhaust and inlet manifolds. 647 

" * painting inside, outside of tire. 612,647 

- “ radiator. 152,647,739 

• heatproof. 647 

* removing, from car. 648 


Painting car at home. 647 

• “ brushes needed. 648 

• • equipment for. 756,648,728 

“ fenders. 728 

“ garage walls.1041 

“ or spraying radiator.739 

• outfits for automobile work. 728, 647,756, 756 

• radiator, engine, cylinders, manifold, etc. 647 

■ service cars. 677 

• top, stand for. 755 

• truck, brushes needed. 648 

Pantasote, meaning of.1077 

• tops, cleaning.647 

Paper gaskets, oil proof. 734 

- “ use of. 733,734 

Parabolic, meaning of .1077,436 

“ reflector, beam ehiiracleristie of. 438 

“ tvpe of reflector u.sed most. .. 436 

Parallel^ multiple series roniiections, meaning 177, 525, 626, 538 

Parallelism, meaniiig of.802 

Parkj meaning of. 662 

Parking a car in a city street. 655, 651 

Parking, street and traffic regulations . 051 

Parts and supplies for stock room . 679, 680, 681,481 

“ electrical, to carry in sfock . . . . 480,481 

“ for electrical sy.steins, where to obtain.415,481 

“ ** ignition, whore to obtain... 481 

“ of car for stock room, where to obtain. 679 

** - carburetor. 97,98 

** where to obtain, for orphan cars. 683, 682 

Pascal's law (hydraulic brake). 885 

Passenger car engine.^, carburetors (make) ... .1066, 1058-1061 

“ * specification.s of.1055-1062 

“ cars, size of tire rims uscil. 603-606 

“ “ tire 8 izo.s used.1069-1062 

Passing a street cart on the right is <*orrcrt.663 

Pasted plate, meaning of. 537 

Patching a top.765 

Path of oil circulation.157-161 

Patterson lamp lens. 437 

Pb. Head), meaning of. 537 

Pb, <3. (litharge), meaning of. 537 

Pb. Oi (lead peroxide), meaning of. 637 

Pb. 8(^4 (loaa sulphate), meaning of. 637 

Peak, meaning oi, in connection with Ford magneto. 249 

Pedal adjustments.810,886, 848, 84 1 ,851,854, 856 

“ system of a ear . 635-640 

Pcening a piston ring. 830 

Periodic charge of battery. 678 

“ vibration, meaning of. 805 

Periods of time valves arc usually open. 63 

Periphery, meaning of.1077 

Permanent magnet and electromagnet, difference. 183 

** “ horse shoo and bar type.. 179 

“ “ made of steel retains magnetism. 180 


“ " meaning of .. 180,1077 

“ “ resins magnetism, how... 250 

“ “ suitable for field poles, not armature.. 180 

“ what made of ..250 

“ “ when heated, loses its magnetism. 180 

“ magnets and parts of low-tension magneto.... 242 
“ “for generator (early model Autolite) . . 353 

Peroxide, meaning of. 637 

Peicoek, meaning of.1077 

Petrol, meaning of.1077 

Phaeton. 5 

Phone receiver for testing electrical circuits. 464 

Phosphor-bronze, meaning of.1077 

Pick-up of engine and quick acceleration. 101 

Picric acid, ether and gasoline to increase power.1033 

Pierce Arrow cars, gear ratio of 38, 48 h.p. 637 

“ “ cut-out, voltage of generator when closes 410 

“ “ dash and control units (38, 48 h p. cars).... 637 

“ • Delco electrical aystem (series “32'’). 403 

“ “ “ ignition. 404 

“ “ dual-valve engine. 54 

• “ electrical equipment. 1067-1061 

• “ engine, location of spark plugs. 233 

“ “ “ lubrication system.1070 

“ “ " main bearings, number used. 41 

“ “ “ (six-cylinder) . 80 

“ “ - valve lift: . 59,55 

- “ firingorder. 217,105.3,1070 

“ “ gear reduction. 1058-10(H, 1070 

“ " /gear shift, firing order (series ‘‘32”). 638 

“ “ Ignition system (Delco). 216 

" * interrupter cont^te not synchronized. 221 

“ “ rear-axle ratio. 1061,1070, 9 

“ “ series “32” Deleo three-unit system. 403 

** “ specifications of.1065-1061,1070 

• * starting motor. 405 

“ - “ “ (Westinghouse). 322 

• • timing.1063 

- - valve hft. 55,59 

“ clutch governor, purpose of. 048 

f ovemor for engine.047 

eak. altitude of. 116 

Pillar lamps, location of. 431 

Pilot light for welding. 751 

Pinion and sector type steering device. 11,899 

" bearings, adjustii^ (Mitchell). 877 

« shaft bearing, adjusting (Timken rear axle). 8tf 
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Pig«, 


Pipe., 

Pistol 


Pinions, installing in rear axle. 873 

* meaning of.1077 

t capacity of.....1048 

dies and bolt dies. 709 

fittings: to 1-V4*. 680 

sises and threads.700 

speci&cations of.700 

tap and machinists tap, difference between. 710 

tape, purpose of. 710 

thread, meaning of.... 707,708 

* tap ana dies... 700 

threads, table of. 709 

wrench (Stillson), illustration of.605 

IS, gasoline feed, what made of. 112 

' “ sizes of. Ill 

on aluminum alloy, advantages and disadvantages 43, 807 
" as used on Franklin. 92 

* slots cut into, advantage of.807 

* subject to piston slap.779 

and connecting rod, alignment of.802 

“ " “for high-speed work. 43 

* ■ ’ lining up of.... .803 

“ * removingfromengine,795,796,1106 

“ cylinder information.815 

“ ^ “ scored, cause of. 167 

^ piston rings, questions and answers on.834 

ring leaks cause loss of compression.. 768 

“ rings, lapping to a cylinder.815 

• " pointers on.815 

" " relation to excess oil and smoke. 168 

army airplane type...1143 

bashing reamer with pilots, at If-aligning. 798 

oast iron.^.^9,807 

clamps for eight-cylinder engine.805 

clearance depends upon.. .809 

“ example (Continental engine). 43 

" excessive, oil in combustion chamber.... 169 

“ factors which determine same.824 

* (Franklin engine). 92 

* how and whore measured. 800. 810 

“ (Liberty engine).1144 

“ loose, free-fit, and tight fit.811 

“ meaning of. 43,809 

- table.810,806 

^ passenger oar engines. 806,810 

“ to allow when enlarging cylinders.810 

" too great: cooked piston results.803 

* compression ring.826 

constant clearance type, meaning of.807 

crankshaft, cylinder grinding as a business.818 

De Luxe, clearance m.808 

* light-weight gray iron.808 

disalignments with connecting rod.802 

disk type, meaning of. 43 

displacement, engines of passenger cars,... 1056 to 1059 

“ (Liberty engine).1143 

“ meaning of.1046 

* tables of. 1047 

drilling, to prevent pumping oil. 169 

(Essex) aluminum alloy andi cylinder head.... 807,808 

expands under heat. 809,807 

filing in a lathe.824 

fine grooves when new, requires lubrication. 171 

fitting to a worn cylinder.811,818,814 

^ * rebored cylinders.823 

“ when not lapped.813 

for Ford, measurements of.813 

^ ^ standard size expressed in decimals.. . . 812 

• racing oar engine (Ford). 1026,1029 

* speed, lower part drilled.813 

:ray iron or semi-steel, advantages of.807 

lead cracked, how to detect.768 

“ meaning of. 44 

heat treating, seasoning, meaning of... 809 

heating and expanding of.815 

how machined .809 

“ to measure cylinder when ordering. ..811 

* transmits power to crankshaft of engine ... . 42 

if fits too loose..813 

“ has too much play in cylinders.831 

is smaller at top than at skirt.812 

knock, detecting of . . ?.,.1108 

knocks or pounds from lack of oil. 167 

lapper, expanding type. 816 

leaky, testing.813 

(LiMrty engine).1143 

light iron or semi-steel, advantages of.808 

lightening of for racing. 1026,1030 

loose causes piston slap.814 

“ test for. 778 

looser fit for high-speed driving.1029 

marked, how. 43,811 

Marmon combination type. 808 

measure for roundnew when assembling.823 

measuring and marking of.823 

miking of..823 

movement, relation to crank throw.60,61 

must work piarallel with cylinder bore.803 

navy airplane type. 1143,1144 

number of rings usually fitted to.’ 809 

offset, meaning of. 48 

oUring.828,896 


E 


Piston on top and bottom dead center, meaning of. .63,70,306 

• of compression stroke, how to teU. 307,70 

oversize (Continental engines).938 

expressed in decimals.938 

* fitting by lapping.812,815,818 

* meaning of. 811,812 

" remarks on clearances.808 

pin and bushing, checking play between......... 797 

“ “ ^ removing.796 

* “ connecting-rod barings.795 

“ bushing, etc., oversize and standard. 797 

“ “ fitting of.797 

" bushings, reaming of.707 

^ clearance adjustment. 707,798 

" diameter, passenger cars. 1055 

* fitting.798 

“ hole reamer, illustration of.714 

** knocks, test for. 777,796 

** (Liberty engine). 1144 

« or wrist pin, purpose of. 42,795 

* oscillating type, meaning of. 42,795 

“ oversize, ends painted different colors.798 

** removed by plunging piston in boiling water ., 796 

“ remover.797 

“ selective fit of.797 

“ sizes of. 798,1055 

“ stationary type, meaning of. 42,795 

** where placed. 36, 37 

position for valve timing .... 65, 70, 79, 307, 942,1103 

“ how determines firing order.79,1100 

“ “ to find. 65,307.70,942 

" in relation to time of spark. 291,70,301 

“ “ . “ “ valve timing. 70,71,307 

“ relaticn to firing order of engine.. 77,78,1100 

** ^ relative to crank throw.. 66,78 

pumping oil, meaning, causes . 168,169 

purpose of. 807 

questions and answers on.809 

remarks on finding oversize in decimals.938 

“ “ w^lective fit.823 

removing (Continental engines). 94 

replace in same cylinder it came out of. . ..813 

replacement* when necessary.813 

replacing in cylinder.833 

ring (see also "Ring”) 

“ and cylinder, testing for leaks.828 

“ ** piston, questions on.83^ 

“ assorted sizes.834 

below piston pin, purpose of.826 

broken, how to tell.1109 

cause of leaking .827 

clearance, diametrical and radial. 827,828 

concentric and eccentric types. 826,834 

condition of, how indicated by spark plug. . 769 

dimensions, pa.ssenger cars. 1055,828,835 

ends if l>uttt^ together in cylinder.830 

equal tension on cylinder walls necessary. ... 825 

filing and testing to cylinder.830 

" joint.830 

“ ring gap for more clearance.830 

fits opylinder with equal tension all points.. .. 828 

fitting to cylinder out of round. 831,822 

“ “ groove of piston.832 

“ “ piston..... 44 

(Ford).827 

gap clearance, how to measure. 827,828 

“ “ purpose. 815,825,826,827 

“ • too great, effect.. 768,169,827,828 

* (Liberty engine).1147 

* source of leaks. 169, 828 

groove clearance, how to measure.828 

“ depth ana width of. 825,828 

* purpose of. 44,825 

hammered type.826 

how to chamfer and purpose of.169 

Hudson and Essex..833 

if dull, dirty and spots, indications of.828 

“ in good condition is smooth and shiny.768 

* smooth and shiny.828 

joints. 44,825 

lapping to cylinder. 816,831,1026,1029 

" sides of, to fit groove of piston.832 

leaks. 166,168,169.767.768.769.828 

“ at gap. 169 

cause loss of oompression.767 

■ ^ * smoky exhaust. 168,768 

* indicate oil-soaked spark plugs.168,169 

(Liberty engine).1147 

life of, average. 825 

loose tension after long use.815 

makes of.825 

making of, when removing.830 

measurement of.827 

measuring. 44 

mitre, diagonal or bevel joint.825 

number generally used... 44,826,1055 

oil film.827 

on racing e^nes. ..826 

overlap of, in cylinder.833 

oversize.811 

* fitting....^. 813,818,828.822,816 

* when fitting oversize piston.813 
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pfgtoo ring patented types.825 

• pMningof. 829 

• pinned. 826 

• purppeeof. 44,809,825 

• relation to cylinder bore.822 

• removal of. 829.832 

• aises different oars. 1055, 828. 835 

■ specifications. 835,836,837,1055,828 

• standard and oversiae. 828,833 

" step-cut or lap-joint.825 

• sticking in groove, cause of.768 

• testing for leaks. 769.828 

• * of, to fit piston grooves.831 

• tractor^ truck engines. 835-837 

■ travel m cylinder. 832 

• troubles, tests, and repairs. 828,820 

• typM of. 44 

running-in.813 

scored, meaningof. 167 

seised, meaning of, and remedy for.814 

selective fit to cylinder, meaning of.812 

skirt, meaning of.. 43,809 

“ split, aaVanta^fe of.808 

slap, common with aluminum piston.779 

** meaning of, teat for, remedy for.779 

speed, meaning of... 1042 

“ ^ relation to ignition cam, timer (Cadillac)... 216 

squaring of, meaning of.809 

standard and oversise for Continental engines.938 

^ « « remarks on.811 

" clearance, meaning of. 812 

• overaite, meaning of.811,812 

^ size, meaning of.811,812 

aticka or “seizes”. 167 

strength of, depepds upon.808 

testing for leak.814,829 

“ in cylinder for high spots.813 

top and bottom dead center, meaning of 63,66, 70,306 

• compression stroke, to find. ... 65,70,79,307,94,3 

• exhaust “ . 65,70,79,307,943 

travel valve timing method.70,1103 

troubles, result of being too loose.809 

trunk type, meaning of.. . 43 

type oil pump... 160,163,164 

vise and press. 797 

what made of. 43,807,809 

where measured.^.809 

why must be fitted, with piston rings.825 

Pistons, finished to carry in stocK. . 819 

for replacement purposes. 819 

relation one to other and to cams..77,78 

relative position of eight-cylinder V-engine. 84 

“ u u eieeve-valve engine. 89 

“ <1 « twelve-cylinder V-engine.. . .84,85 

semi-finished to carry in stock.819 

Pitch, angle, and flat of thread, meaning of.707,708 

line of gear teeth, meaning of.869,874 

of roller chain. 950 

“ thread, meaning of.707,708 

or span of armature winding, meaning of..... .343,344 

“ threads per inch, how to find.708 

Pitman arm ball, adjusting of. 9()3 

Pitot function. 136 

or plain tube carburetor, principle of.102,100 

tube, meaning of... 102 

“ or air-bled jet principle (carburetor).133,135 

Pits for working under a car.672,670 

Pitted valve. 56 

Pitting of ignition oontaet-breakcr points.224 

Pivoting or rocking type of magneto (Mea)..283 

Plain bearings. 19 

“ “ for engines. 781 

• live type rear axle... 15,16,863,1096 

** tube carburetor, principle of. 100,102,129,130,133-135 

^ “ or pitot carburetor, principle of.102,100 

Planetary steering gear (Ford).1085,11,1087 

“ “ “ * principle of.899,900,11 

“ transmission, prinowle of.1088,1089,26,26 

Plante type storage-battery plate.537 

Plate burning racks, types of.583,681 

“ type clutch.21,22 

plates of a storage battery, meaning, purpose of.530,537 

Platinum contact points.225 

for interrupter points, why best . .224,244,308,314 

iridium, best for all contact points.225 

** snould be used on magneto points .. . 225,314 

meaning of.1077 

points, dressing of. 224,225 

“ of interrupter, acid test of.224,314 

• • magneto interrupter, pointers on. 308,225 

why used for ignition points or interrupter. 187 

Pliers, different types of.696.696 

Plow capacity and speed, tractors.996-998 

Plug or following tap, purpose of.710 

Plunger or piston oil pump.160,103,164 

Plus Tap, meaning of.. 63 

Pneumatic control of carburetor, meaning of.101,130 

“ cord truck tire (sizes).693,694 

• principle of carburetor.136,137 

" shock absorb. 12 

^ tire, oonstruotioQ of.608 

• * 6181.1078 


Pneumatic tires, meaning of.801 

Pocket sliding rule, purpose of.704 

Polarity at brushes, direction of armature govefDf Mma.. 342 
** " generator brushes, how governed.842 

* how to find...564 

* ignition switch, purpose of.203 

* meaning of.1077 

* of an ammeter and voltmetw.464 

* “ battery, how to find. 660 

* • • meaningof.530 

* “ electric circuit, how to find.664 

* electromagnet when remagnetiiing.312 

* * electromagnets.182,183 

* ** field pole, wound left or right hand.354 

“ “ poles of motor-generator, how determined 346 

* “ generator at brushes, how governed.342 

* “ “ ohanges to polarity of battery 366 

“ field polos, now determined .357,358,330 
“ - • - - - established .355 

* .to find.602,603 

* “ • relative to connection to battery... 865 

* “ helix or solenoid. 182 

** “ magnvt, how to tell with compass . . .312,311,170 

“ • shunt-wound generator, how to change 571 

* “ starting-motor field poles .327 

* “ storage battery, to tell with voltmeter....... 546 

* “ wires, battery charging circuit..564 

switch... 203 

Polarized vane-type ammeter.46S 

Polo-chaugiog switch is not now usckI very much.210 

“ ^ 2 « purpose, circuit. . .203,210,362,423 

“ piece, double gauge, purpose of.473 

“ * spreader, purpose of.473 

** pieces and magnets of magneto.258,259 

Polish for body for removing rain spots and grease. 646 

Polishes, body, metal and glass.645,640 

Polishing and cleaning dull varnish.645 

* lamp reflectors and lens. 439,646 

* nickel and brass. ..646 

Popo-Toledo copper water-jacketed cylinder... 46 

Poppet type valve, meaning of.52,1077 

Popping or back-firing in carburetor, cau.se of.118,121 

Porcelain insulated snark plug.233,234 

• meamiigot.1077 

Port, meaning of.1077 

Portable drills, electric.700,694 

* electric buffing machine.694 

* service lamp.1038 

“ tool box.1030,1040 

* w'ork bench.1039 

Porter, spark plug, size of.2.36 

Position of piston, how to locate.05,70,79,806,042,1103 

Positive and negative (—) terminal of cell.177,178 

“ plate of a storage battery is brow-n or dark.527 

“ pf)le, meaning of.1077 

“ terminal marked (+) and dark color.528 

“ “ meaningof.. 170 

* “ of battery, is grounded.. 335 

** u H battery brown.178 

« ■ “ “ is a dark color.564 

* ** start with, when tracing a circuit.170 

" • symbol of.412 

Potential drop, meaning of.1077,175 

“ meaningof.1077,175 

Power air compre.88or8 for use on car and garage.623 

“ hack-saw.694 

* meaningof.1043 

" of engine, why lo.sa of.765 

“ plant parts and purpose of.1,2,41 

“ stroke, meaning of.32,76 

* “ one during four revolutions of crankshaft.. 76 

" strokes, how lap on 4, 6, 8, 12-cyl. engine8.87,81,83,84 

“ to run the raacfiinery of repair shop.693 

Powrlok or M and 8 differential.882 

Precision, meaning of.1077 

“ tools fcir the automobile mechanic. .. . 701,702,705 

Preheating for welding, moaning and purpose of.743,744 

Pre-ignition, meaningof.1077,170,780,238 

Preparing a car for service.629 

Press and vise for piston..797 

* for shaft-straightening.792 

Pressure, compression and explosion.116 

^ ** expansion and m.e.p., mean- 

, . ^ mg of.1044,765 

• for tires and maximum load per tire.593 

• of acetylene and oxygon goe tanks.750#742,441 

• “ oil, adjustments find regulation.161-164 

• “ “ regulation (spring and ball valve).160,161 

• type oil gaugs. 164 

Prest-O-Lite acetylene tanks for welding, sizes of.743 

* gas tank pointers.441^442 

“ gaugeji, how to read.442 

* welding outfit.742 

Prest-O-Vacuum brake.R96 

Price of Ford Coupe and Sedan.1124,1080 

Prices charged for regrinding cylinders.818 

* to charge for battery . 585 

* * “ “ fitting accessories to Ford. 760 

m m m U overhauling car, flat rate.758,759 

* * " t repaid and storage.669 

* • • • tire-repair work. 022 

* • • ■ welding.74t 
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ninuuy and compound armature, roeaninf of.246 

' * * wound masnetoe. meaning of.... 283 

• lecondary circuit of ignition coils (Delco)... 213 

battery, meaning of.... • 1077 

cells are usually referred to as “dry cells'.178 

“ one typo of. 639 

circuit, must be opened quickly.... 267,268,262,190 

“ of a low-tension coil, purpoee of.184 

“ * coil, action when closed. 190 

* • • • • opened quickly.190 

" * Ignition coil with condenser (Remy) 223.229 

* • • coils (Remy).200,210 

* • • vibratorooil.188,189 

“ vibrator coil i^jnition. 193 

coil current does not jump spark-plug gap.188 

ignition circuit, to trace, start at switch.460 

secondary circuit of a non-vibrator coil.196,197 

* • m vibrator coil. . 192,193 

* winding, number turns and size wire.. 257 

* ** of coil, maf^neto, size, turns. 240 

self-induction or low-tension coil, meaning of— 184 
winding and circuit of high-tension magneto. 256,260 

“ of a coil, principle of.184,185 

“ “ • high-tension coil.188 

• • “ magneto, how wound on armature. 243 

• * ignition coil, testing of (N. E ^.227 

• test of a magneto armature. . ..313,314,316 

wire or cable, use of.240 

“ used for low-tension (voltage) work.425 

wires, meaning of.1077 

Primer for engine.1134 

“ starter for engine^ principle of.317 

Prming carburetor by lifting float... 98 

“ cocks, purpose of. 60 

cupe.0^1 

** (Ford engine).,.1136 

" where fitted to engine. 30 

engine with ether. 1033 

methods. 107 

of carburetor, reasons for. 104 

spark plug.1136 

tne oil pump.162,163 

too much, dilutee lubricating oil.168,104 

Principle, Ionic applied to internal action of battery.640 

Principle of acetylene and oxygen regulator.750.743 

• • gas tank (Presto-Lite).441,442 

• Ackerman front axle. 10 

• admissiun and dis<'harge of gas from engine 31,33 

• advance and retard of spark 34,301,3w. 306,291 

• air brake.886 

• •compressors. 622,626 

• • cooled engine (Franklin). 92 

• • cooling of engine.165,166,92 

■ • pump, compound. 622 

• • washer (IIolley vaporiser).988,989,990 

• airplane ana flight.1022 

• alternating current converted to direct.339 

• ammeter.. *.. 464,466,468 

• * and out-out.333 

• • • voltmeter.468 

• • oonnecting in circuit.334 

• • D’Arsonval tsrpe.468 

• • (dash type).468,461 

• • similar to a water meter.331 

• • Btationary or polarised vane type. 468 

• anti-glare lenees.437 

• application of starting motor to engine..... 319 

• armature reaction.261,369 

• • winding span and leads.343.344 

• armatures, shuttle and drum type 243,260,263,342 

• assembly of engine.36,37 

• auxiliary rheoetat for charging batteries-671 

• b^oootin.628 

• battery diaobarge through cut-out (N.E.-> 

DodgO.8TO 

• battery indicator.469 

• Bavery compensating jet carburetor.130 

- bearings. 18 

• bellows-typc tilting lamp reflector.435 

• Bendig inertia drive for starting motors.... 819 

“ blow pipe torch.720 

• BouroMtube.164 

• Bosch coil and battery ignition system.208 

• brake controls. 13 

** • drums, single and double.884 

• • electric. 896 

• * operation (Lexington).885 

• • vacuum. 896 

• brakes.13,18,884 

• • f our-whe^.13,884jJx 

• « hydrauUo.13,886 

• brush setting on generators.369 

• cadmium test of storage battery.549 

• camber, toe-in, caster.906,907 

• cams and cam shafts.60,51,53 

• candle power of an electric lamp.433 

• carbon pile for regulating output of gen.... 883 

• carburetion.... 95,100 

• • and altitude. 116 

• • keroeene and gasoline.987 

“ carburetor.100,101 103 

• - accelerator...99,100 


Principle of carburetor air-valve type.. .96.100,124,129,143 

• altitude adjustment.1148 

• (BaUdcB^).138,139 

• compensating type 
1«), 102,125.180,913 

• concentric and side-float type.. • 97 

• constant>level type. 96 

• (Dodge-Stewart).137 

• duplex (Liberty enginc-Zenith).. 1148 

• (Ensign).927 

■ expanding type.100,102,141,143 

• beating.106-109 

• (HoUey-Foid).1130,1131 

• (Kingston dual) (tractor type).. 988 

• (Kingston-Fora).1)28 

• leading makes.124-144 

• (Liberty engine).1148 

■ metering-pin type... 100,101,102,137 

• mixture.117,118,119 

• plain pitot tube 100,102,130,125,136 

• epray noszlee or jets. ^ 

• throttle valves.31,33,99 

• (Zenith).129,130,131 

caster, camber, and toe-in.906.907 

Chandler traffic transmismoQ. 1079 

charging a storage battery.672, MI 

chemical generators of electricity.178 

circuit breaker (Delco).389.301,392 

circulating pump. 146 

clutch.2,20,21,22 

“ (Autocar truck).925 

“ (Borg A Beck).23,847 

• cone type. 21 

“ disk type...21,22 

“ (Ford).1088,1091 

• governor (Pierce).948 

• (International truok). 928 

“ motorcycle.1012 

“ single-plate type. 22 

• (White truck).931,936 

commutator, generator armature.840 

compressed-air starter f«)r engine.317 

compression ratio of engine. 116 

condenser (Cadillac). 165 

“ for magneto.267,261 

connecting batterv cells.624-626,177 

constant potential battery charging. 679 

control and speed of engine.33,31,35 

cooling an engine. 146 

crankriiaft (six-cylinder engine).80,81.46 

crankshafts.44,45,46 

cumulative, differential field windings.354 

cut-out and regulator (Ward Leonard).362 

“ (Delco).409,410 

■ electric.331,3.32,333,341,349,1122 

“ “ (Ford).519,620,1122 

** (generator and battery).. 331,332,462N 

• governor type.1013,1014 

• mechanical (motorcyclegen.)..1013,1014 

■ (Splitdorf mag-dynamo) motorsyclel013 

cycle and frequency. 129 

Delco Light farm-lighting plant.1002 

demountable split nm. 699 

Diesel engine.1005 

differential.....17,18 

• action of motor-generator...... 370 

disconnecting battery from generator.366 

disk wheels.602 

distributor. 196,197,202 

double filament lamp.433 

drive reduction.8,956 

• eystem of an auto¬ 
mobile ..2,3,6,7,9,16,17.28,960,929,933 

driving generator.336,337 

• magneto.287 

div cell... , 178 

• storage battery.628 

d^amometer.1044,1046 

eightrcylinder engine.82,83 

qleotrio brake.896 

• generator.338 

• eystem, single, two and th^ unite.. 836 

electrical system ofa car. 331 

1 .X (Pierce Arrow).403 

electneity and magnetism.179 

, • (elementary).176 

electromagnet.182,184 

eleotromagnetio induction.183 

, • , starting-motor switch.322 

electromagnetism...180 

engitte. ball bearing (White).930,931 

compression relief.1009 

• (Congenial).93.94 

• cylinder aleevee.916.39 

• four-cylinder.77.73 

front-end drive systema.72-76 

• fuel eystem. 462B, 113-114 

■ r>veruer.946.939 

• rubnnuon.. .1S7 to 164 

• force-feed system.169 
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Principle of engine, lubrication fulMoroe feed.159,937 

* • • • gravity and splaeh. 158 

“ oil gauge. 164 

“ • pumps. 160 

* system (Ford). 159,1083 

“ systems.157 to 164 

parts.41.42. 43.44,45 

revolving cylinder (Gnome).91,1151 

rotary valve. 90 

six-cylinder. 80 

sleeve valve.88,89,90 

speed control. 35 

temperature regulators.149.150 

twelve-cvlinder.84,85 

valveless type.1003 

engines generally employed on trucks.911 

enlarging cylinders.817.820,824 

firing order of engines.... 76-307, 79.80,81, 

84.85, 87 

• • motorcycle t\Mu engine.1013 

floating a storage battery on the line.334 

flywhed. 31 

four-cycle engine.31.32. 33 

four-wheel brakes. 13, 885, ix 

“ wheel-<lrivrn trucks. 961,902,96.3 

Franklin carburetor. 142 

front axle.15, 904, 953,910 

“ “ (Ackerman). 10 

fuel and oil rectifier (Skinner). 1006,106 

fuel-feed metho<l8. 111-115,462H,752 

fuclUer (Packard). 108,140 

fuse for generator (shunt field).430,376 

gas-electric car (Woods). 1015 

gas lighting, gas tanks, etc.440,441 

“ producers.1006 

“ starter for engine.317 

gasoline and air starter for engine.318 

* as a fuel. 103 

“ engine. 30,32.33 

* gauge. 650 

* shut-off cocks. Ill 

gear contact of rear axle, differential.. . .869,874 

“ ratios as applied to automobile. . . . 8,956 

- shifts.27,28,29 

generating electricity.178 

generator.338 

* armature rcari ion.3.^i0,360 

“ armatures, drum wound 341,313,344 

« (AutoUte).418,353.356 

“ (Bijur constant voltage). 319 

“ ( - “ current).364 

“ brush construction and location . . 359 

* bucking series compound wound. 
.356,354 

“ clutch (Delco).388 

* commutator, neutral position. .. . 360 

“ comparison to a water jmmp.331 

“ compound “reverHe-senes" wound 355 

“ “ wound.354,356 

“ cumulative in action.354,355 

“ differential in action.354,356 

“ direct current. 338 

“ electric. 338 

“ field, compound wound. 345 

“ “ series winding.345 

“ polarity at bnishes.312 

- regulation. .331,341, 346, 347,354,357 

“ “ mechanical.347 

* * methods. .346-349,354,357 

“ resistance regulation (Deloo)... . 388 

* short and long shunt connected 

355,356 

“ shunt-wound.........341,345 

“ thermostat control (Remy, Delco) 

362.395 

" using thermal ballast coil.356.367 

“ without cut-out (Delco).387 

generators, motor, separate (Delco). 399 

G.G. vacuum fuel system. 115 

governor drive methods.917,946 

* hit-and-miss and throttling.1004 

“ hvdraulic. 100 

governors for engine.916,947 

grade, defined.1046 

grounds.462,453 

growler for testing armatures.499 

heating a car. 156 

• carburetor (see “Carburetor, heat¬ 

ing of”) 

• carburetor mixture (G.M.C. truck). 917 

helix or solenoid.182,1076,1078 

high-amperage discharge test of battery .652,553 

horns, elwtric.443,444 

horsepower.1043 

hydraulio brakes. 13,8^ 

• hoist for trucks.951 

hydrometer for testing battery. 631 

ignition 186,34.96.291,192,197.202,205,306,334 

• advance, rcUrd... .34, 291.301,304,203 

• automatic advance of spark 203,202,388 

• auxiliary contact-breaker 
217.421.1140.26$ 


Principle of ignition circuit of an electrical system. .334,832 
closed circuit.196,197,206 

* ■ (ooil and battery systems). 196 

“ • coil eleotromagnetio induction... . 183 

* “ " high tension.UK), 196,209 

“ ‘ ^ • (non-vib.). 197 

* • ‘ “ • (vibrator). 190 

* - Mow • .184-187 

* * coils and condenser (Hemy).228 

* • - (Deloo).213 

“ • *2 and 3 terminals (Remy). ,,, 209 

* * commutator.193,193 

“ “ condenser.190,191 

“ “ • (Atwater Kent).206 

* • (Delco-Buick).219.220,395 

* “ (Delco-Cadillac).214,396,84 

“ • (Dolco-H.C.S.).401 

“ “ (Delco-C:ole).407 

* “ (Delco-Kssex).406,406 

“ “ (Delco-Hudson).389,300,397 

“ “ (Delco-Lafayette).219,308 

“ ** (Delco-Lincoln).218,399 

“ “ (Dclco-Marmon).400 

“ - (Delco-Packard six).210,420 

“ “ (Delco-Paokard twin Mix)... .217,421,84 

" “ (Delco-Picrco Arrow).216,233,404 

“ “ (Delco-Stut*).216.233,416 

“ * (Delco-Westoott).402 

“ “ distributor.105,107 

“ ** “ (Atw'ator Kent).202,205 

- “ “ (Delco).213-220 

“ - “ driving of.210,211 

*• - “ (North East).371 

•* “ • (Iterny).208,209 

“ “ double system (Delco).216,233 

“ “ dual and double.263,245 

* " high-tension safety gap.108.308 

“ * governor. 203,388 

“ * interrupter, closed-circuit type 

107, 206, 462D 

“ ** open-circuit type... 106,202 

“ “ “ points, synchronising. . 221 

“ “ “ (luick opening of.267 

“ “ “ single contact (Delco).. 214 

“ “ ** two contacts (Delco).. , 214 

“ “ make-a IK 1-break.185,186.187 

* ** manual, autoinalic control.203,204 

“ “ master vibrator coil. 104 

“ ** non-vibrating high-tension coil 106 

“ “ opon-<‘ircuit timer.100,107,202 

“ “ polo-changing switch.203,210 

* “ (Hemy-Oakland).417,423 

“ * (Uemy-Htudebakcr).211,410 

“ ■ resistance unit. 198 

“ “ safety gan.198,308,201 

“ “ single and succession of s]>uiks. 196 

“ “ spark control of magneto.289 

“ “ “ levers.34,303 

“ “ • plug.188,233 

“ “ starting of engine.317 

“ “ synchronous system. 195 

“ “ “ testing of ignition. 221 

* “ system (Atwater Kent).^2-206 

“ “ “ (chart). 462D, 19V, 232 

“ " * closed circuit. 106,232 

^ (Connecticut).108.190,200 

* * • open circuit. 202 

“ “ “ (Hemy semi-automatic)..., 212 

“ “ “ synchronous.105 

“ “ “ (Westinghousc). 207 

“ “ systems combining of. 284 

“ “ thermostat switch.198,109,200,419 

" “ timing.291,34,301 

" “ two point. 266 

“ “ • spark. 264 

“ impulse starter (K.W.).281,086,086 

“ indicator, electric. 469 

“ inherent regulation methods of generator .. 354 

* inlet and exhaust manifolds.49,60,116,116 

“ inner valve of tire.692 

** internal gear-driv'e rear axle.060,929,033 

’ Irving radiator shutter.650 

" jump spark. 188 

“ kerosene vaporizer (Holley-Fordson).988 

* lap of firing strokes.86,87 

“ Liberty engine.1142-1161 

* light.436 

* Lockheed hydraulio brake. 886 

magnetic circuit of generator.357,358,338 

“ “ electric transmission (Owen).1019 

" “ gearshift.1016 

“ • induction. 180 

* “ linea-of-force.179,250 

* “ plug. 255 

* “ whirls around a wire.. 181,183,260,338 

magnetism. 179 

“ magneto, armature reaction of. 25\ 

“ “ ‘ type.249,271 

* “ “ winding... .245,243,266,269 

“ * armatures.243,246,260 

* ■ core of soft iron.260 

* • current wave.254 
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Principle of magneto, distributor.245 

8-cylinder.275 

* * 12-cylmdcr.276 

* fDixie). 272 

* dual system (Bosch).267,268,269 

* (Kisemann automatic spark control) 270 

* (Elsemann “G4'’).269,270 

* generated e.m.f.253 

* nigh tension. 250.257 

“ ^ “ condenser for... 257.261 

* “ “ distributor.260 

* * • inductor (K.W.) 

240.279.301 

* - “ (Remy-series '*1500'' 278 

* * ** safety spark gap.261,308 

“ bow generates current.250 

* inductor type (Ford).248,249 

* interrupter.260,261,295 

* low tension.250 to 254 

“ “ “ with high-tension coil, 252 

" Mason....272 

* maximum position of armature. ., 252 

“ (Mea).;.271 

“ motorcycle (Dixie)..1012 

“ oscillating low-tonsion type..255 

" self-induced e.m.f. 253 

“ setting.254,207.299 

“ speed relation of.292-296 

“ two-point i|piition.206 

* “ spark. Berling and Bosch.. .. 26t 

“ voltage wave.253 

marine engines. 1004 

measuring b.h.p. of engine.1044,1046 

mechanical generators of electricity. 179 

* starter for engine.318 

mercury-type voltage regulator (I )elco). . 384,385 

millivolt drop.465.407 

“ meter. 465,467 

motive power of an automobile. 1 

motor clutch (Delco).389 

“ generator.307,379,383 

“ “ armature (Delco).343,344 

• ** cut-out not used (Delco)... 387 

“ “ (Delco 1913) early model.. 383 

• * (Delco) 3d brush regulated 389 

• “ (Dodge-N.E.).367,368 

• • resistance regulation.. .385,388 

• • (Simms Huff type 

K) 380 

“ • (Simms Huff type “HM") 379 

• • (U.S.L.).382 

" • when operated as a gen¬ 
erator. 368 

• * when operated as a motor.. 368 

“ test, free-running.611 

“motoring generator" (Delco).389 

“ test of generator.609 

muffler. 48 

olTsot cylinders and piston... r.. 48 

oil grooves in engine bearings. 171 

“ pressure gauges.104,165 

oil-vac fuel -1 oed system. 115,752 

open circuits. 451 

oxy-acetylene cutting.741 

“ “ • blow-pipe torch.748 

“ • welding...741 

oxygen decarbonizing process.764 

Pascal’s law (hydraulic brake).885 

permanent magnet.179, ISO, 250 

piston displacement.1046 

“ rings. 825 

“ speed.1042 

pneumatic tires.561,608 

polarity of electromagnets.182,183 

* “ magnet. 179 

power... 1043 

- plant (Fonl).IKK). 1101 

“ • of a car. 2 

pressure as applied to engines.1044 

primer starter for engine.317 

priming engine. 104 

• starting of engine.317 

prony-brake horsepower test.1046 

radiators...146,147,148 

rear-axle double reduction drive.. . .024,925,933 

• “ drive gearing.15,16,863 

• axles.16,863 

• “ flanged-hub and fixed-hub type. .. 863 

• “ semi, full-floating.863,15 

rectifier for fuel and oil. 1006, 166 

“ of electricity.668 

reducing light glare.437 

reflectors for electric lamp.436 

regulating output of generator, 331,341,316-364 

relay regulator ^Remy). 350 

residual magnetism of generator.497 

rheostat or resistance unit. 5W 

Rioardu cylinder head.824 

roller clutch.324 

self-induction.184, 

shook absorbers.... • If 

short circuits.452,453 


Principle of shunts for ammeter. 455 

solenoid.182,1015 

spark control and overheating.304 

“ intensifier.237 

* plug construction.31,188, 233*237 

specific gravity.530 

spe^ometers.445t 446 

^ springs.^11 

‘ stabUators.729 

starting engine by priming.317 

** “on Ignition.317 

** “ with acetylene gas.317 

“ m M compressed air.317 

“ « « electric motor.318,319 

“ « « gasoline and air.318 

“ « « mechanical starter..... 318 

“ motor brushes.328.329 

“ * circuit (chart). 462P 

“ “ crank-ehaft drive.324 

“ ** (displacement type).321 

“ “ aoyble-gear drve (Bijur).... 323 

“ “ electric.327 

“ “ electromagnetic shift. .. .321,322 

“ “ mechanical gear shift for.... 323 

" “ winding. 326 

Btetionary gasoline engines.1004 

steam car.1016,1019 

“ engine. 30 

steering a car. 10 

• gear .898-902,11 

8te*?nng gear (Dodge).900 

“ lor trucks.900 

“ (Ford).1085,1087,11 

“ iGcmmer).899 

“ Llacox).898 

“ (Lavine).899 

“ (Marmon).901 

“ (Mitchell).901 

“ pinion and sector type.889,900 

“ planetary type.11,899,0(X) 

“ (Heo).899 

“ (Ross).900 

“ screw and half-nut type.898 

“ (Studebaker).900 

“ (Warner).899 

“ worm-and-worm wheel.900 

Stewart vacuum fuel system... 112-11.5, 462H 

storage battery when charging.541,572 

^ an discharging.540,672 

switch (Delco combination). 409,429,401' 

“ ignition and lighting.332,334 

syphon. 681 

taxicab construction.978,979 

taximeter.979,980 

testing aud repairing cut-out 

619,504,605, 479,365. 351,410, 373 

“ armature coils with a meter.498 

“ held windings. ..601 

• generator windings with a meter.. .. 486 

“ generators per data in manuals.400 

• starting motor per data in manuals. 489 

“ “ “ with a meter.486 

thermostat for generator.362,395 

“ “ ignition (Connecticut).198 

* “ w ater cooling. 149 

thermostatic control of generator.362 

third brush.357-361 

“ “ regulatfxl generator (Bijur).364 

“ “ regulation (Delco).408 

“ “ of generator.357-361 

“ “ setting, on generator.361 

tilting head lamp re flee toi .Ijdillac).345 

“ reflectors of lamps.435,436 

tire rims.597-601 

toe-in, taster, and camber.906,907 

torque.1043 

“ member. 7 

• tost of starting motor.489,607,611 

tracing electrical circuits.362,411 

tractor.viii,981 

• drive methods.982 

• steering.983 

transmission.2,25 

“ friction-disk type.26,26 

■ gear shift movements.27,29 

■ motorcycle.1010,1011 

* planetary typo (Ford)... 1089,1090 

“ progressive type. 25 

* seleotiv'o typje.25,26 

“ two-range (G.M.C. truck).... 918 

truck.vii, 911 

two-cycle ei^nes. 1003 

universal jcints.24,860 

vacuum brake.896 

• gasoline fuel-feed system .113-115,462H 

valve minding.56,67 

• lift of engine. .55,69 

• stem clearance of engine.68,69,56 

• timing.6^71 

• • factors governing same. 62 

valvee of engine.!.52.63,54 

vaporising gasoline.. .104,105,106,107,108,100 
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Principle of venturi action of carburetor. 99 

* • vibration damper, balancer. 780, 806 

• voltage drop.425 

• voltmeter.464,465,467.460 

• vulcanisation.614 

“ water cooling of engine.145,146 

• “ * temperature indicator.148 

“ • ■ “ regulation.140 

“ • rheostat..565 

• Wasson motor check. 641 

• Watson stabdators.720 

• wet storage battery.528 

• winch for truck 052 

■ Winterfront radiator sliutter.650 

• wire cutting liuoM-of-force.181, IK.'t, 25t),8HH 

• wiring methods. . 427 

“ work. 1648 

• worm-drive gear ratio. 056 

• Zenith carburetor. 120-181 

Prismolite anti-glare lens, tliffusiiig type. ... 487 

Process of elimination in diagnot^ing, tracing I roubles..451.4 51 

Progressive type transmisMion. 

Prony brake teat engine. 

Propeller driven motor bob. 


.925 

1015 

1081 


or drive shaft, purpose of 


. 2 . 6 . 7 , 24 . 2.8 


" • meaning of.1077 

• “or transmission brake.. , 885 

“ • removing (Chevrolet). . , 870 

Property damage insurance. . . 1072 

Proportion of air and gasoline for carburet ion 101,117 

* • water and acid to mix for electrolyte . .. 58.5 

Protractor, how used to mark fly\N heel in <legrc.‘- 60 

“ purpose of. 1050 

Prus.sian blue, for testing bearing.s, how unco ,. 785,787,04.5 

• « « valve-leak tests.7t*0 

Puil-U-C)ut. 675 

Pulleys for driving air coinpre.s.st>r, how to determine sikc 624 

* how to find diameter of.002 

Pulsating e m f , meaning of ... 810 

Pump, circulating principle of and tvpe.s of. 116, 160 

* for air prc.*isure of ga.s<jline tank. 112 

“ “ oil, types of. 160 

“ “ tires .622 

** “ water, attention requinnl. 150 

“ “ “ circulation (Cadillac;. 82 

“ “ “ ** how driven, types of . lltl 

*■ “ “ **..** Iilaced on engine. 87 

“ over engine lubrication system, meaning of . 1,58,150 

“ packing. 785,150 

* vane type (see Fig. 6). 146 

* water circulating, attention re<iuired.150 

^ (water) packing nut, keep tight. 150 

* ^ pin sheared or loo.se .1.50 

“ • shaft broken. 153 

Punches and chisels.695 

Puncture proof tires. 608 

Push rod or valve rod, purpose of. 55 

“ rods (Buick-Six). 71 

Pyro-alcohol radiometer. 1041 


Quadrant, meaning of.1077 

Questions and answers on advance and retard of spark.. . 30.5 
" * “ “ automobile construction. 10t)6 

• “ • automobile firsts. 1073 

■ “ * battery connections (6, 12-volt) 578 

• • • clutch and transmission .. . . 1066 

• mm Continental engines.. . . 037 

• * * crank and cam shafts.795 

• “ • differential action. 18 

■ « « enlarging cylinders. 817,821 

m m m engine. 1066 

■ • “ lead burning with a blow torch. 583 

• * • pistons.800 

• - - - and rings.831 

• ■ * rear axle. 1067 

• • standard bore of cylinders.HU 

• m m m clearance of pision.H. . 811 

• * “ “ .size of pistons.811 

• • * Btccring gear. 1067 

• * * Stanley steam cars.lOlH 

Quick detachable clindier rmi. 595 

• tire rim, meaning of . 597 

opening of interrupter points, importance of.257 


Race.s for bearings.18.19 

Racing l^ard of A.A.A. 1050 


engine, bad effects of. 171.153 


Radial brush, meaning of. 

* clearance of piston ring.827 

* load on beanngs..... 19 


Radial type of engine, moaning of. 1077,01 

Radiating flanges for air-ooohng engine cylinders. ... 155,156 

Radiator and hood cover.. 150 

cellular type. 147 

cleaning and removing scale from. 151 

“ if muddy. 161,740 

clogged with mud or dirt, causes overheating.. . 158 

construction of. 147 

core, cellular type.787 

“ meaning of. 787 

• tubular type .787 

cores, if badly damagixl. 787 

• sold by the square inch, how to measure. . 740 

* w here to obtain. 740 

covers, use of.150 

damjier or shutter. 119,650 

early type of. 116, 147 

couiimicnt for repairing. 78.5 

(hoilders). 148 

(Piat) a tru* cellular tyiie. 148 

fill full, r^a>^on for. 150 

fms, paint for. 152 

frozen, Imw to tell. 150, 158, 15 f 

“ indications of. 151 

** thawing of. 740, 154 

(Harrison).. 148 

height of, with thermo-syphon cooling syslcin. . 145 

honeycomb tyjie. 147 

“ “ prone to leaks. 151 

hose oonnections, where placi'd (Pig 4). 146 

“ hose clamps, etc. 681 

“ leaks, pointers on. 151 

• size passenger cars. 1055 

keep full with thermo-syphon cooling sysietii... 145 

leak preventive. 780 

“ temporary repair. 152 

leaks, cause and remedy. 151 

• don’t use bran . 152 

“ repaired with (‘cment and c(»ld solder. . . . 152 

location of . 147 

lower tank.146,148 

make used on ptissenger cars. 1058 

(Mayo) . 148 

(Merceiles) core. 147,148 

(Oaklaml). 148 

outfit for repairing.785 

oveiflow pijie. 148 

overhauling of. 757 

paint and now to mix. 647,789 

painting or Hiuiiying of . 7.89 

parts difficult to solder, bow to clean.786 

“ of (Pig. 4). 146,148 

parts, where to obtain.740 

purpose of... .. 146 

refilling, if engine is warm and system empty,,. 1.52 

removal of .786 

removing (Pordson tractor).993 

“ scale from. 740 

repairing. 735,786, 787 

“ neci vlene outfit for.751 

“ cellular cores .788 

* cleaning parts to be 8oldere<l. 788 

“ cold solder for leaks.... 7.89 

“ device for elevating while soldiering.. . 740 

* efiui|>mentfor.. 7.85,786,787,7.88,739,740 

“ gas torch with needle-point flame. 7.86 

* now to cut tubes out of service. 787 

“ “ “ repair fms. 788 

“ mu npiice a tube . 787 

“ removing cellular cores or sections, .. . 788 
“ • tubular Coro. 7-87 

* niViber plugs for. 736,787 

“ solder and acid for. 730,7.88,740 

* - « flux for. 710,7.86 

“ soldering by dipping in molten sidder. 738 

** “ inside leaks cellular Cfires., . 739 

" “ iron, how to make.738 

* " leaky lubes by pouring .... 738 

■ tools for. 736,785,740 

scouring out. 15 

shutter, hand controlled. 149 

“ thermostatically controlled. 149,660 

soldering pfunters. 736,788,74f) 

syphon tank. 148 

lest tank. 735,736,737 

testing, air pressure, maximum 2 to 4 lbs.737 

“ closing up all openings.737 

“ for leaks.... 7.86,737 

* submergeil in wafer under air pressure 737 

thermostatically controlled. 650,149 

troubles (Fortlson tractor).993 

tubular type. 147 

types of.'. 147 

upper tank. 146,148 

usually freezes at bottom first. 154 

w'ashing.645 

wat«r cool at bottom, hot at top (Fig. 4).146 

“ temperature indicator and regulation, 148,160 

• thermostat. 149,150 

with flat fins. 147 

** spiral tins. 147 
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Radiators; divided into two classes.736 

Radiometer tester for non-freezing solutions. 1041 

Radiua rcxls. 7 

Railway overhead, for repairshop xise. 676 

Ham catcher for radiator water, 61ter it firat. 160 

“ or snow, to prevent sticking to glass. 646,649 

* Nosion windsnield. 766 

“ vigor for windshield.1139 

Range of scale for Weston model 280 volt-ammeter. . 466,468 

“ “ spark advance. 203 

« “ “ “ and retard. 305 

Raep cut file, illustration and purpose of.717 

Ratio (see also “Gear reduction”) 

“ of compression of engine, meaning of. 116 

“ " gearing of starting motor using Bendix drive. . . . 320 

“ “ “ starting motor with mechanical shift 323 

“ * gears for a speedometer. 446 

“ “ primary to secondary winding, ignition coil. 188,240 

“ “ rear axle and transmission gears (Locomobile). . 638 

“ “ “ “ “ “ (Pierce Arrow).637 

“ “ “ “ pa.ssonger cars. 1061 

“ " speed of car to engine. 1046 

“ “ starting motor gear (Ford) .607 

“ “ steam car (Stanley and Doblc). 1018,1019 

Ratios, miscellaneous. 9 

Ray of light, meaning of.436 

Rayfield carburetor adjustments 

(models “G,”“L,””M”). 127,128 

“ “ float height.123 

“ “ princinlo of. 102 

“ “ sire of openings.109,1050 

Reactance or dimming coil (Ford).433 

Iteaincr. expanding type. 711 

“ for cam shaft aligning. 794 

“ “ engine bearings. 714,824A 

« « “ “ .714 

** • enlarging cylinders. 824A, 714, 694,821 

" “ oversize valve, tappet guides.776A, 1103 

• ** piston-pin bushings.714 

• “ refacing valve seats.774 

“ * valve guides. 776A.776B 

“ - valves .776-776B,714 

* self-aligning, for piston-bushing with pilots .... 797 

* spiral flute, illustration of. 714 

“ straight flute, illustration of. 714 

“ ta[>er, for finishing, illustration of. 714 

“ “ shank, illustration of.712 

Reamers 

“ purpose types, and use of.714 

Reaming, burning-in, running-in, and boring main bearings 788 

“ cylinder; attached to cylinder block.714,817 

" engine connecting-rod lower bearings.714,800 

- ^ cylinders.8l7.821j^824A 

" “ main bearings. 790-7908,714 

“ piston-pin bushings. 797 

** running-inandboringongiiie mam bearings 788-790B 

** valve guides. .. 776A 

Rear axle, adjusting, after installing new ring gear. 873 

* backlash in differential (Timken) 867,910 

“ for noise. 865,867,868 

* (Franklin). 882 

“ (G.M.C. truck).919,921 

“ (International truck). 928,929 

“ (Mitchell model “PO. 876 

“ (Oldsmobile model “47”),. 872,873.874 

“ (Studobaker "Light Six’*).876 

“ three-quarter floating (Columbia)... 868 

“ ^ “ (Salisbury)... 870 

* (Timken).865 to 867,910 

and differential assembling (Maxwell “25”).,. 880 

“ double reduction gearing (Autocar truck).. 925 

* transmission-gear 

ratio.... 8,9,637,638,1069, 919 

“ wheel (Franklin “9B”).883 

* wheel alignment. 903,807 

“ assembling, disassembling (Ford truck)913,914 

assembly, removing of (Chevrolet)... ... 879 

backlash; how fo take up (Timken) 865 

bearing adjustments_ 859,865-867,869-878,910 

■ • (Timken).866 

** drive pinion adjustment (Franklin).... 882 

chain driven. 6.911,050,951 

(Chevrolet model “FB”). 879 

(Columbia). 868,869,1066 

construction, study of.15,863,1066 

dead, meaning of. 15,863 

differential gear adjustment (Oldsmobile).873 

* gear backlash, how to take up. 867,874 

• gears, adjustment of. 873,870 

disassembling of (Mitchell).876 

(Do^). 859 

double reduction. 924.925,033,960 

drive gearing. 16.17,863 

^ pinion adjustments 859.865-867,869-878,910 

* * with oil seal (Timken). 910 

* systems. 3.6.17.929,925,933 

* type on passenger cars. 1061 

fixed-bub or semi-floating type 15, 16, 863. 865, 866 


Rear axle flanged hub or shaft type ... ...... 15,16,863 

* “ floating type. 15,863 

(Franklin).882 

full-floating type. 15,863,864,866,954 

gaskets ana oil seals.733, 734,882,883 

gear and bearing adjustment (Timken).867 

“ contact applied to Columbia.870 

“ “ meaning of. 869,874 

“ “ when correct. 874 

“ ratio passenger cars. 1059 

gears, when properly adjusted. 866 

housing, cast (Fig. 92). 954 

** divided two-piece type. 862,15 

“ one-piece type. 862,15 

• pressed steel. xi 

installing new pinions. 873 

internal gear drive . 929,933,960 

(International truck). 929 

live, meaning of. 15,863 

lubrication 172-174,859, 865,869,871,876,878,882 

“ “ (Dodge). 859 

make used passenger cars. 1058-1061 

makes used on trucks. 966 to 977 

(Marinon) . 16 

noise, cause of. 859,873 

“ occurs on straight coast ahead. 873 

“ “ “ “ pull ahead. 873 

•* “ “ turning corners.873 

resulting from talcing up bearings.867 

noisy, cause and adjustment.859 

oil, kind generally used. 172,173,174 

- leakage. 882, 1098, 1085 

“ “ remedy for (G.M.C. truck).919 

old types (Timken).866 

one and tw'o-piece divided type. 862, 863 

parte of. 862, 863 

plain-live typo. 15, 16, 863,1096 

putting together (Oldsmobile "47”).874 

ratio.8,1058 

“ (Duesenherg).1063 

“ (Ford). 9 

- (GMC. truck).918 

“ (Lafayette). 639 

“ pa8.sL*nger cars. 1058-1061 

“ (Fierce Arrow) .1060,1070 

“ (Rolls Royer) .1060,1065 

“ special worm gearing (Ford).913 

“ standard worm gearing (Ford).913 

•* worm drive .956 

removing axle shafts of. 15,16,863 

“ (Fordson tractor).995 

“ from car (Mitchell).876 

- (G M C. truck).921 

“ (Maxwell). 880 

ring gear. 8,869,875,878 

“ “ moving sidewise (Franklin).883 

(Salisbury) brakes used.871 

semi-floating, advantages of. 863 

(Timken). 860 

* type. 15,16,863,865,883 

“ removing of. 15,16,863,865 

seven-eighths floating. 15, 876 

shaft bent or sprung, cause.905 

■ felt washer, taking up of.882 

shafts, fixed hub and full floating type (Timken) 867 

“ removing of. 15. 16. 863, 869,883,921 

“ • (Autocar truck). 925 

“ “ (Chevrolet). 879 

“ “ (Columbia)...869 

- - (Dodge). 859 

- • (G.M.C. truck). 920,921 

‘ “ (Maxwell).880 

- “ (Mitchell) .876 

“ (Oldsmobile). 872 

“ “ (Salisbury).870 

(Timken). 863.864.867 

“ types of. 15, 16,868,867 

‘ using split washers .880 

sizes Timken-Detriot fixed-hub or semi-floating. 865 

specifications of (Columbia). 869 

(Stanley steam car).1017 

testing after adjusting mesh of gears.874 

* if purchasing a second hand oar. 642 

three-quarter floating.15,16,863,868.870 

truck (Sheldon).958 

- (Timken). 954,955 

types of. 15,16.863 

* used on passenger cars. 1059 

“ • • tractors (drive tsrpe). 996 

wheel alignment. 903,897 

(White truck 4<-ton and 3-ton). 931,933 

worm driven, used most on trucks.011 

* shaft, direct and indirect mounting.956 

light, also called a tail lamp.431 

** and instrument light in series, effect of.392 

view mirror.«.649 

wheel and axle shafts, adjusting (Autocar truck)... 925 
* bearings, adjusting (G.M.C. truck).920 
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Rear wheel bearings, adjusting (Mitchell). 877 

• “ “ / . (Timken). . . . 804,803. 


« • " removing (Mitchell) . . 870 

• • • testing for play... . 1K)5 

• • • type of on passenger cars . 1000 to 1(K13 

• • dimensions on tractors . 990 

• * double reduction drive (White truck) . 933 

« • flanges, removing from rear axle shafts 870 

" ■ (G.M C. one-ton truck) 921 

- • hub (Mitchell). 877 

• * internal gears, removing (International truck) 929 

• • oil seal (Timken). 883 

■ • puller (Maxwell). 880 

■ ■ removing and replacing. . 801,883 

i Chevrolet) 880 

Fordson tractor) . 991 

G.M.C. truck) 920 

Mitchell) . 870 

Sheldon truck roar axle) 939 

White truck }-ton) 931 

• “ replacing of on full-floating type of axle S'»0, 10 

■ • (White truck f-ton) . 931,932 

• " wobbly, cause 903 

* wheels; spe^ relation to engine 1010 

He-babbittmg connecting rods . 801 

“ engine bearings 790 

Re-boring of cylinders to fit pistons 82.t 

^ or lapping cylinder, when ri'ipnred .. . . 813 

Recharging battery after repairing . .390 

Reciprocal (touring), meaning of OOO 

Reciprocating, meaning of 1078 

" motion 31 

Rectifier for charging battery, type.s of .309, 370 

“ “ fuel and oil 100. looo 

“ meaning and purpose of 1077, 3.30. .308 

Red inner tube has been dyed to give it color 012 

Reeds as used on Tillotson carburetor 130 

Refaring valve head faccjs 774 

“ “ seats With reamer 773-770 

“ valves ..... . 37,774 

Reflector and glass, cleaning of ... .010 

“ angle of incidence 430 

* angles of reflection .430 

■ cleaning of. ... 439 

“ focal point of. . 430 

“ lamp filament at focal jioint. 438 

* of head lamp, tilting of. 433,4.30 

‘ “ lamp, purpose of .432 

• principle of. 4.30 

Registration of automobile.s, trucks iiiotorcycli-.s in lb S lOOs 
Regrinding cylinders, clearance of pistons in cylinders 819,81 IB 
“ “ prices charged KIS 

Regulating charging current (see “.Adjusting charging rale") 
Regulation; electromagnetic principle (Simms Huff) . . 380 

“ inherent, meaning of. ... .354 

* mechanical (Autolite early niodcl generator) 333 
* “ (early model Delco) .... 354 

* * (Gray Davi-s early model) .... 353 

" iiiethoils of direct-current generators , . 347,354 
“ of engine oil pre.ssure (.spring, liall valve) . .101 

* “ generator, constant current and voltage. . . 340 

* “ “ current, meaning of.340 

■ . « (electromagnetic, Delco). . . . 3H4 

" ‘ “ electromagnetic, meaning of .. . .347 

* « • inherent; meaning of . . . . 347 

“ • “ mechanical, meaniiig of . .. 347 

“ “ “ principle of. .331,341 

* * “ purpose of. 341,.347 

* “ " similar to automatic governor . 331 

* * “ thermal or ballast coil .... 350,357 

* " “ third brush used most. . 478 

* • “ three electromagnetic methods . 347 

* * “ “ principles involved 414,340 

“ “ ■ voltage and current, meaning of 346 

“ " “ voltage, meaning of.340 

" ■ • why necessary. 331 

“ • shunt-w'ound generator necessary . .. 341,.342 

“ “ water temperature of engine ... .140 

‘ third brush, is an inherent method . 347 

• ^ - ‘ principle . 357,301,408 

Regulations: street, traffic and parking. 0.51 

Regulator adjustments (Romy) . . .352 

“ and cut-out points, care of (Remy). 352 

• for oxygen and acetylene gases. 742,759 

• mercury type (Delco). 381,385 

• (^my). 3.50,351 

“ Remy relay-regulator, constant current.3.50 

* (Ward Leonard typo “CC”).352 

• winding, symbols of.413 

Refsulators for acetylene and oxygen; when used. 749 

Reinforcing casings, prices to charge.622 

Relation of carbon deposit to lubricating oil.109 

Relative position of cams, pistons and crankshaft throws 78 

* speed of crank and cam shaft. 60, 52 

Relay adjustments (Remy). 350,351 

" also termed a cut-out. 350 

XQsanmg of. 1077 


Relay regulator (Remy) diagram and explanation of. . . . 350 

Relief cock, open to test if engine is misuriiig .239 

" cocks, priming cups, etc.681 

" or compression cocks, purpose of . “ . ... 60 

• “ • • where placed on engine. 37 

Relining brakes. 893,896 

" clutch.844 

Remagnetixiug magneto niagiiets.311,312 

- * - (Ford). 312,313 

Re-rneshing magneto timing gears.3(KL 


Removing axle shafts (Coliinibia). 

• “ “ (Salisbury. 

** - « (Timken). 

• battery connectors . f 

“ broken and tight stud . 7 

“ cam shaft (Dcnlgo a** an example). 7 

“ larhon fr(>m engine.763 

“ coMTsfroi'. battery cell. ... . . f 

• ilent in gasoline tank. 7 

■ differential assenibl.\ . 15,863,871,86.8,1' 

" elements from battery cell.f 

“ front-w heel bearings. 907,1 

“ Ignition wires. i 

“ jars fron’battery case. f 

“ piston pins and l)i«shings. 7 

“ pistons and connecting rods from engine . 7 

“ ram spots and greace from both' of car . . , < 

“ icar axle shafts. 16, 16. 863, 869, 883. 1 

• rear wheeLs. 861, 868. 870, 876, 8 

“ steering gear . . . . t' 

“ " knuckle pins. . . . . f 

• liie on cjuick dotachahio ilenioiintahlo rim .... f 

Ib'OlV 

“ I’otnleiiser instruct ions and tests. 2 

cut-out mid regulator, care of. 

• construction aiul adjiistinenls. 350,;’ 

“ distrihul<'r ami closed-circuit interrupter. .. 211,2 
“ « « interrupter (conlHcL-lircaker). 208,2 

“ “ gap, ibstanco points are set . 208,2 

“ * interrupter and ignition coils. 208,2 

“ tlouble decker iTn9or and generator. 

“ electrn’H.Vhieni (f'r.M ( \ truck). d 

• ■ « (Jewett). 4 

“ « « (Oakland “32“ Mr I .aughliii “ I >60’’) 4 

• “ • (Oakland “6 14”). 4 

• - « (.Studebaker “ IhM’’).4 

“ “ " (SlulO . . 4 

• field brush, cnnimoii grouml for armature and lietd 9 

“ “ polarity, instructions on .Ti 

“ generator ailjuHtmentH (thinl brush). 11 

“ " “ (third-hri'Hh regulated) 362,3 

“ " four pole, thir<i-l>riish regulated eircuils ;i 

• “ tturd-brush regulatotl, example of, , "A 

• “ u u u locat ion of bruslies 3 

’* u u H with thermostat control... . 3 

^ “ using the relay-regulator. 3 

■* “ wiili three brushes but not a tliinl brush .'i 

- ignition, a.ljusting. 208, 211, 212, 228, ,302, :)06. 221), 2 

“ “ ...il . ‘209'212.‘228,2 

“ u M cpifirminal) with comlenser in.-.ulated. 2 

“ u a (2.t(.rmmal) w ilh condenser . 2 

" “ “ “ “ “ grounded 2 

‘ “ “ Insiilated and grounded. 2 

•' • “teat . 229,231,2 

“ “ (.Stuilebaker Light iix) , . 2 

“ " HVHtein, Herni-auloinaiic. 2 

" “ t uning . . 208, 211,212, 228, 229, .302, 2 

“ iridurtor type magneto, low t<mHii>n (rnofbd I<1>). . 2 
“ interrupter udjustnieut, coil anti battery ignition 

208 212,232,3 

“ “ and distributor (Miteliell).3 

“ u H u (Siu<lel>akor).3 

“ “ (contact-breaker) u-crl on Studebaker. 3 

• " points, cleaning of. 3 

• “ rotaliun of (coll, bat tery system). 2 

“ magneto, high-tension, gap clenranec . 2 

“ HUM “Senes 1,500'’.2 

“ “ interrupter (RL). 2 

“ ’' lo\\-tension. 281,216,277,2 

• u u u elearancc.2 

• " sy.stems, low-lcnsion jn<luctf>r ty po .... 2 

• " timing (model “KL") ... . . 2 

“ “ two-spark, purpose ami nnufiplo of . 2 

" motor rectangular frame “serios’^ field w oumi. 3 

“ non-vibrating coil and condenser connectifJiiH .... 2 

• pole-changing switch, symbol of. 4 

• reference pin (ignition), meaning of. 2 

• regulator adjustments.3 

• relay-regulator, adjustments of. 3 

• “ principle of. a 

** starting motor brushes, instrm tions. 3 

“ * “ rectaagulnr frame. 3 

• “ “ windings and frames. 3 

Renault coolinjf system. 1 

Heo clutch, adjusting.^ 

“ * and foot brake pedal. t 

■ “ multiple-disk dry-plate type. f' 


• repairing. 853 

electric system, former method of driving. 337 

engine main beings, adjustable. 783 
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Reo engica oil pan, replacing. 784 

“ ** timing gears (model “T6” and “UC”). 72 

“ gear-shift movement and engine firing order.639 

» Biiiral numbers, location of.1061 

arting motor, description of.329 


Btl 

BtOCl 


M^nng gear. 

alve-timing marks on flywheel (four-cylinder engine) 66 

Repair bench electrical. 475,507 

• “ for carburetors. 123 

•* parte (see “Parte”) 

■ pits and methods of working under a car. 072 

Repaired storage battery, how to tell . 624,642 

Repairing armature..... 465,474,481,492,495,499,512.617 

' armatures, pointers on.481 

automobiles, pointers for the beginner ... 601 

balloon tire, pointers on. 618,611 

bearings, lapping compound for.791 

Bendix drive for electric starting motors .. . 320 

body, equipment for. . 756 

brakes (Ford). 1697 

• relining of. 89.1-895 

car, inspection afterwards. 758,663 

* unaerneath; devices for. 672 

carburetor flange, diameter of holes 1050 

« float .. 122, 124, 1132 

carburetors and eouipnient for. .. . 122,123,1132 
clutch (Borg-Bcck) single plate 846-848,850,851 

* cone; fitting new leather. 843 

** “ thrust bearing. 8l6 

« * type. 838,840 

« “ ** (Chevrolet 490). 844 

“ a tt (Marmou).844 

“ (Dodge).857 

« (Ford).1091,1092,1093 

" hub, cone type.846 

• (Hudson). 852 

“ relining cone.844 

- (Reo).853 

“ (Stunebaker). 856,8.57 

“ (Studebaker Light Six).851 

commutator.. .. •• 491 

connecting rod: babbitting.801 

“ “ bearings. 795,796,799 

“ “ " spotting-in. . . 8(K) 

® rods and pistons. 801,799,802 

crankshaft .791 

" " bearings.785 

“ “ of engine when bent. 702,703 

• • Bcorod, worn oval, or bent. 791 

cut-out. 

“ and regulator (Uemy). 352 

cylinders. 814 

• boring operation. 823 

• by reaming. 817,821 

• cracked.723 

• grinding. 817,821 

■ methods of enlargmg.821 

• pistons, crank shafts, as a bu.sine.ss. 818 

■ * (questions, answers).. . 811-813 

“ scored. 814-818 

“ to fit pistons. 823,817,821 

® when and how much to enlarge, .. . 814 

differential (Ford).1079 

<lrive system (Dodge). • 857 

electric horn. 443-445,453,451,485 

electrical parts, tools for.473 

“ system; first divide into parts 448 

“ ® parts of (N.E.-DcKigo).372 

engine bearings, burning-in.788 

• (Ford).1106,1107 

“ cleaning... .761 

• compression, testing. 766,767 

“ connecting-rod bearings (Fonl), . . .1106 

■ fitting gaskets to. 732,733 

- (G.Nf(:. truck).916 

• main bearings. 781,782.78,3 

■ “ * different methods . 785-791 

■ “ ■ (spotting-in, scraping).. 785 

• removing carbon from. 763,764 

• replacing bearings. 945 

“ running-in ^Ford).1102 

“ (testing, adj. after burning bearings).. 788 

® testing tor knocks. 777,778,779 

• valve grinding (Ford).1103 

• valves; grinding. 770.771,772.66,57 

• (Wauk^a).988 

• why loses power. 765 

flat-rate price system of operating a slum. 758 

float of carburetor . 122,124,1132 

“ ® vacuum tank ... 114,115 

Fordson tractor. 992 

frames, fenders, etc., straightening. 726.727 

front axles. 903,904 

garage and equipment for.665 

gasoline feed pipie.721 

• taidc, dent in.728 

generator, mechanical troubles.512 

heat treatment of steel.723 

horn, electric. 232,445 

ignition commutator and wiring (Ford).1111 

inner tubes. 613 to 621 

machine tools for. 692 




Repairing machines for burning-in engine bearings. 787 

“ magneto. 308 to 316 

* - (Ford).1113,1114,1115,1116 

® ® remagnetizing magnets.311,312 

" oil passages of engine crankshafts. 804 

“ out-tit small tools. 662,663,695, 701 

* oxy-acetylene welding... 741 to 751 

* piston clearance; how to measure. 810 

“ “ pin bushings. 796,797 

“ ^ replacement. 813 

“ “ ring, troubles and tests of. 828 

* “ rings, how to measure. 827,828 

■ a a (standard and oversize).828 

* pistons and rings, lapping to cylinder. . , 815,816 

* “ clearance to allow. .809 

* “ cylinders (equipment for grinding) , .. 819 

* “ finishing semi-finished. 819 

* “ questions and answers on. 809 

* pointers on general overhaul of a car... . 757,758 

* radiator tubes. 737 

“ radiators and equipment for. 735-740 

* rear axle (Dodge). 859 

“ - “ (Ford) .1096,1097,1098 

“ “ " (Ford truck). 913,914 

“ “ “ (G M.C. truck). 919,920 

* “ “ (White truck).934 

“ shop and service station.691 

“ silent chains . 730,731 

“ soldering and brazing. 721,722 

“ spring, temporarily.1040 

* springs, tlgntening.762 

“ steering gear and front axle parts (Ford) 1080,1087 

‘ “ gears .902 

“ storage batteries .... .580 

“ “ “ parts and siiiiplies for. 581 

" tire blow-out by wrappc<i treinl method.620 

“ “ sand blister in.621 

“ “ section where tread is loose . 621 

“ tires 610 

* “ (balloon, pointers on). 618,611 

* “ and vulcanizing.617 

* “ slight cuts on. 617 

“ tools and device,s for Ford.1135-1140 

* tops . . . 753-756 

“ tractor engine bearings . 801,944 

“ transmission (Ford) . 1091, 1092,1093, 1094, 1095 

" “ (Mitchell) . 859,860 

“ “ (Studebaker). 850,857 

“ truck drive chains. 950,951 

* tubing, annealing and bending.772 

* useful hint.s and suggestions. 1036 

“ vacuum fuel feed system (Stewart) 114,115,1041 

“ valve re.seating seats and refiicing valve heads 773 

“ “ spring-s .776 

“ “ stem guides (oversize). 774,776 

“ Wauke.sha engine 038 

* wheels, where to obtain parts.606 

Repairman, automobile (.see “.\utomol)ile repairman”) 
Repairman’s check sheets, etc. 669 

“ tool kit .662 

Repairs per hour; prices to charge .670 

Hepnirshop and garage prices for storage and repairs. 669 

“ " * Block room, fixtures for. 678 

" blacksmith equipment for 678 

“ can be subdivided into departments.6(35 

“ door, self opening. 1039 

“ drawers for parts from cars being repaired 678 

" equipment, approximate cost of. 692,700 

• • importuncc of. 7(K) 

• fixtures for. 670 

“ flat rate system of charges for repairs . . . 758, 759 

• for electrical work, layout for. 580 

“ “ storage-battery, layout of. 680 

• how to figure size pulleys for line shaft.692 

“ machinery and tool equipment for. 691-700 

• miscellaneous small t<K>ls for ..695 

“ or service station, and its equipment. 691 

• power to run machinery... 693 

• Short Cuts (a book).1040 

• tools, miscellaneous list of. 696 

• work bench.693 

■ wrench sets for. 698 

Replacing drive pinion. 9 

" field-ooils. 602,503 

* front cam shaft bearings. 794 

Replacement parts for passenger cars. 1055 

* of armature.481 

RES., electrical meaning of.413 

Reseating valve seats... 67,773 

Reserve of gasoline; how controlled. 111,927 

Resetting odometer. 447 

Residual magnetism; loss of and effect on generator. 497 

“ • meaning of. 180,339,497 

Resistance coil for dimming lights; symbol of.413 

* current produces heat in. 176 

* divided into two paths, symbol of.413 

* for charging batteries . 564,565,566,567 

* " , . , “ storage battery, why used. 567 

** " high amper^e discharge of battery ... 652-556 

* * testing armature and field coils, purpose... 467 

* " varying intensity of head lamps.4^ 

« internally of storage battery. 635,542 













































































































































































GENERAL INDEX 


1211 


l{«iistaBC6 ineeaiu^ and purpoj»e of. .. . 175,530, 5li>4,552,547 

• of circuit, how to compute. 176 

• “ iron wire. 175 

• • wire depends upon two things.425 

• referred to as ohms. 568,175 

• taps, meaning of.567 

** thermoetat for generator.3G2,363,430,395 

• “ burned, effect .363 

“ unit (ignition) and condenser tests . 229,230,231 

^ - defective; causes a weak spark. 231 

“ • - purixjso of . . .... 19S 

• * « uhort circuited.229 

“ ■ • should lieat up.229 

• « « sometimes breaks doiMi or burns 229 

• “ “ test of. 231,229,198,217 

“ ■ * where located.450 

“ units for charging batteries. 507 

• which can be varied, symbol of 413 

Hesistor for battery discharge test, how to make . . . 540,551 

‘ “ field test with Voltmetei.4HS,4H9 

■ meaning and purpose of.4S8,407,517 

“ where obtaine<l . 4(i7 

Retard, advance, meaning of.2HH, 31 

“ and advance of spark on magneto 2S8,2S9, 29D 

“ meaning of. .... 1078 

• of spark and overhf'ating «*f engine 304,300 

“ “ “ meaning of . 34,35 

* • “ when cranking. 232,204,307 

Retreading cord casings, prux'H to I'hnrge. . . 022 

“ fabric casings, prices to charge . . 622 

“ tires. 610 

Return wire, meaning of. . ... .170 

Reverse current cut-out, principle of (X. E -Dodge) . 370 

“ gear ratio, how to figure. . 9,29 

“ idler gear of transmission, removing .... . 800 

• scries generator, meaning of . 354 

Re\ ersed charge of buttery ... ... 57ei 

* Elliott typo steering knuckle.910 

^ fiehl coils, how to test for .... . . 50.3 

‘ senes field-winding generator, meaning 355, 350,357 

“ “ winding of generator, purpose of .. . . 355 

Ueveraiblo steering gear, meaning of.898 

Reversing car. .t>32 

“ direction of rotation of electric motor . . 328 


* « « « « magneto .310 

“ • « « « starting motor . . . 328 

Revolving cylinder engine (Gnome) ... 1151,91 

“ filing, meaning of. .718 

Rheostat, meaning of..176 

“ or resistance unit, principle of.5tl4 

Ribbed tread tire . . ... 592 

Ricardo cylinder head (meaning of).80tl 

Rich and lean mixture ... . .117,118 

“ oarburetor mixture, indication 11.32 

“ mixture of oarburetioii, meaning of 98, 170 

Rickeubaoker tandem flywheel, ineuning of. 1078, 805 

Right angle, meaning of. 1050 

“ hand six-cylinder engine cranksliait ,. . . . 80,81 

of way, meaning of . . . 051 

“ side of automobile or engine . 80,83, 1053,66 

Kim blow-outs, cause of. . (Ill 

“ brands of.007 

“ outs of tires, causes of. .... 010,041 

“ dimensions of standard demountable. 000,607 

“ equipment of automobiles. , 003- 00«i 

“ for balloon tires. 606,028 

“ “ tires, types of (see also "Tire riin.s”) . . 59.5 

^ how to find, diameter.628 

^ if rusted, how to clean . .012 

* repair peu'ts, how to order.006 

“ rusty cause rim cuts in tires.044 

^ shifted on wheel felloe.905 

“ sites used for tires on passenger cars. 003 007 

squeaks, cause of.610,462 

■“ wrench, universal type . 607 

Ring gear. . . , 8 

“ * adjusting (Columbia).868 

“ “of differential is riveted to case.877 

“ * placing of, on a differential .879 

Rings and piston, lapping to a cylinder. 815,832 

" ‘ pistons, pointers on.815 

“ for piston (see "Piston rings") 

“ lapping to cylinder. 815,816, RI2 

Riveting external brake. 893-895 

“ leather to cone clutch.843 

Rivets for brake lining kind to use and not use. . . . 894,895 

“ of clutch projecting, cause and remedy .839 

Road clearance, meaning of. 4 

" rules for vehicles.651 

* signs, A.A.A. international.*. 65.5 

Roadligbter antiglare lens, deflecting type.437 

* smoother (K.W.). 12 

RoadstM'. 5 

Rock of engine, meaning of.t. 121 

Roller beanng parta (Timken). 868 

* bearings. 19 

■ * where generally used on car. 868 

* chains for driving trucks.950 

^ type clutch for starting motor. 324 

^ • valve lifter. 56 


Rolls Royoe oar, specifications and gear ratio of.. . . 1005,1060 
• ^ torque tube... 7 


Root diameter of threads determines drill sise ...707 

" ‘ “ nieaiiing of. 707 

Rotary cylinder engine .... 91 

* meaning of.1078 

‘ motion. 31 

" or barrel throttle valve . 99 

“ throttle on Master carburetor. 143 

" tyiH? cireuliition water pump.146 

* ■ engine, meaning. 1078,91 

“ oil pump ... IIM* 

“ valve . . . 52,90 

* “ t> jH* eiutiiie . 90 

Rotating nolo'* of Dixu magneto .278 

Rojor of distributor (eoil aiul battery ignition).208 

“ “ eonstrui t ion of.205 

“ “ Dixie nuigiii'to, .m‘11 ing of . 274 

Rotors of itmgneio (K \V. inductor t> ju').210 

Rotten sttuie, purptx'* of 010 

Round tile, ilIustiiit;oii and putpose of . 717 

“ fi aiue bi-po!ur t> pe of generator . 3:15 

" head screw.H and bolt.i .700 

Rover ear . KhI I 

R. P M , meaning of ll>78 

Rubbet bloom, ine.anmg of .... ... (K)H 

“ for liie consti uetion, how usihI, wheie olitamed 008 

" hone for iinliatois 080,10.55 

“ “ on radtiitoi, pomiets on. 151 

“ iiieanmg of . 1078 

“ shock I nsulator.. . 702 

“ tire, first . . 107 

Rules for one-way streets ami allej s. 0,52 

“ of the road and pomlers on tliivmg . 05.3 05.5 

“ “ “ ** for iiedesiruins and vehicles. 052,051 

Kiiuipler, type of eiiginu used 111 . 81 

Running gear aligner. .907 

“ “ (Ford racing cai) .1027 

* " pints. . I 

* “ “ oveihaiilmg of.. 7.57 

" or service brake (now termed fjiot inivki') . 12,884 

“ teat, ignition coll .... . 2.12,227,230,231 

Running-in bearings on dull i)n>ss (l''oiil). 11.37 

“ boimg, ii'jvtnmg engine iniiin beunngs . . 788, 790B 
“ ** nMiMimg, InirnniKMii engine bearings... 788 

“ brushes on motor geiieiator (DixIge-N.IO.)... . 373 

“ car (new).. . 0.32 

** engine after fitting pistons and lings . 833A,82tB 

“ “ - It IS oveiliaiiled. .. 790, 790B, 83.3A 

- “ (Ford).1102,790 

" " (new) . . .171,0.3.3 

" miicliine; for engine beatings, honie-nin<le , 790B 

" niaiii, coniieet ing-i(sl beaimgs 787, 790, 790B, 800 

“ pistons 8.3.3A,824B 

Ruslitnure generator therniul (buliust coil) regulation . . . 350 

Hust preventive .017 

Rusting a small leak in cylinder. 723 


s 


8 , elcetricnl meaning of. .413 

S , or fk'c , electi ical meaning of.413 

8. (Sulphur), meaning of.5.37 

8-wreneh, illustrutmn . 096 

8 A. E 

“ and U. 8. S. bolt and euiiscrews. 706 

- - “ tap.s 710 

“ “ “ threiuls used moMt .707 

* “ “ wn m iles 096 

" boltandS. A 1) eajisciew, diffeience between... 706 

■ capsciew and bolt sixes.697 

" car body nomcnelature . 5 

“ carburetor llanges, sixes of.1050.109 

" cylinders, oversize ... . 81 IB 

" dosignution ot i ntermpter of a magneto. 295 

* " “ pruning eup . 50 

“ designations for type,s of engine Cl ank oases . .41 

* distinction between the three types of axles863,1.5.16 

flared tubing littmg and couplings.(180 


“ 1 ubrirating'Oil viscosity numbers, meaning of . 1002 


meaning of ... . 5 

nuts and capscrews, size wrench to use.699 

piston clearance, remarks on, . .810 

rear axle elassification . 803, 15, 10 

spark plug, dimensions of. 679, 2.35, 697 

“ " shell sizes . .235 

• “ thread tap (cuts 18 to inch). . . 097 

“ plugs, sizes of and meaning . . . 235.097,079 


* standard capscrew and bolt thre^,illustration 706 


oversize cylinders.814B 

oversize piston rings . 8.J3A 


threads, table of. 709.707 

weight of cor, meaning of. 1061 
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Safety spark gap (Dixie magneto). 273 

“ “ “ effect if too wide at spark plug gap. 225 

a u u for high-tension coil ignition, purpose 198,308 

“ « « n ignition, usually set about .198 

• * “ magneto, purpose of. 308.261 

*• "" on ignition ooil, meaning and purpose of 198 

" « « shunted across secondary coil circuit... . 199 

“ “ “ similar to safety valve. .. 198 

" * « used on high-tension coil Ignition—108,199 

Sales and service chart.682 

Salisbury rear axle, brakes. . 871 

“ u M three-quarter floating, adjustment... . 870 

S. and N. pole of a magnet. 179 

Sand blister on tire, repairing .621 

“ blisters on tire treads, cause of.610 

Sanding and seating brushes. 494, 480 

“ commutator.491 

“ generator and motor brushes.480,491 

Saw, metal, how to use.723 

stand, home-made.. • • ■ .1036 

Saybolt viacoHiineier for testing oil . 166 

S. C. electric lamp base (single contact) . 434 

Scale; how to clean from riuMator (internally). ..... .740,151 
“ of Weston ammeter and voltmeter for cadmium tests .548 

« " ” moded 45 voltmeter.540 

" on volt-ammeter (Weston 280) . 464 

Schebler carburetor float height ,. . 12,3 

“ “ kerosene and ga.soline .987 

" “ (model “I/’), adjustment of.12.> 

" “ (mo<lel “ II”), adjustment of.124 

** “ (motoicycle)...1014 

*• “ plain tube, adjustment cf. 13.5 

“ “ size of openings . .... 100 

« “ (models “L" and “T”), principle of 

. 101 , 102 

Schrader inner-tube valve. 591 

" tiro air-pressure gauge. 626 

Scored crankshaft bearing pin . . 791 

" cylinder and piston, meaning of.167 

" ** cause of. 814 

" " treatment of. 814.81.5,816 

** cylinders, pistons, and burned bearings.167 

" meaning of. 1078 

" or worn cylinders, troubles they cause.814 

“ piston, treatment of 813 

Scouring out circulation systi'in of radiator . 151 

Scraping and apotting-in engiiio main bearing . . . 785,786 

" cai bon from piston .763 


Screw and half-nut steering device. 11 

“ pitch gauge, purpose of .70-4 

“ plate or gunsinitn’s die . . 709 

" set (liuttcrfield No 202). 609 

“ « « designed for Ford work.699 

“ u » moaning of.710 

•• taps, kinds of . 710 

Screwdrivers for shop u.sc.696 

Sciows; how to insert into inacceasible pl^^cos.716 

" nuts, and bolts, kinds of .706 

Scriber, purpose of, ... ...704 

Senppa-Booth carburetor adjustment. 134,13.5 

“ spark plug, si^o of. 2.30 

Sea level, meaning oi. . 116 

Sealing compound, applying to batterv cover (I'.xide). . .589 

Sealing and saiuling-in brusTies. 491, 480 

“ flexible aim brush (Delco). 491,495 

Seats, 

" meaning of. 1078 

Second cut file, illustration and puiposo of. 717 

** hand automobile, liow to tont. 641 

“ “ oar biU-of-sale ferm . 642 

“ « « testing dri\e shaft . 642 

M 1 H u universal joint.642 

** speed, meaning of. 9. 29 

“ tires, meaning of. .... , .... .594 

Secondary and primary circuit Dclco ignition loils 213, 214 
“ « n winding of high-tvri.'Uoi! magneto 257 

“ battery, meaning of . ... 1078 

• cable, purpose and description of . . 240,425 

" cell, meaning of. .>.39,178,179 

• “ (storage butlnry cell). . 178 

“ circuit for fuelizcr spark plug. 421 

• “ high-tension ignition non-vdbrat«)r cod 190 

• « u •» « vibrator coil 188 

• "of high-tension magneto.. . . 2.5i>. 200, 279 

“ “ “ ignition coil, testing .... 226,229,230 

• « « M « tracing for trouble. ... 209 

■ « « n voltage, amperage . . 188 

m mm vibrator-coil ignition system.. . . 192,1126 

• * tost of ignition coil . 230,231 

" “ vibrator-coil ignition. . 193 

" ooil (also termed transformer), jump-spark Coil 188 

■ , • meaning of. 188,1078 

" distributor of magneto.260 

primary ending of ignition coil; size, turns . 240 

• winding of high-tension ooil. .. 188 

“ “ • ignition ooil, testing (N.E.) 227 

■ * magneto armature, test of. 313.314.315 

• * punctured, cause of ignition missing, . 223 

• “ test of ignition coil.228.230 

Seconds, inches, feet, degrees, minutes, symbols of.60. 704 

* meaning of...1050 

• minutes and degrees, mennlnc df.1060 


Seconds, minutes feet, inches, symbols of.lOSO 

Sectional or cavity molds for repairing tire casings.620 

• steam vuloaniser. 6 l 8 

Sedan. 5 

Sedan-Landaulet. 5 

Sediment in battery, how to clean. 588 

“ of storage battery, meaning and cause of_530, 543 

SEF., electrical meaningof.413 

Segments of generator commutator, meaning and pur¬ 
pose of. 340 

Seize, meaning of...1078 

Seised piston, meaning of, remedy for.167,814 

Selecting a commercial car. 640 

“ * new car, pointers on.640 

Selective fit of piston pins, meaning of.797 

“ « « « remarks on.823 

“ « « « to cylinder, meaning of.812 

" gear type transmission.25,26.27,28. 29 

Selectors of gear shifts. 27,29 

Self-induced e m.f, meaning of..184,185 

“ voltage in a low-tension coil. 185 

“ induction, meaning of.100, 185 

" “ primary or low-tension coil, meaning of. .. 184 

“ starter for engine, first method used.317 

* starters . 317 

Selling supplies. 682 

Semi-automatic advance ignition, meaning. 204, 212, 307 

“ “ ignition system (Reniy). 212 

Semi-circnlating engine lubrication system. 150 

Semi-floating axle shaft... . 15,16,863,867 

Semi-floating or fixed hubrearaxles 15,16,863,865,866,867,883 

- ^ rear axle.15.16,86.3,865, 883 

" “ « « advantages of.863 

“ - “ “ (Franklin) . 882 

“ “ « « principle of. 1.5,16,863 

“ " mu H heel and hub (Timken). 804 

Sensitive di ill press for light work. 693 

Separable spark plugs .233, 234 

Separate high-tension distiibutor heads.217 

Separators foi stoi age battery; how treated. 544 

“ “ " “ where placed.538,542 

" of battery clogged, cause and remedy of. 658 

“ <• « in wrong, cause and remedy of. 558 

" - « purpose of . .528,538,543 

" H « rotted; cairses and'rerncily of . 5.58 

Series and shunt field windings for motor generatois . 345 

“ battery (’barging mcthoils..561,572,579 

" connection, meaning of.177,525,526, 638, 578 

" “ of field coils, symbol of. 413 

" " storage-battery cell. .. 638 

“ connections of battery cells . 177, 525, 538 

• field winding, used principally on starting motors . 345 

• “ windings are of coarse heavy wire.502 

* “ wound generator not used . 345 

“ motor po.sse.sscws great starting power. 338 

“ multiple connections of battery cells.177,620 

* parallel and multiple connections of cells. 177 

“ " connections of battery cells . 177 

“ field winding of starting motor. 326 

" wound generator when used as a motor. 3.38 

" “ starting motor.326,327 

Service car, how to make.677 

“ * towing trucks, wrecking oranee, etc.676, 677 

" lamp, portable .1038 

“ or running brake (now termed foot brake). 12 

“ station or repair shop, and its equipment. . . . 091,580 

Set screws, studs, and taper pins.70G, 707 

Setting brushes on generator at neutral point . 360 

“ “ “ “ for least sparking.363 

“ mu generators (Ueiny).363 

" « « starting motor .329,490 

“ " principle ot. 359 

“ cam gear, inlet and exhaust. 65 

" cam shaft gear (.\utooar truck engine). 924 

“ generator bru.shes . 494,496,359,376,407 

“ interrupter advanced or retarded (bat and coil). .. 801 

“ “ cam, methods 301,302,307,232,220 

• magneto.291,296,297,298 

• '* armature.264 

• “ . 274 

■ "by degrees and piston travel .299 

“ " high tension, retarded on tm>.297 

" “ iiuluctor typo armature (KTW.).284 

• “ retarded, after top. 298 

• " varies, how .298 

• third-brush generator (Ford)...Sifl, 

• time of spark . 193,301 

" valves (see "Valve timing"). 

" voltage regulator. 349 

Settling tank, purpose...671 

Seven-eighths floating rcM axle. 16, 876 

“ “ inch 18-size spark plug, meaning of.235 

Sowing machine for top repairing. 754,755 

SO. or ap. gr., meaning of.530 

Shackles for springs, care of. 762, 173 

Shaft of sorting motor bent, cause of. 517 

" testing and straightening press...702,693 

■ " for ooncentrio^y. 792 
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Shanks of drills, purpose of .711 

Shs()e of cam determines lift of valve . 6:1 

Shapes of tiles in general use. 717 

Sharijening drilb. . 7i2 

Shears, kind of, for shop use.6l»6 

Sheet metal and wire i^auges. 704 

“ " straightening, tools for . . .... 727.7..‘8 

Shefheld, early model U.S.L. electrical system 382 

Sheldon brakes, adjusting (truck rear axle) . . (MiO 

- roar axle, truck type 0 

Shellac: bad effects of on gaskets 1109 

“ fur coating carburetor flout 11.>2, 12.1 

* not recommended with ci>|»Der gaskets . 733 

** purpose of, and how to rinx . . 73"» 

‘ used for armature work, connections, etc . 473 

.SIIF , electrical meaning of. 413 

Shifting brushes forward or backward, reason for ,360 

“ down, meaning of. 632 

" from lower to higher gear when first starting 631 

* gears from first to second speed.2'.t. 631 

* <4 « second^o tliird or high gear 20 <>3I 

** “ “ third or high to second 8f)eed 20,632 

“ " high to low, high to second, car underway 632 

*• “ noi.se indications. ... 631 

" “ noisy due to clutch <lragging .Kp) 

“ “ three reasons if dilTiciilt . K.'i6 

“ “ w hen starting, pointers on. 631 

.8him, meaning of ..... . . 107S,36 7S3,S.I‘.l 

Shims fur engine bearings, fnirpose of. 7H3, 36 

•' how placed in connecting-rod bearing. . .. 7‘i6 783,914 
“ used to adju.'^t engine bearings . 7.S3, 799, ?»44 

“ to line up transiuiHSion . . . S56, S3'.l 

Shimming of wheel. IKK') 

Shipping an automobile. 649 

Shock absorbeis prin<-iple of . . . . 12,729 

“ “ (Stabilatnr) ... . 729 

“ “ tires, springs are . .... . 12. .79.3 

“ iiis'ilat or (spring shackle). . 7n2 

iJhop and garage for nine cars. , , 66.5 

“ e<iMipincnt, importance of 790 

“ for el(‘ctri*al repair work, layout for , ,580 

“ ’* stoi age batteiy work, layout of 580 

" light .. 1038 

Short and long shunt connection (compound windings) 3."5 
“ cir^'uit and ground of generator 498, ,501,511 

» oj>en circuit indicatiima of generator.... 455 
“ “ at spark-plug gup (magneto Ignition) .. .309 

" " examples of . 45.'>,45.3 

“ " iiulications of ...... . 453 

“ " in armature may exist from three eniisc.s .500 

* “ “ starting motor armature coils (I-oiil),.. 519 

" « u M M circuit, indication (if. 453 

* " moaning of.176,452 

“ " of a battci'.v, meaning and cause of .5.30 

“ « « (.ommututor, cause. 491,5(M, .508, 511-516 

“ " test of field eoils, with meter . 4.88 

■* u u u ignition coil (N E 1 226 

" " “ “ motor-generator armature . 497 

* " “ wiling system of ear with test lamp.4.84 

“ circuited armature eoils, tests for .516 

“ “ field tests. . 516 

“ circuiting, meaning of.1078 

?hunt-eonnectlon held colls, svmbol of .413 

" held ciiciiit, amperes of.341 

“ “ “ fuse, importance of (NIC) .376 

“ “ » Remy 3d brush, thermostat generator 362 

“ “ fuse, purpcise and importance of . 430,376 

" " geneiator 3d brush regulation (Remy ) . ., 414 

“ " regulation (electromagnetic).. . 347,348,3.50,414 

" “ winding; a bypath for armature current., . .501 

“ battery test of genei ator. 491 

" “ “ determines polarity of poles.345,355 

“ “ “ of generator, diagram of. 345,341 

“ “ “ principle used on most generators. . 311 

" “ “10 per cent current passes through 345 

“ “ “ wire smaller than series field . ,508 

“ meaning of . 1078 

" (ic voltage winding; of cut-out, purpose of. 332, 333, 341 
" wound generator; if wrongly connected to battery' 3<»5 

“ “ - principle of..341 

" “ " simplified explanation of.311 

“ “ “ when used as a motor. 338 

" " motor; seldom used for auto work. 3.38 

Shunts, capacity to use wuth ammeter.466 

“ for ammeters, internal and external. .466 

“ meaning, purpose of, in connection with ammeter 46.5 

“ not used with voltmeters. 467 

Shut-off cocks. 681 

“ “ “ of gasoline tank. Ill 

Shutter damper for regulating engine water temperature. 149 
Shuttle armature of magneto, produces 2 impulses 

per rev. 240 

" type armature for magneto; why termed "shuttle” 246 

“ “ magneto armature. 24.3.336 

S de-bead tires on clincher rims.597 

Side-by-aide connecting rods, meaning of. 4.3 

Side-float type carburetor, meaning oi. 97 

“ tappet hf ter. 55 

“ wall and rim repairs.620 

“ walls of tire, meaning and purpose of. 609 

Sight-feed type oil gauge . 164 

Signal alarms and speedometers.443 


Signals w hen turning or stopping...364 

Signs (s«'e ‘ Symbols") 

■* \ ^ .V ruoil ...666 

Sih'iici'r. mcamrig of . . 1078,48 

“ or mulHcr, purpose and principle of.. . 48 

9 lent chum . 7.8,74,75,730,731,732.51.287 

“ adjusting and repairing . 74,76,374,730,731,732 

“ “ aligmiient 74,731,374 

“ “ drive, adjusting (radilliie “.53, 65").731 

- - ' “ (Ocxlge-.N. E.).374 

■ “ ' radillac. rackard.Stoarns-Knight 83,86, H9 

* " “ * of magneto ... . . 287 

* “ “ " limmg or cam gear. 74, ,51,287 

“ “ driien cam shaft. 52,61,74,75 

“ “ froiit-eiiii dnvc.74,61 

* • generator diivo. 74,76,51,368,374 

“ “ how to reach. .. 74 

“ “ “ . “ reduce length. 75,730 

" " hunting link, purpose of.730 

* " purpose ( •'.730 

* “ eingiiig, ause of. 74 

" " teeth ou .sprocket. 62 

* " to shorleu one pitch. 730 

“ <4 *■ tighten .74,374 

" “ w hen I (‘placing.732 

“ " where lo obtain .731 

SilvertowII enrd tire, meaning of .609 

SiMi !is IlufT motor- geiieiator (6-pole). 370,326 

“ " ‘ *• (12-v. motor, ti-v. gen )... . 381 

“ “ . “ “ (12-v Kvstem).380 

“ “ hix-pole motoi generiitors..379 

" “ type ‘■ lL\t” motor gtmeralor. 370 

“ magneto; special pol('pieee.300 

Simonuing, menning of. 645 

.'‘^implex, early model U. S L. electrical system.382 

“ governor for engine,. .. 046 

Singing and suuenUmg nois(* of brushes, cause of. 4t»4,408 

“ noi.se of rear axle, (*auso of . .... 859,873 

“ « « chain; cause of. 74 

iSmgl(‘acting biakes . 1.3 

“ “ hand air pump. .. 622 

“ brake drum.885 

“ ( h im drive method. . 2 

" eont.act lump base, abbreviated S. C.434 

" rut tile, illustration and niirjjose of. 717 

“ cylinder engine tiring onler . 76 

“ “ vibrator type of jump-spark roil. 194 

" geai(‘d stiirtmg motors, meaning of. 32.3 

“ Ignition (I>e!co). . .214 

" jet blow'-pipe torch . 719 

“ plate clutch (Hori^ (k Heck), parts and assembly 846,23 

“ “ “ piincipleof . 22 

" spark, a hot one at the light time . 196 

" “ cam for Ignition inteiriiptiu". 296 

" tube piieumiitK’ tire, meaning of...591 

" unit elect no sy.stiun, meaning of..336 

“ unit, two-unit, and three-uiiit elect ric synti'ins. 336 

" wiri' or grournlisl return system, diagiarn of. 427 

" *' system, meaning of.411 

Sioux valve refacing tool. 773 

“ •* S('ut reamer.773 

Six cells of 8torag(* battery coniiectisl in senc.s, symbol of. 412 

" cylinder automobile (sectional view-). xi 

“ “ engine cam shaft. 50 

" “ crankshaft. 4.5 

* “ “ finni^ order . 81 

“ “ “ ignition parts, apeod of. 211 

- - lap of power strokes. 87 

*' " magneto speed .... .203 

" eight-and twelve-cylinder enfljines. 80-87 

“ p<»le generator frame, magnetic oirenit of.358 

" “ motor generators (Simms Huff).379 

" “ multi polar generator frame; polarity of poles.. .3.58 

Size and length of wire reiiuired for wiring a car. 426 

“ “ number of turns of wire on ignition coil. 188 

“ of battery for lighting duty.522 

“ “ “ “ passenger ears. 1055 

“ “ brake lining for passenger cars. 105.5, 896, 807 

“ " “ * (Ford).1082 

“ " carburetor how to determine. 100, 1050 

“ “ “ passenger cars.1055 

“ “ drills (t aide).712 

" " drill to use for tapping.714 

“ " exhaust pipes fur posKcnger cars.10.5.5 

“ “ fan belt “ “ “ . 1055 

“ “ fedloe bands for tire rims.607 

“ “ fuse to use determined by amount of current.4.30 

" “ gasoline feed pipe, passenger cars. 10.55 

“ “ lamp bulbs “ " 10.55,43.3 

“ “ “ lens * “ 1056 

* “ oil pipes • * 1055 

“ “ parts for ■ “. 1055 

“ “ piston rings • * .... 10.5.5,828.835 

“ " pulley for driving air compressor, how to find. 624 

** * nms for passenger cars. 60.3 607 

“ “ spark plugs for passenger cars. 235, 236, 1055 

“ “ tank to use for airline. 624 

“ " tap and drill to use for U. 8. 8. threads.708 

“ * tires, passenger cars. 1060-1063 

^ “ twist drills (table). 712 

* * water hose, passenger cars. 1056 

* * wire to use depends upon amount of current.426 
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Sise of wire ii«od for winding a ooil and magneto.240 

" " wrench to fit a standard bolt and nut.607 

« - •* * • 8. A. E. capscrew head. 007 

Slses of brake lining on cars. 307,1056 

“ “ oapeorews and bolts; S. A. E. 607 

• * carburetor flanges; 8. A. E.1050 

■ ■ gasoline feed pipes. Ill 

• " solid tires and carrying capacity. 627 

** " spark plugs used on various cars. 1055,236,235 

• " taps. 711 

• - - drills (U. S. 8. or A. 8. M E.). 708 

• • tires, cord and fabric type.. 694 

Skew gears... 7 

Skidding force, meaning of. 1078,863,15 

“ when usually occurs and cause of .644,635,905 

Skinner fuel and oil rectifier. 166, 1006 

Skirt of piston, meaning of. 43,809 

Sletl or motor bob. 1033, 1034 

Sleeve valve engine. 88,89,90 

- “ ^ overhaul (Willys-Knight). 1069 

“ « « timing. 89,1069 

“ " meaning of . 88,52 

Sleeves or barrels for cylinders. 39. 916 

Sliding-goar type transmission. 25, 26, 27, 28, 29 

** throttle valve. 99 

Slipping of brakes, caused by worn linings.886 

" clutch, cause of. 838, 839, 842, 845, 24 

Slow combustion, meaning and cause of. 118 

“ moving vehicles should keep close to curb.654 

Blowing down engine speed, correct meth(xl. 306 

Small tools and approximate prices .690 

“ “ can be tempered in a flame. 724 

" “ for the shop. 695 

Smith motor wheel.10.34 

Smoko due to too much gasoline. 103 

“ from muffler continually, probable causes.461 

“ “ . “ probable causes of. 461 

• indications and cause. 168 

“ “ of carburetor mixture. 118 

" is grey. 168 

• “ white or blue. 168 

Smoking out of exhaust, excessive at low speeds... 163 

Smoky exhaust, cause of. 168 

Smooth cut file, illustration and purpose of.717 

Snap-on socket wrenches. 699 

Soap for washing car. not body.644 

Socket ratchet wronen sot (Starrett).699 

^ type wrench, with bent handle, illustration of. . . . 690 

• wrench for capscrews, or nuts, how to find size.... 699 

" ^ sets. 663 

• " sizes, how to find. ..699 

“ wrenches and ratchet levers.699 

• “ extension.1036 

• " for S.A-R. or U.S 8. screws, nuts, bolts. . 699 

• “ " sparkplugs. 699 

• " purpose and sizes of.698 

*• “ with handles attached.608 

• " “ fos Ford cftr.698 

■ " ratchet 1 evers.699 

Sockets for electric lamps, construction and types of .... 434 
Soft iron; generally used for armature core on magneto . 180 

** solder; composed of. 720, 738,736 

Softening the compound of a battery. 587 

Solder and flux for radiator repairing. 740,736 

cold, for leaky radiators. 152 

“50—50,“meaning of. 736,738,720 

for aluminum, how made and where to obtain. . . . 721 

" dripping radiator. 738 

half and half, meaning of. 720,738,736 

hard, what composed of. 720,721 

molting point of. 720 

soft and Wd. 738,736,721,720 

Soldering acid for radiator repairing. 736,740 

“ aluminum. 720,721 

* brazing and radiator acetylene outfit. 761 

“ by sweating, meaning of.720,736 

“ cast iron .721 

** copper, do not heat red hot. 720 

* ^ for radiator repairing, how to make.... 738 

■ “ how to arrange for ease of soldering..., 473 

■ - - -tin. 719,720 

■ - or iron, meaning of.719 

• - stand for. 720 

• crankshaft for end-play.786 

- equipment.720 

■ flux or acid for various metals; to mix. 720,721 

- gasoline torch, double iet type.719 

■ - - or fire pot.719 

• - single jet type. 720,719 

- instructions.720 

• iron and gas toreh. 719 

“ - how to tin.. 735 

' * or copper, heated by gns.719 

- paste for eiectrioal work. 720,427 

• pointers.720 

* radiator by dipoing in molten solder.738 

' • device for elevating.740 

' radiators, pointers on. f36,788,740 

* tin and cast iron.721 

tool, copper.719 

* * nickel fer aluminum soldering.721 

Sulderless fittings for gasoline, gas linee.. «t 681 


Solenoid or helix, meaning of. 181 

^ " " polarity of. 182 

- principle of. 183,1015 

Solid, meaning* oi.1078 

* rivets and split for brake lining.894 

* tire, cushion type. 626 

“ “ hard base pressed on type, meaning of.626 

* - in general use, divided into three classes...... 627 

“ “ mounted on quick-detachable demountable rim 626 

“ “ troubles . 627 

" “ wheels changed to pneumatic; cost of. 6M 

" tires, divided into two classes. 626 

“ “ standard sizes and carrying capacity.627 

“ type crankshaft. 46 

Solution for making battery box acid-proof.581 

“ of battery has been spilled in shipment.676 

- for cleaning metals. 474 

“ “ non-freezing of cooling system. 153,992 

Sonoscope, purpose of. 777 

Bounding rotl, purpose of. 777 

South pole, meaning of.^.1078 

Sp. gr. or Bfi , meaning of... 530 

Span and lead of armature winding, meaning of. 344, 343 

Spare rims and tires . 601 

Spark advance and retard, range of. 305 

- - in degrees. 208,212 

" ** meaning of.*.. 34,35,301 

- “ testing of. 305 

" “ why increases speed of engine.306 

otlvanced too much, indication of... 306 

and throttle ball joints. 681 

“ “ control of (Locomobile). 100 

“ " Icvor, how connected. 33,34,629 

“ “ " rcMls on steering gear.901 

“ “ levers (Star car).1071 

coil, meaning of. 1078 

color of, when te.sting an ignition coil. 231,286 

control anrl overheating. 304 

“ lever, meaning of .1078 

“ “ what it connects with. 208 

“ mcth(Kls (magneto) . 289 

“ of Ignition system (battery and coil). 289 

corona and nucleus.286 

for ignition, time to occur. 291 

gap, moaning of.1078 

- suggestions. 225 

good, definition of ... 286 

hot, cornbustihle mixture, iinportanro of. 290, 304 

how profluced with an electromagnet. 184 

intensifier, purpose of. 237,1039 

knock, detecting of.1108 

meaning of. 778,306,35 

lea<l, meaning of. 63 

lever. 34 

- corinecte<l to magneto to advance and retard 287 

- manipulation when starting and driving our . 630 

“ run with it as far advanced as possible. 193 

meaning of. 1078 

missing of, general explanation. 238 

of magneto, control of. 289 

plug adjustment. (sec “Adjusting spark plug") 

** cables, how connected with distributor... 294, 308 

• causes missing on hard pulls, high speeds. 234 

“ cement becomes porous. 234 

• circuit, symbol of. 412 

- cleaning of . 235,237 

- construction of. 233,188,234 

" defects of . 300 

• difficult to remove, cause of.1111 

“ do not scrape porcelain.237 

- electrical leak. 235,239, 241 

- electrodes, what made of and diameter.234 

- exhaust and intake, meaning.417,216 

“ for aeronautic use. 234 

• “ Ford and magneto use. 237 

■ * fuelizer. 108,140,421,407 

" gap. 236 

“ “ adjusting (Delco ignition). 221 

- - adjustment of... .236, 237, 238, 119„ 121, 

223, 225, 209. 302, 306, 371, 372, 1070,^1071 

- - adjustment of (Packard Twin>Six).1071 

“ “ - * ^Pierce Arrow).1070 

- - adjustments coil ignition 237,306,205,306,221 

” - - magneto ignition. 309,306 

“ • and compression.236 

• - avierage.306 

• - (Boadn “NU4“ magneto).237 

- - (Buiok-Deloo).220 

- - (coil, battery ignition) (Hemy).209 

" " considered an insulator.236 

• * current r^uired to jump. 188 

• - different ignition systems. 306,308 

• - (Dodge-North East ignition)...372 

■ “do not set over A' apart.225 

• • effect on safety gap. 226 

• ■ for high-opmpression engines.236 

■ - (Ford).223 

• • if too close, or too 

. wide. 237.221.302,121,119 

• ‘in open air and under oompreesion... 236,239 

• • (Liberty engine).:...1150 

• ^ (macneto). 397.306,309.312.314 
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Spftrk plug gap (magneto ignition), if too close.314 

- - - • " . ‘ “ ^’‘de.314 

• mm on 4, 6, and 12-oylinder engines.237 

■ ■ • Packard fueliier . . 140 

•I ■ - proper spacing of important.121 

• - - relation to engine compression .230 

■ m * resistance greater with throttle oi>eu. . .. 312 

• mm ahort-circuited, cause of. 309 

- - - should be 025* to .030'.209 

■ ' * suggestions. 225 

• - “ too great, effect on magneto safety gap... 309 

" mm voltage rcKiuired to jump. 188 

■ ' gaskets.680 

• " “ copper.236 

“ “ “ where used.236 

■ “ if black, soft soot on end . 769 

“ “ “ oily and sooty; indication of .... 769 

“ “ intake and exhaust, meaning of- 417,216 

“ “ integral and separable type . . 233,234 

“« “ lamp bulb besting outht (portable) .. 231 

“ “ leakage of gas and electricity, cause of . . 235 

" " length determined by design of valve 

cap. 233, 235 

“ “ lengths. 235 

■ “ (Liberty engine). .1150 

• “ life of, for aeronautic use. 231 

“ located where water jacket surrounds it. . . 233 

“ “ location (Essex engine). 808 

• “ “ in cylinder. 188,233 

“ ■ " of, in overhead valve engine . . 233 

“ “ mm ^hen used with double ignition 233 

• m ti over inlet valves; reason for. . 233 

■ “ locations (poor aiul go<xl) . . 233 

• “ long botiy, long thread, etc.235 

“ “ magnetic type . 255 

“ “ (magneto ignition). 236.297 

“ “ meaning of.. 1078 

“ “ mica insulation .234 

" “ missing, causes of . 224 

^ “ “ tost for locating . 238 

" “ never draw tight in hot cylinder . .. 

“ “ oil-soako<l constantly, cause . . . 16H, l<i9.769 

“ “ oily constantly,. 

• mu bend to overcome. 239 

“ “ —'18, metric, meaning of . . 235,236 

" “ (Packard fuehzer). 108 

“ * points, how to set . , 239 

mum must not extend too far. 235 

• porcelain and parts . 233.235 

“ “ ** color should be . . 235 

• * “ porous, cause, te.st 235 

" “ position in valve cap (correct) ... 233,239 

“ “ priming typo. 


• “ reach, too long.233 

• ** S. A, E , dimensions of. 679 

• “ separable and integral. 233,234 

• shell retains heat.233 

• • sizesaiidlengthsused onleadingcars 235, 23(’), 1955 

• - u « threads .235 

“ * - S. A. E.697 

“ “ • u u u ^ ^ ^ meaning of . . . 235 

• “ socket wrenches. 236 

^ “ sooting and pre-ignition.238 

• * laps.711 

“ “ test for electrical leak. . 2.39, 2.35, 211 

• " testa; do not remove wire more than *«' . .. 225 

" ** tester... . .. 223.231 

" testing for leak around porcelain 235,239,211,‘162B 
" • * if carbonized.2.30 

• « “ of. 223, 231, 2.3.5, 239, 241, 462B 

• “ * to see which one is missing ... . 238,239 

• • tests for missing on V-type engines. 2.39 

■ • threads and lengths of b(^y.235 

“ “ “ tap for (S. A. E.).697 

" • • three standard.235 

• “ troubles.238 

" ■ two in each cylinder.233 

• m m u u u advantage of. 264 

■ « « per cylinder (Delco-Stutz).417 

• • typos. 233,231 

‘ • wrench. . 230, 097 

• plugs, how indicate condition of valves and rings . 769 

“ “ * to connect to distributor.294 

• • two fire only one effective. 266 

“ mu cylinder (Pierce Arrow and Stutz),. 216 

“ proper time to occur. 34,35 

" retard and advance; meaning of. 34.35,301 

- “ when cranking . 232, 204,307 

" retarded produces heat. 300,304,152 

• timing (see ‘‘Ignition timing'*) 

• * device (commutator). 192 

Sparking at brushes, cause of. 480,491,496 

“ ** contact points, defective condenser . 227,230,231 

* excessive at interrupter points, cause of. 308 

■ mu starting motor brushes, cause of.... 329 

* of brushes; setting brushes to prevent .... 359,363 

Sparkite ignition coil contact points (K. W.J. 222 

Sparton electric motor horn, adjusting and lubrication... 444 
Specific gravity and teropei^ure table.533 

* - • voltmeter test of battery cell.547 


Specific gravity, meaning uf . 630,1078 

- • ofalooliol. 1041 


“ • “ " when and how to adjust . 530 

* * « denatured alcohol... 1041 

* « « electrolyte at <ind of charge.575 

* ‘ “ * to be mixoil. 534 

* • • • m pyJI. 

“ • * non-freeiing solutions . 154,1041 

" • " storage battery, meaning of . 629,530 

* • readings, temperature corrections of.532 

“ • • when to make. 531 

*• • test with hydrometer.. 531,545 

‘ * water, alcohol, kerosene, gasoline.1050 

“ ■ w hy f(»ur figures are used.530 

Specifications of Autocar truck. 922 

* “ brakes on passenger cars ...... . . 1055-KMU 

“ “ brake equipment for shop.896 

“ (.’oliiii'bia rear axle . 869 

* “ Contmental engines.93, 04, 936 

" Dell .-Light Plant.1002 

“ “ electrical equiiimcntpassenger cars 1055-1061 

Ford 

* • ^ truck.013,068 

“ “ I'ordson tractor . 900,006 

* “ V W. D. truck . 063 

* “ CJ M. O. truck (one-ton). 020,i>68 

“ .(two-ton).015,068 

“ “ (i. V. electric truck. 063 

“ “ llupmobili). 639,10.58 

“ “ Ignition timing (pasBimger ears). . 1052 I05t 

* * Intcrimtionul truck, oim-ton model.. 025,071 

" “ LaFayctte engine. 639,1062 

“ “ motorcycles.1008 

“ “ \’ash ipiad truck. 962 

" “ Nash trucks.072 

“ “ l>Hf«Hcnger cars. 1055 1062 

“ - » car engines. 1055-1061 

- “ Pierce Arrow. 1070,1060 

" “ piston lings.1055 

- “ Hulls Koycenur. 1060, 1065 

- “Star car.1070 

* “ taxicab, Yellow. 070 

“ “ tractor engines.006 

* “tractors.it06 

“ “ truck engines. 065 077 

' “trucks. 96.5 077 

* “ valve timing. 1052-1054 

“ “ White tru(*k, ’4-ton. 030,075 

“ “ “ “ 3-ton . 032,075 

S[>eed, current data table for ti'sting generator. 400 

“ indicator, purpose of . 490,704 

“ miles per hour, table 1049 

“ of airplane 1050 

“ “ automobile.1050 

“ “ ear, brakes will stop it. 13, 888 

“ of luigme, how contrf lied . 33,34,99 

“ “ “ill relation to time of spark .292 

" “ “ truck and tractor use . . . 38, 39, vii, vlii 

“ “ generator wfieii being motored on test.480 

“ * magnetos.293 

“ * motor boat. 1050 

“ “ “ cy.le. 1050 

“ “ motor greatest wluui brushes are at neutral 40fl 

“ “ pH'-sfitger automobile. vii, 011,38 

" “ pullcvs. how to figure. 624,692 

“ “ railroad train. . . 1050 

“ “ starting motf)r, average of.478 

“ “ tractor.9H4, viii, 38 

" * “ engine. 006-908, .30 

“ " truck, average.911, vii, 39 

“ relation between crankshaft ami cam shaft.202 

“ “ of engine and tire speed . 1050 

" relation of ignition distributor, engine rrankshaft. 210 

“ “ * magneto cam, armature, crankshaft 204,206 

“ ‘ to time of Bfiark. 292 

.Spc<sls, franamission passenger cars. 1058 

I 

Speedometer, adjusting and testing. 447 

• and odometer. 445 

• care and troubles. 446 

“ checking of. 447 

“ dial vibrates, causes of. 447 

• drive methods. 446 

• lubrication of. 447 

“ noisy^ causes of. 447 

• principles of. 44.5, 446 

“ ratio of gearing. 446,447 

“ shaft broken.1146 

• troubles. 447 

Speedway rotary type valve. 00 

Spelter, meaning of. 1078 

Spherical candle power of an electric lamp, meaning of 4.32 

Spicer universal joint. 860 

Spilled electrolyte, how to refill. 585 

Spindles of front axle sprung. 90.5 

Spinning clutch, meaning of. . 839 

Spiral filament of electric lamp bulb. 432 
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Spiral flute reamer, illustration of. 714 

** or helical gear. 7 

Spirit level, purpose of..... 704 

Splash engine lubrication system. 157 

- “ “ (circulating). 169 

• “ * (non-circulating). 158 

■ • “ “ (semi-circulating). 159 

Splicing an inner tube. 615 

Spiitdorf, address of. 232 

“ generator, motorcycle typo.1014 

* low-tension magneto anci coil ignition. 254 

* mag-dynamo for motorcycle.1013 

" magneto, low tension. 283 

“ u u u timing of. 299 

“ mica aeronautical spark plug. 234 

■ one-piece snark plug. 234 

Split rim, straight side, demountable, one piece.598 

“ type crank case . 41 

Spokes of wheels loow?, cause, remedy.3,1138 

“ “ “ noisy, cause...3,1138 

Sponges, chamois and waste for washing car; kind to use. 671 

“ often contain sand and grit.672 

Spot lamp, lamp and candle power used. 431,440 

Spot-light, purpose and adjustment of.440 

Spotting and scraping engine bearings. 785, 786,945,800 

“ in brushes. 404 

“ “ connecting-rod bearings...800 

Spray, can be used for cleaning chassis. 648 

“ nozzle (Holley carburetor).1133 

• “ meaning of. 95,09 

“ “or jets, purpose of. 99 

“ primer for carburetor. 104 

Sprayer for whitewashing garage walls.1041 

Spraying outfit for painting radiator. 739 

Spring. 11 

** and ball valve for regulation engine oil pressure... 161 
“ a sceondary shock absorber. 12 

• breakage cause of. 762,12 

“ clips, keen tight. 005 

“ cover and lubricator. 702 

“ eoz, a spring lubricant...702 

“ for valve (see also “Valve springs"). 776 

• biU-elliptio . 11 

“ liowtomake. .723 

• leaves, lubrication of. 173 

** lining up with the axle. 904 

• lubricant. 762 

“ lubrication of.173, 761-763 

• pressure of St. motor brushes. 493,494 

“ rear, type ot, on passenger cars. 1058-1063 

• serai-eiliptio. 11 

“ shaekle bolts, lubrication of. 173 

• “ insulators.762 

“ shackles, automatic and adjustable.762 

• squeaky, cause of . 173 

• suspension, cantilever. 11,7 

“ " overslung and underslung. 1 

• tempering of. . .. 724 

“ temporary repair of.... ..1040 

• tension of interrupter points.407 

• « « brushes.494 

• three-quarter elliptio. 11 

" tightening of. 762 

“ winding outfit. 723 

Sprocket, adjustable, for silent chain. 731 

“ and vibration dampner for silent chains.731 

“ chain. 7,8.951,731 

“ end housing (N. K. motor-generator) assembling 377 

Sprung axle or spindle, cause of.906 

Spur ami bevel gears, in rear axio (Autocar truck).. . 024,925 

“ gear differential . 18 

“ gears. 7 

Square file, illustration and purpose of.717 

“ head capscrew, illustration of.700 

“ stroke, meaning of.. 48 

Squaring the piston, meaning of. 809 

Squeaking brushes, cause of. 494,408 

Squeaks and similar noises, causes of. 462 

Stabilator, principle of operation.729 

8T. M., electrical meaning of. 413 

Staggered cylinders, meaning of . 85 

Stalling or locked torque test, meaning of.490 

“ • “ “ “or starting motor.490 

Standard adjustments (Packard Twin-Six).1071 

* and oversize piston rings. 828,833 

“ “ “ pistons, remarks on.811 

" bolt size; head and nut U. S.^.697 

* bore of cylinder, meaning of. 811 

* clearance of piston,*meaning of..812 

■ four-speed S.A.E. truck gear shift position.912 

“ gauges for wire and sheet metal. 704 

* oversize piston, meaning of.811,812 

* pistons and rings. 811,828,833,938 

“ “ remarks on. 811 

* 8. A. E. oversize cylinders.816 

** size of battery as determined by the S. A. E..,, 624 

“ “ " Ford piston expressed in decimals.812 

* * piston, meaning of.811,812 

* temperature of battery, meaning of.632 

* three-speed S.A.E. gear-shift poutioi> 27,29,912,635 

Stanley steam car.1016 

Stanwdd interchangeable rims. 601 


Stanweld No. 21 or 70 split rim.609 

Star car, electrical equipment of..•.1071 

* • spiecifications of.1070 

Starrett cylinder gauge.703 

socket ratchet wrench set. 690 

tools (precision). 702-706 

Starting and lighting battery (Exide type 3-XC-13).627 

car; how to. 20,631 

“ on a grade.632 

• shifting gears . 29,031 

crank, moaning of.1078 

crank lost, starter fails to start. 1041 

engine, cold (Hudson radiator shutter). 149 

different methods. 317.318,629.29 

in cold weather 

104,119,556,563,1033,462A, 4621 

occasionally on ignition switch.317 

on ignition switch principle of. 268,317 

retard spark.204 

starter out of order and crank lost.1041 

use of choker. 104 

w'hy must first be cranked.... 06 

witn magneto ignHion.309 

in the auto repair business. 662 • 

motor .(see also "Motor") 

aetiou (Delco-Hudson) motor-generator. . 390 
“ of North East motor-generator. .. . 308 

amperage required. 471,179,325 

and generator, different makes of.411 

application to engine.319-324 

“ “ transmission. 329,319 

armature, field te.sta with meter. 487-489 

“ shaft bent cause and remedy.. . 478 

“ installation pointers. 481 

“ windings, lap and wave wound. 326 

as.sembly of. 617, 518,329 

battery discharge, rate for.622 

batU>ry, why thin plates. 621,622,644 

hearing troubles.617 

bearings, usually plain bronze. .449 

“ worn, cause of and remedy.478 

Bendix drive principle of.319,320 

“ “ troubles of. 320,330,462P 

(Bijur) on Packard. 420,421 

(Bosch) clectrornugnctio pinion shaft.321 

brush-spring tension.494 

brushes .328 

“ how shifted .361 

“ instructions on (Reray).329 

“ movement of and effect.329 

" sand in.494 

“ setting of. 329,496 

“ spark excessively, cause of.329 

• sq^ueak, cause. 494 

“ wliat made of. 328,329 

“ when fitting new ones.494 

cable connections, pointers on.427 

circuit alwaysbeginsatbattery. .332.333,462P 

“ (chart). 462P 

" fuse not used .428 

• if a short circuit occurs.463 

• where to start tracing.... 332,333,334 

circuits, divided into parts.333 

“ pointers on tracing.413 

cleaning.321 

commutator and armature troubles.449 

“ never undercut mica... . 329,492 

“ or armature grounded; test for 619 

“ rough, remedy for.478 

connected to crankshaft.325 

could be used as a generator.328 

cranks engine; engine does not start.486 

“ “ few revolutions, stops 486 

* very slow; cause of. 486 

current: av. cranking current .. .325,471,179 
consumption depends upon,..... 471 

“ less when engine is warm.471 

“ taken from battery, not generator 331 

displacement-type armature.321 

docs not rotate.cause 457,486.455,330,320,618 

drive methods to engine.319-324 

electrical troubles classified.618 

, “ * first test battery.478 

electromagnetio pinion shift.322 

fails to crank engine 456,467,320,330,470,486 
“ “ operate: meter testa.487 

• • start, causes . .330,320,462P,631.646 

“ crank lost. 1041 

“ * • engine.454 

: : : (Ford). im 

possible causes.457 

• " " test for.470 

_ • * turn flywheel, cause. 320,330,462P 

field-ooua connected, series; series-parallel 414 

replacing on field poles.603 

poles, polarity of...327 

winding testa. 600.501 

windings.... 826,327 

flywheel apphoation.810-323 

(Ford)... 1121.611.518 

frame^ rectangular and round... 326,327.868 
gear (Ford).. 
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StATting motor gear ratio (Ford). 507 

• • “ ahift mechanical, how applied.323 

generator testing stand, parta for.507 

(Gray A Davis early typ^); how driven.. . 324 
ground and open-circuit indications.450 

* connection: examine occasionally. 440 

inboard and outboard type.320 

make on passenger cars. 1058 

makes used on trucks... 96tV 977 

magnctio circuits. 327,328 

* fields, principle of. 327,32S 

(Marraon-Delco). 405 

oiling.. 320,321,172 

open and ground, indications of.450 

operated as generator, of low voltage..... 32S 

operates but engine fails to start.4S0 

parts of (N. E.-lleo). 329 

U*»erce Arrow-Deloo). 405 

principle and purpose of. 327, 319 

relation to storage battery. 325 

(Hco “TO" and 329 

reversing direction of rotation. 32S 

rotates, does not crank engine, cause.. .. 4S(, 

round frame and rectangle frame. ... 320,327 

runs after switch is relea.Hod, cause.4S«i 

scries wound. 320,327 

shaft bent; cause. 517 

speed generator voltage, how changed.. .. 329 

“ of, average. 478 

starts but dors not crank engine, rau.se.s.. 457 
switches, symbol of. Hit 

* types of.325 

* usimlly operated by foot....... 429 

terminal, which to ground.325 

test (torque). 489 ,4'K) 

“ * appiiratiH for..’>07 

testing according to data m manuals. 189 

“ data. 489,490 

“ (Ford on F. B. test-stand).511 

“ (free running and torque) 511,512,490 

“ with a meter. 480,487,488,489 

trouble eliart...450 

" tests. 457,330,478,480 

troubles 

450, 320, 330,478,480,487,402P, 517, 518 

“ and tests. 478,330,402P 

“ digest of. 455 

“ divided under two headings.480 

* electrical.,.. 450,518 

“ first test engine.480 

“ (Ford).■. 518 

“ general inspection of.. 508 

* how classified. 450 

“ mechanical. 455,517 

“ testing with a meter...487 

“ when tracing, di\ ido into parts. . 419 

two, four and six-pole typo. 320,327 

used on passenger cars... 1004,1005 

uses series field windings. 315 

why current is taken from battery.331 

“ usually four field poles.335 

w’indings. 230 

“ compared to generator windings. 338 

with series parallel fiehl windings.320 

wire, purpose and description of.425 

plug, meaning of.1078 

switch connections poor; result. .. 449 

depres-scd, lights, ignition cut otT, emi’ies.. 4.57 

not making proper contact. 330 

truck engine..911 

Starvation of battery, meaning and cau.se of. 5.U), 572 

State license for tourists. 000 

Static balance of reciprocating parts, meaning of.800 

• « « rotating parts, meaning of. 80r» 

“ discharge at spark-plug wires. 211 

“ electrical discharge, meaning of.308 

• force, moaning of. 1078,8ti3,15 

Stationary coil principle of ammeter. 4(>S 

* electrode of an igniter, meaning of. 185 

* engine, governor principles.1004 

* “ Ignition timing. 304 

* " wipe-spark ignition. 186 

" gasoline engine, principle of.1004 

* typo piston pin. 42,795 

Steam car (Doble).1019 

• * (Stanley).1016 

“ cylinder oil used in many rear axles?. 174,173 

• engine, principle of. 30 

• heating a garage.667 

• vulcamzing plant for a large shop.610 

Steamer for battery. 683,684 

Stearns Knight sleeve valve engine.. 88,89,9() 

Steel and iron, welding of.746 

heat treatment of.723 

how hardened. 724 

• to tell. 438 

requires more magnetic force to magnotizo it. ISO 

various kinds of.746 

why hard steel retains magnetism. 180 

Steepest grade car mii^t climb.1047 

Steering a car, instructions on.634 

* column contains five tubes. 002,1(X) 


Steering column, diameter of.003 

• device, tests if purchased aecoiid-haiid car. ..... 643 

• four wmeels of truck . 061,962 

• gear, adjusting.898-903,1086 

• “ * (Fonlson tract «>r).096 

• * * (Gemmer).899 

“ “ ' (Jaoox). 898 

• “ “ (Uvine).899 

• " • (Marmon).901 

• • “ (Mitchell). 901 

• • - of. S9S-901 

“ * “ (.8(u(lebaker).900 

“ “ • (Warner).899 

• * assembly.89S, 901 

• * ball on end of steering arm.903 

• “ eonneetiona loose; relation to front axle.. . . 90S? 

" ‘ • to front a vie.902 

• • construction, study of. 898,1066 

• “ dwtusc‘.lbly of. 901,898 

• " (Mitchell-F") . 901 

“ “ ilrag ;od ailjn.stnient. 903 

“ ■ for trucks.900 

• “ (Ford).11,1085 

* fori* Hiid-nft and cross-j .ctlind .... 10, 898. 9(X) 

" “ irrcvcraiblo tj’pe, meaning of. 898 

*■ *■ loat luotioti in . 18)2 

“ “ “ wlu ro siile arm goes oil shaft. . 901 

“ “ lubricating.901 

“ “ lubiicution of. 903 

• “ make of on imssi'jigcr cars.lt)60-1063 

• “ makes used on trucka. 966-977 

“ “ nianufacturcrs, addri'ssps of. 898 

“ “ tion-revcrsible, meivning of .898 

“ planetary type (Ford). ... . . lOSo, 11, 1087 

“ “ plav between gear and w'orm. 901 

“ “ pnncii>leof. 898-901 

“ “ removing. 901,902 

“ ■ ri'v ersiblo typo, meaning of.898 

“ “ thrust or drag rod.902 

• " troubles, tests and remedies. 902,903 

“ “ types of. 11,898 

" “ worm and wheel worn, how to remedy. . . . 902 

** “ worn, bringing new surface into play.902 

• hard or diificult, cause of. 903, 905 

“ knuckle. 1.5,907,902,909,953 

“ “ adjustment of. 909,907,95.1 

• “ bi-aring, adjustment of . 90H, 953 

" “ Flhotttypo. 908,910,1.5 

• “ bemoino type.910,15 

“ “ lubrication . 172, 173,90.t, 953 

“ * luiuind bushings; rebusliing. 909 

“ “ pins, adjiHting. 907,909 

“ - “ cleaning. 907,953 

“ - • removing . 907,95:i 

• « reversed ElIioU type.910 

" “ yokes bent. 901,907 

•* knuekles, if considerable play. 903 

“ methods. 10, 902 

" “ croH.s and fore-and-aft; for trucks. 900 

“ post puller.1035 

“ principle of.10, 898-9t)2 

“ Hpindlc‘M.15,915,953 

“ troubles, testing for.903 

“ wheel, iliiimcfer of. 903 

• “ up-and-down play.902 

Steinmetz electric truck. 9<i5 

Step cut piston ring. .. 82& 

“ cutting and sectional rejmir of a blow-out.. tU7 

• “ of tire for repair; wlirui necesMnty.620 

“ lump, purpose of.. 431 

Stciilums, Hyiurk-plug size of. 236 

Stewart anti-glare lens, dilTusing tyjie. 437 

“ carburetor, adjustment of . 137 

“ “ pnnriple of metering pm.102 

“ vacuum gasoline fuel feed .. , . . . 112-115, 462H 

“ Warner Hpoedometcr, guar rediiclion.446 

Stillson pipe wrench, illustration of . 695 

Stork and die for rutting tlireads on i>ipe. 709 

“ room equipment of. 078 

• “ fixtures for. 078 

“ “ how to mark bins. 078 

• * supplioB anrl fittings for.t»79 

" " auto parts for. 079, OHO, 081,082 

Stone bruises of tires, cause of .OJO 

Stop screws on front axles, adjustment of.905 

“ light, purpows of.410,054 

• Higrml.i. 054 

Stopping car. 29 

* “ and engine.031 

“ • on an up-grade and starting again. 0.34 

“ distance of car at various speeds. 888,13 

* engine, open throttle. 104 

Storage batteries are rated in ampere-hours. 660 

“ " types of (Exide as an example). 623 

• battery. (see also “Battery") 

" “ acid docs not evaporate, water douH ... 635 

“ “ “ goes into plates when discharged. .. . 631 

■ “ “ . “ oot of plates when charged. . . . 640 

• “ “in the eye; remedy. 559 

• ■ • meaning of. 620,630 

■ • on clothes, remedy for. 660 

• “ “ tank for soaking separators.68] 
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Storage battery acid too strong (doped).... 636, 659, 675,673 

^ * where to obtain. .'••• ^^4,586 

“ “ action internally of cell discliarging., 639-642 

• * * M M u charging. . . 639-541 

• - - mum diadmrged. 641 

• “ “ " “ • on open circuit. 540 

• ** * when charging and discharging. . . 672 

“ “ active roaterial, meaning of. 629,537 

• « “ “on plates soft.558 

• • • * shedding, 

cause and'remedy.... «558 
“ • adding water. 501 

• ‘ adjusting or balancing electrolyte . . 535,536 

■ " age; how to tell. 623 

■ “ ampere-hour determined by cell 

connections. 520 

■ • « « passenger cars. 1065, 1004,1005 

■ “ ampere-hours applied to.521 

■ “ becoming discharged, cause of.663 

• “ bench, how to make.584 

• “ bone dry, meaning of.676 

• “ boring lead connector.586 

“ “ box, how to make acid proof. 581,685 

• * burning of (lead).529,581 

“ • cadmium test, purpose of. 647,650 

“ “ “ tests if show defective plates.. . 652 

“ “ capacity depends upon plate area exposed 622 

• “ “ how to deternune.522 

“ “ “ less when cold. 631 

“ “ “ meaning of. 621,522 

“ “ “ _ relation to cell connections 626 

“ “ care of, in service. 661 

“ “ case (Exide) later models use guinmitc... 627 

• “ “ when to renew. 688 

“ “ cell, a chemical generator . 178,639 

“ 4< « assembly of.. 524 

“ u M connections.... 624,525,620,541 

“ « - connector, meaning of.629 

• - - depolarised, cause of.679 

“ “ “ do not discharge below 1.8 volts 542 

" « « meaning of. 178,179,529 

" « « ahort-circuited, indication, . 657,5.58,643 

“ n It symbol of. 412 

“ “ cells and plates, how to determine iiumlwr 623 

“ « - connected in series, symbol of 412 

• " " sorios and multiple connection of. . . 538 

“ « « to fill with eloctrolyto.689 

“ “ charge and discharge of, meaning of.629 

“ “ “ rniet meaning of.529 

• “ when necessary.572 

• “ charged, how.326 

• “ “ specific gravity 1.275 to 1.300 . 631 

“ * charging a doped oattery... 673,676,535,559 

“ “ “ after charged wrong direction 57t» 

• • MU repairing. 589,590 

• * “ constant-current method 564,572,579 

• * * “ Dotential method. . 679,564 

‘ “ “ current now, direction. 641,572,625 

“ “ “ equipment.^.564 

“ • “ from another not practical.578 

“ • “ from 1U), 220, 66()-volt circuit . 666 

• “ “ how to make cadmium test. 551,547 

• “ m ft M tell when complete.675 

• “ “ large and small battiTies.575 

“ • * • niethmls. 664,672,679 

■ “ “on the bench and on cor . 573 

• • « rate,adjustingof 506,563,363,407,516 

• “ • pointers on . 672 

• “ “ prooetlure of.695 

■ * “ rate of charge dimini.shes 568 

■ “ “ rates (starting, finishing). . 674,575 

• “ “ “ (U.S. L.). 674,575 

• • “ repaired batteries. 676,590 

■ “ * re.sistance how usetl. 664-567 

“ ■ “ several batteries together., 667,575 

• “ “ table (initial and repair Exide). 577 

“ • * (trickle charge), purpose of. . . 57H 

• “ “ use of ammeter, voUmetcr. 666,567 

• • * ■ * hydrometer. 566 

• “ “ voltage higher than battery... . 660 

“ “ “ with auxiliary rheostat. . . 670,671 

• “ ■ « direct current only 664,573,538 

“ • MM motor generator set. 570 

• • “ “ rectifier. 668-570 

" • chemical terms of.636 

• • circulation of electrolyte. 644,542 

• ■ “ and diffusion, meaning. 556, 529,544 

• “ clips.683 

• ** cold weather effect on. 566,563 

• • compound for sealing iars.681 

“ “ connected in series to be charged. 667 

• • connections of. 538,539 

• * MM make.500 

• “ “ 12-volt battery. 525 

• * constant amperage charging.. 664, 572, 579 

• " “ current charging. 564.572,579 

■ “ • high gravity*^ hydrometer tost. . 560 

■ • • low gravity, indications.568 

• * * potential imainging. 579, 5^ 

• * * voltage charging.579» 564 

• “ corrosion, meaning of. 529 

• * designed for ignition and lighting.58) 


Storage battery diagnosing troubles. 556-650,448, 456 

“ ^ diffusion of acid, meaning. 529,566,644 

“ “ disassembling of (Exide). 686 

“ “ discharge, current direction 540,541,572,526 

" “ “ rate for starting motor.522 

“ “ discharged, causes of. 656,557,663 

• “ * polarity changed.366 

“ “ • specific cavity 1.120, 1.150. . 531 

“ “ discharging, external circuit.538, 540-542 

“ “ “ cadmium test.552,548 

- “ * rate how to find. 676,622 

“ “ « - of when sulphated.575 

• “ disconnected, effect of 

348,349,362,363,366,376,430 

• “ • (Ford).1123 

“ “ does not hold its charge, cause of.643 

• “ • • stay charged. 363,663 

“ “ "don’ts and do’s”. 660 

“ “ doped, cause and meaning of. 559,535 

• * dry storage of. 677 

• “ “ type of. 628.629,621 

(Edison).. 690 

“ “ electric truck, connections of. 964 

“ electrolyte adjusting (balancing) of. . 535,536 

“ “ “ circulation of. 544,642 

“ “ * cold, more dense. 632,666 

“ “ “ for new battery, sp. gr. of. .. . 538 

“ “ “ level low, cause, remedy.558 

“ " “ “ of. 561,662 

“ “ “ meaning of. 629,530,534 

“ “ “ mixing. 634,535 

“ “ “ resistance of . 635,542 

“ “ " specific gravity when mixing 

5.34, 535 

“ “ • spilled, how to refill. 585 

• ■ • strength to use 

534. 536, 676, 589, 590 
“ “ * teinperaturo of.532 

• • • temperature when charging. . . 675 

“ “ “ testing. .530-534,547,553.559, 

662, 675, 600 

• “ - too strong (doped)635,569,675,673 

“ “ • tropical climate.676 

“ “ • when to add.. 534 

“ * element, meaning of . 629,538 

• “ elements, taking apart. 5.S7 

• “ external short circuits; cause.658 

• “ filling cell.s with electrolyte.589 

“ “ flexible service connectors. 583 

“ “ floating on the line, meaning of.334 

“ “ for high discharge need porous separator. 644 

“ . « low discharge rate, plates thin. 544 

“ “ “ starting, lighting, ignition 621 

“ <» « a motor has thin plates 521,522, 544 

“ “ (Ford). . . 1123 

“ “ forming plates.637 

• “ freosing points of solution. . 531,534,556,561 

" “ * to prevent, keep charge<I. . 534,561 

“ “ frozen, causes and remedy of 558,531,534,561 

“ “ gassing, meaning of. 629,572 

“ “ general description. 621 

‘ “ generates only direct current. 638,539 

• “ glossary of.629 

■ “ gravity, meaning of. 629,530 

• * grid, meaning and purpose of. 529,537 

• “ grounding of, which terminal.325 

■ * high amperage discharge test. .. .652-555, 534 

“ * * tester how to make. . 554,655 

• • ■ gravity, causes and remedy.668 

• • • rate-discharge teat. 552-655, 534 

• » « temperature, effect of.672 

• * how to determine voltage.522 

• “ .i •* aj^ve current. 663 

• “ *» •* tell if it has been repaired. . . 524,642 

" “ hurrying a battery charge. 675 

• • hydrometer, ball type.533 

• * “ syringe, purpose of 

529,530,531,1041 

" "if circuit is open to generator. 428,430 

• " “ electrolyte becomes frozen.534 

“ " . “ received dry or wet.676 

“ “ importance of keeping fully charged. 539,540 

* indications when requires bench charge. . 573 

“ in service, locating troubles of.562 

* internal action, charging, discharging 539-542 

• * * construction of.537 

• “ a “ reeistance high, causes.569 

• • *■ • of. 642,635 

“ " • • short circuits. 544 

• " • ■ • • due to 544, 658 

“ ^ • troubles of.642 

“ * ionic principle of.640 

• ” jar compound craoked nausea leaks.685 

• • “ craoked, indications. 685,559,557 

• * kind of current to use for charging.664 

" “ « « paste used on plates.687 

• • ■ ■ water to use.662 

“ * lack of capacity, indications of ... 688,658 

" “ lead burning, methods of... 629,581,682,583 

! * engine).1160 

life of, average.644 

“ * local action of, indications.657 
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Storage battery low-amperage diaoharge test; purpose... . 5W 

- • • gravity in all cells; hydrometer teat.. 559 

• * • « • one cell: hydrometer test.. 659 

‘ “ • temperature, efleot of. 572 

• “ ■ volt^e when on disoharge; cause. .. 658 

lugs, straps, connectors, purpose of.528 

“ * make of, on passenger oars. 1055,10(>4 

• “ makes of. 4U 

• “ maximum gravity, moaning of.529 

“ • mixing electrolyte. 534,535 

• • moulds for battery parts.583 

• * needs recharging, now to toll. .. 553,503,572 

• “ negative plat^ harden; cause. 5.58 

• • • • when to renew. 687 

• * never completely discharge.54.5 

• “ new; instructions for putting in service. . 577 

• • ‘ putting into service . 576 

• • not holding charge'indications.556 

• • only direct current will charge.179 

• “ overcharge and over-discharge. . 672, 5.58,559 

• * overhauling of.584 

• • overheating of, causes and remedy. . 5.59, 543 

" * overloml, meaning of.325 

• • parts of.521-524, 620-5.30, 637-542, 590 

• ** “ “ (Exide as an example).526 

• ** ■ * where to obtain. 58.5 

• " periodic charge of .578 

• “ plate burning rack.581 

• “ “ Favire and Plante type. 537 

“ “ “ sulphated, meaning of 643,657,559.575 

“ “ “ what mode of.537 

• “ plates buckled, cause and remedy.. . . 54,3 

• “ “ “ meaning, cause.. 629,543,5.5.8 

" “ “ meaning and purpose of. 630,537 

" " “ negiilive, positive, to tell. 627,545 

“ " “ positive, brown; negative, gray 178,537 

“ “ • straightening. 588 

“ “ • sulphated, charging of . 575,657 

“ “ pointers.559 

“ “ p<ilarity; how to find. 500,54.5 

• “ “ meaning of.. . 530 

“ “ “ of charging winv), how to find. . . 504 

“ “ principle and action internally. 539,672 

“ “ purpost^ of charging. 572, 541 

• “ tiuo.sUon.s, answers (0, i 2-volt connections) 678 

“ “ rates for charging (Exide). 573,575 

“ “ rating, meaning of . 522 

“ * reassembling (Exi.le). 688 

“ “ recharging after repairing.590 

“ “ recui^rutivo power of. 545 

“ “ relation to starting motor. 325 

• removing covers from battery cell. 587 

“ * “ elements from cell. 587 

“ “ “ jars from batt.ery case. 587 

“ " • lead conne<’tor3. 586 

“ ‘ repair devices, miscellaneous.583 

“ “ “ information, miscellaneous.584 

“ “ * shop. 580 

“ * repairing. 586 

• “ “ in.strurnents, parts for. 581 

“ * repairs, prices to charge. 58.5 

“ “ replacing cells in ca.se.589 

“ “ ** covers . 588 

“ “ • elements in jars.5.89,588 

“ • re.si.stor for discharging, how to make..., 547 

“ • S A E. standard sizes of. 524 

" “ sealing compound, applying. 589 

“ “ “ the cells.589 

“ ■ sediment, how to clean.5.88 

“ " • meaning and cause of.53U, .54.3 

“ “ separators clogged, cause and remtsjy.... 588 

" “ “ how treated and stored. 514 

“ “ “ inserting between plates.588 

• * " meaning, purpose of 

530, 538, .543,544 

• • “ purpose, kinds of. 543,544 

“ • “ rotteil, cause and renusly. 55.8 

■ • “ troubles, remedies of.558 

• “ • when to renew.587,588 

• * series charging method. 564,572 

• • service kit.584 

“ “ shipped bone dry or unfilled (usually) . . . 576 

“ * shipping..683 

• “ shop, equipment for. 581 

“ • « layout for. 580 

• • 6, 12, 16, 18-volts. 524 

• “ softening compound of..583,587 

• • solution freezes, cause, remedy ..... 531,534 

• • * if spilled in shipment.676 

• • “ using over again. 688 

• “ specific gravity at end of charge.575 

• • mu Moped). 669,536 

• ■ • • meaning of.629,630 

• * • • too low to re^d.669 

• • standard temperature of solution.632 

• * starvation, meaning and cause of.530,572 

- • steamer. 683,584 

• " storage of (dry or wet) . 677 

• * strength of electrolyte to use. 634, 689 

• * sulphated, meaning and cause of. 530,557,542 

• * Bulphation and low gravity, test for.559 

• • “of nlates, bow reduced.. .. 6^ 


Storage battery sulphation of plates indications, cause,.. 657 

• “ supplies, where to obtain.534, 686 

• * syphon, how used and made. 684 

■ " temperature corrections. 632 

“ • * 0 ! solution (oleotrulyte).... 632 

" • “ rises, does nut gas freely.... 675 

• ■ terminals corroded. CDise and remedy ... 658 

• * “ oorrod^, loose, effect of. 430 

■ • • positive is dark color. 664 

“ “ • treatment of . 658, 6(K), 428 

“ “ *• usually marked (+) and ( — )... . 564 

• * teat clips.683 

• " test: vfUtmetcr and siH'cific gravity . 647 

• • lest ing. 448,470,477,631, 645-66» 

• “ “ after charging (outgoinjg).553 

" " “ Indore charging (inoonuiig).653 

• “ ■ with voltnietor.545,540,547 

“ *■ the electricity is not Htortnl.639 

“ • thermometer, purpose of. 533 

• “ 3, 0, 8, 9-r,ill. 524 

• “ troubles 

448. 5,'.2, 542. 556, 560, 502, 663, 330, 462P 

• “ troubles clasaifit'd {3 headingH).556 

“ Uiommoii) simple teats for.543 

“ “ • iVternuneilbynii^h discharge test 553 

“ “ ■ external, digest 01 .566 

• “ ■ internal, digest of.557 

• “ “ locating wim hydrometer. 669 

“ *■ " (usual).586 

“ • “ when diagnoHitig, divide in parts 448 

• • types of. 521,178 

** * unseiiiiiig cells. 5s6 

• * \i!n‘<l in (nmuection with a generator.334 

“ “ vent find tilting plug (Exido).528 

• “ voltage, charging method.579 

• “ “ drop of . 542 

“ • “ drops after charging, cause.556 

“ “ ' “ when oin'rutiiig starter... . 522 

“ • " how to tell. 325,432 

• “ “ not ile[>endeiit on plate size.622 

“ “ “ of a charged or diHcharged cell.. . 542 

• • volts apjdied to. 521 

• • water treatment for sulphated cells. 590 

• • wet storage of. 677 

“ « « type, moaning . 521,528,529 

“ • wliat to (Jo when received new.576 

• * when ne«‘ds recharging ..503,572 

• “ “ repairs arcs necesHary. 580 

• * “ to increiue cliarging rate. 663 

• « « «. 503 

“ “ “ “ take apart. 586 

• “ “ “ use ('Icctrolyto. 534,689 

• * why dis(!hargc8 mpidljr .. 563 

• « - ihhMs more charging in wintor.. 563, 666 

“ « « number of plaU^s to coll.537 

“ HU list'd for starting motor. 331 

“ “ work, e(itjipm(*nt for. 580 

“ “ " to(>U and spare parts for.680,581 

“ of automobile, prices usually charged.669 

• * batteries, dry and wet Mietliod.577 

• “ cars; amount of space to allow.666 

" “gasoline.672 

Storing crankshafts. 793 

Stove-bolt threads, table of. 709 

“ bolts, illustration and threads of. 700,709 

Straight beam of light rays, meaning of. ...436 

“ eight crankshafts. 45 

" • cylinder engine, meaning of.45,83 

" flute reamer, illustration of. 714 

“ line drive. 24 

• sluink drills wh(;re used. 696,711,712 

* “ flute drill, illustration of. 712 

“ side bead tire, popular type. 595 

" “ one-piece dernountabl© split rim. 698 

“ • rims, Hido-riiig tytje. 697 

“ “ “ split type. 598 

“ tooth spur gear not now generally used. 52 

Btraightening bent frames. 726 

" bodies .728 

" dents in buinrsirs. 720 

• « • gasoline tank.738 

*■ fenders, tools and pointers for . 727, 728 

“ plates for battery.588 

“ press for shafts, etc. 792 

“ slightly bent crankshaft^.793 

* warped ca.s©-hardoned pieces.728 

Strainer or cleaner for carburetor. 143 

Btraiuiug gasoline. 110 

Streamline body, meaning of.1024 

“ effect, racing car.1024 

Stress, meaning of. 1078,^3,16 

Street elbows for pipe fittings. 080 

“ traffic and parking regulations.081 

Strength of magnetic field depends upon. 184 

Stripped nut will not grip.716 

Stroke and bore engines, passenger oars. 1058 

• • • meaning of. 48,0.3,76.1074,1078 

Stromberg carburetor float height. 123 

“ size of openings.100 

“ carburetors (“L,'* OS”), adjust¬ 
ment . 132'>130 

* saodel *‘H” carburetor, adiiistmeut of. 120 
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GENERAL INDEX 


Stuck in the mud. 656^^18 

Stud bolt, illuatration of. VDu 

“ when broken, how to remove. 710 

“ “ tight, how to remove . 710 

Studebakef automobile (Light-Six) . xi 

“ brake adjuatmenta (Light-Six). SSO 

“ carburetor adjuatment (Big-Six). 18 k 

- - \ . (Light-Six) . 181,18.} 

" clutch and tranamiaaion (Light-Six), ... K5o 

“ “ brake (aeries "20”) . .842 

“ electric ayatem, former methotl of driving . . 337 

“ electrical circuitH (model "EM”) 416 

“ engme. eam-.shaft drive (model "Ed”). 51 

“ front end drive system . . . . . 337 

• gear shift and control (model "EJ"). 630 

" headlamp adjustment. 435 

“ igniti»)n system (Light-Six). 301,302 

“ » » u. u rncthod of driving . 211 

- “ timing. 211, 212, 301, 1053 

^ main gasoline tank and gauge . Ill 

“ rear axle adjustments (Light-Six).875 

“ Uemy ignition (Light-Six). 211 

“ spark-plug, size of. 236 

• steering gear, adjusting.000 

“ timing the spark of (Light-Six) . 301 

“ transmission gear shift .20, 

“ valve-clearnnce adju.stment . 5'', 1053 

" valve-timing specifications. 1052-1054 

“ wat(‘r thermostat . 140 

Studs and nuts, locking of. 716 

“ meaning of.107.S 

“ taper pins, ami set screws . 706 

Study of mechanical construction of a car. 1066 

Stut* double ignition distributor.220 

“ electrical circuits (senes "K”). 416 

• “ engine, a dual-valve engine. 54,417 

* * location of spark plugs. 233 

“ generator (Hemy).416 

“ hot-water heated intake manifold. 107 

“ ignition (Delco). 416 

* “ distributor. 216,220,221 

* (series "K”) wiring diagram.417 

Sub-frame. 1 

Submerged motor-geiu'rator, effect and how to tlry out . 407 

“ oil pump, meaning of.160 

Substance, meaning of .1078 

Sviccession of sparks . 106 

Suction, meaning of. 1078 

“ or inlet stroke, meaning of. 32 

Sulphate, meaning of.537 

Sulphated batteries, charging and discharging of . 575 

“ battery, meaning and cause of 530,5.57,542 

• plate, moaning, cause, remedy .. 513,557,550,575 

3ulphation and low gravity, meaning of . . . . 550 

• of battery, indications, ouu.ho ami remedy 557 

Sulphuric acid, meaning of.530 

Sunbeam car. 1064 

Sunbeam engine carburetor (Claudel). 143 

Super-charging engine, meaning of. 1078 

Supplies and fixtures for a garage. 670 

• " parts for stock room. 670,680,681,682 

“ automobile jobbers. . <187 

“ for batteries, where to obtain. 585 

“ * cleaning a car.045 

“ * electric department.680 

•• parts, and instruments for storage battery 

work. 5S1 

Surface of a ball, how to find. 1048 

Sweating or soldering, meaning of . 473,720,736 

Switchboard conm'ction for charging batter.\'.571 

S\iitch, Bosch dual magneto ignition 268 

■ combination (Delco) description ()f ... 400, 400,429 

“ electric, purpose of 176 

" electromagnetic, principle of . . .... 322 

■ Forti electric system. 1122 

“ ignition lighting. 334, 3;<2, 409, 426,429,406 

• " on (Liberty engine) ... ... 1149 

' “ thermostat. 198,199,419 

• of magneto, higli tension. 202 

■ pole changing, circuits of. 423 

• * “ type. 210,203 

• * ‘ why used: due to silver points. . . . 352 

Switches for starting motors, 

tyjiesof. 325,321-324.369,383,395,405 

* ignition, lighting, starting, touring. 429 

* resistance dimming.439, 426, 300 

Sylphon becomes inonerative. 149 

* how to install. 149 

“ of water thermostat. 149,150 

Symbols, degrees, minutes, seconds, feet, inches. 60, 704,1050 

“ electrical...... 412 

Synchronization, meaning of.1078 

Synchronize, meaning of.1078 

Synchronizing distributor with armature of magneto.300 

* interrupter (Delco), devices for. 221 

* two sets of interrupter points (Delco).221 

Synchronous, meaning of.1078,195 

* system of ignition, meaning of. 195 

" type rectifier. 669 

Syphon, meaning of. 154 

* principle of, and how to make. 584 

* tank of radiator. 148 


T-hea<i cylinder engine: timing the valves.66,60 

" engine cam shafts 60 

“ gasoline engine. 30 

'1'section, meaning of. .... 747 

Table, brake-lining siiU‘8 ... .1055,893,895 

" capncitv of cylindrical tanks. . lO.W 

“ clutch adjuatment distances (Borg & Beck). .848,849 

" comparison of Baume and specific gravity scale .. 633 

“ cylinder bore and stiokc: millimeters to inches, . .1049 

“ decimal equivalent fractional part of inch .1048 

“ “ equivalents .702 

“ engine revolutions to tire.1050 

“ exhaust-pipe dimensions.1051 

" Exide battery capacities. 623 

“ “ bench charge. . 673 

“ firing order of engines . . 1052,70,78,81,84,85,87 

“ four-cylinder engine firing orders. 78 

“ how to comp ite degrees on flywheel . 08 

" hundredths of an inch to sixty-fourths . 68 

" initial and repair ohaigcs of Exide batteries.577 

“ kilometers and miles per hour .1049 

“ melting points of various metals .1048 

" iiu-tne system ...1048, 1049 

* miles and kilometers. 1049 

* millimeters to inches.1049 

“ non-freezing solutions. . 154 

“ piston clearances.8.18-811,810 

“ " displacement . .... 1047 

“ rate of charge when charging 1 to 11 battc'nes . . 567 

“ readings of cadmium test of l>attery . 651 

" H A.E. horsepower 1042 

“ service car btaly dimensions .677 

" setting magneto in d(‘Ricc.s 299 

“ specific gravity variation v^illi temperature. 633 

“ tenths of inilhnn*ters .1049 

" time per mile in miles per hour . 1049 

“ valve timing, valve clearance . 1052 

" welding and assembling. 674 

Tables, miHcellaneous , ... .1048, 10.")2 

'I'uchometer drive (Lib<*rty engine).1146 

“ on electrical t< Ht stand, purpose of .... 508 
Tail light ami instrument lamp: eaiulle power connections 431 

" “ light in serie.s, etTect of .392 

Taking-up backlash in differential gears ('rimkeii) .. .. 867 
'* “ looseiu'SH in bearings on diive-pinion shaft. 867 

“ “ on bcai mgs of engine . 42,783 

Tandem flywhe<‘ls, meaning of (see alsop. 80.>) .1078 

Tangential bi ush, meaning of .3.59 

Tank for adjusting and testing carburetors.122, 12.3 

“ gasoline and gauge .Ill,6.50,462H 

“ “ capacity of, how to compute. 10.50 

“ " draining of 110 

“ “ if air-vent hole 18 clogged.110 

“ " leak . 110 

" upper and lower, of radiator.146,148 

Tanks, capacity of, how to compute .1050 

'I'ap and die sets for automobile work. 699 

" " drill gauge.705 

" " “ set L)r average small work . 695 

“ “ “ size for pipe threads . 709 

“ " « a u ^ threads. 709 

“ “ “ sizes for U.8 S threads . 708 

“ for cutting S.A.E. spark-plug threads. 697 

“ how to cut oversize. 711 

" sizes.. .711 

Tape, for taping insiile of generators, etc.473 

" friction: do not use on high-tension w ires.427 

“ linen and shellac, best for eleetijeui work.427 

Talker file, illustration and purpose of . 717 

“ pin, illustration of.706 

" ping require taper pin reamers.700 

“ reamer tor finishing, illustration of. 714 

“ shank drills, where u.sed . 712 

" “ reamer, illustration of. 712 

•• tap, purpose of.710 

Tappet, meaning of.1078 

Tappets or valve-lifters, where fitted to engine. 37 

Taps and dies for cutting threads on pipes. 700 

“ purpose of. .709 

" " “ use lard oil when cutting. 711 

* • drills; sizes for S A E. and U.S.S. threads.697 

“ for screw threads, kinds of. 710 

“ “ sparkplugs. 711 

* how markf^. 710 

* ** to use. 711 

■ purpose of.567,708 

« U S.S. and S.A.E. 710 

Taxicab, construction of. 979 

" rates. 980 

Taximeter, description of.979,980 

• how to read...979,980 

TC-1-4, meaning of. 60 

Tees, unions, check valves, elbows, etc.080.681 

Temperature corrections of battery, meaning, purpose of. 632 

“ indicator. 148 

• of battery when reading 8T>eririo gravity 631-533 

" • electrolyte not tq. exceed 110®F. 676 

* ” engine cylinders during the four strokes.. 165 

* * oxy-aoetylene welding flame.743 

" * water in engine cylinder jaekete. 149 
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Temperature of water of engine to maintain. i;V2 

regulation of engine-eoohng system 149.150, 650 

regulator for carburetion . 1(H> 

“ • carburetor (Zenith) . 

“ of carburetor, adjustable.lOG 

rises m cells, yet does not gas freely. , . 675 

Tempering tlifTers from hardening.724 

■ meaning of. 724 

Temporary spring repairs. 1010 

on, meaning of. ISii. 1()7S 

for touring and how to locate it .65C. 059, GGO 

nals ( f) and (—), meaning of. 17G 

for wires: Bolder them .240 

of cut-out, how to toll .606 

bench, electrical, how to make 475 

" (N.E,), for testing icMitmn fiystt'/n . 227,228 

board, electrieal. . . 22S. 2:t2, 47t>, 477 

“ “ home-made. . . , 231 

“ " (N..ith 476 

clips for electrieal tc'^fs. ... oS:i, 4G1, 520 

for eau.se of lamps burning out ofii n . 481 

lamp for adjusting coutact-bicaker (nixlgc-.V t', ).t7).a72 
“ “ electrn al te'^ts, eon.^'t . . 4(i3, 4G1, 4Sd, 5UI, 500 

ignition timing (('-ulillac “‘. r’ ami “55”) 72.2 

timing ignitnui 301,404, 221,372 


Tensi* 
Tent 
Terra i 


Test 


rei 


“ portable . 

light H)r testing lighting eircmt.s 

“ how to make . . .wl,4b^,4»i4 

points and cables for eadmium te^^ts ., 

“ “ lights for electrical b'.'.ta 4<i3,40». 18'' 

* uses of. . 

rack for .irmatnic; liow to conaf met. 

stand for electi ical work, homi*-mude. 

der for air piessure of tire . 

“ carburetor float, valve . 

“ electrical eiremts; vai lous de\ ices. 


. 1018 
4St 
. 501.509 
.518 
,501.5t)9 
. 509 
476 
475.477 
626 
1039.12.1 
4(; {, 464 
1037 
1035 
1035 
10 <9. 230 
2.39 
2.10, 2.32 
. 231 


“ emruK* eompre'.^ioii.. . 

“ finding lii ing order. . 

“ “ stroke of piston. 

“ ignition. . 

" “ (.\irro) . . ... 

" “ eoil, liome-mado, 

" lump bulbs, spatk plugs, Cwils and fuM s 
“ mugiK to armatures, hoiMc-made . . . 315 

“ " (Ford). 1117 

“ “ home-made . . 315 

* timing. 10,15 

“ vibrator t> pe cods . 22.1 

ng adjusting, ignition. ... KiJB 1620, 222, 2.19 

air gap (Ford magneto). 1117 

“ pressure of inner tube. 596,613 

alignment of fsheels .90.) 

ammeter (da.sh) accuracy of . . . 471 

armature., 155,471,492,495,499. 512,517 

" field coda; niiUivult eomparutive te.st . 4ti7 

• fur grounds, etc. (.N 10 ). 37tv,377 

• “ « with meter.498.489,514 

• “ test lamp, .. . 497, .501,51.> 

• “ open circuits with meter.498,487,514 

• “ “ - « test lamp.614 

" ** short circuits with growler. 500 

“ « - « meter 498.516,488 

" “ various troubles. 496,498,499 

" windings (magneto). .31.1,316 

• with a growler. 199, .500, ,501 

automobile (second hand). 641 

battery after charging, ready for service.., .5.53 

" cell discharged (cadiniuni)..548, 5 19, .5.50 

" “ for Voltage, current flowing. , . . 516 

" " oil charge (cadmium).547, .519. .5.51 

“ cells on high di.seharge. .5.54 

" ** while discha.'-ging.550,517 

" coining in for charging or repairs. .5.5.3 

“ electrolyte 530-531, 517, 553, 5.59, ,562, ,575, 590 

* for voltage drop (starting switch closed). 470 

“ high-amperage di.scharge. .551,555 

“ hyilrometer principle . 5.31 

" if starting motor fails.478 

* individual cells of (with voltmeter).546 

" on open circuit with voltmetei.50> 

to see if it needs recharging. . . .. .503, .5.53 

■ voltage and sr)ocilic gravity of solution... 547 
" “ of, when discharging .470 

* with eadmium voltmeter.547-5.52 

* " hydrometer, pointers on.6.31 

* “ * to locate troubles. 6.59 

" “ voltmeter.545 

bench for electrical systems. 47.5, .507,477 

- - ignition (N.E.). 227,228 

board for electriral tests (N.E.). . . 476,228 

brake action. . 887,888 

“ for equalization.888 

brush-holders w ith a meter for gt ounds.489 

brush rigging for grounds 51.5 

brushes . 49.3,408 

for open circuit (N.E ). . 370 

car (Wasson motor check). 641 

carburetor (see also “Diagnosing”) 

“ adjustment in general.119,117,120 

• dripping. 122 

* float height. 123 

.122 


Testing carburetor mixture...117 

* tools rtKiuired. 123 

circuit-breaker (Doleo) .392 

clutch, if slipping. 838,839 

commutator, for grounds. 489, 491,407,614-616 

* dirty or rough, with voltmeter . . 493 

* for aliort-cirouits. 491,407,608,614,516 

compres‘«ion of engine. 766,779 

onnneeting-rod bearing after adju.sting. .. .^.790 

* * for alignment.803 

■ "if loose.799 

“ • lower bearings.790 

contact breaker (see "Ignition contaot-braakatT**) 

crank pm of engine crankshaft.793 

cranksliaft and nearing caps. 787,786 

‘ “ for a bent place. ..... .793 

“ * oil passages when iustalliiig new.804 

current flow.452 

cut out adjust inents.604,50.5 

• “ and i..enerator charging circuit.470 

“ “ cut III and cut-out speeds of. 505 

- • (l)vU'o).410 

- * (eiectrical) 501. 50.5,519,409.410,373.850,351 

• * finding terimnaja. .506 

• " Inr opc.i cireiiit (N F ).373 

“ “ ■* opening and closing. 3.51,372,410,490, .510 

• " " short oireuit between wimlings.373 

“ • • (oontaet.i to frame).373 

** “ • terminals. 50tl 

- * (Foul). 506,619,630.1122 

“ ** internal pai t.s of. 470,619,,520 

“ ** on oar and on bench.479 

** “ windings. 605, .506 

- - - (Dodge N.E.). 372,373 

“ ‘with an ammeter.471 

cylinder for water leak.768 

** to see if out of round.814 

data for motor and goniTiitor. 489,400 

• “ N E. Dodge ignition .228 

devices, eleetrieal. 46.3,221,223,2.30,231,315 

“ (elcolrical) ammeter and voltmeter,. 463,464 

" “ visible, audible . 403,464 

dilTerentinl gears for adjustment. . 881.874 

dilution of oil (engine). 1075, 104, 166, 167 

electrical (see also “Diagnosing”) 

“ eucuiUi, devices fnr .463 

“ “ with ammeter . 470,471 

- • * voltmeter.469 

* sy.stem: ammeter imlieations. 453,471 

* “ divide into parts. 418,478,482 

- “ (Fnnl). 50.3,607,520,1122 

" “ of a car. 478,456 

** " - M - with a voltmeter . 469,470, 

476,487,488, 491,498, 374 

“ “ • u m jj,, .... 471 

* “ on bench on car. 476,479 

“ “ parts of, mr t hods for.482 

engine (see also "Diagnosing”) 

“ after burmng-in l)(>arings . . 788,789 

“ and car before overhauling .. 66.3-664, 641, 757 
“ bearings after fitting . 7s.l, 7H4, 786, 806, 946 

“ “ Prussian blue . . . 94.5 

“ compression. ... 7tJ0,768,777 

“ “ (Packard 'rwiii-Six). 86 

" • to see if w ill rock. 121 

“ “ with gauge.767 

“ crankshafts.793 

“ for a loose bearing .793 

“ “ bearing kimeks . 778,779 

“ * ci>imer,ting-rod Iwaring knock . 778,796 

- “ - “ kn(H;k.s . 790,778 

- “ knocks. 777,778,1108 

“ “ “ with air pump.779 

- - leaks.768 

• " mam liearing knock. 778 

“ * noisy cam shaft.778 

" * “ timing gears. ..778 

- •* • valves. 777,775 

* “ piston-pin knocks. 777-796 

“ “ “ ring troubles. 828 

- • * slap. 779,778 

“ “ pistons, loose. 778 

* “ position of piston.307 

“ * wrist-i)in knocks. 777 

• fuel system. 1011,4621,113-115 

** lubricating oil. Ili5,166, 1075 

* main bearings after scraping.786 

• under power after burnmg-in bearings.... 788 

equipment, electrical. 507 

field coiU. . 376,377 

“ * Viy sending current through them.516 

“ “ for grounds. 615,486,491 

“ • “ “ with a meter.480 

“ • • open circuit (N.E.). 

■ • • reversed connection. 

• ■ • short circuit (shunt to series).377 

• • « •• “ wit h a meter.4^ 

• * with test lamp (T>el(;o).502 

“ (motor) for open circuit (with meter).., 4S6,4^ 
“ windings with a meter.601, 

flywheel for looseness. 

fivot ajUf for alignment. 
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Teitins front wheel-bearing adjiuimcnt (truck).053 

“ • • bearings for loosenese.905 

■ fuel system. 1041, 113-115, 4621 

• fuel-fewl system. 4621,114,116,1041 

• fuse. 430,231 

• gasoline, gravity of. 103 

• generator (see also * * Diagnosing ") 

• “V battery test of fields.490 

• * ■ * current in shunt-field winding. 491 

• " • driving it, methods of. 476,477,490,609 

• « « examining commutator.480 

• * • motoring it. 479,490,491.609 

• • belt slipping.408 

■ • charging rate on car (Dodge N.K.) 374,375 

“ • commutator for grounds. 615,486,491 

• “ commutators.491 

• • conditions which necessitate tests.479 

• ■ cut-out circuit. 4620 

• •* external circuits with meter. 469,470 

“ “ field windings.W)l,502,513 

• “ ^Ids for polarity. 503,504 

• • for electrical troubles. 455,513,514 

“ • « mechanical troubles 512,455 

• • • open circuits (with teat-points) 513,514 

• « - troubles.457 

- - (Ford).1123 

• • internal circuits with meter.. . 501,514,486 

■ - • parts of. 475,513,486 

■ * on bench, procedure of. 479,480 

■ • « 479 

• - outfit for... 475,508,463 

• * per data in service manuala.490 

• “ terminal for ground... 615 

■ “ three methods. 490 

• “ voltage of. 469 

• gravity of battery.531 

• “ • gasoline. 103 

" " non-freciing solution. 154,1041 

■ horn, electric. ..443-445,451,453,485 

• if current is flowing in a wire. 452, 239 

■ ignition advance.305 

• “ circuit from coil to switch . . . 220,462B 

• * circuits and parts. 201,402B-462G 

• • coil. 223,228-232,220,227,286,290 

• “ coil by color of spark... 231,286 

• urn device for. 230 

• • • (Ford).. 223 

• • - (N.E.-Dodge).226 

• • • primary winding 

^ 223,227.230.231,232,4628 

• 41 « secondary winding (N.K ). 220 

■ 41 • (sparks per minut^.229 

■ 41 44 device for (Ford). 223 

■ 41 41 uaed with low-tension magneto.310 

■ 41 41 vibrator, see if vibrator buzzes.223 

■ • coils and condenser, outfit for. . 227, 228, 230 

■ 41 4 . higii-tension vibrator. 222 

• - - (Remy). 200,232 

- ■ condenser. 227,230,231,31.5,200 

■ * * capacity of.229 

• • - (Deloo). 229,230,231 

- ■ • (methods). 230,231,227,315 

• ■ • ^ magneto.314 

• - - (Remy). 210,229 

• ■ with a voltmeter.485 

• * contact-breaker for ground. 227 

• ■ * - « open circuit.227 

• ■ « n 41 circuit.227 

“ • “ points...... 224,225 

• • (Dodge N.E.). 227,371 

- - for missing. 206,238,239 

• « • • find speed when misses.224 

■ * * • open cylinder relief cock.239 

• « • 41 with vibrators on coil.224 

• ■ if magneto is cause of trouble.310 

^ * • interrupter (Dodge N.E.).227 

• “ points opening, closing (Dodge N.E.)... . 371 

■ • resistance unit. 229,230,231 

• • spark at spark-plug terminal. 225,238 

• • with Airco tester.239 

• * switch. 202 

• • system. 462B, 462C 

• a M (Atwater Rent).206 

• “ timing with test lamps.... 301,221,371,723 

• ** vibrator coil, tester for. 223 

• *• with Neon gas. 239 

' Inlet manifold for air leaks. 110 

• inner tube for slow leak or puncture.613 

• “ • valve for a leak.613 

• • • vulcanised repair. 616 

• instrument circuits for test bench.475 

• interrupter platinum points with acid.314 

• lamp amustments.439 

• “ bulbs. 223,231 

• * for oheoking ignition timing. 301,371,723 

“ level of electrolyte in a cell.562 

• lighti iig circuit with test light.483 

• * horn, ignition circuits with meter.485 

• • system.485 

“ magnet for p<^arity with a compass. 179 

• magneto... 308—316 

• aPDaratus for... 314,315 


Testing magneto armature, primary winding.313,315 

“ “ “ secondary winding. 314 

“ “ (Berling as an example). 313 

“ “ coils for grounds (Ford).1115 

■ " ronden.scr.314,315 

“ “ (^Dixie).316 

“ “ driving methods. 314,315 

“ • for troubles.310 

“ - (Ford). 1114,1117 

“ “ interrupter.314 

“ “ magnets.811 

“ " on engine. 310 

* magnets, if need recharging.311 

“ motor-generator armatures with test lamp.497 

“ “ “ (Dodge N.E). 376,377 

“ * “ held with test-light (Deleo). . .. 502 

* “ “ windings with test points (N.K ) 376 

“ iiou-freczing solution. 154, 15.8,1041 

“ oil How of engine (Dodge). 164 

“ - « luhrirution system.938 

“ “ level (Ford engine).1084 

* “ pipes and passages, engine lubrication... . 16.5,804 

“ “ simnlo method of. 106 

“ outfit, home-made, for electrical tests. 476,477 

“ piston. 814 

“ “ and coiinerting-rod for alignment. 802,803 

“ “ clearance. 810,811,1105 

“ “ forlcak.s. 813,829 

“ “ in cylinder for high spots. 813 

“ “ ring.828 

“ « - fitting to cylinder. 830 

“ “ rings and cylinder for leaks. 828,769 

“ M - « valves for leaks. 769 

" “ “ to fit i)istoti grooves.831 

“ platinum contact points. 224,225 

“ “ m)intH of magneto interrupter.314 

“ polarity of l)attery, generator lead wiro. 628 

“ - a poles with a compass.503 

“ radiator for leaks .. 151,730,737 

" “ submerged in water, with air pressure. .. 737 

“ rear axle after adjusting mesh of gears.874 

“ - “ jrive systiuii for play (Fonl).1096 

“ « « “ . “ “ wear (Ford).1090 

“ “ wheel bearings for jilay.905 

“ regulator points (iherce Arrow-Dclco) .404 

“ resistanee units. 198,229,231,217 

“ second-hand automobile .642 

“ “ car, engine, ami transnus,si{)n of... . 641 

* ahafts for concentricity.792 

“ spark plug .... 223, 331,236, 237, 2.38, 239, 309,462B 

“ » « for leak arouml porcelain .. . . 235,239 

* « « a electrical leak. 235,239 

* “ “ i{ earbumzeil .239 

* “ “ poreolaiii. 233 

“ • * valve cap, reln f cock for leaks.768 

“ « t 4 with spe(M.d device. 223,239,231 

“ “ plugs, lamp bulbs, (dc.. . 231 

“ • “ “ “ . “ outfit fi.r.. 223,231,232 

“ • s on "V* engines; tost blocks separately 239 

“ “ “ to find which misses. 238 

“ stands, electrical. 475,507 

“ starting motor. 330,450,478,486 

“ “ “ amjieragp required.471 

“ “ “ brush rigging for grounds.519 

* « « circuit. 462P 

* - •* commutator, armature for grounds 519 

* - a external circuits with meter ... . 470 

“ - « field windings. 601,502,518 

“ y « (.i(.ctrical troubles. 456,518 

* y y y mcchanical troubles 455,517 

“ « « « short circuits and grounds. .. . 518 

“ " “ “ troubles. 457 

“ “ “ free running and torque test. 511,512 

‘ • « if fails to start. 470,471 

“ - « internal circuit with meter... 486,613 

‘ 1 ! !! “ parts of. 475,618 

on test-stand, parts for. 607 

“ - « (toripic or kick test).... 489,507, 511 

troubles, causes, and remedies. ... 478 

" " * when it fails to operate.487 

“ • « « « operates slowly. 487 

* “ Bw itch for open or short circuits.486 

“ steering gears for troubles. 902.903 

“ storage battery. 448,470,477, 631,545-559 

“ vacuum tank (Stewart).1041, 113-115 

“ storage bat. electrolyte 630-534, 547, 553, 559,662, 575 

* valve base for leak. q 13 

; : clearance ..... . 775, M,’ 69 

face, finish of, after grinding. 771,772 

* “ for leaks. 768,769 

seat after grinding. 772 

! u* •••••.' . 776,777 

wheel Iwsanngs for play.909 

“ . ! for trueness. 906,1085 

* winng for open or short circuits.486 

“ “ system for a broken wire.484 

“ * • grounds.464 

* “ • of a car with tost lamp.484 

“ wobbly wheels. 903,907 

* worm drive for endplay. ^.M.C.). !!... ’ 919 

Tetra-ethyMead, use of.IO 33 

Thawing out a froien radiator. 163.156. 514.7411 
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rWmal efficiency, meaning of.1078 

* meaning of. 199 

• unit for generator regulation. 356,357 

Thermo, meaning of.. 15^1 

* syphon water circulation, example of . 155 

• " * * for cooling engine. 145,155 

Thermoid Hardy universal joint.24, S61 

Thermometer for storage-battery solution, purpose of 53:1 
Thermoetat control of generator.363,305,408 

“ « « • not a regulator.363 

• * * * . purpose of . 362,395 

• • • water circulation (engine) 149, 150,650 

• for regulating water temperature (Caililljic) . 150 

• • * “ (Packard). 150 

• • • • ■ (Stufle'b.). 149 

• ignition switch, purpose of.198,199 

• of generator buriuHl, indication.363 

• resistance protects held. 362,430,395,408 

■ sylphon. . 119 1.50 

■ troubles (gen.). 363, 395,430, 408 

Thermostatic control of carburetor (Cadillac “61' ) . 108,109 
Thickness gauge for testing piston cleuruncc .. .81J 

^ • purpose of. 703 

* “ to adjust valve clenraneo . 69,703,775 

Third brush, abbreviation of. 413 

adjusting357, 361-366,375,406-408.494,5(W, 510 
“ charging rato (DiKlge-N 1- ) . . 374,375 

adjustment (Dclco). 407,108 

adjustments (Rtuny) .3ti2,3f>3 

and armature reaction, relation of . . 359, 360 

effect of generator output (Delco) .391 

how regulates current to shunt firl 1 . 357,361 

in generator, adjustablo (Remy).36.3 

meaning of. ..1078 

not seating firmly, ciTcet of.470 

position on a four-pole generator.313 

principle explaine<l. 360, 3» > J, 408 

regulated generator (Bijur). .364 

“ “ circuit must not oi)en . . 362 

“ “ (cimstant current). . .. 362 

“ • (liagrain of. 357 

“ “ fuHo require<l in fi« Id . .. 430 

“ “ output, how increa.si'd. . 478 

• “ (Kerny).302 

“ “ with tliermostat. . . 362,395 

“ generators (Delco).399 

regulation (Delco motor generator).391 

“ (Ford gonciutor).516 

“ general explanation of. . 357,361,408 

“ an inherent method..347 

“ of generator output is use'd most 478 
“ ^''Siiiims Hull) motor- 

giuierator. 380,381 

setting (Ford generator) .... 1123,,^16 

smaller than mum hruslu s uml is bhu'k 3.V.l,360 

high gear, meaning of. 29 

Thousandth part of un inch, how expr« iM‘<l in 

fractions. 701,1018 

■ • • « « inoaiiing of. 701,702 

Thousandths part of an inch, tublo <»f decimals.1048 

Thread cutting, size taps, drills to u.sc (II S S., F.A F,)... 697 

“ standards.70.8 

Threads and sizes of spark plugs.235 

cutting male and female threads. 709 

different kinds of.707 

finer threads advantage over coarser threads. .. , 707 

for pipes, meaning of . 708 

how to use taps and ilic.s. 709-711 

illustrations of.707 

may also be cut on a lathe. 709 

meaning of.707 

most commonly used. 707 

of worm drive.950 

or pitch per inch, how to find.708 

pitch, angle and flats, meaning of. .708 

root diameter, basio uiameter, etc , meaning of. . 707 

used most: U, 8. S, and S. A. K... 7i)7 

Three-cylinder engine crankshaft. 45 

“ • * firing order. 77 

grades of alcohol. 153 

point suspension of an engine, meaning of.41,2 

quarter elliptic springs. 11 

“ floating rear axle, principle. .15, 16,863,808-870 

speed transmission. 26.27,28,29 

terminal ignition coil, meaning of.210 

unit electno system, meaning of.336 

wire system, diagram of.427 

Throttle and spark levers (Star car). 1071 

control of oil pressure. ... 163 

idling adjustinfE screw. 96,99,125 

lever idling adjustment. 96, 99, 125 

“ purpose of. . . . 193 

of carburetor never entirely dosed.96,99 

open just before stopping engine. 104 

rotary type, used on Ma^er carburetor. 143 

valve..... 31,33 

** lever on carburetor. 96 

“ where usually placed. 96 

valves for carburetor, types of. . 99 

wide open inoreases engine compression.312 

fhrottUng governor on stationary engine.1004 

• type governor for carburetor. 100.946 


Throw of crankshaft, meaning of. 44, lOTJ 

Throw's of crankshaft out of line. <98 

Thrust bearing, purpase of. .19,18 

Tickler on carburetor, purpose and meaning of. ...97,98 

Tight fit, loose, or free fit piston clearance, moaning. . . . 811 

* nut. removing. . 716 

• stud, removing. . 716 

Tighten hub cap.s....906 

Tightening engine bearings. 783 

• loose throtUe-controllover.716 

• nuts on cylinder heads. 716 

• spring#. 762 

Tillotson carburetor ail just inent. 136 

Tilting lamp brackets. 438 

* • reflectors, principle and diagrams. 435.436 

“ reflector used on Cadillac.436 

" reflectors used on Lexington, bfdlows type.435 

Time for the spark to occur . 291 

'Pime per mile in miles per hour, table.1049 

Timor (Cudillac-Dcl' o). 216 

*• meaning of.1078 

* more properly termed an interrupter, . 218 

** ^haft (Atwutor Kent ignition), how driven . 203 

Timing and adjusting ignition average.3U1, 306, 238 

“ “ ** (sec also *‘Adjusting’*) 

** cheeking ignition. 301,302,208,308 

gear adjusting; take up bai'kloMh. . .... 69 

gears and cam shaft end-thrust, taking up of. 798 

** (liiiiok-Six eiigi ie). 71 

“ liow causo knock. 777 

“ meaning of.52,1078 

** meriting of.72,73,300,796,939 

“ purpose of. 73 

" wfioro fitted to engine. 87 

• a .201,301,232,307,371.306.1061 

adjust contact poiuta first. 307,301 

(Atwater Kent).208 

(Autocar truck engine).924 

(Bosch bat. coil).2i)8, 332 

(BuickSu). 320 

by flywheel marks. 70, 421, 301' 303 

“ position of piston.70,943 

(Cnaillttc-Dclco)..218 

(Cadillac nuKlels “53’* and “55”) . 783 

cheeking of. 301,302,208,308 

(Chcvrdel).. , 201.303 

comprt*s»)ion stroke, how to find 70, 70, 307,043 

(Connecticut). lUH, 200, 201,232, 303 

(Delco).220, 221 232, 229, 307 

(Dodge-N.K.). 871 

(I)oit). 200.308 

(Kssex). 208,303 

(Ford) .1113 

(Franklin-Atwiiter Kent).424 

(C.M.C. tiuck engine). 017 

(llmlson). 208,391 

(Lexington Hcri(*s “8”). 303 

(Liberty engine).1151 

(Lincoln Delco).218 

magneto. 2W7 301,281 

inake-and-break. , , . 304 

methiHls. 301 -307, 201-212, 220, 233 

rniHcidlaneouH systems. 301 

(Mitchell “F”). 802 

(Moon-Dclco). 401 

motorcyclo engine. 1010 

(N K). 371,372,232 

(Overland “4.91,92”). 418 

(Packard Twm-six).1071 

pusseng* r curs.1051, 1064,1066 

(Pieree-Arrow and Stutz)_2Hh 220, 221,4M 

piston position. 70, 806 

purpoHO of. 301,391 

(Rcmy).208, 211,212, 228, 229, 332,302 

(Studebaker Light-Six).302, 311,212 

(Stutz-Delco).216, 220, 221 

vibrator coil, commutator system. 804 

(Westeott-lAdetj). 401 

(WcMinghouse). 207, 232 

(Willys Knight). 1069 

with advance lever. 301,307, 208, 220, 213 

“ ammeter. 391 

“ cam. 301 303,220,307 

“ test light. 301,371,221,732 

:ncto .291,206, 297, 298.300, 270, 281 

“ armature type... 274 

(Bosch dual). 299 

(Bosch independent type). 299 

(Bosch “NU4“). 266 

Bosch two-spark. 204 

by piston travel. 290 

degrees of. 299 

CHixie). 274 

“ motorcycle.1012 

^isemana dual system). 299 

CKisemami **04“). 270 

high-tension (K.W.).281,284 

low-tension mako-and-break ignition 304 

(Mea). 271 

(Ueniy model “III/’). 299 

(Splitdorf low-tension).8M 

within itself... 800 
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Timing marlu on engine flywhed.66,93,70 

^ eleeve-valve engines.69* 1069 

" tester.^.. .1035 

• valves (see **Valve timing'*) 

(Autocar truck engine).924 

by flywheel marks. 941,70,307 

1 • * piston position,... 70,1103,1104, 942,307 

** checking by piston travel.1103,70 

• • (Coniinental engines).. 67. 93, 94, 936, 937 

* (Continental truck engine).936 

* exhaust stroke, how to find. 70, 307 

* expressed in degrees, meaning of.69 70 

*• (Ford engine).1103,1104 

* iFordson tractor engine).993 

* (Harley Davidson engine)...1109 

If* inches of piston travel, meaning of. 70 

* motor cycle engines...... 1068 

* on multiple-cylinder engine. 65 

* ** passenger car engines . 1031-1054 

* • single-cylinder engine . 65 

m u *'L,”and“r'-headcyl.engines., 65,66 

(WiUys Knight).1069 

Timken axle shafts.807 

brake adjustment (cam type). 890 

* * (toggle type).889 

“ internal cam-actuated type.890 

* “ toggle type.890 

* 1922 series. 891 

brakes (truck rear axle), adjusting.957 

front axle steering knuckle a<ljusttnent (truck)... 953 

“ wheel roller Dearings, a<ljusting, cleaning... 907 

full-flouting rear axle.15,803,804,807 

oil seal (rear wheels and axle).. .883,010 

rear axle adjustments.804,805,910 

• “ • (truck type).954,955 

• • drive pinion adjustment.910 

“ “ gear and bearing adjustment ..800,807,910 

“ axles, fixed hub semi-floating ... 10,803,805,8ii6 

“ ‘ full-floating.15,803.804,806 

“ • (old types).806 

*• wheel bearings, adjusting and lubricating803,883 

“ wheels and hubs.8()3,804,883 

“ " with oil seals. 883,910 

roller bearing, parts of.808 

Bcini-floating rear axles...If), 805,800 

tuporcd-cone typo of roller bearing.808 

truck axles.952 

Finning a soldering iron or copper.719,220,730 

Fire, a primary shock absorber. 593, 12 

air compressor’ diameter, speed of pulley to urn*. 024 

“ “ for general garage use..i)23,624 

■ MM ygg Qji . .622 

• “ outfits.024,625 

“ • pointers on installing.624 

“ • power for garage use.0)24,625 

• • tank; siae to use.624 

• hose, air valves for garage use.620 

• “ couplings.620 

• pressure and maximum loud iM^r tire.*;.593 

airmane cord type.609 

ana rim demounting from wheel (O.D. side-ring type) 598 

assembly coiratruction. 608 

balloon type. 628 

bead, meaning of.591,008 

beads, types of... 595 

breaker strip, nieaning and purpose of.609 

capacity and inflation pressure (S.A.E.). 593 

oaroasB, meaning of.608 

care of.611 

chafing strip, iiieaning and purpose of. 609 

chain adjusters. 593 

chains. 592 

changing in repair shop, tools necessary. .607 

• truck wheels from solid to pneumatic. 628 

clincher flexible bead fitted to (J.D. rim.595 

** hard bead and flexible bead.595 

cord type, construction.609 

■ wheel load and pressure for trucks.593 

creeps on rim, or slips; damages valve stem.595 

cushion, moaning and purpose of. 609 

cuts in tread can be vulcanized.611 

dual pneumatic, for truck use.627 

effect of over and under-inflation of.593,594 

eauallsing traotion, meaning of.612 

fabric cord, wheel load and pressure for.503 

• type construction. 608 

first pneumatic.1073 

• rubber tire.1073 

(orS'ordi. 595 

full-molded type, meaning of.608 

general desonption. 591 

Giant truck cord, standard sizes of. 594 

high-{Hre 88 ur«, meaning. 591 

inner and outer shoes. 611 

low pressure, meaning. 591,628 

inner tube valve leak, cause. 592 

leather-lined an^ leather-covered. 693 

(Lee pv 4 noture-proof). 593 

lug* 6 r etay bolte. purpose of.595 

m^nufaetujprp. addreesee of.607 

flMflMkMtuzere* warranty... 607 


Tire metric sizes converted to inches. 598 

• of. 596 

N.F.C., meaning of.594 

non-skid chains.592 

• * tre^. 592 

oversize. 594 

" changes speedometer reading ... 594,446 

“ gives better cushioning.594 

paint for inside and outside of tire.612,647 

pneumatic, construction of.608 

“ give greater truck protection.628 

• meaning of. 591 

prossvirc during hot weather.594 

“ for balloon tires .. 606 

“ “ high-pressure tires.M3, 594 

“ “ various sizes, fabric and cord.693 

protectors. 593 

purpose of. 3 

put new ones on rear wheels...644 

removing, replacing Q.D., side ring, demountable rim 598 

repair business, increasing of.628 

tools. 619 

repairing and vulcanizing.617 

" anti-skid tread repair.621 

“ (balloon type) pointers on.618,611 

“ external ami internal. 617 

“ inner tube.614-616 

“ large atearn-vuleanizing plant.620 

“ prices to charge.. 622 

“ sand-blister repair.621 

“ sectional method.617 

“ side-wall repair.620 

" slight cuts on tread.617 

• step cutting a blow-out repair.617 

“ “ “ when necessary.620 

“ tools, supplies, etc.619 

“ vulcanizing with molds. 617 

“ wTapp<id tread and molded method. ...... 618 

“ “ « « sectional method.. .617,618 

^ “ “ * method for blow-out. 620 

replacing clincher casing on rim. 596 

“ repaired on front, new one rear. 594 

retreading of. 610 

libbed tread. 593 

rim (see “Rims”) 

“ clincher demountable. 597 

** “ three types of. 595 

** demountal)lc, meaning of. 597 

“ dimension of .. 607 

** etiuipment of automobiles.(>03,6(H, 605,606 

“ for wire wheels. 601 

“ how to find diameter.628 

“ it rusted, how to clean.612 

“ “ rusty causes rim cuts.. 644 

" one-piece clincher typo. 695 

" pointers on mounting tilC8 on split rims.600 

“ quick-detachable clincher typie.695 

“ “ “ demountable side-ring type.... 697 

“ " meaning of. 697 

“ removing, mounting Ure and rim from wheel.599, 600 

“ , “ “ “ on split-rim type.600 

“ split, deuiountiiblo type: methods for holding. . . 699 
“ " stniiglit side demountablo (popular type).. 598 

“ straight side, demountable, side-ring type.697 

“ most popular. 695 

“ “ “ quiek-detaohable, demountable_ 597 

“ typos of. 695 

“ universal typ^. 597 

“ wedge clamps and clamping ring for holding.... 699 

** wrench, universal type.607 

liins, dimensions of stain lard demountablo rims! .! !. 606 

“ sizes used on passenger cars.603-606 

seconds, meaning of.694 

side-bead tires on clinehcr rims..* 597 

** walls, meaning and purpose of. !.!!!!!!!!! 609 

iSilvertowu, cable cord, multiple cord, meaning of . .609 

single and double tube, meaning of.691 

sizes, cord, for trucks.‘ ! ’ 594 , 693 

“ fabric and cord for passenger cars. !!!. 593 ’, 594 

“ p.as 8 enger cars.1000-1063 

used on passenger cars.1060-1063 

‘ . "trucks. 966-977 

solid chains for.g27 

• cushion typo. !!!!!!!!!!!!!!!!! 626 

• divided into two classes. !!!!!.!..! *! *. 626 

dual type. 627 

• finding wheel load for. !!!!!!! 628,627,694 

Giant type; truck use.627 

• mud hooks for.•.. !!.!!!!!!,!! 627 

• sizes (Giant truck). !.!!!!!!!!!!!!!! 627 

“ * (regular truck). !!..!!!!*.!!! 627 

standard sizes of Giant, regular and cushion... 627 

speed relation to engine sp^.!.1060 

spreader, puipose of.M 6 ,* oio, 619 

straight sidesbead most popular. 695 

tester and air-yalve attachment combined...!!!!!! *. 626 

tool for removing and replacing casing.607 

work on all types of rims and tires...!.!!!. 607 
trans^ng for Ford..1088,1139,695 

• • V.v.504,595,1088.11» 

tread, meaning and purpose of... 800 



















































































































































































GENERAL INDEX 


Hw MmI, rmin: prices to charge. t 

• treads <raoutw eastnn... n 

• trouble, blowouts, cause of *. *. *. . *.! 6 

• • causes and remedy.fl 

*• • chafed tire, cause of.6 

“ • external cuts in tread.1 ^ 

• • inner shoe for blow-outs and weak spots.... (1 

• • “ leak, cause.« 

■ • inside break in fabric, cause of.C 

• ■ rim blow-out, cause of.. 6 

• • • cuts, cause of.6 

• • sand blister, cause of.€ 

■ * stone bruise, cause and remedy.C 

• • tread blow-out, cause of.6 

• ■ usually caused by under-inflation.593, fi 

• * which neecssitaU'S repairs. d 

" ■ worn tread, cause of. t 

• valve cap, how used to remove inner valve . 

• • leak, usual cause.. fi 

• vulcanising, molded method.(i 

• • plant, cost of. t 

** • slight cuts in the trea<l. 

• • wrapped-tread method. (' 

• wear and wheel afignn»cnt.t 

• • factors whirh produce.I! 

• wears unevenly, rcasou. i\ 

■ wedge clamps, etc... 

• wheel load of, bow to find..VJ-t,,': 

• why right re.ar wears faster..* 

• wratmM tread, meaning of.( 

Titan “AC” spark plug. .Vi 

Toe contact of gear teeth, moaning of . h >1), 870, ^ 

Toe-in. checking of. ... 1’ 


• meaning of.. 

“ of front wheels, adjusting of (average), . 

Tolerance, meaning of. 

Tonneau lamp^ location of. 

“ meaning o^. 

■ windshield. 


1079,900 
. .. IM)9 
. . 1079 
. . 43 J 
.... 1079 
.t>49 


Tool box in door f^ForJ).1139 

“ ‘ portable. .1039, lO-lO 

* equipment for the beginner. 003 

* “ ^ truck driver.935 

" for removing piflton-pin.797 

“ “ • vulvo-tappet guide.77.5 

* kit for the repairman ... .00 i 

“ • • trouble man for outside culls.<>02 

Tools, equipment for electrical repair shop .. .. 173, .'iSO, 091 

* for aligning connecting ro(is and pistons . , . 803,804 

" ^ brake relining work.895 

“ • electrical work.473 

* * engiue-benriug work.714 


Torches, gasoline, blow-pipe.*... 

Torque and driving stress, meaning...«*.. • lOvvii 8n8» 10 

• arm or member. T 

■ (C^tinental “ truck enidne) *... 

• free-running tost of motor, object of.. a*** - 

- meaning of .7,1079,1043.1046 

• memlx'r. . ... 7 

• of armature, meaning of. 409 

• or kick L'st of starting motor... 489,511,607 

• renctlou. 7 

• sptHxl, current table data for storting-motor tests. 480 

• tui>c . 7 

• system, passenger cars...1068-1060 

Torsion bar. 14 

Toraional vibration, meaning of.805,806 

Total gear nMiucUur.. *^'-0 

- • • tniitc .9,913,919.933 

Touche, moaning of.1079 

Touring car innv termed phaeton (footnote). 6 

“ cspiipiiient of ear. 667 

• fot>d lint .659 

• how to make fires. 669 

■ kit^'hcii erpiipment.666 

" liev iwo for, riifTerent stat(*8.660 

• n:\cking outfit on cur.659 

• pcntonal equipment.657 

“ privileges, dilloronl states.660 

“ switch, puriv >80 of.429 

- tents.056,659,660 


“ transcontinental, how to equip for.656,657 

** use I'f watch as compaas. .660 

• w’hal to cook and how....657,668 

f bar for tw' ^ cars towrsl in by one driycr.076 

rojs*. h>>w to fiisfeii to vehicle to be towed.676 


> ■ “ lapping cylinders.816 

- « lathe. i'm 

■ « « how to make. .725 

• * measuring piston and cylinder diameter. . . .810,703 

• • radiator repairing.73.'>, 736,740 

■ • rofacing vaJve-hcad faces. .773 

• * removing valve-guide husliiiigs. 774 

• • repair shop, miscellaneous li.st of.•itt6,69.5 

• • repairing carburetors. 123 

■ • • tops. 7.53,754 

• ■ reseating and refacing valve seats and head . 773 

• ■ • valves. . 773,774 

• * scraping carbon from engine.763 

• * " engine beuriugs. . 78.5 

• • shop, miscellaneous, small. 663,69.5-701 

• “ storage battery work. 680 

• straigntening fenders.727 

• • • sheet metal.727,728 

“ • tiro changing.697 

• « « repair w.’>rk.619 

• • valve grinding.770,771,772,773 

• importance of proper equipment.700 

• instruments, list of, for automobile mechanic. 701 

“ machinery, equipment for shop.. .691,693,695,701,810 

• precision, for accurate measunng.701 

• • meaning of.701 

• rust preventive..650 

Tod and upholstering, cleaning of.647 

• celluloid windows for... 

• dead centw, meaning of.. 63,66,70,306 

• dressing for.647 

■ glass curtain lights for. 766 

■ fift-the-dot curtain fastener.756 

• mohair, how to clean.647 

■ <rf oompression stroke, how to tell.307,70 

■ painting sUnd...7,56 

• pantasote, how to clean.647 

• patching of.7^ 

• • material for.. • • 755 

• a tools for.763,754 

• * vulcanising small holes.756 

• nDbolstering dyes and dretsingB, where to obtain-756 

fo.»dWr«»inn... . . . . . 736^781 


^ truck and pole. 676 

“ truckH, wrecking ernnes, service car, etc.076,677 

Tracing ciicuit, start with (-f ) powilive terminal. 176 

• circuits, electncivi, how done.. 411-415,448’461,463B 

• electrical circuitM, external. 411 

• - • where to start 332,413,448, 176,460 

“ “ sysfern .397 

‘ “ divide Into parts.448,332 

• ■ troublcH; use process of elimination..,. 454 

“ gf ucrator iMrcuiU: three circuits to consider.414 

“ ignition circuits: dividing into parts. .415 

• “ priinnry circuit: usually start at switch.. 4.50 

“ lighting atnl horn circuits: where to start. . . .460, 451 

“ “ circuils . ,... .482,483,484 

• starling motor circuits; divide into circuits. 413 

• troiibl(‘H electrical, wlu*ro to start. 450 

• wiling diagram*’ pointers 

402. 4U-416, 426, 448-451, 462B 

Track or treml, meaning of . 4 

Tractor. viii,08l 

“ (hco also “Fordsou tractor”) 

“ advaiilugc for farm work. . . 981 

" belt power and wot k.Viil,981 

• caferpilhir . 985. 

" ciuiin tiejid.983 

“ (Clcvehmd).084 

“ clutches.983,984 

" designs.982 

• drive ni(‘tho<ls. 982 

• driving wheels, dimensions of.099-1001 

“ electrical systems.999-l(K)l 

“ engine..viii. 38,39,081,985,992 

• “ bearings, repairing of.801,944 

• * carburctiou. 987 

• “ carburetor make and size.090-998 

• * cmiiinctmg-rrKi l^car'ngs, pointers on. . ., 801 

" " cooling system.996-998 

“ “ cylinders, regrinding of. 820 

• * fuel-fwd systems.009-1001 

• • governors used.99tf-998 

" “ Ignition.vii, 985 

■ “ • systems and mnk(« used.. ,090-1001 

“ * make of air washer used.999-1001 

• * smokes excessively.987 

• ■ spf'cifications.996-998 

• ■ speed of.996-998 

■ “ water injection with fuel. 999-1001 

• • (Waukesha).938 

• ‘ weighUof.996-998 

• flat wheel tread.r - -.982 

• (Fordson).... 990 

• general descriptions... 


general descriptions... .a 


plow capacity. 

plowing speed of.... 
power depends upon i 

prices of. 

purpose of...... 
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Trtictor. rear axlea, typea uaed.OOl-J.OOl 

• repair coat.081 

• aixe to purobaae.081 

• apeciticationa.9U6-1001 

■ sp<Hici of.084 

• steering methods.983 

• traek-laying portion (Holt caterpillar).983 

• transmissions.983,984,001 

- « makes used .099-1001 

- (Twin City “10”).084 

• weights of.999-1001 

“ what must do.982 

Traffic lawa and parking regulations.651 055 

“ transmission, moaning. 1070 

• truck front axle. 909 

Trailer attachments.952 

Trailers, purpose of.952 

“ typos of. .952 -1141 

Trailing pole tip and leading pole tip. luojiiutig of. 360 

“ * tips, symbol of.413 

Trammel for valve timing.6^,69,70,73 

Transcontinental tour: the Lincf)ln highway.656 

Transformer coil, meaning of. 188 

“ meaning of.1079 

Transmission, abnormal noise in.462 

“ atljusting (Mitchell . .... 860 

“ and rear axle gear ratio (fjorornol ilo) ... . 637 

- « n • « (Pu>rce-Anow)637,1070 

■* (Autocar truck).025 

" bearings. 85G 

“ “ adjusting (International truck)... .928 

• • type on passcngiT cars.1060-1063 

• clashing gears .85t» 

• constant mesh type.1075 

“ construction, stuay of. 25, 855-860, 1066 

• control, ball and socket. 27,28, 29 

• “ gate type . 27 

• difficulty in shifting gears, thiec roiusons. .. 856 

• nSodge caily model) .841 

“ aripping oil ... 856 

“ electric (Owen magnetic).1019 

• end-play of.856 

*• four-speed (White truck).93.3 

• f riction-disk ty jx*.25,26 

“ gaskets for.734 

• gear ratio. 8, 1069,1089,1070,637,038 

• - “ (Due.scnl>cig).1069 

• " « (ford).1089,0 

" mu n»icr(M*^-Arrow).1070 

- “ • (riolls Iloycc).1069 

• “ ratios; two-range (Cl.M.('’.).918,910 

• “ shift, four-speed .27,29,912,931 

• « « trouble.856 

• ‘ " plunger “ 85t} 

• « « « spring trouble.R-jd 

• « « thrcc-specd. 27,28,29 

• * shifting lever, adjusting tension of 8''0,856 

• gears; changing or shifting of, when driving 631 

■ « clash. T .856 

• ‘do not stay in mesh.856 

• - how shifted.27,28,29 

• • removing.860 

• (Indian motorcycle). lOlO 

• line up of, u" 'i shiiu-s. 856,839 

• location of.20,28 

“ lubricant, kind to use.171,172,174 

• lubrication of.171,172,173.174,856 

• “ “ (Dcxlge) .8.59 

• - “ (Mitchell).860 

• main drive shaft, adjustment of.857 

• magnetic .1015. 1016, 1019 

• makes ustHl on passenger cars. 1060-10<»3 

- « 4* « tractors.999-1001 

• « « s trucks. 966-977 

" meaning of.•.1079 

• (Mitchdl model “F”).860 

• (Muncie). 1066 

• neutral lock.856 

• “ position.26,28,29 

• noise, cause of.856,46J 


of electricity. 176 

oihi^ (Ford).108.3 

or gear box. 25 

“ propeller-shaft brake.885 

overhauling of. 757 

planetary type.25,26,10^, 1089 

principle of. 25 

progressive type. 25 

purpose of.2,25 

relation of parts ...26,28 

removal and replaceinent of: pointers on,.. 856 
removing, disassembling (Mitchell model 

“F”).8’'>9 

• (Fordson tractor).994 


" idler gears.800 

selective-gear type.25,26,27,28,29 

sliding-gear type.26,26,27,28,29 

speeds, passenger cars. 1060 

(Studebaker Light Six).. .856,856 

testing i( purohasing s second-hand oar. •. oil 


Transmission, three-speed and four-speed.27,28,20 

“ tractor.9^.984 

• traffic type.1079 

• troubles.866 

• two-range (G.M.C. truck).918 


types of...,.... 

• (White ^-ton truck).931 

• ^ (White^^ton truck). 93S 

Travel of piston ring in cylinder.832 

Tread blow-outs of tires, cause of.611 

* of tire, meaning and purpose of.609 

* or track, meaning of. 4 

Treads of tiros or outer casings. 592 

Trembler, meaning of.1079 

Triangle, how to find the area of.1048 

Trickle charge for battery, meaning and purpose of.678 

Triple plate type clutch (Autocar truck).026 

Triplex spring suspension. 14 

Tropical climate, use of electrolyte in.676 

Trouble car (see “.Service car”), 

“ chart generator and starting motor.455,466 

Trouble-man'fc repair kit.662 

Trouble shooting chart (battery).462D, 462N, 462P 

“ “ (carburetor). 462H 

“ “ “ (cut-out). 462N 

“ “ “ (fuel system). 462H 

“ “ ■* (generator). 462N 

" ** “ (ignition). 462D 

“ * “ (st. motor). 462F 

Troubles (.^ee also “Digest of troubles.”) 

** air-pressure fuel systpui. 112 

ammeter. 4620,471 

arm:.tore . . __... , .496,498,499 

“ baitery, diagnosing, divide into internal parts.. 448 

" “ indicated by hydrometer. 632 

“ “ in service, how to locate.562 

“ “ internal...542 

“ “ locating with hydrometer.659 

• “ tested by high-amperage discharge.. .. 653 

“ brake.886.893,894 

“ Bendix drive, (st. motor). 320, 330,462P 

** bearings, bnushes (gen. motor).480 

“ brushes (gen. motor). 449,493, 496,373 

“ “ (see also “Brushes”). 493-495 

• carburetion (see“Carburetor troubles,” 

” Diagnosing”). 121,122,458 

carburetion, diaguo.sing 

458 362, 118 123, 462A, 4621-462M. 114,115, 1041 
“ CHrburcl«.ir (see “Adju.sting carbuiclor”), 

“ “ auxiliary spring. 127 

“ " fl'cit . 122,123,1132.4628: 

“ • (h'oni).1128,1129,1132 

• clutch, cause and remedy of (Borg <k Beck).... 849 

“ “ cone type.838,839,845 

• " (Dotige) .857 

• • (Ford) .1091,1092 

“ (I Inchon).852 

** " (Ileo) .853 

• " (Studi baker Light Six).854 

• commutator . 491,480,608 

“ cooling, of engine.1.50,151,152,153 

• cut-out.... 3 >0,351,3i>:>, 373,409,410,504,605,619 

“ (Delco).410 

• “ • (Ford).508,619,520 

“ “ • voltago winding burns out; cause 449 

• diagnosing by process of elimination.464 

• diagnosing of (see “ Dii^nosing”) 

** digest of, electrical, engine, and miscellaneous.. 454 
“ « « « systein in general.456 

• u u engine troubles.454,458,459,460,461 

• urn generator troubles. 455,462 N 

“ « a atarting-motor troubles. 455,462P 

“ « « storago-battery troubles.656 

• electric horn. 443-445,463,4M, 485 

“ electrical (see also” Diagnosing”) 

• “ (Ford).1124 

" “ diagnosing of..455-458, 46B^2G 

■ * how dash ammeter indicates.471,472 

• " “to start tracing 

402,411-415,426,448-461,4628-4620 

• indicated by circuit-breaker (Delco).. 392 

• • points to remember. 451 

• • system, ammeter indications of.334 

• * * how to divide into parts.448 

• * * locating in general. 466 

I . 486,478 

where to start tracing.450 

• " use process of elimination. 464,461 

“ • what usually due to.451 

a ." , when tracing find out wMoh circuit... 466 

engine (see also “Diagnosing”) 

• “ and chassis, digest of. 461,4621 

bearings (Ford). 1106.1007 

• ^ carbon. 169,170 

‘ caused by worn or scored cylinders.814 

digest of and diagnosing.454,468-461 

due to worn cylinders.820 

« . CMburction, ignition system.... 462A-462M 

(Fordson tractor).995 

• . IK- .{*^ordaon.MS 

labnoktun.167.168.160.170 
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fiRMiUM engine overheating. 1S2,) 53 

• * which reeult from loose jjiaton.809 

• fan, cooling. 150 

• held windings. 501 602 

• front axle.90;j.904 

« fuel-feed system 112414,115,1041.462A,462H-462M 

• * system. 114. 115.4021.1041 

" « « (Fordaon tractor).994 

• gasoline fuel. 110 

- • tank gauge.111.112,650 

” generator (see also ** Diagnosing") 

• “ . 479,455,512,513,462N 

• • and cut-out circuit.. 402N-4020 

• * and motor, general inspection of ... 508 

• • commutators.491 

• • electrical .45.%, 513,514 

• - (Ford)..1123 

^ " indications wiken motoring.491 

• “ main charging circuit, coininon.45<r 

• “ mechanical . .4 55,51 J 

90% indicated by commutahir,.. 5 (n, ISO 

• “ tests for. r»7 

• • thermostat.863,395,4.to, 4o8 

“ • when diugnusing, di\ ide into ]>urls 4 is 

“ • which n^ccs.“iitaU> tctt.s .. 4, • . 

horn circuit.445, 451,4H5 

** hunting, Hy.Htcmaiic, proccM.s of climiuMf loii I 

• ignition (soe “ Ignition” and ” Diagntj^ng”) 

• “ . 222"2.t‘*, 4<12B -I62G 

• • (Atwater Kent Bystoio). , . 206 

“ ‘ causes of.4^5 

• * circuit, common. 4.50.462B 

• • coil and interrupter. 2.>2,/Ui2B 462G 

- “ otuls (Ford). 1112,1113 

• * commutator (Ford). 1111 

• ‘ condenser. 227,229,230,231 

• ' “ (AtuMtci Kent) .206 

• • distributor. 241 

- ^ (Ford). Ull 

• ‘ interrupter (sec “Troubh^a, InU-miptci ”) 

• “ locating of (\ 1^. system). 226 

• " missing spark . 23H, 239 

• “ (N K. model ”(>”) . . 226 

‘ ' rfisistance unit. 198,220,231 

“ ‘ whero to start tracing .450 

• “ wiring (Ford( 111,1112 

“ interrupter (ignition). 402C -4620 

points.... 211,220,221,232. .307,371, 

221 225 

• “ magneto... 308,316,274,2.37.297 

• lamps burn out often. 4M,430 

• lighting circuit, common.451 

“ system of a car. 1^'2 

“ magneto, diagnosing iif.310 

• “ first determine if magneto at fault. . . 310 

- - (Ford). 1113-1118 

• • ignition. 309 

" * indications of.310,312 

• • safety spark gap. 308 

“ miscellaneous, diagnosing. 454,461,462 

• oil gauge. 

*• “ pump. 1^2 

' piston ring. ^2s 

• * “ how remedied . .. ^<29 

" * * teats and repairs of.828 

“ radiator. Ifjl 

“ “ (Fordaon tractor).99.1 

“ rear axle and dilTerential..8.59-K.SO 

“ scored cylinder. 167,814-816 

' spark plug. 2.tS 

- (Ford).......,.IIH 

“ u ti magneto ignition.309 

• speedometer. 

• starting motor 320,330,456,478,486.480, 517,462P 

• « 4t common. 337 

• • * divide into internal parts.448 

“ • • divided under two headings. . . . 480 

“ “ " electrical. 456,51'% 

• • " first test engine.486 

■ (Ford). 518, 112| 

• • ■ mechanical.. 45.5,517 

••*''' tests for. 457,51s 

• • * using Bendix drive.320 

• • ■ uBumly bearings or bent shaft. .. 449 

• steering gear. 9t)2,903 

^ storage bat., digest of. 65G, 448,456,642 

• • “ hydrometer tests of. 532,559 

• « « when needs charging. 562,663,3il0 

• thermostat (generator). 363, 395,430,408 

• tire.blO 

• “ causes and remedy.610 

• • solid..*••••..; 

• ** usually due to under inflation. 593,594 

• • which necessitate repairs.616 

• (Tractor engine)... - • 

• transmission, cause and remedy. 855,8.56 

' • (F^)^l' * ‘'.! ’ *. ’! 1 ’ * !*.*. ’. * 1 ^2 

• * gears do not stay in mesh.856 

• • gear-shift fork... §66 

> vacuum fuel-feed system 114,115,122, l(>41,461^7f3 

J ,*1^r*nAA . ..1105 


Tronblet valve springs.^6,1105 

" ' stem guides. 774 

* * tuning too early or late. 11<^, 62 

* water pump. 150 

* wiring system, causes.485 

■ • • of a oar.484 

Truck (Autocar).022 

** axles, adjusting and care of.9*52 

• • • ^ * * - (Timken).952 

- • (Sheldon). 958,959 

■ brakes, adjusting (Sheldon). 960 

• “ “ (Tiiiiken).957 

■ .chains, adjusting. 950,951 

• • (drive), sixfMi, care of. 950 

• chaH.His, double chain drive .911 

• • (Foni)...913 

• c«»nl tire.M, pneumatic standard sisos of. 594 

• ditTcreimal adjustnieiit.918,919 


(Dodge) . 

doubliwliiiin Irive. 

double redm mu drive to rear wheels. . 

drive nn l ti(.il- . 

drivers* to<tl cumimient. 

dump budy and hoi.'^t. 

(Lie< trie, (I. V.) . 

electric (.“^tt iiimetx) . 

electrical equipment of. 

engine. 611,38,39,911,910,0: 


.... 912 
.... 911 
.... 933 
.... Oil 
• * * • 035 
.... 05! 
.... 063 
.... 965 
906-077 


engine. 611, 3S,39, 911,910, 023,026.930, 

931,03th 937,9.38 

' (Autoear) . 923 

“ oiirbureior. luake and sue. 966-977 

- (t:ontinentar*b4”). 936,937 

“ cyliiidiTM, regriiiding of. . . 820 

“ difference between passenger oars. . .911,937, 

38, 30 

• four-cylinder type ustid most,.. . 011,937,38,39 

" ignition, niiikes used. ')66-977 

• prineiples of . 911,037,38,39 

“ HiHM'ificiitions of. 066-977 

“ starting.911 

• (Waul%<t-lwi).038 

(Ford).912 

b.iir-wheel ilrive; four-wheel steer.061,9t'2 

front axle, rebusliing .sl»*ering knuckle. 909,910 

** “ ('1 irnkt n).053 

** wheel bi'arinri, el(‘aiiing, removing.052 

(F \V 1) ) fiHir-wheil drive.962 

gas-ele<f rie.961 

gear nil lo .9,912,919,963 

“ ■ (Fonl).913 

* (F.W I)).9t)3 

“ ((5.Mr.).019 

“ when large or small reduction nei'essary. OIS 

- reduction of.918,919,933 

“ shifts and gear nit lo.912 

general explanations .911 

(t; M (). ono-ton).920 

(G M C. two-ton). 015 

heavy tiiei light imty, meaning of.912 

how to .st'leet siste of, to Use.640 

hvdrtiulio lioHt. 061 

igii.tioii .Oil 

(IiiU'riialionu) oiie-toii).925 

liglitdiity, meaning of. 912 

(M.ister). vil 

maximum speed of .011 

motive power. 911 

(Nash quad).902 

Operation of .012 

p.'diitiiig, hnisla *t needeii .648 

pneiiiiiHtic tiros give greaUir probation.628 

propeller-shaft and worm-gear drive.012 

re ir-axlc adjustment (G.M.G.). 918,019 

“ “ biakea (Timken) .957 

“ “ differential gear ailjustmcnt. .. . 922,919,913 

• “ internal go.ir ijrivo . 033,929,060 

" “ bibricatiori (Timken).9,57 

“ “ oil path through worm beanugs. 058 

• " removing worm-wheel carrier (Sheldon).. 059 

• “ shaft bearings, ttdjustini^.065 

• “ “ mounting (direct, indirect).966 

• • (Sheldon).958 

• • threa«ls usually on worms, ...956 

*■ • (Timken).9.54,065 

• “ worm-dnvo adjustment. 914,910,054,950 

“ ■ “ * ratio, how to compute.956 

■ axles, makea used. 966-977 

■ wheel-bearing adjustment . 020,931,034 

• wheels, removing when stuck.961 

specifications. 066-977 

speeds of. 96^977 

springs leaves, lubrication of.051 

starting motors, tnakca used.96^977 

steering gears for.900 

• • makes used. 906-977 

tire sites of. 906-977 

tires, giant solid.627 

• pneumatic ciord, wheel load, pressure.593 

transmission, makes usf'd. 960-977 

wheel bearings, care of.952 

wheels, fitting with pneumatic tires.628 

* makes usM. 0654)77 
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Truck wheels removing, rtpUclng (Sheldon).959 

(White ^-ton).930 

(White ^ton). 932,933 

winch, nurpoee of.952 

worm drive; one to six threeda.966 

“ “ principle of.966 

• * rear axle, oil level.967 

• “ used on 68% of the trucks.. 966 

• driven rear axle ue^ most.911 

Trucks classified as to carrying capacity.911 

number registered In U. S.1068 

specifications of.966-977 

Btatc with greatest number.1068 

typcBof.911 

using Borg dc Beck clutch.849 

Trunk-type piston. 43 

Truss-rod adiustment (Franklin).883 

Tuarc steel disk wheel.602 

Tube ignition, meaning of.1079 

Tubing and small metal rods, bending of. 722 

* annealing and bending of.722 

“ brass to H'. 681 

* fittings.680 

* flanging and bending of.722 

Tubular ba^bone (Star car).1071^ 

* or solid rivet for brake bands. 804 

" type radiator. 147 

Tuliji-shapcd valve..(Fig. 12) 65, 82 

Tungar rectifier. . 670 

XunfMten and platinum contact points. 224-225 

^ contact iioints.225 

• 14 « dressing of. 225,224,220, 

221,211 

■ * 41 44 qJj Btono.225 

■ « 44 on cut-out, regulator... 220,352,410 

■ 44 II Qjj K.W, vibrator coil.222 

• lamps to use for a trickle charge.578 

• valve, very hard; method of rcfacing.773 

■ valves. 772 

• “ grinding and refucitig. 773 

• * hard must be rcfaced. 67 

Tuning an engine. 1024-1030,1070, 

641,120 

“ valve, meaning of. 729 

Turn buckle for radius rods. 7 

Turning car in a city street. 655 

“ corners, with a car coming.654 

“ radius, meaning of. 10,1079 

• right: keep near right-liund curb.653 

Twclve-and eight-cylinder magneto diatriliutor.275 

" cylinder engine.81,85,86 

• * ** crankshaft. 45 

• * • firing 01 d«T .84,85 

■ * • ignition parts, speed of. 211 

• ** * lap of power strokes. 87 

“ * ■ magneto (Dixie).278 

Twin city “16” tractor.981 

* cyCuder motorcycle engine....1007 

41 44 “V“-type engine. 38 

• ■ 11 r 44 crankshaft.. 45 

■ six-cylinder engine firing order. 84,8.5 

*• “ engine. 81,86,86 

Twist drills, purpose; sizes of. 705,711,712 

Two commutators on one armature, purpose of.343 

Two-cycle engine principle of.1003 

• * * three-port tyIK!.1004 

“ “ • two-i)ort type.1003 

■ cylinder engine firing order. 70 

■ * opposed-type engine (illustration)... 38,4.5,48, 

194,923 

• -piece rear-axle housing.862 

• point ignition system... 206 

• “ magneto Ignition system, principle of.206 

• pole generator; Unes-of-forcc flow straight across.... 358 

• “ “ more wire on field than four-pole.... 358 

• spark cam for ignition interrupter...296 

* ” magneto ignition system, principle of.263 

* * plugs fire at one time in each cylinder.264 

■ * * per cylinder (dual valve engine).... 216,417 

* sparks or impulses per revolution of magneto armar 

ture 253 

* terminal ignition coil, meaning of...209 

* to one gear, meaning of.1079 

* unit electrio system, moaning of.336 

• wheel brakes.13,885 

* windings on the armature ^motor-generator). 367 

* wire or insulated system, diagram of.427 

* system, meamng of.411 

I of batteries (Bxide as an example).523 

'* bodies. 5 

' ciutohes. 21 

* engince. 38 

* front axles.910 

* keys; cutting a key-way.715 

* magneto armatures. 245 

* oil-droulating pumps.160 

■reara:des.15.16,863 

* startini^motor 8 witches.325 

* steering gears. 898-002 

* storage batteries.621 

* tractor drive methods. 982 

* truck diive methods. 911 




u 

U. D. C., meaning of. 88 

Undercutting mica of generator commutator, meaning of. 492 

Unions, check valves, elbows, etc.6^,681 

Unisparkcr, meaning of.202 

United States standard gauge.705 

Unit power plant, meamng of. 41 

Universal crankshaft support and aligning fixture.804 

“ joint. 24,880 

* assembling of.861 

“ • connecting to drive shaft.Mi'-862 

• “ disconnecting vMitchell **F’) ..861 

■ • fabric flexible typo.861 

• • flexible disks. 24 

‘ “ (Ford). 1098,1096,1085 

“ lubrication of. 861,862,172 

• *• metal (Chevrolet “490").862 

• - (Mitchell).862 

• “ removing from car. 861 

• “ (Spicer).860 

• " testing (second-hand car).642 

• “ Thcrnioid-IIardy flexible connection.861 

“ * type used passenger cars. 1060-1063 

• • types of. 860 

• rim. meaning of.697 

“ ■ wrench.607 

Unlike poles of a magnet attract. 179 

lJusi'uling cells of a battery.586 

Fnvaporized gasoline dilutes engine oil. 167,104 

Upholstering and tops, cleaning of. 647 

Upper dead center, moaning of... 63,66 

“ * position of piston, meaning of. . 63,66, 69 

Useful accessories.649 

“ hints, suggestions, and devices.1035,1041 

“ repair hints.1035 

Using battery solution over again.588 

U. S. li, battery, types of, as indicated on name plate.... 523 

motor-generator (early model).382 

table of battery-charging rates. 674 

U. S. S. and S. A. E. bolt and capscrews.706 

taps.710 

“ * threads used most.707 

“ “ wrenches...696 

r. S. S. bolt and a U. B. H. capscrew, difierence between 706 

“ heads, size wrench to use.699 

* size, head and nut.697 

cap screw and bolt thread (illustration).706 

“ screws, size wrench to use.609 

thread illustration. 707 

threads, table of.[ 709 


V-typo eight-cylinder engine.82,84 

^ enirine rrul .to Ot\» 


Vac 


engine connecting rod.... 43,8 


iium and 


[gravity 
auxiliary pump, 
brake 


fuel feed 


111 
115 

, 896 

cause of piston pumping oil and smoke. 169 

fuel feed: gasoline leakage, cause of, and remedy. 114 

• “ installation of. 113 

! ‘ .. 112. «2H 

; ; ‘ (Oil-Vac).11S.752 

; * *1 tetewart). . lia-H5,462H 

to fill and clean tank. 115 

• system (Buick). 127 

gauge for testing vacuum tank. l 64 i, 107t 

greatest in inlet manifold at closed throttle 169,1079 

in cyl. greatest when throttled down. 169, 1041 

lamp bulb, filament of. 432 

meaning of...1079 

produced in cylinder, why.',!!!!!*."* 169 

tank troubles and testa ... 114,116,1041* 462i-^9M 

• float repair.114,115 

vent tube overflows, cause of. 114 

• how to remove head.’., 115 

Valve a perfect, seat.,*,*,*** 56 

• action noisy, cause of.. 1 , i!.!!! *, I!, I 775 

and cam positiona (see illustration) . *!*. *. *. *. ‘ V. * * 79 

arrangement on L-head cylinder onginea.... *' * * 64 

automaUc type. 53 

cap determines length of spark plug.283 

too thick, out of path of gas.283 

cans. gA 

replacing of.* ^ ^ 772 < 

* WQuirodifferentlengthsparkplugs*.235 

^ere located and purpose. 60 

chamber, meaning of. ^ 

clearanoe; adjust after grinding valves. ....*. *. * * 772 

a^ustable and non-adjustable...., .776,776 

^ adjusters.1106.778 

a^ustment (sm **Adjustini Valvs dear- 
, ance”). 

averageof.69.1054 

eU^^yUndw V- 4 ype 83 

\59 
68 

. 68 

.1161 




















































































































































































GENERAL INDEX 


Fahre claaranoe adiuetmeDt. (^omobile). 5t 

■ • • (Packard).58.56 

• • • parpoaeof.55,58.775,1052 

• • ■ (Studebaker). 58 

• • “ too great effect of. 765 

• • ■ various enn nos.1052,58 

• • • when should be made. 69 

• • and valve timing, relation of. 73 

• • checking of. 59,1103-1105 

■ • (Ford engine).1105 

■ • (Franklin engine). 92 

• • how relieves knocks. 50 

• • if decreased. 69 

• • * increased. 50 

• • lack of sufficient clearance, result of.... 60 

• * less to exhaust valves, reason.58 

• ■ motorcycle engine .1(X)0,1010, lOtW 

• • passenger car engines.ur>2“1053 

• • (Packard Twin Six). HU 

• • pointers. .V.» 

• * purpose and meaning of. 775,58,73 

• • remarks on design of cam in relation. . 52 

• ■ testing. 775 

• • usual. ... . .">9 

• • where measured with Vitlvea-in-llK''head 58 

• • ^ • *1 on-tho-siiie. 58 

" condition of, how indicated by ppark plugs.769 


• remarks on design of cam in relation. . 52 

■ testing. 775 

• usual. ... . .">9 

• where measured with vnlvcH-in-tht*-head 58 

• ^ ■ “ on-tho-side. 58 

condition of, how indicated by ppark plugs.769 

construction, example of... . .773 

cover, removing for grinding valve,*!.77t) 

dimensions, engines passenger cars. 1052-1054 

“ (Ford).773 

effect of “lag‘’ or “bounce” . , . 62 

face and seat pitted, cause of.769 

• how marked for testing after grinding.771 

■ meaning of. 55 

for reducing air pressure.(i26 

• tuning engine. 729 

(Ford engine). 1103 

gasoline shut-off. Ill 

grinder and refaccr. 773 

grinding.5ti, 57,770 

• compound, kinds and purpose of. 770 

“ correct valve face. 772 

• (Ford engine).1103 

• how to tell wnen properly seated. 772 

“ methods of. 771 

“ polished and dull smooth seat .772 

• pressure of 3 M lbs. is sufficient.772 

• purpose of.56,770 

“ spring should be placed under valve...... 771 

• testing finish of face.771,772 

• • valve seat.772 

• tools.770,771.772.773 

• to tell when valve is properly seated. 772 

• valves-in-the-hcad and in cages.57,772 

• valves-on-tho-shle detachable eyl head 60,770 

“ • ■ (solid e\l. head) . . . .56,770 

■ valves-overhead (detachable cyl. head ... 67 

• when necessary.770 

• why valve is turned back and forth ...771,772 

guide, purpose of. 50 

“ reamer, purpose of.774 

“ reaming of.774 

guides badly worn. 774 

“ replacing.774 

head and face, perfet-t seat of.773 

“ diameter, meaning of. 55 

“ faces, angle of, in degrees.773 

“ * how to tell when should l>e refaced.... 773 

“ laminated. 772 

• refacing. 773 

• tungsten and cast-iron.772 

how kept tight on seat. 53 

• opened and closed . 53 

• to determine if needs grinding or reseating-770 

• • • when starts to lift.67,307 

if closes too late.73,74 

• • « soon. 73,74 

• opeua and closes at proper time... 67 

■ ■ on time but closes wrong time. 73 

• pitted or leaks.56,769 

in cage, how ground.772 

inertia lag of. ^2 

in-head oi a detachable cylinder head.. 57 

in the head (Buick Six engine). 71 

• “ • meaning of. 63 

• • • (Nash engine).39,41 

• • • operated by one cam shaft. 63 

“lag" and valve "lead," meaning of.62,63 


Valve lifter, purpose of.. 

• • roller, where fitt^.. 

• tool (Ford).1136,770 

• lifters or tappets, where fitted to engine. 87 

■ location in cylinder.63,54, W 

• mechanically operated, meaning of. 83 

• motion, internuttent. 80 

• noise, one cause of.. 

• noisy, cause of...r? 

• • due to worn valve tappet guide..... 88 

• • tilting for. 777,778 

• on the aids, meaning of.^ 83 

• ' ** type of engine.39,40 

• «*pening and closing, determines firing order.307,70 

• • . « early and late, remarks on.... 61 

■ • “ “ for high-sp^ work. 62 

• • m m m „i(,v>«peed work.^ 62 

• • ■ • of average.63,78 

■ • • ■ • when occurs....59,64 

• opens too early, haokfiritig. 62,33,1103 

■ « « late, effect of.. 1103,33,63 

“ oixMntiiig tm .’hnniain eight-cylinder V-type engine. 82 

• “ methods . 52-55,82.^,88^1,1146 

• oiftlap. 62 

“ ovcTHixe (Ford engine) .1103 

- p;vn».. 54J00 

• periods of o^iening and doting (four strokes).63,64 

“ “ • time usually ojicn. 63 

‘ pitted .66,769 

• plae< < 1 uverheatl.53,54 

■ pluiiKer. purpose of. 58 

“ poppet typo. 53 

** p<»rt, meaning of. 48 

• purpose of. 82 

■ rofacing .. 57 

“ * and reseating of. 778 

“ • tools. 773 

• removing for grinding.56,57,770 

• roseafer, illustration of. 714 

• rcseuting, grintl the valves afterwards. 773 

• - tools .773,774 

“ ro< kcr, also calhHi “rocker arm”. 58 

• rot.‘iry type.62,90 

“ seat, liow to tell when iierfeet. /73 

• - ideal . 772,1103 

• * meaning of. 55 

“ * refaeing.773 

“ * “ with n reamer. 773 

• - reseating.67,773 

• seats how beveled. 55 

• size and lift (E^sex engine).808 

" “ Fonlson tractor engine. 990,1029 

■ sleeve ty|)c.51,88j^89,90 

• spn ng impressors.770,771 

• * for racing car engine (Ford).1026,1029 

• - (Ford engine).1105 


"lag" and valve “lead, meaning of.62,63 

larger (F^.113« 

leak testa with Prussian blue.769 

lea^, cause of.7^ 

(Liberty engine).1145 

bft, average. 89 

• how increases engine sp^. 1029,1033, 65 

* meaning of.89,65 

* of engines (Continental Pierce-Arrow).69,58 

• too great, deo^ases power.765 

lifter guide (plunger or tappet guide).M 

• guides, wlm fitted to engine.. 

• musetio. 1088 


" ini'.reasiiig tension of. 

“ purpose of... 

“ removing when grinding. 

“ replacing. 

“ reLaim*r and lock, purpose of. . . , 

" springs. 

• tension (I-iberty endne). 

" telling. 

*• “ (Franklin). 

“ weak, cause and effect of. 

stem badly worn, cause and effect of . . 
“ clearance (sec “V alve clearaiie,;”) 


.... 776 
. ... 58 
.... 770 
.... 771 
.... 58 
.... 776 
....1146 
.... 776 
.... 776 
.765,776 
.... 774 


* “ po«sengor cars... 1052 

‘ * purpose of.r,K, 5.5,776, 1052 

" expansion when heated.59,50 

* guide, purpose of. 56 

* guides leaky: effect on engine. 121 

* • troubles of. 774 

* leaky, effect of . 766 

“ oversixe, purpose of.774,811 

“ “ standard.774 

“ puri>oBeof, .. 65 

“ scat repair of inner tube.616 

“ wear, cause of.774 

* wears, valve clearance increaecs. 69 

* what made of. 772 

tappet and guide.775 

* guide, tool for removing. 775 

“ * wears out of round, cause of. 776 

* * worn, noisy.58,60 

“ not directly over center of cam shaft. 63 

• oversize. 811 

• purpose of.60,65 

• truing up of. 775 

testing for leaks.768,769 

“ if properly seated.760,772,773 

three-way for Packard gasoline tank. 112 

time of opening, closing relative to engine speed... 62 

timing.60.1051-1054 

* and valve clearance, relation of. 73 

• (Autocar truck engine).924 

■ average. f6,1082 

* (Buick).71,1053 

* by degree^ meaning of. 70 

• ^flywhed mgrkf.64-89,70,807,941 
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^ilve f iming by position o( piston 65,70,71,307^ 942,1103,1104 

• - (Cadillac‘‘63^ and “55"). 732 

• * chains.74,75,730 

• • checking by piaton travel. 1103,70,300,941-943 

- • “ of.67,1104 

• ■ * • (Ford engine).. 1103 

• * (Continental engines). 07,93,94,030,937 

■ • (Continental “M" truck engin^ . 936 

- • (Continental models “7R.” ^‘7W,“ “N”).. .03,94 

■ * ^gram (Liberty en^ne).1150 

■ • “ showing periods valves open, close 64,76 

• “ • (Waukesha engine). 943 

• * (Dodge).71,1052 

• • early setting of valves, effect of. 62 

• * engines passenger cars. 1052'-1054 

• * exhaust stroke, how to find. 70,79,307 

“ • flywheel marks and piston position . . 70,941,942 

■ • (Ford engine). 1104 

■ " “ “ for racing.1029 

• * (Fordson tractor engine).993 

■ " gears. 72,50,62 

• * (Harley Davidson engine). 1009 

■ * nigh- and low-speed work.62 

■ * (Hudson). 70, 1052 

" * (Hupmooile engine) .74,75 

• “in inches of piston travel, meaning of .70 

• * indicator or trammel. 66,69,70,73 

• * (Liberty engine). 1150 

• “ (Locomobile).70,1052 

• ^ marks on a 4-cylinder engine.67,66 

• • HU engine fly wheel... . 64 69,70,307,941 

• • meaning and purpose of . ... 33,3.5,56,69,73 

• " motor-cycle engines. 1068 

• * of “IV' “L," ‘‘I“-head cylinder engine. . . .05,66 

• “ (Overland “4” engine). 40 

• “ passenger car engines... 1051-1054 

■ • periods of valves opening and closing.. .03,64,75 

■ • position of piston, crankshaft, gears. .. 78,70,65 

“ " (^o “T6“ and “UlV engine) . 73 

• “ sleeve-valve type engine.88,89,90,1069 

“ • table various cars.10.52,1053,1054 

• “ tire air hose.626 

• • top d.c. meaning of 63,65,60, 70,79,307,942,1103 

• whftt governs. 62 

• - (Willya-Knight).1069 

■ tulip-shaped .(Fig. 12), 55, 82 

• Tiingsten, hard must be refaced. 67 

■ types of. 62 

" what made of. 64 

Valvoloss type engine.1003 

Valves and cam shaft overhead. 01 

• dual type.64,62 

• enelosed; how. 56 

■ new, grind. 1105 

• sticking, cause and effect of.. 774 

Vanadium steel (low carbon), meaning of. 746 

Vaqe oil pump (see Fig. 6). 146 

Vanes in the flywheel. 156 

Vapor, gasoline, how protluced .*.. 95 

IS black and foul smelling. 168 

“ meaning of. 95,103 

Vaporiser electric (carburetor). 142,107 

" (HoUoy-Fordson tractor) . . . .998,099,090,994 

" meaning of.1079 

Vaporising gasoline for carburetion and reasons for... 103,105 
Variable re«.stance regulation of generator (Delco). .. 380,387 

■ spark, meaning of.2f)7 

Varnish for cork floats. 123 

“ * painting car. 648 

• when dull^ cleaning and polishing of. 645, 648 

Velocity of electricity.. 176 

Vent hole in gasoline tank; if clogged. 110 

Ventilator for window.1040 

Ventuii, meaning of.1079,98 

• principle as applied to carburetor. 98 

Vernier micrometer caliper. 703 

Vesta storage-battery age code. 524 

Vibrating type circuit-breaker (Delco).391,392 

• " electric horn. 443 

Vibration and balance of engin^arts, meaning of... .80.5,806 

• balancer (Lanoheeter-willys K.).780 

• dumper, adjusting (Packard Twin-eix). 86 

* " ana spro^et for silent chains.. . 731 

• « meaning of . 1079,805,806.780 

* factors which produce. 805,806, 905 

■ of engine 1 oyL overcome by counter-balance... 76 

Vibrator coil aajustments.223,223 

• “ oauee of missing.223 

* • high-tension, internal circuit of.192,193 

* ” (high-tension) principle and construction... 188 

* ■ how to detect if defective.223 

• “ tester.. 223 

• • testing.223 

* * * if missing at spark plug. 223 

• type rectifier. 569 

Viscosimeter for testing oil. 166 

Viscosity, meaning of...166,1C79 

* of engine lubricating oils. 1166 

* test ^ engine lubricating oil.166 

Visa and press for piston. 797 

• olain^..1085 

maehiaist'a .69# 


Vbible circuit-testing devices.468 

type fuse.480 

Visor for windshield...756 

Volatility of gasoline, meaning of.. 103 

Volt-ammeter for testing open, short-circuited armature.. 498 

* internal connections (Weston)....468 

Volt, meaning of. ...175,521 

Voltage, amperage and candlepower of electric lamps..432.433 

“ “ of generator at various speeds (Franklin) 424 

* and current regulation of generator, meaning of. 346 

** battery cells determined by number of cells.522 

” * does not depend upon sise. 522 

" * plates when making cadmium test.540 

* * when discharging with lights on only.... 470 

* charged and discharged cell. 542 

* coil greatest when circuit is open. 184 

* “ high-tension vibrator secondary winding..., 188 

■ • low-tension. 185 

“ “ windings (K.W.) when circuit is opened. . .. 188 

* drop and millivolt drop, meaning of... . 425, 467,502 

“ « M relation of.425 

“ ** caused by poor connections....426 

* drops of storage battery cell, meaning of. 642 

“ dry cell. 178 

electric lamp bulbs.. 432,433,1064 

' electrical systems used on passenger cars... 1056-1057 

“ electromagnet depends upon. 184 

“ Ford magneto.1082 

* generator and battery, relation of.346,347 

* “ changed by moving brushes.329 

* * determines opening of regulator points 348 

" • passenger cars.1056-1059 

* * too high, cause, result 340,430,376, 483,506 

“ how produced by a wire cutting lincs-of-force ... 185 

* lamp bulbs. 432,433,1065 

“ “to use depends upon voltage of system. ... 432 
“ or current-regulated generator, increasing output 479 
" “ shunt winding of cut-out, bums out; cause... 449 

“ regulation of generator, meaning of.346 

“ “ permits battery charging at high rate. 347 

“ regulator, mercury type (Delco) 384,385 

" “ purpose of (Pierce Arrow-Dclco) 403 

“ relation between battery and generator.331,341 

* storage bat tcry, how to determine.432,325 

“ wave of magneto, meaning of.263 

Voltmeter always placed across circuit.464,469 

“ ammeter for testing electrical circuits.463,464 

* and ammeter connections when charging battery 660 

“ “ ■ for direct current, how used.464 

“ • hydrometer test of battery.545 

* “ test-points for testing voltage of cells.684 

* cadmium, and high-rate discharge tester.634 

* direct current, how used.464 

* hew used to determine polarity of battery.645 

" internal construction of.468 

“ multiplier, purpose of.467 

■ principle of.468,469 

■ reading and millivolt reading. 50V 

“ scale on Weston “45“ battery testing voltmeter 546 

“ test: electrical system of a car. 469,470 

* • for open generator field, connection of.. . 502 

“ • of armature and field coils . 488,489 

* • - battery not practical unless discharging 545 

* ‘ “ cells while discharging .5^,547 

* • ■ condenser. 485 

* ■ ‘ dirty or rough commutator.493 

* * • used with a cadmium test. ... 548,650,546 

■ which reads in millivolts for armature tests.499 

Volts applied to battery.521 

“ how to find. 176 

Volumetrio efficiency of engine, meaning of. 462A 

Vulcanization, meaning of.614 

Vulcanizing and repairing inner tubes.. 614-610 

“ tires.617-621 

• inner-tube punctures.. 615 

■ HU gasoline, alcohol vulcanizer 614 

• “ tubes . 614 

“ kettle, for rebuilding or retreading tires.. . . 620 

" outfits, small. 614 

• rubber, etc .| 619 

• slight cuts in a tire.615 

■ small holes in tops.756 

• time required.616 

• tools.619 

■ with molds.617 


Waper mtemiptcr (Studebaker), principle and adjustment 2 

Walden garage servlee set of socket wrenches. 

" socket wrenches come in sets. 

Walden’s thin wrench set for close places (No. 100). 

Word electric truck.. 

• Leonard cut-out and regulator...i' 

Warding file, illustration and purpose of. 

Warming up engine.105,149, 

Warner, anti-^lare lens: diffusing type. 

• steering gean adjusting... 

Wash rack hose and flexible hose noisle. 

• ‘ Bugge^ location in garage. 

Washing body, where to use soi^... 

• oar and cleaning the t^. 
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WtahincnuliAior, Internal, external . 045,151 

Wasp four-epeed tranamimtoo gear ratio. 9 

Wasson motor check (teeting car).041 

Waste can... 670 

• kinds to use. 07 

Watch, how to use as compass... 660 

Water add too often to battery, too high charging rate... 407 

“ analogy of how electricity is put in motion. 175 

■ ^ • the electric system. 331 

and lubricating pumps, packing for. 735 

be^ temperature to maintain. 148,152 

boiling, causes of....... 152 

* due to poor circulation, feel radiator. 162 

* point, at high and low altitude.148,110 

* • of. 162 

circulating methods. 146 

• pump.150 

“ " attention riMpiired. 150 

• * how driven .l-IO 

• « « placed on engine. 37 

• • (Liberty engined. 1141 

• pumps (Cadillac). 83 

■ “ (Ford) . lios, r.30 


• ■ types of. 

circulation, poor; cause, result. 

cooling of a gasoline engine . 

“ troubles. 

condenser (Cadillac). 

“ for distilled water. 

connection in repair shop. 

cu. ft. of, data on. 

for radiator, kind to use .. 

freezing, boiling point, specific gravity . 

“ in gasoline. 

frozen, radiator steams. 

“ * * to thaw out 

gallons to pounds. 


i t6 

l.'.a 
115 
1.^0 


'•^olinu .sy'Htcin 


. . .. 584 

. tl70 

. . 101,K 

. . . 150 

, . 1050 

.no 

. .. . 153 

15 J. !.'>(), 1.54 
1048 


I t 


10.')5 1057 
1 to, 155 

151 

168,768 
110 


height of with thermo-sypluui 

hose dimension (pass, curs). 

how circulates. 

if boils occasionally, don t become aliumcil 

“ freezes, what to vlo. 

in engine crank case, cause of. 

“ gasoline, how indicated. 

“ oil passape-s, may be a oroduct of comluMfion , 80.'i 
injection with fuel (trni to engines) . . 009-l(X)l 

jacket of cylinder, copper. . . 40 

jackets of cylinders. . 40 

leaks into cylinder, cause of. . . 768 

loss from evaporation with non-freciuiig solution 153 

manifold gaskets. .151 

meaning of. .1(173 

must be added to battery to keep pl.itcs co\ ered , . 561 
refilling if engine ia warm and sy.stem empt\ . . . 1.52 

rheo.stat. • . 565 

soft and hard for radiator, how to tell.15(» 

specific gravity of.530 

system (Dohle steam car).1010 

“ (Stanley steam oar) . . . .1016 

temperature indieutor (tJiotonieter) priiniple of 148, 149 

tliermostat control. .110,1.50 

“ of engine, how regulutcd.119,650 

treatment for sulphated buttery cells ... . 599 

weight of a cubic foot of. 1048 

Waterproof typo of llemy distributor and interrupter 298 

Watson stabilator. • 7^ 

Watt., meaning of. 176,1079, 4.32 

Watts, meaning of and computing watts of lamp bulbs . . 432 
“ output of generator, bow to compute . . . 346 

Waukesha engine, atijusting and repairing of.9.38 

“ • for light trucks and tractors. 93.8 

“ * oiling system, ... 938,939 

Wave or series wound armature, meaning of.313 

Weak magneto magnets, how become weakened.311 

“ magnets of magneto, indications of. 311 

Webster laminated valve heads. 772 

“ magnet light.695 

Wedge for the main-brush arms.495 

• “ “ third-brush arm. 495 

• shaped clamps and bolts for tire rims. 599 

Weed chain pliers. • 593 

“ tire chains. 592,627 

Weidley engine. 01 

Weight of a cubic foot of water.1048 

• ■ car, meaning of.10^1 

• * gasoline.lOoO 

• * tractor engines. 906-998 

• " tractors. 999-1001 

Welding (see "Oxy-acetylene welding") 

• aluminum. 

• and assembly table. 674 

“ book on. 7^1 

■ cast iron and malleable iron.. 746 

■ copper, bronze, lead and thin castings.. 747 

■ iron and steel.746 

- ^tfiU. 742,743.749,760,751 

• oxy-aoetylene or autogenous. 741 

• qualifications of operator.741 

- torch, pUot light.761 

• “ purpose of.. 742 

Wsatcott-Delco circuits i^^tion timing (C-a^ 48). 402,401 


Wcatcoit-Delco Mneratnr, third-brush adjustments.408 

West iiif house, address of...> 23|l 

^ battery, coil, ignition ssrstem. 207,5182 

• compensator, purpose of. 430 

• ftenerator, brushes are set on neutral line.. 860 

• Ignition system (vertical). 207 

• pneumatic shock absorber .. . 12 

■ starting motor (magnetic pinion shift).... 823 

Wwjton heavy-discharge battery tester...664 

• model ‘'46*' battery voltmeter. 646 

• * **280" garage testing volt-ammeter.464 

• • • volt-ammeter (combination type)464,468 

• * • • scale (cadmium 

reading).648 

• ‘*280** volt-ammeter, internal connections.468 

“ voltmeters and ammeters. 464,468,456 

Wet-cell, meaning of ... ..1079 

WVt cells (battery>, meaning of... I7H 

“ storage of battery, meaning of. 677 

• type of bat fcTv, meaning of. 521,6M 

Whe»‘l aligner, boiiie-made. 1036 

" alignment, relation to tire wear.612 

• • truck wheels (Sheldon). 068 

• bn><e. menning of. 4 

** “ p issenger automobiles .1056-1059 

** hearings, t/'sting of, for play .900 

■ felkw', meaning and puri>o 80 of.606 

■ flange gaskets. 734 

■ loail for size tire, Ijow to find .628 

• ** p*'r tiro and how to find.693,594 

• p illcis .1036 

Wheels (.MO "Itear wheels and front wht'elB *) 

“ 3 

** aliKiunent of.. ... 004 

“ and (ixle.s, alignment of.903 

* if out of true.005 

* loose. 009 

** makes usi'd on trucks.966-977 

“ (»a tiU'cring knuckles, renssi'mbly of. 009 

“ spin and ear dot's not move; cause. 18 

** r{>okeH squt'uk, looMt' . 3,1138 

" tyiMJ of, on passenger cars.1060-1063 

* ware and disk tyi>c..601,002,3 

“ wobbly, factors w'hirh protluco. 90.5 

Which is the l>est car to buy?. 640 

Whip of crankshaft, incanihg of .... .806 

Whipping of crankshaft. 46 

Wtin<ile, compression type. 649 

W'hilc metal buuluags tor engine main bearings. 42 

“ “ “ usually die east.781 

“ * or anti-friction rnetal, meaning of.1079 

“ trnck-gi'ar re<lu<’1ii»n.031 

* “ * shift.931 

“ " rear axle.9:)0,931 

* * “ system, adjustments of.934 

“ - S-ton.. . .930 

* “ ('‘^'-ton) transmission.931 

“ * 3-ton. 932,9.33 

Whitewasliing garage walls.1040 

Whitworth’s standard thread (oval), illustration of . ... 707 
Widening interrupter gap causes points to open earlier. . . 296 

Willard battery separators, how made.544 

Willis Six eliiti h, [lattern for clutch facing.843 

Wills Saint Cdoire engine rylinilers, degrees ni>art.47,82 

Willys-Knight, early mwiel U.H.L. eleetncal system. 382 

" sleeve-valve engine over-haul. 1069 

“ “ “ ^ timing. 1069 

** spark plug, size of.236 

“ vibration halanrer (r.anchester) .780 

Wihno exhaust heated iipake nutliifold.109,112 

Winch for truck, piirimse of .962 

Wind resistance, a factor in car Hpco<l .1024 

* “ mciningof.1044,1079 

Winding >>f irmaluiefor direCt,-currerit generator . . .34:-344 

" “ “ open and ‘’losed circuit, meaning of. 340 

** “ geruTHtor, cumulative, clifTerential oction.. 354 

" “ igmlion coil, r.-ilio of turns wire.240, 188,182 

** ** rnMgncto, high-tension , , .267 

“ “ “ size, layers and turns of wiio (Bosch) 240 

“ * mobu-generator (Deieoi 393 

Windings of starting motor armature and fields. .... 326,327 

, • “ “ “ field poles.326,327 

Window cleaner.1040 

* ventilator.1040 

Windows, celluloid, for tops. 756 

Windshield cleaners.649,766 

“ protector (Ford). 1139 

• visor. 7.56 

Winterfront (thonnostatio ra<liator shutter). 660 

Wipe-spark igniter, pnnciplo and construction. 187 

“ ignition system.187,186 

Wiping a joint, meaning of.722 

Wire and accessories for lights, horn, ignition, etc. 425,428,240 

* becomes heated if too much current passes.175,176 

■ connecting with battery and ground to frame. 428 

* conmetions and grounds, importance of. 428 

* “ how to make.240,1038 

“ ■ should be soldered and taped.240,427 

* “ symbol of.... 412 

■ crowing, symbol of .412 

* cutting magnetic linea-of-force, meaning of.. 183,184,3^ 

* for electrical systems, kind of.426-437,940 
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GENERAL INDEX 


Wire for ignition, three kinds... 

" wiring a ..425,426,240 

from battery to starting motor, deeo iption of.425 

* generator to storage battery, description of.... 426 

gauges. 704,705 

how to mark when removing. a :: * . ™ 

loop enda, how to make.241,1038 

loose cause missing......A • A 

of magneto armature, how cuts hnes-of-force-250-253 

protection of, on high-tension work. . ...2^ 

ratio of turns primaiy, secondary ignition coil.240 

should be protected from oil and dampness .428 

sise and amount used in magnetos.. .267,240 

* average length, used for ynring a car.426 

* ratio^turns on ignition coil.240,188,182 

for electric horn. 240 

* magneto armature (Bosch).240,257,259 

“ winding an ignition coil.240 

* “ magneto or coil.WO, 257,260,259 

in relation to resistance.^. 176 

solder, purpose of, and where to obtain.720 

wheel hub cap wrench, how to use. 601 

* • ‘^wrenches.607,601 

“ • nuts, threads of.^602 

* rims.601,4 

* * are not demountable. 601 

wheels.3,4,601,602 

* for Fords, where to obtain.1031 

* hub cap must be drawn very tight.905, (>01 


removing. 


602 


why copper is used.175,170 

V7iring diagram automatic spark ajdvance (l)elco). ..38o 

* * distributor and a single vibrator Coil. . .. 195 

Dixie magneto, eight-cylinder. 277 

electric truck..963,964 

electrical system (Auto-Lite-Overland)... 419 
“ • (Delco-Buirk). 305 

• “ (Deico-Cadillac “59").. 396 

“ “ (Doloo-Colc “870")-407 

“ * (Delco-Duesenberg “601") 

402 

- * (Delco-Fssex).406 

• - Deleo-H.C.S.).401 

- *■ (nclco-Hudson‘‘H,”**J”)390 

• “ (Delco-Uudson "O")... 397 

" (I )eleo-Lafayette). 398 

- - (Oeleo-Lincoln).399 

" “ (l)cleo-Marmon "343") 400 

“ “ (Delco-Naah “691”).... 402 

“ “ (])elco-McLaughlin). . . 395 

• “ (Oeloo-Olds “47") .... 402 

• “ (Deico-Packard eight) . 407 

« “ “ six) .420 

*• - “ Twin-six). 421 

• " (Deloo-Pierce-Arrow).. . 403 

• “ (Delco-Westcott “B-44”) 402 

“ “ (Dodge-N.F.) internal., 369 

• • (external collections),. 411 

“ " (Franklin “9A," “9B"). 423 

- “ (GM.C. truck).917 

- • (H.C.S.).401 

** “ (Jewett).417 

“ " (Lex nKton "8"). 426 

“ “ (Mitchell "F").411 

- • (N.E.-Didge).369 

*• " (Overland “4").419 

" " (Packard eight). 407 

- - a’aekard) . . . . 407,420,421 

“ *■ (Hemy-McLavjghliii "D- 

-OO*^).423 

- “ (Remy-Oakland "32").. 423 

• “ (Remy-Oaklan<l "6-44") 418 

“ “ (Remy-8tudebaker“EM"410 

• “ showing relation of parts 332 

“ " sise. length wire.426 

• “ (Stut* series "K").417 

Ford circuits, two colors.1125-1127 

(Ford) not cquinpod with generator.1119 

g enerator third-orush regulated (Bijur).. 364 

ow to study. 411,412, 448, 484,332,477 

* “ trace . 

402,411-415.426,448-451 462B,462N 
ignition coil system (Westinghouse). 107,232 

* four-cylinder vibrator coil.192 

system, closed circuit (A. K ) . . . 205 

• • * coil. 197 

• (Ford), internal.249 

■ (Liberty enginel.1161 

• magneto, low-tension... 247 

• master vibrator coil. 196 

• open circuit (A. K.). 202 

" (semi-automatie Remy) , 212 

magneto high-tension (internal). 256 

• ^ * (K,W.).301 

• • • lR«my series 1500) 279 

motor and generator (Ford), external... ,1120 
* generator early model (Dclco).... 384 

“ " resistance regulation_386 

- * (Simma-Huff MaxweU).. 379 

showing bow to trace different dreuits... 449 

• * W9t6itUiap.481 


Wiring diamm starting-motor msgnstie shift (Wssi-hA.. 822 
“ * taxicab. 978.979 

* * U. 8. L. 24-volt motor. Id-volt gsaerator. 882 

* diagrams igmtion systems, high-tension 202-270,468D 

* Ford commutator.1112 

* magneto highrtension current, method of .306 

* of a car. kind, sise and length of wire used.425 

* “ an electric trat board. 228,231,476,477 

single, two and threo-wire systems, methods.427 

* system of oar, how to diagnose. 448,447,482 

- - • « - -trace... 450, 411-415.402.332 

- - single wire.grounded return, used most. 425,427 

- - two wire.427 

* - troubles; how to make teets.484 

- - used on passenger cars... 10^1067 

- troubles are numerous if not properly done.428 

- • • under two headings.484 

* - (Ford ignition). 1111,1112 

WUconsin six-cylinder aviation engine, location valves... 53 

Wobbly wheels, factors which produce.906 

* “ hard steering, vibration and tire wear. . . 905 

Wood alcohol and water, for non-freecing solution. 153 

“ - boiling point of... 153 

- or methyl alcohol for non-freezing solution. 

- • - alcohol sells for. 153 

- rasp file, illustration and purpose of.717 

* wheel, artillery type. 3 

Woodruff key.715 

- - ways.716 

Woods gas-electrio automobile.1016 

Work bench for repair shop place next to windows. 693 

* ** portable.1039 

“ for drilfing, now to layout. 713 

" moaning of.1043 

Working depth of gear teeth, meaning of. 869,874 

“ under a car, methods for. 672 

Worm-and-sector-type steering device. 11 

‘ “ ' worm gear for rear axle. 17,7,956 

- “ “ “ (Ford truck rear axle).914 

" (Fordson tractor). 9^,995 

“ “ “ wheel steering device. 11 

* “ • * truck rear axle, alignment of.966 

* drive gear ratio.8,956 

“ " (Sheldon truck rear axle).968 

* " (Timken truck rear axle).966 

- driven rear axle, used most on trucks. 011,065 

* gear and worm, meaning of. 7,17,956,1079 

* “ drive.7,17,966 

- - ratio; how to compute, moaning of.966 

- removing (Ford truck rear axles).914 

- shaft bearings, direct and indirect mounting of. .. . 966 

- threads and worm gear, ratio of.956 

Worn commutator bars.492 

“ crankshaft, how to remedy. 790 

* treads of tiros, cause of. 610 

Wrapped tread, meaning of. 618,620,608 

• “ method of repairing a bl(>w-out of tire... 620 

Wrecking cranes, service car, towing trucks, etc. 678,677 

Wrench, adjustable flat type. 695 

assortment for general automobile work. 698 

exten.sion-8ockot type.1036 

flat open end, how marked.697 

for crank case.1037 

“ Ford carburetor.1136 

- “ rear-axle work.1137 

- sparkplugs. 236,697 

• tire rims, universal... 007 

- U. S. S. and S. A. E. cap screws, bolts and nuts 696 

• wire wheels. 607,601 

how to select size for 8. A. E., U. 8. 8. nuts, bolts 699 

iew speeder.1137 

list ot sizes for shop use. 696 

open end flat, purpose and sizes of.696 

set, thin for close places.697 

sets for garage ana shop use.698 

size to fit S. A. E. cap screws.697 

■ - U. S. standard bolt heads and nuts.697 

socket type; purpose and sizes of. 698,699 

that fits a U. 8. 8. cap screw will fit an 8, A. E.. 706 

Wrist, or piaton pin, where placed.86,37 

pin knocks, twt for.777 

• or piston pin, purpose of.795 

Wrought iron, meamng of and how to tell.746,438 


X. O., meaning of. 


66 


Yellow taxicab chassis.978 

■ - construction of.978 

Yoked oounecting rod, meaning of.43.83 

Zenith carburetor adjustments^.. 129,180,131,132 

■ • (duplex). 132 

- - duplex (Liberty engine).1148 

■ - float height. 123 

• temperature regulator. 131 

Zero and maximum position of magneto annatura... 2^253 

* center of ammeter scale, meaning of.469 

* lap, meaning of...v.t..... 62 

Zino teradnal of g cby cell is negative M.*.‘.*.7/ * in* 178 

























































































































































THERE ARB TWO INDEXES IN THIS BOOK 

(1) The General Indexi starting on page 1158, is the m a m or original index. 

(2) The Supplementary Index^ starting on this page, refers to additional subjects, re¬ 
visions or changes made in the body of the book and in the form of Addenda in ihe back 
of the book. 

If you do not find the subject in this Supplementary Index, look in the General Index. 
It is advisable to look in the General Index even though the subject is found in this Supple¬ 
mentary Index because additional information on the same subject is frequently referred to 
in the General Index. 

References to the Addenda pages are prefixed by the abbreviation Ad, Example: a refer¬ 
ence shown as 95, lOb, Ad39 means that the subject can be found on pages 96 and 106 in 
the main body of the Encyclopedia ami also on pajre 39 in the Addenda. 

Inserts can be found by turning to the following pages: No. 1, page 5; No. 2 (Jortnerly 
No. 5), page 144; No. 3, page 910B; No. 4, page 980; No. 4A, page i033A; No. 6» page 1054; 
No. 6 and No. 7, sec back part of book; No. 8 [funaerly No. 1 and 2)^ see back part of book; 
No. 9, see back part of book. 

SUPPLEMENTARY INDEX 

MeABing of abbreviation in thia index: Ad: Addenda; adj: adjn^fment or adjiiatiiig; adv: udrertisement; align: aligntneni; 
Ans: answer to ciuestion; carb: carburetor; con: connecting; const, construction; cyl: cylinder; diag: dia 4 {noeing; diatr: distrib* 
utor; eq: equipment; fn: footnote; ign: ignition; inf: information; instr: instruction; Ins: Insert; Ut: literiituro; lub: lubrica¬ 
tion; mech*l: mechanical; No: number; p: paj'e; pass: passenger cars (a more correct term would be “pleasure" or “private" 
cars); regl: regulator; s.g: specific, gravity; specif: Ht>cciru'ations; sta: station; temp: temporature; trana: transmiuion. 


Abbreviations (see also General Index) 

“ timing, meaning of ,, .. (>3, (>4,70, lOM, 1011 

AC fuel pump; operation, servicing llOJt, 1058, (Insert No. 2) 
.\oetylene dissolved, meaning of .... 742 

Adjusting (see also General Index) 

** brakes I Bendix Duo-Servo ... 108S-1000 

“ “ Lockheed hydraulic .1087 

“ carburetors (see “Carburetors'') 

“ caster, camber, toe-in.1()0,'>-11(X), 1110-1114 

“ chains, remarks on . . 1054,975 

clutches, Borg and Beck . ... 1001, 802A. 840 

“ “ Long semi'centnfugrd.1001 

“ front-wheel bearings. . 1103-110.'> 

“ generator voltage regulator 348, Ad78, (pO, Ins. No. 7) 

“ rear axles. 805-867 

“ “ wheel bearings.1105,1106 

“ steering gears. 898-910,1101,1102 

Air brakes and literature on. 1080,1081, 886,978,690 

“ cleaners. 1057, (Inserts No. 5, 6, 7), Ad50 

* compressors, single and two stage . 624,62.5,602-604,690 
" control; brakes, doors, clutch, gear shift, steering 978-080 

Airplane, principle of.10f)8 

Alcohol anti-freeie testers. 1041, 154,690 

“ denatured, methanol, etc. anti-frec*c... 153,154,1041 

Alignment of drag link .11)90,1100 

“ " engine bearings . 784A, 790A, 790B 

“ piston and connecting rod. 803 

“ “ wheels (see also “Wheel alignment”) 

“ “ " and axles. 807,1095-1114 

" “ “ definition of.1095 

“ service, meaning of. 1110 

** testing consists of.1110 

“ “ equipment, where to obtain.1110 

Allen wrench, definition of. 1079A 

Alloy steels, iron, etc., nature of. 746 

Alumilite pistons. Ad58 

Aluminum cast iron cyl. heads; tightening 

151, 152, 733, (Ins. 6, 7) 

“ cylinder head, advantage of. 152 

** « « cleaning solutions not to u.se 151,739 

* mu corrosion of. (p6, Insert No. 6) 

* « « removing carbon 

763, (p6, Insert No. 6) 

* pistons. 807, Ad58 

* soldering of and literature on. 720,690 

" welding of and literature on. 749,690 

AAA, American Automobile Association publication.... 665 

AMA, meoning of. 1014 

American Stamiard threads (footnote). 706,709,696 

Ammetor, purpoee and indications of. 331-334,471 

* unsteady, some of the causes. 472,493 

Angular and radial contact ball bearings, meaning of.... 1104 

^ gearing drive of motbreoaob. 977Aj(Ad76 

Annealing, hardefningi tempering, brasing. 723,721 


AnodiRcd pinion.'t, meaning of.Ad58 

Anfi-fcectc solutions .163, 164 

‘ “ ” snillcd on finish. 163 

“ “ testers and where to obtain .1041, IM,690 

• -knurk fuel rliarantcristirN . .... 1079A, Ad44, 46 

Arc weeding clortrio, pniH iple of and lit. on , 762,690 

Arumturea, book on winding (sec “Armature") . 690 

“ generator, principle, const,, operation .. 341-344 

“ generators, field coils (replacement) lit.. .. 690, 481 

*' inatallation ol. 481 

Articulated type of front axle .Ad36 

As-Ko fuenier. .HOB 

AsyminetricHl type hciuJIamps (footnote). 431 

AT(' or A T, rnesuing of . 1054,63,64,70 

Auburn dual-ratio rear axle .Ad23 

“ hilcnt niosh transiMsMon and free-wheeling.Ad24 

Auto-Lite ignilitm timer-distributor .1161L 

“ “ tw(h-stage voltage generator control unit.Ad59 

Automatic carburetor control (Delco-Remy). Ad47 

" choking.Ad47 

“ clutch control.Ad2-13 

“ " “ and free-wheeling .Ad2 

" radiator shutters. 653, 664, 149, i062A 

“ starting motor controls. . .Ad48-i^ 

“ “ switch; Bturtix; Owen-Dynsto. .. Adl6, 19 

“ transmissions .Ad'76,36 

" valve clearance . xxiii 

“ water-temperuture control 

149, 160. 663, (p8, 10, Ins. 6, 7) 

AutomoVnle bodies, tyx>es of, 8.A.K. nomenclature. 5 

“ chassis, types of. ix-xiii 

" mechanic ; qualifications, tools. 662,698,697 

" nomenclature S.A.E. Standard .... (Insert No. 1) 

registrations in U.H. 1014 

" repair business, starting into. 662,602-694 

" “ work classified. 062 

" specialiwl, classification of. 662 

" weight of, what includes . 1061 

Automotive service and repair-shop eq.. 692-694,665, 685, 690 

“ typo Diesel engines. 1022 

Axle centers bent or twisted (pee also “Front axle"). 1110 

“ rear (see-"Hoar axle") 

Axleflex system (front axle). Ad30 


Backing lamp switch... 430A 

Balancing wheel and tiro assembly. 1108 

Ball bearings, literature on. 690 

Battery (see “Storage battery" and General Index) 

** booklet, service instructions, manuals... 690,665, 585 

• types of. 178,179,621 

Bearings (see also “Engine bearings," “Wheel bearings") 

" (« « General Index) 

" angular and radial contact, meaning of. 1104 

" cra n ks h aft main, con. rod, types of.36,781 
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.AdSl 

.(Insert No. 9) 


Aircraft enginee. 








































































1234 SUPPLEMENTARY INDEX OF ADDITIONS AND REVISIONS 


Beanngs, how to order 1063 

Bendix brakes, principle of operation 885.1088 

“ cable control braking system 885 

" clutch control principle Ad2, 5, 7, 10 

" drive (starting motor), care, repair 834-837,319 

“ Duo-Servo brakes 1088-1090 

** finger-tip gear shift Ad52 

** Hudson electro-vacuum transmission gear shift Ad52 

“ rotary equalizer for brakes 88*> 

" Westinghouse air brakes 1081,978 979 

“ « « control for buses and trucks 979, 978 

B-K vacuum power brake 886 

Bleeding the lines of hydraulic brakes 1085,1086 

Blow-by causes and tests of 826,833. 81 IB, 829,768, 770, 168 
" pipe for welding and cutting 742 

“ “ torches for soldering, etc 719,720 

Body and fender repair work tools and book 727,090 

stabilizer, principle of Ad32 

* types 8A1 nomendature 5 

Book, Body, fender repairing (used i ar rt( oiidifioniug) 690 

“ Carburelion ana carburetors (1 )\ kc s) Ad47 

Diesel engines 690 

“ Dyke s Self Starter (see inside of baf k cijver) 

^ Electrical testing data and wiring diagrams 1152 

** Flat rate tune up manual (C hilton) (see adv ) 

For motor inacInnistM and auto repairmen 690, 718 
How to run a lathe 69 i, 690 

Oxwelders handbook (see Wddmg ) 090 (footnote) 746 
" Radiator construction and repairing 740 

“ Radio principles of operation servo ing, etc 090 

" Reconaitioning used car (body, fender repairing) 690 

“ SAh Handbook (footnote) (Insert Vo 1) 

“ Storage battery repairing (see adv back of book) 

" Tire and nm book, bulletins, inunuuls, et( 607 690 

“ Various subjects (see adv back of book) and 090 

“ Welding eni yclopedia 711,090 

Wiring diagrams and electrical testing data 1152 

** Wiring diagram, notes on 424,411 

Booklets (applies to either ‘ Booklets ’ or * 1 iterature ) 

" Air brakes 690 1081 

“ Alignment of wheels and axles 1110 1095,090 

" Ameruan Automobile Assn (AAA) publn ations 055 

“ Anti freeze and cooling 690 

^ Arc welding (see Welding ) 690 

“ Automotive home study course 690 

* service bulletins, lit , eti 690 

* Ball bearing service 690 

Battery 690 5 55,685 

** Bendix drive service bulletin 837 

^ Brake air 690,1081 

“ “ Bendix products information 1088 

“ “ drums, now to true 690 


Anti freeze and cooling 690 

Arc welding (see Welding ) 690 

Automotive home study course 690 

‘ service bulletins, lit , eti 690 

Ball bearing service 690 

Battery 690 5 55, 685 

Bendix drive service bulletin 837 

Brake air 690,1081 

“ Bendix products information 1088 

“ drums, now to true 690 

lining and clutch facing information 897,893 

servicing, I ockhetu hydraulic 690,1083 

** testing equipment 1110,806,690 

Carburetion and gasoline 690 

Carburetor and ignition tester (see Testing ) 690 

Cleaning metal parts, and radiators 

690*728,739 740,151 
Compression, vacuum testers (see lesting ) 690 

Condensers (see under Ignition ) 690, Ad43 

Diesel engines 690 

Engine bearings, how to service (fn) 786 690 

Gaskets 690,732 

Gasoline and carburetion 690 

Igmtion (see also ‘ Testing Instruments ) 690, Ad45 


“ Lubrication 690 

“ Mufflers 752,690 

“ Painting n car 690 648,756 

** Piston rings and pistons, servicing of 690 

** skirt and piston ring expanders 690 

“ Radiator guide . 732,740,690 

** Rewiring a car (footnote) . 655,690 

** Safe driving (AAA) 655 

“ Service bulletins and literature 690 

' manuals 690,1110,1095,1085,893,786 

** Soldering 690 

“ ^ark plugs 690,256 

“ Testing eq for engine tune-up work 690, Ad40-44 

“ Tire repair manuals, service bulletins 690,622,618 

“ Tools for various kinds of work 690 

** Trafflo regulations 655 

** Valves, servicing of (manual) 690 

“ Various subjects 690 

** Welding and cutting 690, (footnotes) 741-752 

“ Wlieel mignment 1095,1110,690 

* ** and tire-balancing machines 1110 

** Wiring a car 690 

** Wren^ee, meohamos* hand tools 607,698,733,600 

Booster for brakes 886,1081 

* “ vacuum tank 116B 

Borg and Beck clutches 1001, 862A, 846 

Bosch fuel injector pump (Diesel engines) 1025,102) 

Bosses of piston, meamng of 43,705.796 

Bourdon tube, principle of 162 

Brake drums oentrifuse, meaning of 1079A 

^ lining and clutoh-faomg data book 897,893 

^ " oversise 896 

** service htwature. see "Booklets” 

* testing equipment, whwe to obtain 1110.806.807,1083 
- - of 1086,887 


Brake trouble-shooting chart 1086 

Brakes adjusting Bendix Duo-Servo 1088-1000 

** “ Lockheed hydraulic 1087 

“ air, and ht on 1080,1081,886,978,690 

" “ lines 078.1080 

“ " pressure 886,1080.078 

Hendix Cable and rotary equalizer 885 

duo-servo 1088-1000 

“ Westinghouse (air) 1080,979 

* bcKister or power vacuum brakes, and lit 886,1081,1088 

" control methods 885,886 

" hydraulic fluid for 1086 

" lit on 690. 1083 1088 

“ operated, four wheel 886, 1083, x 

principle explained 886 

“ mechanically operated, four-wheel 885, 1088, xi, xii 
atopping distances of 888 

" vacuum assisUr and power 886 , 1(j 81, xi), 1088 

Brazing, annealing, tempering hardening 721,723 

soldering, lead burning 721,720, 581,752,690 

Breaking in new or reconditioned engine 166 

Bronze welding 741,747 

BTC or B1. meamng of 1054,66 70. 1014 

BTl meaning of effect on combustion pressure 1074, Ad39 
Buda Lanova Diesel engine combustion principle 1033B 

Buick automatic carburetor control Ad47 

* clutch Control AdlO 

caster and camber adj 1111,1112,1054B, (Ins 5) 

current limit relay adjustment 424B 

cut out rel ly adjustments 424B 

electrical bysttm 507A 15, 424 \ 15, 1002,11511, Ad45 
engine tranki ase ventilator xix 

eight c vlinder in line, 1 head xviii xix 

firing order 30715,1051 

“ lubru atioii xix 

oil temperature regulator xix 

generator con‘itruction, cliarging rate 424A 11511 


generator con‘itruction, charging 
" thermostat, aeticii of 
Ignition timing 


“ “ synchronizing of 

instrument board gear sin ft etc 
octane selector 
radiator shutters, automatic 
rear axle adjustments 
spark plugs 


cnof 421A 424B 

1051B, ci07A B, 
lot 2A, 11511, Aai5 (Ins 5) 


307A 507 B 
64 2B 
Ad44 
664 
867 

30715 1051, 1062 


886 , 1081 
116B 

1001, 862A. 846 
1025,102) 
43,705.796 
162 
1079A 
897,893 


1110.806.807,1083 
1086,887 


BiMJCifieations 1060, 106415 (Insert No 5) 

" starting motor cluti h drive 424A 

control automatio 11511 

" vacuum spark control Ad45 

‘ valve timing 1054H, (Insert No 5) 

water temperature tlu rm istntic c ontrol 150 

^ wiring diagrams 4240, 42415, 11511 

Burned valve (see \ alv < ) 

Bus (niotorcoach) and engines 974-080 

specifitatioiis of 998 

By-pass water-temperature (ontrol 150 


Cab-over-engine truck 976 

Cadillac automatic-clutcp control Ad7 

brakes, mechamcally operated four-wheel xii 

‘ vacuum assister xii, 1081 

*• caster and camber adjustment'* 1111 1112 (Ins 5) 

chassis lubrication xii 

“ sixteen-cylindrr twelve-cylinder i ar xii 

‘ electrical system 424C 424D, 1062 

** engine crankcase ventilator xxii 

** " crankshaft xxiii 

‘ ‘ firing order and power hp 42IC, 424E, 1051 

** ** lubrication xxii 

“ ** sixteen-cyhnder, V tyi>e, I bend xxu 

‘ timing chain zxiii 

“ twelve-cylinder, \ type, I head xxm 

valve adjustment xxiii, 1054B 

“ “ silencer xxni 

“ a u tuning 4241 ,1054B, (Insert No 5) 

** front-wheel suspension Ad30-32 

fuel pump, piston type, fuel system 116A, xii 

generator control Ad 59 

' Ignition timing 105415, (Insert No 5) 

“ « u synchronizing 4240,424D 

“ instrument board, gear shift, etc , '365 642D 

** spark control 424B 

“ ** plugs and wire concealed 424E 

specificabons 1060,1054B, (Insert No 5) 

" synohro-mesh transmission, gear-shift 862D, 642D, xu 

wiring diagram 424D 

Cam angle (dwell period), ignition 1151I-L, Ad42, (plO, Ins 7) 
" ground, T-elot piston Ad58 

Camber (see "Caster ) 

Capaciuee, coding system 1062A, 1054B, (Insert No 5) 

" crankcases, radiators 1054B. 1062,1062A, (Ins 5) 
gasohne tanks 1062 

Carbon, carbon dioxide, how formed 95,1037 

** formation; cause, removal 

170, 763, 764, 1151A, (p6. Ins 6) 
“ knock and pre-iamtion 170,779, (p6, Insert No 6) 
" monoxide, now formed 05,1037 
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Carburedoo (aee also General Index) 

air cool, not overheated. 462B, 106, Ad30 

* and carburetors book (Dyke’s).Ad47 

“ “ ignition, pointers on 4e2A~462M,Ad61.43.44 

" « - « relation between. 462A 

“ heating methods. 106, Ad39, (p9,6, Ins. 7) 

“ how to study; divide into circuits.... (p2, Ins. 7) 

*' inlet manifold, dual, duplex. ... Ad60, (Ins. 2,6) 

“ * “ exhaust heated. . . 109, (p5. Ins 7 

« « relation of. .115 

“ mixture, perfect one .... 95,1037,462A-B, Ad 13 
too "lean”; too "rich” effects of 

118, 101, no. 462R, Ad39. 43 

“ water too cold or too hot. 152 

plain-tube or pitot principle. 100,102 

pressure, mesninjt nf . 116 

trouble-shooting chiirt . 4621 

turbulence an aid . 115,806 

“ vaporisation . . 95, 105, 100, 462A H, Ad39 

Carburetor (see also General Index) 

accelerating pump, checking of 

.\d6I, (p3, 2, .5, Ills 7» 

“ “ principle Ad61, (Inserts 2. »l, 7* 

automatic choke control Atll7 

balanced type, meaning . (p2, Insert No 7) 

book (Dyke's) . .Vdl7 

Carter .... (laserts No. 2,7), Ad68 

Chevrolet . (Insert No. 7^ Aihi.s 

“ choke Control automatic Ad 17 

purpose of (pi, 2, In.^ rt.s No. 6, 7t 

valve where h>eate<i (Ans. 2.i, Insert No. 8) 

" cleaning and chei'king of . (Insci's No. 6, 7) 

“ disassembling, as.seiubliiig, pointers (p.t. In.sert 7; 
down-draft (Inserts 2, 6, 7), 975, 976, AdtiO, 68, 3H 
float level if too high; if too low . (p5, In.s. 7) 

" Ford V-8 . . (Insert No. 6), Adtit), 61 

I.incoln-Zcphyr . . (Insert No. 6) 

makes used on cLfTerent cars, 1()62, IcibO, (In,sort 5) 
Marvel down-draft "D-N” ... (Insert Nc> 2) 

maximum et'ouomy liow securiHl. (p7, Ins. 7) Ad 11 

“ Mercury . . (In.sert No. 6) 

“ mixture too lean, burns valves. 167 

“ pitot or plain-tube principle ... , , . 100,102 

“ principles .... 1(K), 102 

fichebler "C” and duplex ‘\S” (In.sert No. 2) 

** service instruction book and tools (plO, Ins. 7), 690 

“ Stromberg down-draft "D," "1)1)’’ (Insert No 2) 

“ “ "Ki:” (F(ird V-K). Ad60 61 

“ “ "C, twin OO 2” . (IiLscrt No. 2) 

“ testers and lit(‘rature on . 123,690, Adl3 

“ testing .. 123, 119, 4621-1., A»113. 41, (Inserts 6. 7) 

“ tools (Carter-Chevrolct). (pi >, Insert No. 7), 690 
" thermostatic choke contrcjl . A<147 

(barter carburetor (Chevrolet) (lii'^crt No. 7), AdtiH 

Cur-washer e<iuiprnent, literature on . . 690 

Case tractor, model "L” ... viii 

Caster, camber, toe-iu, king-pin inch . 1095 1 lOO, 1110-1111 
“ “ “ passenger cars. . 1054H, (In.sert No 6) 

(Caterpillar Diesel engines . 103:i(J 

“ track-type tractor 985 

Center control steering; adjusting, principle . 1102, 1110, Ad31 

Centrifugal force, meaning of . . 1079A 

Centrifuse, meaning of . 1079A 

Cetane, meaning of . 102.8, 103310 

Chain adjustment, remarks on 1051,975 

Chandler-Groves carburetor (Ford V-8).(Insert No. 6) 

Chaasis lubrication .. . 174A, 761, (plO, Insert No. 6) ' 

" types of .>x- xiii 

Checking (see also "Testing”) 

“ and testing devices, engine 

767, 704, 791, 090, Ad40-44 
“ “ “ “ wheel al., brakes. 1110,896, <>94 

** generator voltage-current regulators , 1151.1, Ad78 
•*>*** regulator (Chev.){p6, Ins. 7), 1151 K 

Chevrolet adjustments.Ad67-69, (Insert N<i. 7) 

“ air cleaner, servicing of . .. (p5, Insert No. 7) 

battery test .... (l>4, Iiis< rt No. 7) 

“ capacities, oil, cooling, etc. (Inserts No, 5,7) 

“ carburetor and adjiLstments .. Ad08, (In.sert No. 7) 

electrical testing data.1151 K, (Insert No. 7) 

engine. (Insert No. 7) 

" *' compression-ratio ... (Insert No. 5) 

- " “ testing of. . . (p4. Insert .No. 7) 

“ cooling system . ... (p6,9, 10, Insert No. 7) 

“ cyl. heatf tightening of . .. (p5, Insert No. 7) 

“ ** lubrication . (p8, Insert No. 7) 

“ “ manifold heat valve, servicing ^9, 5, Ins. 7) 

“ “ tune-up procedure. (pl. Insert No. 7) 

8 F>ecifications. 10.54 B, (Ins, 5) 

“ “ valve lubrieation . (p8. Insert No. 7) 

“ u tt Beat width. (p8, Insert No. 7) 

“ « « tappet adjustment. . (p5, Insert No. 7) 

'' w « timing.... 1054B, Ad67, (Insert No. 6) 

“ ventilation system.(p8, Insert No. 7) 

“ “ water thermostat, testing, (p 10, Insert No. 7) 

“ fan belt. (plO, Insert No. 7) 

** front-wheel suspension (knee action) . .. Ad34,35 

“ fuel pump. (p5,10, Insert No, 7) 

“ generator voltage regl. check . (p6. Ins. 7), 1151K 
^ Ignition automatic spark control (plO, Ins. 7), Ad68 

- ** distributor... (p4, 10, Ins. 7), 1151K. Ad68 


Chevrolet ignition spark advance chart_ (plO, Insert No. 7) 

“ “ timing , ^ 

1054B, 1062A. 1151K. (p5, Ins. 7), Ad6S 
" “ xTicuum control (p4, 10,9, Ins. No. 7), Ad68 

“ octane selector . (p4, 5,6, Insert No. 7), Ad68 

** sparkplugs. 233, (p4,10, Insert No. 7), Ad68 

" - siieof. 1061,1151K, Ados 

specifications. 1060,1064B, (Ins, 6,7), Ad67 

“ starterntor.Ad49 

" stccring-oolumn gear shift .Ad70 

** synchro-mesh transmission and free wheeling.. Ad25 

" truck carburetor (cab-over-engtno) .. ^6, Iiwert 7) 

“ “ specifications. 066, (Insert No. 5) 

“ xracuum-mantml gear shift.Ad7() 

“ voltage regulator, checking of . (i>6, Ins. 7), 1151K 

“ water pump.(plO, Insert No. 7), Ad68 

“ wiring duigranis . ... H51K, Ad70 

Ciirotuiuin Hie(4, purpose of . 1079A 

Chrysler Hutomatir clutch coiiirol Ad2 

braki'e; h\ JrauUo four-wheel. x 

" castor an I camber adjiLstiiioiits 1110, 1112, (Insert 5) 

“ chassis, Mx-<‘ylinder car. x 

elect ncul system ... 307 D, 424 F, 1062 

engine, firing order. 1061,307(] 

six-oylinder, in-iine L-hoad. xvi 

“ fluid ilri-. 0 (fluid coupling) Ad72 

“ four-sjKaHl gear shift "Imperial eight”. 642A 

** front-H heel suspension.Ad32, 33 

“ generator, construction, eharging rate .. 424F,Ad69 
“ Ignition timing.. . 1()54B, 3()7C--307D, (lascrt No. 6) 

“ “ “ synchronixing ... 307CI, 307D 

“ iiwtrimient board, gear shift ‘Tnijierial eight” .. 642A 

“ overdrive transmission, i>urpose of .Ad74 

” speeifiratit>iis . . ItHiO, 1054B, (Insert No. 6) 

'* starting motor; reduction gear type .421F 

“ wiring diagram . 307l> 

('lii.asificalion of automobile repair Work . 662 

('leaning (urburetor ... . (p3. Insert No. 7) 

“ literature on .... 690 

Clutch adJu^tmenta, Borg and Heck . 1091 1093, 862A, 816 
“ " Long senii-eentnfugal 1094 

“ air control of . 079,978 

•• Borg and Heck . 1091,862A, 8 Iti 

“ control, air , . 979 

“ “ automatic .... Ad2 13 

“ " vacuum . . Adl4, 2 13 

“ cushion or torsion springs, purpose of . 1093, 862A 
“ facings and brakc-limng data book 897,893 

“ "fluid coupling,” "(Inuf flywheel” . Ad72, 74,76 

“ hydraulic type . Ad73,74,76 

“ Long Henii-renirifugal ... . 1()94 

“ single plate type . 22, 23,1091- 1094 

“ typ<‘M of 21,838 

Coasting, p(»intcr.s on 6!1,5 

Coclficicnt of cx|)unHiun, meaning of . . . .Ad5H 

C5)ld-weathor cure of car and "winter conditioning”., 692, 1.53 
“ *' starting of engine . 104,119,402B, 5.56 

Compound wliecl-cylinder.H (hydraulic brakijs).1084 

Compression and explosn.n tliriLst of piston . . . . 814,780 
“ at various elevations . . 116, (p6, Insert No. 6) 

“ atmospheric pressure, controls how (t)5, Insert 6) 

“ charts .Ad40, (ij6, insert No. 6) 

“ controlled by four factors.. (p6, Insert 6), Ad46 

" distance of piston. 811 

“ efTectfl on combustion.Ad 46 

" “ “ fuels .Ad44 

“ gauge. 767, Ad40 

“ highest when .Ad46 

“ how arrived at. (pG, Iimert No. 6) 

“ knock 779 

" nieuning of and remarks on 

1074, 76.5-767, 4fi2A, 116, Ad44, 46 

“ pressure .116,10.54 H 

“ “ Diesel engines .... 1000, (Insert No. 5) 

" “ piuwenger-car engines . 1054B, (Insert 5) 

“ ratio Diesel engine . 1000, 1022 

" meaning of 10.5^1 A, 116,1022, (p5, Insert 6) 
“ “ posHcngor-ear engines 1060, (Insert No. .5) 

" “ truck engines. 966 

** relation to spark and mixture. .. 462A, Ad4fl, 44 
" test at starting motor sliced, why . .. (p5, Ins. 0) 

" ** Chevrolet.(p4, Ins 7) 

" “ Ford V-8 . (p6, ins.6^ 

“ “ with oil seal .(p6, Insert No. 6) 

" “ “ spark plugs removed, why (p.5. Insert 6> 

“ tester and tests, engine 707, Ad40, (Ins. No. 6, 7) 

“ variation of.Ad 46 

“ volume. IKV 

Condenser, literature on (see "Ignition”). 690 

“ testers. 227-231, 462F, Ad43 

Connecting rods, literature on. 690 

" ^ pistons, rin«; si>ecif.. . 10.52, 10.54B, (Ins. 5) 

“ " (see also "Engine connecting rods”) 

Cooling and ignition systems; specifications . 1062A 

** system, flushing and care of. . . 150,161,152,739,736 

“ “ nomenclature 8.A.E. (Insert No. 1) 

** “ water capacity of 1054B, 1002A, (Insert No. 5) 

“ u u temperature of. 152,160,739 

" « a temp, rises when engine stops, due 

to thermal expansion. 149 

^ thermostat, test 739, 150, (p.lO, lae. 7) 





























































1236 SUPPLEMENTARY INDEX OF ADDITIONS AND REVISIONS 


Copper cooled irelve. 1079A 

Cera ohaade, front-drive> model “L-20*'. xiii 

Correeiing misalignment of wbeelfl. 1110 

Corrosion of aluminiun cylinder head* cause of... (p6, Ins. 6) 

Course, automotive home-study course, etc. 690 

Crankcase ventilation. 106, six, xxii* xxvi, (p8, Ins. 6, 7) 

Cross-steering and center-control, principle of. A<i32,31 

Crosswise ana angular gearing drive motorcoach.. 077A. Ad70 

Cruiainff gear transmission, Nash. Aa56~57 

Curve, horsepower and torQue, how to read. 1043 

* spark advance.. (plO* Insert No. 7), Ad40 

Cut-out, purpose and principle of. 332, 331 

Cylinder (see “Engine Cylinder”) 


Delco-Remy automatic carburetor control. Ad47 

“ “ current-voltage regulator. Ad78,59 

" “ generator. 424A, 424C, 424D, 424F 

“ generating circuit with vibrating lamp loud 

regulator.Ad59 

** ignition timer-distributor 

307A, 307C. 424A, 11511, K, (Ins. 7), Aa45 

• “ single-core current-voltage regulator.Ad78 

“ " starting motor, mechanical shift over-running 

datatype. 424 A 

** " starting motor, reduction gear type.42IF 

DeSoto automatic clutch control . Ad2 

“ caster and camber adjustments.. 1111,1112, (Insert 5) 

" generator control.Ad69 

** steering road-shock eliminator. 1100 

Detonation and pinging 

806. 779, 462B. 1075, 1079A, Ad44, (p6. Ins. 6) 

Diameter and revolutions of pulleys, how to find.1040 

Dictionary. 1073 

“ supplementary. 1079A 

Diesel engine, advantages of .1024 

“ air injection principle. 1022,1006 

“ " automotive type .1022 

“ “ book and booklets. 690 

“ " Buda-Lanova. 1033A 

“ “ Caterpillar. 1033C 

“ " cetane number of fuel, remarks on 1033E, 1028 

" ebteking for condition .... 1027, 1038A 

“ “ « « missing cylinder. 1028, 1033A 

^ " compression-ignition, meaning of. 1022 

* " “ pressure. 1000 

“ * “ ratio. 1022,1000 

* “ controls. 1029,1031, 1033A. 1033D 

“ “ Cummins. 1030 

“ ^ “ cup-wiper . 1031 

“ “ “ fuel distribution system... 1031,1082 

“ ** cylinder sleeves. 1024,1031,1033D 

** ** four-stroke cycle principle 

1022-^10330, 1020, 1005 
" ** fuel injection nossle or valve 

1023, 1020, 1032, 1033B, 1033C 
" " " " pumps... 102S-, 1025, 1032, 1033D 

** « « injectors 

1023, 1026, 1032, 10.3.3B, 1033D, 1033F 

" « « injectors, w here to obtain. 1023,481 

“ " " oils for high-speed engines 1033E, 1027,1028 

“ “ full-Diesel, meaning of. 1022 

“ “ flow plug, purpose of. 1024,1027 

" “ GM two-etroke cycle. 1033F 

“ Hercules. 1028 

" “ International Harvester (Insert No. 4A). 1033A 

" “ operating instructions. 1033 

“ “ priming the engine. 1033A 

“ " principle of operation. 1022,1029,1005 

“ “ questions and answers. 1024 

“ “ railwav type (footnote). 1033K 

“ “ semi-Diesel, meaning of. 1022 

“ " solid injection principle. 1022, 1033F 

“ “ specifications.1000 

" “ stationary slow speed, remarks on (fn) ... 1005 

" ** starting. 1027, 1033A 

“ “ two-stroke cycle principle. 1033E 

* " types of. 1022 

“ “ Waukesha-Ricardo Comet. .... 1023 

“ powered tractor. (Insert No, 4/0 

“ tractor engine, “Caterpillar". 1033(J 

“ “ International Harvester (Insert No. 4A), 1033A 

Differential adjustments. 866-867 

“ principle. 17,18,878 

Dilution and sludge, causes of. 166,167 

Distributor (see also “Ignition timer-distributor”) 

and spark-plug gap for radio. 1051 

* ignition, t 3 rpe 8 of.Ad20 

** with vacuum control.. Ad45,46,21, (plO, Insert 7) 
governor brake. Ad45,46. 21 

Dodge Bros, automatic-clutch control. Ad2 

“ electrical system. 879,1062 

" * engine, ei(|;iit-in-line, L-head. 878 

“ “ engine, firing order. 379,1051 

* front-wheel suspension.Ad32, 33 

“ * generator control.Ad59 

** generator; performance data. 879 

^ liEnition; timing, etc... 879,1064B, (Insert No. 6) 

" * spark pluM. 379,1081 

** * specifioatioDS.lOOOi 1064B, (Insert No. 8) 


Dodge Bros, starting motor; performance data. 879 

* ** transmission and olutoh. 862A, 863B 

* " valve timing, etc. 1084B, (Insert No. 8) 

" ^ wiring diagram. ^9 

Door engines. 978 

Down-draft carburetion... 975,976, (Ins. 2*6,7), Ad60,68,38 

Drag-link alignment. 1099 

Drive methods. 8,17,977B, 977A, Ad76 

" -pinion shaft bearing, types of. 866 

Driving booklets on safe driving for school use, etc. 688 

* in low gear beats engine, why. 182 

Dual ignition. 268,Ad20 

" ratio rear axle. Auburn. Ad23 

Duco and other lacquers (see also "Painting”). .. 648,786,690 

Duesenberg engine, eight in-line, I-head, model ”J”. xxi 

Duo-Servo br^es. 108^1090 

Dwell period (cam angle) of ignition breaker-contact 

points.Ad42^ (plO, Insert No. 7),1161I-L 

Dynamic and static balance, meaning of. 805 


Eccentric and concentric, meaning of.. 1074, 1075, 827, 833B 

Electric arc welding, remarks on and literature. 752,600 

“ gasoline gauges. 650^52 

generators, wind driven and batteries for... 1002, 585 

hand gear shift.Ad52 

' lighting plant for farm lighting, etc. 1002 

“ Dii gauge (same principle as Fig. 18). 650 

“ “ pressure gauge.Ad62 

Electrical circuits of a car, their relation . 332 

** e^iuipmcnt nomenclature 8.A.E.(Insert No.l) 

" parts and service-station equipment and where 

to obtain . 481,683,692-694, 555,690 

“ testing, checking devices 463, 481, 555, 690, Ad42-44 

“ “ data ana wiring diagram book.1152 

“ " pointers on 477, 411,454.555,1152, Ad4(l-44 

Electricity, methods of generating . 178, 179 

Electro and tin-plated pistons .Ad5S 

“ vacuum gear shift.Ad52 

Elcctrolock ignition switch lock; operation, servicing. 430A-C 
Electromagnetic vibrating generator regl. 347,348,362, Ad.'iS, 78 

Engine bearing and bushing defined.781,36 

“ “ booklet (footnote). . . .. 786,690 

“ “ clearances, remarks on. 783, 784 

" “ fitting methods. 786-790H, 36 

“ “ how to service, manual on (fn). 786,690 

** “ interchangeable type . 786, 782, 824B 

“ “ knocks, when .7^, 778 

“ “ precision type (footnote). 36 

" testing with oil pressure. 806 

" “ “ " “ “ (Uterature). 690 

“ “ types of (footnote). 36,781 

“ blow-by: meaning, test.. 825, 833, 814B, 829, 768, 168 

“ breaking-in procedure. 166 

^ changes in modern engines (fn).. 36, 37, (lasert No. 8) 

“ chart for drawing in parts. (Insert No. 8) 

“ checking and testing devices.... 767,704,791, Ad40-44 

" Chevrolet. (Insert No. 7) 

“ compression, compression-pressure (see' 'Compres¬ 

sion^’) 

“ “ -ratio (see “Compression”) 

" connecting-rod bearings, types of (footnote). 36 

" " “ sizes, different cars. 1052 

“ " rods. 795-803, 783, 1151B, 36 

'* “ liteature on . 690 

" “ ” removed from top, or bottom.. (Ins, 5) 

“ cooling system, capacity of. . .. 1054B, 1062A, (Ins. 5) 

“ ** “ literature on . 690 

“ “ “ thermoetat test.. 739,150, (plO, Ins. 7) 

** tightening and care of. 151,739 

" crankcase draining of . 167 

“ oil capaoity- 1054B, 1062, (Insert No. 5) 

** 4. H selection and use of_ 166, 10G2B, 1062 

“ u m yj^cosity numbers. 1062B 

" ventilation.. 166, xiz, xxii, xxvi, (Inserts 6, 7) 

crosswise mounted. 977A 

“ vertical drive. 977B 

cylinder (see also General Index) 

“ block; head warped, resurfacing of.. 814B, 733 

** front is No. 1.'.xxxv 

'* glasing of when breaking-in. 166, 824D 

“ head aluminum, advantage of. 152 

" “ “ corrosion of.. (p6, Ins. No. 6) 

* " gasket to reduce compression. 733 

“ “ “ types, etc. 732-735,161*162 

* “ tightening of. 733,161, 162, 715, 

(p6, 5, Inserts 6, 7) 

* hones. 824A, 816 

* leaks and cracks. 151,152 

** measuring; tapw and out-of-round 812,814B 

* out-of-round limy, and testing 814,814B, 812 

* reconditioning. 814, 824A, 824B, 821 

* ridge or shoulder in cylinder_8^, 812,828 

* sleeves or liners 814A, 910, 1024,1031,1033D 

** tapered and out-of-round 814B, 812, 814, 881 
" thnist sides; explosion, compression. 814,780 
** when and how much to enlarge_814B. 828 

develops power in proportion to weight at air... Ad89 
Diesel (see "DieseTengine*’) 

double rating of, caq>liuii«l.1037 









































































































































SUPPLEMENTARY INDEX OF ADDITIONS AND REVISIONS 1887 


Ebi^ factors affeotinc perfonnanoe Ad44 

^ finng orders, dmereni cars 1062A, 1051 

* Ford model' A" 1151 

- - V-8 ^ ^ (Insert No «) 

* fouT'^troke cycle principle “ll-SS, 1005 1022,1029 

* greatest puU not at highest speed 1043 

* heat, where moet is geoeratea (Ads 34, Insert No S) 

" heating ol quickly, why 140 104, 462A. 462B, 166 

* “ when adj valves importance of (p5 Ina 7) 

“ heats when driving in low gear why 152 

* horisontal valves xxvi 

" honsontally opposed 12 cylinder 975 

“ horswower and toroue 1060, (Ina 5) 964 096,098,1000 

** , « s meaning of 1043 

hot, water steaming, cool gradually 152 153 

“ Ignition timing daU 1054B 1062\ (Insert No 6) 

“ knocks777-780 170 lUVlA 35 306 IISID (p6 Ina 6) 

* loses powsr, why 764 59 61 820 Ad43 

* lubrication (see Lubrication ) 

“ Msreury (Insert No 6) 

“ modern, remarks on (footnote) 36, 37, (Insert No S> 
" nomenedatare SAT (IisertVj 1) 

* oil cooling methods xix, xxxiii 074 976 

“ " dilution and sludge I6(» 107 

** * filters Iftt 

“ “ pumping some of the cauaes of 168 832 833B 826 

“ * viscosity numbering SAL 10G2B H 6 

“ outboard two-cycle and specifications of 998B 1U6 
“ overhaul and lit ( Engine reconditioning ) 660 82IB 
“ overheating some of the causes of 152 3{V4 400 065 
“ “ water boiling eonio of the c luses 1I 

“ pancake ’ tj-pe 077 

“ performance factors afTcsting Ad 14 

** piston and rings (see Piston” and Piaton nags ) 

“ questions and answers (see Qiestunsaiul \nsu,rs ) 

“ reconditioning tord model A 11)1 11 IC 

" indications for (Aris 4i Ins \f 8) 

“ “ literal ire on TOO 

" procedure 82IB 824A 8W\ 771 

776D. 786-760B 814 81IB 82S OKI 
“ “ tools and cq literature 664 OOO 821B 

** revolutions (rpra) how to find (fn) (p4 Ins No 7) 
" right and left side of xxxv 

** rotary disc valve purpose of (two-cycle) 99) 

running m after fitting pistons rings 83J\ 166 824B 
“ specifications of (see (Specifications engines ) 

starting cold weather and care (see Cold weather ) 

* sticking valve (see V ah e sticking ) 

“ testing chockingeo 767 701,704 79 1 690 555 Ad4(>-44 
“ timing of (see ^aive and ‘ Igniti in timing ) 

“ torque and horsepower curve explained 1043 

“ trouble diagnosis cause remedy 454 458 462A lloll) 
“ “ -shooting chart 4621 

tune up (p4 Insert 7) 660 693 Ad40-44 

“ “ oil 166 

** “ “ procedure (C hcvrolefc) (Insert No 7) 

** “ (Pord \ 8) (Insert No 6) 

“ “ service manual (see Ah A ) 690 

“ remarks on 063 555 

specifications, passenger cars 1054B (Ins 5) 
“ “ “ “ trucks (Insert No 5) 

" “ testing eq and ht 690 693 5oo ,Ad42 4 4 

tuning for touring 660 

“ two-port and three port two-cyde 098B 

“ “ -stroke cycle pnncipie 1002 098B 1043L 

“ types of xiY xxxv 38 

“ upper cylinder lubrication 160 

" vacuum test indicates faulty action (Ins 8 6) Ad40-44 

“ valve (see Valve ) 

" “ sticking (see Valve sticking ) 

** “ timing (see Valve ) 

“ warming up, imjportant when adj valves (fn) (p5 Ins 7) 

* water pump adjusting repacking lubrication 735 151 

“ worn, heavy oils, remarks on 167 

“ why io^ power 764, 59,61,820 4 58-462C Ad43 
" " runs smoother at night 1037 

" * timed to load as well as speed Ad45 46 (plO Ins 7) 

£P lubricants, kinds of 867 1079A 

Equipment for battery sennoe sta and lit 655. 585 690 580 
" " machine shop for automotive work 603 

• " service and repair shop, and lit 692-694 690 

Essex engine Super-Six (footnote) xxxiii 

Evinrudn outboara two-cycle engine 999 

Ethyl gasoline 1079A. Ad45 44 

^ octane rating of 1079A, Ad44 45 

Exhaust-gas analyser, purpose of and literature on 690, Ad43 
ExpansUn and contraction of metals (welding) 745 

• coefficient of Ad58 

Explosion and compression thrust of piston 814 780 

Extf’Mae pressure (EP) lubricant meaning of 1079A, 867 


Factors affecting engine performance Ad44 

Fan bdt adj (Ford V-8, Chevrolet) (p8, 10, Inserts 6 7) 
" sixes of 1062A 

• • too ti^t, effects of 151 

checking of, for engine overheating 153 151 

Fender aid body repair work, tools bi^k, lit 726,690 

Fcrous, nonferrouB metals, meaning of (fn) 746 

Fire^'extaagitishing equipment, remarks on (fn) 870,103 


Firing order and power Up chart, CadUUe **452*’ 424E. 1051 

* ** chart 1051 

** * specifications 1051, lOOaA 

First automobile club in the United States 1073 

“ - race * - - “ 107S 

* ‘ show « « « « 1072 

* " supply business in the United States 1072 

* ** trouble and remedy book in the U S 1073 

* carburetor made m the United States 1072 

* four-cyrls gasoline engine 1072 

“ gasoline automobile mads in the United States 1072 

“ jump spark coil 1073 

* pneumatic tire 1072, 1073 

* power propelled vehicle 1072 

Fittings brass refilaiement for fuel, oil lines, lit 600 

Flame for heating metals for bending 751 

“ oxy acetylene welding and adjusting 746 

* hardeniiiK 752 

“ pr<>i»agaii in meaning of 290 

Flaring bending to s, for tubing, lit (see * Tools") 090 

Float! Hg power pr nciple of Ad28 

" turntable f ir measuring turning radius 1113 

type piston pm meaning of 796,1151B 

Fluid drive n ii i o iiiplmg fluid flywheel Ad72,74,76 

Flus) mg and cure < f c ivibng system 730,151 

“ roar axle liousmg 867 

FIvwlisel ring geir mountings f ir Bendix drive 837 

1 ot pounds tor lue, rneanmg of 1043 

“ “ w rk, meaning of 1043 

Ford model A engine servicing of 1161 

troubles and remedies llSlD 

“ " Instruction No 86 see index on page 1127 

“ spcM ifications 1125 

“ wiring diagram 1136 

\A truck 11510 

r Instruction No 85 1115 

wiring diagram 1124 

1 rd 1 8 a r cleaner oil bath type Ad50 

eirvKingof (fn) (p4, Ins No 6),Ad50 
cai antics oil cooling system etc ^(Insert No 6) 
carburetor and adjnntments (Ins No 6) Ad60 61 66 
fuel setting (p4, Insert No 6), Ad61 
service operations (p.i Ins No 6).Ad6l 
“ cliasflis lubni ation (plO Insert No 6) 

dual manifold and (arburob r AdOO (pi 9 Ins No 6) 
ele tncal touting data and wiring diagram 1151J 


beunt gn 

conn)r«.s«ion ratio 
tost 

t ooling system 
(rank iso venlilati m 


(p8 Insert No 6) 
(plO Insert No 6) 
(p5 Insert No 0 5 j 
p6 Insert No 6) 
p8 Insert No 6) 
p8 Insert No 6) 


rvlmdf r head removal tigbt(nmg(p6 Ins 0) 

“ fan bolt and adjustments (pS Ihsert No 6) 

" “ “ firing (rder 1051 116IJ Ad64 

borsi pow< r and torque (p8 Insert No 6 5) 

" “ “ lubniati a (l>8 Insert No 6) 

oil pressiire gauge electric Ad62 

“ service otierations (p5 Inssrt No 6) 

" “ specifications 1054B, (Ins 6 5) Ad64 

“ “ torque and bhp (p8, Insert No 6, 5) 

" vacuum tost and diagnosing of 

(p4 Insert No 6) 
valve seat widths (nlO, Insert No 6) 

** tnnms etc 1054B (Ins 5 6), Ad65 

“ “ valves and lifters (plO Insert No 6) 

" wati r thirrnostnt (plO Insert No 6) 150 
** exchange prices remarks on (p3. 8 Insert No 0) 
fuel pump and ncrvice operations (p6 Insert No 6) 
“ " generator and legiilation 1151J 

“ ignition distributor Ad21, 66 (p5 Ins 6) 1151J 
“ " " automatic advance check of 

(p5, Insert No 6), Ad21 
" “ vacuum brake check of 

(p5, Insert No 6), Ad21 
“ “ timing 1054B, 1062A, 1151J, 

Ad66, 22 (p5. Ins 6) 
" lubrication chassis engines (p8,10,1ns No 6) 
** spark plugs sixe gap 1051, 1()02A, (Ins No 6) 
** Bpecihr itions 1060 1054B Ad63-66, (Ins 5, 0) 
“ " “ truck 966 Ad63-66 (Ins No 5) 

** standard adjustments Ad63-66 (Inserts No 5, 6) 
“ “ valve timing clearances 1Q54B (Ins 5 6), Ad65 

“ water thermostat 150, (plO, Insert Ne 6) 

" wiring diagram and data for testing 1151J, Ad62 

Four-speed transnusHioa gearshift purpose 642A 6421) ^2D 
-stroke cycle principle 31-33,1005 1022,1029 

" wheel brake control methods of 886 

drive trucks 982 

Frauklm engine air cooling system xxix 

“ “ lubrication xxix 

" eix-cyhnder, in line I bead xxix 

“ low pressure supercharger Ad39 

Free-wheeling and automatic clutch Adi 

“ “ Auburn Ad24 

" Chevrolet Ad20 

** compared to bicycle coaster brake Ad24 

“ " LG 8 Ad24 

" pnnoiple and definition of Ad24,26 

" " traosnussion, principle of and gear shifts 8#2C 

Front-axle and steenof nomenclature S A E (Insert N# 1) 



SUPPLEMENTABY INDEX OF ADDITIONS AND REVISIONS 


Proni-azle steering knuckles, types of... 1107 

^ “ stop screws, purpose of. 1113 

“ “ straightening devices. 1110 

" drive chassis, Cord model *‘L-29’'. xiii 

“ wheel alignment. 10MB, 1095, 897 

" ** baring and lubr. 1103-1105,867 

“ “ suspension.Ad30-36 

“ “ “ questions and answers.Ad35 

Fuel and lubrication systems, specifications. 1002 

“ “ oil lines, flexible, literature on. 690 

combustion indicator, purpose of. Ad43 

“ consumption. 462B, Ad27 

** feed systems- 111-116B, (Ins. No. 2, 6, 7), 462I-462L 

injectors IDiesel engine. 1023, 1026, 1032, 

1033B, 1033D, 1033F 

“ line vacuum test. Ad42 

“ pump, AC. 116B, (Insert No. 2), 1057, 1058 

“ “ and parts, literature on. 690,1058 

“ Chevrolet. (plO, Insert No. 7) 

“ " cuts off, when and how. (Iii.sert No. 2) 

'* " diaphragm, action of.(plO, Inserts No. 7, 2) 

" “ inspection. (p7, Insert No. 6) 

“ “ pressure test . (p7. Insert No. 6) 

“ “ “ too high; too low (fn). (p5. Insert No. 7) 

“ “ service operations. (p7. Inserts No. 6, 2) 

" “ servicing. 116A-B, (Ins. 2. 6,7), 10.57, 10.58 

“ " Btewart-Warner. I16A, 116H 

“ " test on bench. (p8. Insert No. 6', 

^ " " " car. (p7, In.sert No. 6) 

** " testers and literature on. 1058, 690, Ad43 

“ “ troublee and service hints .. (Inserts No. 2, 6) 

“ “ types of.. 116A MOB, 10.57, )05S, (Ins. No. 2, 6) 

“ " vacuum test.(p7 Insert No. 6), Ad42 

“ system nomenclature S.A.IO.(Insert No. 1) 

“ vaporisation, remarks on . . . 95, 105, 106, 462A-B, Ad31) 

Fuels, compression effect on.Ad 14 

Fuemer, As-Ke. 116B 

Full-wave and half-wave battery charger, meaning of. . 55.5 

Fusion wold, principle of. 741 

F.W.D. four-wheel drive truck. 962 


Garage and sorvice-fitation equipment. 692- 694 

Gas analyser, purpose of and literature on. 600, Ad43 

“ or fuel knock, meaning of.1051A,779 

" used for w’elding. , .... , 742,752 

Gaskets, cylinder head and tightening of . 151, 7.52-735, 71.5 

“ l)icsel engines must DO same thlekne.ss .1033 

literature on . . 690,7.32 

“ thick for reducing compression. 7.33 

Gasoline and carburetion, literature on. 690 

“ anti-knock or octane rating.Ad 14 

B.T.U.’s. . . 1074, Ad39 

“ consumption excessive, causes of 462B, Ad27 

“ effect on compression .... . Ad41 

“ ethyl. 1079A, Ad 15, 44 

“ gauge electric; operation, serviciflg . 6.50-6.52 

" “ hydrostatic; operation, servicing . 649,6.50 

“ " mechanical type. t»52 

" gauges, types of. 649 

“ heating methods, remarks on.106, Ad39 

“ liquid will not burn .95, Ad39 

“ mileage testers, literature on . 690 

" octane rating of. . . .. Ad44, 45 

“ tank capacity, passenger cars. . 1062 

“ tank repair. . 1037 

“ third-grade, regular, pretniuni . ... Ad45 

“ vaporization. 95,105, 106, 462A -B, Ad39 

“ weight of. 1050 

” why flows from a low to a higher level . . 113 

** “ more is required when cold. 462B 

Gauge (see also General Index) 

“ Bourdon tube, principle of. 162 

compression. 767, Ad 10 

" dial type . 704,791 

“ for indicating wTench pressure. 7.33 

“ “ testing afignmeiits. 704 

“ “ “ checking engines 767, 704, 791, 812, Ad40^-44 

“ gasoline. ■. 649-652 

“ ignition breaker spring tension.Ad43, (p4. Ins. 7) 

“ ml . 162, 163, 652, Ad62 

« level. 163,652 

" “ electric (same principle as Fig. IS) . 650 

“ piston ring (footnote).827 

** tracldng.1099 

“ turning radius. 1113 

vacuum... 1079, 1041, Ad41, 44 

" water temperature. 149 

Gear shift, air control. 979,978 

" “ electro-vacuum control...Ad52 

** " manual-vacuum control.Ad70 

“ " steering-column type. Ad70 

Gemmer steering gears . 899,903,910 

Generator and light specifications, passenger cars. 1053 

** armatures, etc. for replacement and lit. on 481, 690 

“ “ installation of. 481 

“ * winding, book on (see “Armature”) 690 

“ brushes. 359,328 

** oharging circuit; if open, may burn out lights. 430 

" ^ rate, adjustment when touring... 660,506 


Generator commutator dirty, etVitaof. 473,491-403 

“ field fuae. 430 

** principle of operation. 338 

purpose of. 331 

“ regulation; advantage two-brush gen. with cur¬ 

rent-voltage regulator over third-brush Ad78, 68 
" regulation Chevrmet)... IISIK, Ad70, (p6. Ins. 7) 

** “ contact-points, cleaning of. Ad79 

" “ controls; principles. .. 346-348, Ad58, 78 

“ “ current; principle of. 348. Ad68 

“ current-voltage.... 348,1161J,Aa68,78 

“ " data for testing. 11511-1152 

* " Delco-R. single-core current-volt’g. Ad78 

"" “ electromagnetic, meaning of.. 347, Ad58 

“ “ FordV-8. 1161J,Ad62,66 

“ manual methods. 347, Ad59 

“ “ non-vibrating type.Ad59 

“ *• Plymouth. 1151L 

" “ principles, t3rpes. 346,347, Ad58, 78 

" " thermostatic control 

362, 424A-B, Ad58, 69 

“ “ third-brush principle. 357,361 

" “ u u tt electromagnetic 

better. 362 

“ “ u a u remarks. 362,Ad58 

“ “ two-brush shunt wound gen.; why 

regulation is necessary 341, 346, Ad58 
“ “ two-brush shunt wound gen. with 

current-voltage regulation, ad¬ 
vantage over third-brush regula¬ 
tion . Ad78 

" “ two-stage or two-step; principle_Ad59 

“ “ vibrating lamp-load type. Ad59 

“ “ “ type, principle of 348, Ad58, 78 

** voltage-current, checking. . .1151J, Ad.78 

“ “ type principle of. 347, Ad58 

“ “ M checking (p6, Ins. 7), 1151K 

“ testing of. 462N, 455, 479 

trouble-shooting charts. 462N, 455 

“ two-brush; advantage over third-brush 362, Ad78, .58 

" voltage-current regulator check.Ad78 

■' “ regulator checking 1151K, (p6, Ins. 7), Ad78 

" “ too hi^h; too low; effect.. (p6, Ina. 7), Ad78 

“ wind driven, literature on. 690,1002, 585 

GMC Diesel engine, two-cycle. 1033E 

“ engine, model “525, 616, 707“. 074, 074A 

lieavy-duty truck. 974 

** hydraulic transmission . 'Ad74 

" niotorcoach, Yellow model 728 city-type. 977A 

Gnome monosoupape revolving cylinder engine. 1006 

Graham four-speed transmission, gear shift “42”. 642n 

“ ignition, valve timing.10.54B 

“ instrument board “42”. 642D 

" hpecifications. 1060, 1()54B, (Insert No. 5) 

“ auporoharger. ... . Ad37,38 

Grease guns, literature on (see “Lub. aervice eq.”) . 690 

“ retainers, oil seals, lit. on (see “(iaakets’’). 690 

Grilles (white metal) how to repair (footnote). 750 


Half-wave and full-W’ave b.attery charger, irieaiiiiig of.. . . .5,55 

Hard facing for parts subjected to excess wear. 751 

Hardening .steel and ferrous metaKs. 724, 752 

Harmonic balancer. 780 

Headlamps (see also “Lamp”) 

“ asymmetrical type (hxitnote). 431 

“ prefociLs.sed lamp bulks. 431,1070 

“ sealed beam (footnote). 4.31 

Headlight and horn relay piu-pcwe and literature (fn). 6.55, 690 

Heater, hot water, flushing of . 739 

Heaters for cars . 1056 

‘‘ water thermastats for. 150 

Heating a car. 10.56,156 

Heptane, meaning of.Ad44 

High-tension testers . Ad42 

Hones for crankshaft journals . 819 

Honing cylinders.816,S24A 

“ wheel-cylinders, hydraulic brakes. 108.5 

HooDye shock absorbers .12,730 

Hoover uniform code of traffic regulations. 665 

Horisontal valves. xxvi 

Horixontally opposed 12-cyl. engine (White “pancake”). 97,5 

Horsepower, torque curve, how to read . .. 1043 

engines Diesel. lOOt) 

** « u gasoline_ 996,998,964, (Ins. 6> 

“ “ power, work, meaning of. 1043 

Hose collapsed may restrict circulation. 151 

" stiffener spring, purpose of. 151 

Hot and cold running spark plugs. 236,1051 

Iloudaille shock absorb^. 730 

Hudson carburetor heat control. xxxiii 

“ electric-hand gear shift. Ad52 

** engine, eight-cylinder, in-line, L-head. xxxiii 

" ** lubrication; a double-flow, circulating- 

splash system. xxxiii 

“ “ ** distributing baffles. xxxiii 

“ “ “ oil pump, valvelesa ty))e... xxxiii 

” temperature regulation. . xxxiii 

firing order.*.. 1051 

front-wheel suspension.Ad3< 
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Hudson ignition tindng. 1054B, (Insert No. 5) 

“ Bpeoifioations. 1060, (Insert No. 5) 

** 'v^ve timing. 1054B, (Insert No. 5> 

Hupmobile earburetcu’; air cleaner and silencer. xxxiv 

“ “ dow’ii-draft, twin type. xxxiv 

“ fuemer.. xxxiv 

" engine, eight-cylinder. in-line, L-head. xxxiv 

" “ intake manifold, dual. xxxiv 

“ " lubrication oil cooling system. xxxiv 

“ '* « a punip, double type ,. xxxiv 

** “ ■* radiator core for oil. xxxiv 

** " valve springs, double type.xxxiv 

“ fu^-feed lines; two, one for reserve. xxxiv 

“ “ pump. XXXIV 

ignition; timing.xxxiv, 1054A 

“ valve clearance* valve timing. 10.'V4\ 

Hydra-matic drive, Oldsmubilc . Ad7rt 

Hydraulic brake system, Lockheod.108.V1()88, 886 

“ brakes, Chrysler "70”. x 

“ “ fluid for . 108<\ 

“ frame-fltraightener (fn).694,726 

" jacks, operation, adjustment. 699 

*' lifts, remarks on and literature. 692 694,690 

“ meaning of . 

“ method of brake control. 886,1083 

“ shock absorbers. 730, 1147, Ad30, 32 

“ transmiasion, GM. .. Ad74 

“ valve tappets.xxiii 

Hydrogen and oxygen gas for welding and cutting . 752 

Hydrometer corrections (according to teinp.i . 5:^2, 555, lOII 
for testing anti-freeae and lit. on . 151 . 1041 , ttno 
“ " “ battery ... . 529, .5,31,559, .55.5,690 

Hydrostatic gasoline gauge .ti49, 6.*>0 

" meaning of. 619 

“ oil-level gauge. 652 

Hypoid gear design, pinion and differential gear. 883A, 1079 \ 
*' ‘ lubrication (EP lubricant). 867, 1079A 


Indiana multi-drive truck . 962 

Ignition (see also General Index) 

“ and carburetion, relation between. 462A 

“ " cooling systems; specif., capacity . 10tV2A (In.s. 5) 

“ “ valve-timing examrJes . 105l.\ 

“ “ “ “ specifications . 1054B, (Insert 5) 

“ booklets, lit., manuals (sec "Ignition”).690 

“ breaker arms end cam arrangements ... . Ad 20 

“ " points too clase; too wide (pi, Ins. 7), 462(? 

“ cam angle (dwell period) 11511-L, Aa42, (plO, Ins. 7) 
** condensers (see ‘ uencral Index”) 

“ “ remarks, lit. (see "Ignition”) .. 600,462C 

“ distributor (see "Ignition timer-distributor”) 

“ double, advantage of. 290 

“ high-tension testers .Ad 12 

“ literature on (sec “Ignition”). 690 

“ octane selector. . . Ad44, 45, 68 , (p4, 5, In.sert No 7) 

“ spark advance chart. (plO, Ins. 7), (p5, Ins. 6 ), Ad 16 

" “ “ -retard,meaning34,35,288, .'•{01,305,291 

“ “ “ “ vacuum. Ad 20 , 21,45, 

46, (plO, Ins. 7l 

" “ checking of (Ford V- 8 ). (p5, In.sert No, 6 l 

” “ color of. 280 

“ (see also "kSpark”) 

“ “ knock.779, 10.54 A. 11,511), 

306, Ad45, ( 18 ), Insert 6 ) 

' “ plug (see "Spark plug”) 

" “ time to occur for best results , 291, 304, Ad45, 4<i 

“ “ too early or too lat«, effects .... 291, 30-1, Ad46 

“ *4 weak, some causes of. .... Adl.'t 

“ spring tension gauge for measuring tension of 

breaker-contact arm.Ad43, (p4. Insert No. 7) 

“ switch lock, Electrolock. 4.30A-43(K’ 

“ system nomenclature S.A.E., Division vii (Insert No. 1) 

** testers and literature (see "Ignition”).. 690, Ad42-44 

testing of and lit. 462E, 238, Ad42-43, (p4, Ins. 7), 690 
“ timer-distributor automatic governor advanres 

cam rotor. 203, 208. 212, 

(plO, Insert 7) 
checking (Chevrolet).... (p4, Ins. 7) 

“ “ “ parts worn; spring tension. 10.54 

“ " “ semi- or full automatic. 10,54 

“ synchronizing. 1054, 307A-D, 4241) 

“ “ “ types of. Ad20 

“ “ “ vacuum control .... Ad20,21,45,46, 

68 , (plO, Insert 7) 

“ diaphragm what it advances 

(plO, Ins. 7), Ad45, 46 
“ timing; adj. breaker-contact points first.. 1054, 4241) 

“ " follow manufacturer’s instructions, why. 1054 

“ " light (Neon) and literature on. . 690, Ad42,68 

" « "s Btroboscopic effect, meaning. .. Ad42, 68 

“ " passenger cars. 1054B, 1062A, (Insert 5i 

" “ remarks on. 1054, 1054A-B, 291. 

69-75, Ad45, 46 

“ “set stationary breaker-contact points, 

then movable points. 1054 

“ “ e^ehronizing. 1054.307A-D, 424D, Ad42,43 

** " tune with stationary breaker-contact and 

synchronise with movable breaker- 
conUot. xxz, 1054 


Ignition timing with Neon timing light Ad43,68, (p5, Insert 7) 

“ trouble-shooting chart. 462B 

“ vacuum spark control (see "Ign. timerHllstribu- 
tor") 

weak spark, some causes of.Ad43 

Inch ouneee, meaning of. 1109 

“ pounds tor<iue, meaning of (footnote).. 1043 

Inches, degrees, minutee, seconds, feet, symbols of. 704 

“ <rf mercury, meaning of.Ad48 

Index general, and why two indexes.. 1153 

“ supplementary, and why two indexes... 1233 

Inhibitors or rust preventives lor cooling systems. 151 

Inlet manifold. l(io, 115, Ad60, (Inserts 2, 7) 

Inserts, pagea on: No. 1: 5; No. 2 iformrrly No. 6): 144; 

No. 3: 910B; No. 4: 980; No. 4A: 1033A; No. 5: 1054: 

No. 6: see back of book; No. 7: see back of book; No. 8 
{formftly So. I and t): see back of book. 

Tn.Htruinent board and controls... 642A-64213 

International Harvester Dioeel i>owored tractor.,, (Insert 4A) 

“ “ truck. (Insert No. 3) 

Inter-state, moaning of. 974 

Intemipter points, oxidation of. 1079A 

Intra-state, meaning of . 074 

Invar strut piston. 809 


.lacks hydraulic; oi>eration. adj,, and lit. on. 699,694,690 

Icrky steering (road shock), causes of. 1101 

Johnson outboard two-cycle engine. 999 


Kirk shackles or steering road-shock oliminatoni. 1100 

Kiiig pin inclination .... . 1007,1112 

“ p»is.senger cars . 1054B, (Insert 6) 

“ '• (steiTing-knuckle) bearings. 110/ 

Knee io'tion . . Ad30,34 

" " qumtions and answers.Ad35 

Kn..ckH deliiKMi (engined. 777- 780, 170, 2.30, 30(i, 462B, 

8(m. 1075, 1151D, Ad44, 45, (p6, Ins. (J) 

Koctherieing proc'CKs of resizing pistons .. 833B 

K-S gasoline Tehgage: operation and servicing t)f. 640 

“ oil level Tclegage; operation and servicing of. 652 


LaFayette front-wheel suspen.^ion.Ad36 

“ specif, (see "NaNh-T.al'ayette”) 1060, 105411, (Ins. 5) 
I.Hcquer finishing (painting) and literature on . , . , 75tV, 648, 690 

Lamp, asy in metrical typo (footnote). 431 

" bulbs, draw in anipert« (footnote). 56.5, 1070 

“ “ prefocuH»*d tyne. 431,1070 

*’ “ sizes e(>mmonly used . 1070, 131 434 

“ load regulators for generators ..A(ir>8 59 

'■ lumienclaluro S.A.E. .431, (Insert. No. 1) 

“ resistance for battery charging, diMch’g . . 55-1,505,566 

“ sealed-beam type (footnote) . 4.31 

Lanova Diesel engine combustion jinnciple. 1033B 

Lat he sizes for various automotive work. 693,690 

Lu.Sille automatic-clutch control. Ad7 

" raster and camber adjustments. 1111, 1112, (Insert 5) 

“ front-wheel suspension.Ad.'{()-32 

generator control. Ad59 

specifications. 1060, 1()54B, (Insert 5) 

Lend burning, soldering, brazing 581,752,751, 585,719,721, 6W 

Lean mixture may burn valves on hard driving. 167 

" one cause of popping in carburetor. 118 

L.G S. free-wheeling Ad24 

Lifts electric and hydraulic; literature on. 692, 690 

Ligiitmg systems (see "Headlamps”) 

Liglit.s and generator specifications, passenger cars. 1053 

Lincoln carburetor. down-<lraft type . xxiv 

“ engine cooling system. xxiv 

“ cijifht-cylinder, V-type, L-head. xxiv 

“ firing order. 1051 

“ “ lubrication. xxiv 

•' “ specifications. 1060, 1054B, (Ins. 5) 

hydraulic throttle connection with free-wheeling , xxiv 

" specifications. 1060, 1054B 

“ transmission, free-wheeling type; clutch. xxiv 

' valve, igmtion timing specifications. . 1054B, (Ins. 5) 

“ Zephyr carburetor.(Disert No. 6) 

“ " specifications. 1060, 1054B, (Ins. 5) 

Liquid flywheel, fluid flywheel,” "fluid coupling” Ad7fl, 74, 72 
Literature, checking and testing devices 600, 481, 507. Ad4(M4 
“ various subjects; see "Books,” "BooWets' . . , 690 

Location of numbers on cars. 1051 

Lockheed hydraulic brake principle. 886,1083 

“ « « adpisling, servicing. 1083-1088 

Lo-Ex, T-slot, cam ground pistons .Ad.'SS 

I.ong semi-rentrifu(fal clutch. 1094 

LtKwe battery terminal blows fuse . 430, 348 

Lubrication abbreviations, meaning; of . 10ti2B 

“ and fuel systems, s|>ecifiratious. 1062 

“ booklets (see "Lubrication”).. . 690 

“ centralized chassis system. 761,174B 

“ chassis, specifications of. 1()62 

“ engine, oil, viscosity numbers, S.A.E.. 1002B, 1062 

“ “ remarks on light oils.... 167, (p8. Ins. 7) 

“ extreme pressure (EP) lubricant. 1079A, 867 

“ front-and rear-wheel bearings. . 1104,1105,1106 
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Lubrication oil, correct um of . 166 

- “ filters. 166 

" * for breaking in encinee... 166 

“ « « tune-up. 166 

" " selection of. 166,1062B, 1062 

" " viscosity numbers, 8.A.E.. 1062B, 1U62 

“ reap axle. 867,1062B, 172 

** service equipment, literature on. 600 

“ specifications, passenger cars. 1062 

“ steering. 900,901,903,004,907 

" transmission. 1062B, 867,172 

" troubles, engine. 167 

“ winter and summer, meaning of. 164 


Machine-shop equipment. 603 

Magnetic starting switohee.Adl9, 48-60 

Magnetos, literature and manuals. 600 

Mallory distributor with vacuum governor brake, .. Ad45, 46 

Manual method of generator control. 347, AdSO 

Manuals and service literature. 690 

Marine and commercial vehicle stock engines, specif.OOOli 

Marmon engine cylinder block, aluminum alloy. xxv 

walls, case hardened. xxv 

“ “ cylinders, steel pressed into place. xxv 

** " eight in-line, Lrnea<L double dome, high 

turbulence combustion chamber, 

“Roosevelt”.430D 

“ “ lubrication. xxv 

" " sixteen-cylinder, V-type, I-head. xxv 

“ “ valve seats, aluminum-bronxe. xxv 

" Roosevelt driving compartment. 430D 

Marvel carburetor, down-draft ^‘DN’’. (Insert No. 2) 

Mazda lamp bulb sizes. 1070,431-434 

Mechanical specifications of passenger cars... 1060, (Insert 5) 

Mechanics' and repairmen books.718,690 

“ hand tools, where to obtain. 697,698,662,690 

" aualifioations and equipment. 662,008,697 

Mercury carburetor. (Insert No. 6) 

“ column, vacuum tester and lit. on ... 690, Ad43, 44 

“ engine. (p8. Inserts No. 6, 5) 

“ furi pump and service operations.. (p6, Insert No. 6) 

" spark-plug gap.. (Insert No. 5) 

“ specifications. (Irwert No. 5) 

Metals and alloys, identifying of... 745 

“ expansion and contraction of. 745 

Methanol, meaning of. 153 

Misalignment of wheels, correcting of... 1110-1114 

Motor-Meter gasoline gauge, electric “RKD”. 651 

Motorooach and trucks, classifications of. 974 

“ ^us) specifications of. 908 

** 'Twin Coach, city-type, model SO-R. 977B 

“ White city model 686. 977 

Yellow city-type, model 728 . 977A 

Motorcycle, specifications of. 1014 

Muffler, literature on.... 732,600 


Nash cruising gear or overdrive transmission.Ad66-57 

“ electrioal system . 39, 1062A 

“ engine carburetor, down-draft. (Insert No. 2) 

“ " eight-cylinder, in-line, I-head. 41,39 

“ " intake manifold, duplex. (Insert No. 2) 

“ “ lubrication. 39 

“ “ valve-clearance adjustment. 39,1054B 

“ ** twin-ignition timer-distributor.41,39 

" front-wheel suspension. Ad36 

“ -LaFayette specifications. 1060,1054B, (Ins. 5) 

“ specif., valve, ignition timing. 1060,1054B, (Ins. 5) 

Needle or quill type roller bearings. 1079A, Ad34 

Neon gas. meaning of. 654 

“ Ignition timing light and literature on_ 690, Ad42, 68 

Nickel and nickel alloys, welding of. 750 

Nitrocelluloee lacquer finishing. 648,756 

Noises in rear axles, diagnosis of. 867,873 

Nomenclature of automobile S.A.E.(Insert No.l) 

“ “ steering system. 898, (Insert No. 1) 

" “ types OT body... o 

“ « - « lamps.ttl, (Iiwt No. 1) 

Nonferrous. ferrous metals, meaning of (footnote). 746 

Noofreesing solutions (see "Anti-freese") 


Cetane rating of gasoline, meaning of. Ad44 

" selector, purpose of.Ad44,45,68, (p4,5,6, Ins. 7) 

OH (also see “LuDrioation") 

^ bath air cleaners. 1057, Ad50 

“ oaparity of engine crankcase. 10546,1062 

« oiroulation on neavy-duty trucks. 974,976 

“ consumption excessive, bow determined; causes 814B, 167 

cooling. 974, 976, xiz, zxxiii 

" filters. 670 

" for radiator, use and purpose of. 151 

* gauge, pressure type. 162, Ad62 

* * * eleo^o (same principle as ^g. 18).. 650 

M m » hydrostatic; operating, servicing. 652,653 

** pressure gauge drops to lero as engine temp, inereasse 163 

* ' *• “ eleotiio. Ad62 


Oil pump clearance. 1079A 

“ three-gear scavenger type... 976,974 

“ “ two-gear delivery t^. 976,974 

“ pumping, causes of ...IM, 832,883B, 826 

“ selecting of, for crankcase. 166,1062B, 1062 

“ temperature regulator.six, xxsdv, zzxiii, 974,976 

" to change (summer, winter). 164,166 

" test of engine bearings. 806 

“ " “ “ - lit. (see “Engine Bearings”).. 690 

* viscosity tables. 1062B 

Oldsmobile front-wheel suspension.Ad30-32 

“ hydra-matio drive. Ad76 

" specifications.. (Insert No. 5) 

Outboard enmnee two-cycle, and specifications- 998B, 999 

Out-of-rouna and tapered cylinders, meaning, cause and 

measuring of.814B. 812,814,831,828,833 

Overdrive transmission, purpose of.Ad56-57,74 

Overheating of enmne, some of the causes... 152,304,400,995 
" " ^ water boiling, some of the causes.. 154 

Owen-Dyneto adjustable thermostat generator control.. Add9 

" automatic starting switch.Ad 19 

" " magnetic starting switch.Adl9 

Oxidation, meaning of. 1079A 

“ of interrupter points. 1079A 

" “ spark-plug points. 1051,1079A 

Oxide, meaning of. 537 

Oxidized spark-plu^ points, how to clean. 1051,1079A 

Oxy-acetylene cutting attachments. 743 

" “ “ blow-pipes. 743 

“ “ “ flame. 743 

“ “ “ principle. 741,761 

** " flame for heating metals for bending. 751 

“ “ « u flame hardening. 752 

" “ u u and a^usting. 746 

“ “ welding (see also “Welding”) 

" “ “ and cutting instructions. 741--752 

" “ “ “ “ unit (portable). 741 

“ “ " blow-pipes. 742,743 

" “ " books, fit. (fn).. 741,745-748.751,690 

“ “ “ connecting the equipment. 744 

" “ “ cylinders and equipment. 741 

“ “ “ fkme temperature and adj. 741,744,745 

“ “ “ precautions. 752 

“ " ** principles . 741 

“ " regulators. 743 

Oxy-hydrogen. 752 

Oxygen decarbonizing or carbon burning... 752,764 


Packard automatic-clutch control. Ad6 

“ brakes mechanically operated, four-wheel*‘136” xi 
" carburetor choke, connected with by-pass valve xxxii 
“ caster and camber adjustments.... 1111,1112,1054B 

“ chassis "130“. xi 

“ “ lubrication “136”. xi 

“ engine, eight-cylinder, in-line, L-bead.xxxii 

“ “ lubrication.xxxii 

" " " oil by-pass valve.xxxii 

“ “ « « relief-valve adjustment. . xxxii 

** four-speed transmission, clutch and gear-shift.. 862D 

“ fuel-feed system. 116A, 1062 

" instrument board, gear-shift, etc. 642C 

“ rear axle; cleaning and oil level. 883B 

“ “ “ differential; brake construction 883A, 883B 

" “ “ hypoid gear design. 883A 

* specif., ign., valve timing. 1060,1054B, (Ins. 5) 

Paint and color combinations for service stations. 689 

Painting or refinishing car, and literature on.... 756,648,690 

“ radiator. 739 

Passenger-car specifications (mechanical).. 1060, (Insert No. 5) 

“ " “ (servicing inf.)_ 1054B, (Ins. 5) 

“ “ " (tune-up). 1054B, (Ins. 5) 

Phillips screws (see “Tools catalogue”). 690 

Pierce Arrow (refers to models "41,42” unless mentioned) 

" " carburetor; air-intake silencer, cleaner. xxx 

* “ " choke with poppet valve, pur¬ 

pose... xxx 

" " " duplex type; adjusting. xxx 

^ throttle-vidve interconnected 

with starter pedal... xxx 

" enmne crankcase ventilator. xxx 

“ « « eight-cylinder, in-line, L-head. xxx 

installing timing chain. xxx 

- “ “ lubrication... .. xxx 

" « « model “43,” how differs (footnote).. xxx 

* “ “ six in-line, T-head, dual valve “36” xvii 

* « thermostatic heating intake manifold xxx 

“ « valve and ignition timing_xxx, 1054B 

" u u unit-power-plant with clutch and 

free-wheeling transmission. xxx 

“ ** fan belt, dual type. xxx 

“ * fuel system; fuel line, insulated. xxx 

** ** ignition; timing.xxx, 1064B 

“ ** instrument board; gear shift “A, B, C”.., 642C 

^ ** spedficationa. 1060,1054B 

Pinging and detonation 806,779,462B, 1075, Ad44, (p6, Ins. 6) 

Piston aluminum.... —. i-#. 

“ * hardened.. . 

* and piston-ring aendee literature . 
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Pivtoii ova ground. AdSS 

~ olenmiioe.810.811.800.1054A, 1054 

** diamet«r, where meaaured... 1054A. 810,811 

* paaeenger cars, average. r... 1052 

ooUattee, meaning of. 828 

eompreasioa. distance of... 811 

dispmoement. meaning of. 1046 

* passenger and truck engines... 1060,066 

electro and tin plated. Ad58 

lands, meaning of. 811 

Lo-Ex, meaning of. Ad58 

manufacturers, wt of... 813B 

pin fuU>floating type, meaning of.705-797,1151B 

pointers on:. 807-813B. 833A. 814B, 828 

ring and valve leaks 779,769,768,829. (p5.6,4. Ins. 6.7) 

expander. 828,827, SUB 

" gap clearance. ... . 827,828,820, lO.*)^ 

" gauge (footnote). 827 

“ groove, cleaning of and tools for. 832, 833 

* “ clearance, width, thickness.. 828,829,1052 

" “ sticking in; cause, effect. 768, 829 

" installation, precaution to take after a Krds .. 833B 
" manufacturers, list of. 833B 

* oversised in worn cylinders. 828, HUB 

“ pumpe oil, causes of. 168, 832,833B, 826 

** purpose and requirements of. 825 

“ seat, where. 8;i3 

“ service literature. 600 

* sises. different cars. 1054 B, 1052 

“ standard and oversice. 828, 814B 

" travel wear in cylinder.8^13,814 

“ “ when to install in worn cylinder... . 828, 814B 

" skirt expander. 828, SUB 

** spe^, meaning of.1042 

** split side installed on minimum thrust side 

1054A, 813. 807 -809, Ad58 

** standard and oversise . 813 

“ thrust sides; explosion and cornprossion thrust. 814, 780 

“ T"slot, cam ground. Ad58 

“ when to install in worn cylinders .SUB, 828 

Pitot or plain-tube carburetor principle . lOO, 102 

Plain-tube or pitot carburetor principle. 100,102 

Planetary transmission, principle of. 1115-1117 

Plymouth automatic-clutch control . Ad2,3, 4 

“ electrical testing data.IISIL 

" engine tune-up specifications. 1054B, (Insert 5) 

" firing order. 1151L 

" floating power. A(J28 

" front-wheel assembly. 1103 

“ u u gugpension.Ad32,33 

“ generator control. 1151L, Acl59 

“ Ignition timing .. 1054B, 1062A, 1151L, Uns. No. 5) 

* rear-whed bearings. 1105 

“ spark-plug gap and size.. 1054B, 11511., (Ins. No. 5) 

** specifications. lOtiO, (Insert No. 5) 

“ steering-gear assembly (Pi, P2) . 898 

valve timing. 1054B, (Insert No. 5) 

^ wiring diagram.1151L 

Pontiac caster and camber adjustment... 1112,1054B, (Ins. 5) 

“ front-wheel suspension (knee action).Ad34,35 

“ specifications. 1060, (Insert No. 5) 

“ steering-gear connecting rod. 1102 

“ valve and ignition timing. 1054B, 1062A, (Ins. 5) 

Portable tool and work benches.. 663,1039,693 

Precision bearings (see "Engine bearings"). 36 

" tools. 701-704,811 

Prefocussed lamp bulbs. 1070,431 

Preheating furnace for welding. 746 

Pre-ignition. 780, 170, 462B. 779, 238 

** and spark knock how differs... (p6, Insert No. 0) 

Preloading, meaning of. 1103 

Pull to one side, cause of. 1101,1080 

Pulleys, to find diameter and revolutions of. 1040 

Pyrometer and thermocouple. 1028 


Qualifications of automobile mechanic and specialists.... 662 

Questions and answers (see also General Index) 

“ ** “ book (Dyke’s Self-Starter) (see 

back of this book) 

• “on carburetion ... (Insert No. 8) 

• “ “ Chrysler fluid drive.Ad74 

• • " Dieeel engines.„1024 

• • “ engine four cylinder .. (Ins. No. 8) 

• s « icntwt action.Ad35 

• ** “ meohl const, of a car. 1066 

• • “ Oldsmobile hydra-matio drive Ad77 

• • • spark plugs. (Ins^ No. 8) 

• • • wheel alignment. 1114 

• “to Dyke’s Auto Encyclopedia (see 

adv. back of this book on Dyke’s 
Sslf-Stutter) 

Quill OK nnedlo bearings. 1079A, Ad34 


Radiator cleaning; oil in radiator, purpose of.... 739,740,161 
“ hood ventilators and louvers. IW 

• hose, siiss of, passenger cets.106^ 

• litstatuzeon. 782,740,690 

• rgpatring book OTootnote). 740 


Radiator rust preventives or inhibitors.. lAl, 7^ 

* shutter, thermostatically eontroUed.... 663,664,14v 

“ steaming. 162,153 

* wster capacity (cooling ssrstem) I064B, 1062A, (ios.JU 

Radio books and ser\'ioe literature... 600 

* reoeiviim equioment for automobilea.430D 

* spark-plug ana distributor gap. 1061 

Rear-axle a^ustments, pointers on. 367 

“ *• differential brings, types. 867,866 

“ “ double reduction (truck}. 976 

“ “ drive pinion and bearing adj.... 86^M7, li(}5,1106 

“ * « • shaft bearings, types of.^ ^ 

" “ dual ratio, Auburn.Ad23 

“ “ lubrication and flushing of.^7,172,1062B 

’’ “ noises, diagnosis of. 867,873 

“ “ nomenclature S.A.E.... (Insmt No. 1) 

“ “ oil seals. 866,867.883 

“ “ Packard "Eight’* series. 883A-883B 

“ ** wheel bearings.r. 1106,1106,864 

* wheel alignmen], tracking. 1098, 1114 

Ileconditioiiing cylinders. 821 ,814,824A, SUB 

“ engines and lit. on ^ee "Engine").. 824B, 690 

" used car; book (* ‘ Body and Fender Repair- 

mg") . 690 

Registrations in r.JS., automobile. 1014 

Regulators for generator (see "Generutor regulation") 

“ ** wel^ng. 743 

RCO engine, eight-cylinder, in-line, L-head. xxxi 

“ lubrication. xxxi 

“ “ “ oil-level gauge, hydruatatir .. xxxi, 662 

“ “ M H pm^ages cored and guii-drillod xxxi 

“ srlf-shiftcr transmission. Ad36,37 

“ specifications. 968 

“ vacuum clutch control. Ad 14 

Repair b’imaeea. starting into. 662 

shop and service-station ecj. and lit. on.. .. 692-694,690 
Resistance for charging and discharging batteries.... 566, 554 

Resistors for spark plugs, radio. 1051 

Revolutions and diamefer of pulleys; bow to find. 1040 

Rewiring h car, manual and literature . 690 

Ricardo cylinder he^td principle. 806 

Right and left side of engine.xxxv 

Rim and tire association year book . 607,690 

RKl) electric gasoline gauge; operation, servicing. 651 

Robs steering gears. 906-909 

Rust preventives or inhibitors for cooling system .... 161,739 

s 

S.A.E. Handbook and Journal, how to obtain (fn). . (Insert I) 

“ iubncatmg-oil visnisity niimberH, meaning of... l()62B 

“ nomenrluture for automobile.(Insert No. 1) 

“ “ “ “ lamiM. 431 

" >4 u u Bteenng system.... 898 

" “ “ “ typCM of b(xly . 5 

“ tiircads (see "Threads") 

Saginaw steering gears. 901, 004, OlOA 

Saybolt test for oils. 165 

viscosity ranges. 1062B 

Snivengor oil pump. 976 

Scheblcr carburetor, "U" and duplex typo "8"... (Ins. No, 2) 

Sealed-beam headlamps (footnote). 431 

Helf-energizing effect, known as "servo" action. 1088 

Semi-centrifugal clutch, Long. 1094 

“ Diesel engine (see "Diesel engine") 

Service and tune-up specif, pass, cars , . 1054B. 1062A, (Ins. 5) 

“ literature and manuals (see index "Booklets").., 690 

" manager, attributes of. 662 

“ manu^, AEA tunc-up. 690 

“ " battery. 690 

“ “ body and fender repairs. 690 

" " brakes. 1083,893,690 

" “ carburetor. 690 

" engine bearings. 786 

“ “ “ valves. 690 

“ “ ignition. 690 

“ " NAPA . 690 

** piston rings. 690 

“ “ rewiring a car. 690 

“ “ tires. 690 

“ " tools. 090 

“ “ welding. 690 

“ “ wheel alignment . 1110,1(^5,690 

" station, repair-shop equipment, and lit.. . 692-694,090 
“ " eq. elect., where to obtain .. 481,693,656,690 

“ “ pai^t and color combinations. 689 

Servo action, meaning of. 1088 

Shackle bolts. 763 

Shimmy, meaning and cause of. 1100 

Shook absorbers. Ford model "A”. 1147 

“ “ fluid for .Ad36 

“ * hydrauUc. 730,1147, Ad30,32 

** * service tools, literature on. 690 

* eliminator, steering... 1100, Ad3d 

Shop equipment, tools, etc., and lit. on.692-694,690,662 

“ mecnanios; tools and now to use them. 696-723,662 

SlgnaLlamp switch.. 430A 

Simials for slowing down, stopping or turning. 668 

Silcrome steel. 1079A 

Silver soldering and literature on. 761,090 

Sizteen-cylindw power lap chart. 424E 
























































































































































1242 8UPPLEMENTARY INDEX OF ADDITIONS AND REVISIONS 


Sludge and water in engine crankcase oil. 167 

Socket wrench sets.663,698,699 

" (sec also “Tools”). 690 

Soldering aluminum and literature on. 720,690 

“ and literature on. 719,720,690 

bodies and fenders, literature on. 690 

** brasing, lead burning.719,721, 581,752,690 

Solenoid, meaning of. 181, Adi 5 

** starting motor switch. Ad48-50,19,15 

Spark (see also “Ignition spark”) 

“ advance curves. (plO, Insert No. 7), Ad46 

“ ignition, color of. 286 

** knock and pre-ignition, how differs.. (p6, Insert No. 6) 

“ meaning of. 1054A, 779,306,1151D, Ad45 

“ plug and distributor gap for radio. 1051 

" '* booklets and instructive literature on. 690, 2.36 

“ “ buses, trucks, tractors, motorcycles,. 1051, (Ins. 5) 

“ ** cold and hot running 236,1051 

'' " development for high-compression engines... 236 

“ " 6ame, now travels. (p 10, Insert No. 7), 290 

** “ fouling, cause of. 239,2.38 

" “ gap; too close; too wide; remarks 119,221,237, 309 

" « relation to engine compression.236 

“ “ “ to use, passenger cars 105411, 1051, (Insert 5) 

" “ heat, how and where dissipated. 236, lO.'il 

“ " location of. near ex. valve .. 2.33,37, (plO, Ins. 7) 

" " make passenger cars. 1054 R, (Insert No. 5) 

“ “ points oxidised, meaning of; to clean.. 1051,1070A 

“ " pre-ignition and burning of electrodes .. 239,780 

" " questions and answers on (Irwcrt No. 8) 

" " resistors for radio.1051 

“ S.A.E. 1“ and metric. 235, 2.36 

“ " “ terminals; post, ball, slip type . 2.35 

" " self-cleaning temperature, meaning of .. 236 

" " sixes, gaps 1062A, 1054B, 1051,2;W, 11511-l>, (Ins. .5) 

“ “ small, why.(Ans. 12, Insert No. 8) 

“ “ testers and literature on. 239,690, Ad43 

“ tightening procedure.(Ans. 13, Insert No. 8) 

“ " wrenches, sixes of. 697 

“ “ “ torque, lit. (see “Spark plugs”) 600 

“ retard and advance, meaning.. 34, 35, 288, .301,305, 291 

“ “ “ “ vacuum.Ad20, 21,45,46, 

(plO, Ins. 7) 

“ time to occur to produce best results.. 291,304, Ad45,46 

“ too early or too fate, effects of. 291, 304, Ad46 

“ weak, some causes of.A<i43 

Specialists on automotive work, classification of . . 662 

Sppcialixed automotive services tor reconditioning a car. 683 

" '' work, wrenclies, tools for. 697,693,690 

Specifications bus (motorcoach) . , . 998 

“ capacitifM, cooling, lubrication, gasoline 

10 t>2A, 1002, 1054H, (Insert No. 5) 

“ carburetors on passenger oars ... 1062, (liw 5) 

“ caster, camber and toe-in adj .. 1051R, (Irw. ,5) 

" Chevrolet. 1060, 1054 B, 1052. 1053. 

1062, 1062A, (Ins. 5), Ad 67-70 

'' cooling and ignition. 1062.\ 

“ “ capacities.1Q62A, (Insert No. 5) 

“ Diesel engines. 1000-1001 

“ engines. 1060,964,996,998,998B. (Ins. 5) 

“ “ Diesel. 1000-1001,1005 

" “ motorcycle . 1014 

“ “ outboard two-cycle. 999 

** firing orders of engines .. 1062A, 1051,11511-L 

“ Fordmodd"A”. . U25 

" « .. lOftO 1054B, 1052, 1053, 

1062, 1062A, (Ins. 5), Ad6.3-66 

“ foitf-wheel-drive trucks. .. 970,962 

“ fuel systems and lubrication .1062 

" gasoline-tank capacity of pas.Hcnger cars . 1062 

“ generators and lights . .. 1053 

“ ignition timing. 1054R, 1002A, (Ins. 5) 

“ lubricants; S..\.E. viscosity numbers . . . 1062B 

'* lubrication and fuel systems.1062 

" “ capacities . 1062, (Ins. 5) 

“ marine, commercial vehicle stock engines . 998B 

" motorcoaches (bases). 998 

motorcycles. 1014 

“ outboard two-cycle engines. 999 

“ passenger cars, mech’l const. 1060-1061, (Ins. 5) 

“ “ “ servicing, tune-up, capaci¬ 

ties, timing 1054B, 1052, 1062, 1062.\, (Ins. 5) 

piston clearances. 1052 

^ pistons, rings, con. rods. . . 1052,1054B, (Ins. 5) 

“ Plymouth. 1060,1054B, (Ins. 6) 

“ S.A.E. lubricant viscosity numbers. 1062B 

service and tune-up. 1054B, (Insert No. 5) 

*' spark plugs, make, gap. 1054B, 1062A, 

1051, (Ins. 6) 

“ tractors (wheel-tvpe and track-type)... 996-997 

* truck mechanical construction.964-973 

" " tune-up. (Insert No. 6) 

^ tune-up and servicing.... 1054B, (Insert No. 5) 

* valve dearance. 1054B, (Insert No. 5) 

** “ timing. 1054B, (Insert No. 5) 

Speed of car affects ^oline consumption. Ad27 

Splayed springs (Hiidson, Terraplane). Ad3d 

Spot welding, principle of. 7A2 

Sprung and unsprung weight, meaning of. 1079A 

Stabibier, purpose of. Ad32,28 

Btarterator.Ad50- 


Starting engine in cold weather (see “Cold weather") 

“ in the automobile repair business. 662,692-094 

" 1 "" automotive elect, repair budness. 481,555,693 

“ motor Bendix drive. 834-837,319 

“ “ controls.Ad48-50,19,16 

“ “ current indicator (footnote). 655 

“ “ Delco-Remy overdrive clutch type 424A, 424F 

“ “ drive, reduction gear type. 424F 

“ " how placed on engine..319, (Insert No. 8 ) 

“ “ magnetic switch. Ad48,19 

“ “ purpose of... 319,326, 333 

“ ** remote control.Ad48,19,15 

" “ solenoid switch. Ad48,19, 15 

“ “ testing of. 462P, 466, 478, 486 

“ " trouble-shooting chart. 462P. 456 

Startix automatic starting switch.Adl5 

Steam-heating of a car. 1056 

Steering, air control of... 979 

" arm stop studs. 1113 

“ car pulls to one side, causes. 1101,1086 

“ center-control and cross-steering, prindple Ad31, 32 

" column gear shift (Chevrolet). Ad70 

" orosa-stcenng and center-control. Ad32, 31 

“ gear adjustments and lubrication. 900-909, 1101 

" “ assembly . 898 

" “ cam and lever type. 906-909 

" " center steering controls.... 1102,1110, Ad31-33 

“ “ connecting-rod ends and sockets. 1102 

« “ Gemmer. 899-901,903-904,910 

“ “ lubrication .9(X)-908 

“ “ manufacturers, address of . 900,901,906 

“ “ purpose and requirements . 898,899 

“ “ removing and replacing of.909 

“ “ Boss. 906-909 

“ “ Saginaw. 901-902,904-905,910A, 910B 

“ “ tie-rod ends . 1102 

“ “ troubles, correcting of . 1101,1102 

'* “ types, construction, adj., lubrication... 899-910 

“ " worm and roller type . 903-905 

** “ “ “ three-tooth sector type .... 899-902 

“ knuckle (king-piu) bearings . 1107 

“ “ types of, and if bent. 1107,1110 

“ road-ehock eliminator or kick shackles .. JIOO, Ad36 
“ system, correcting looseness, tightness . . . 1102,1103 

‘‘ “ nomenclature and definition of. 898 

“ “ troubles ... 1101^1103 

“ troubles and steering remedies.1100-1103 

wheel, removing and replacing of . 909, 910 

" “ pull (checking steering-gear adj.) . 1101 

Stellite alloy, Haynes. . 751 

“ valve seat inserts . . .... 776A, 796,1079B 

Stewarl-Warner fuel pump; operation, servicing . 116A, 116B 

“ “ vacuum tank booster .116B 

“ " “ “ convtant-Huction type ... 116B 

*' “ “ levcrlcss type. . . (lasert No. 2 ) 

Rticking piston ring.s and valves (.see “Pi.ston” and “Valve") 

•Stockroom, parts and tools supplied from. 662 

Stopping distances of automobiles at various speeds. 888 

Storage oattery (see also General Index) 

“ " booklets, manual^, magazine, lit. 690, .WS, 585 

“ cell testers and capacity test. 554 

“ “ chargers, testers, service . 555,685,554,690 

“ “ charging rates. 1053,529, 574 

** current to starter, indicator for (fn). 655 

“ “ discharged, three causes and diag. .. 655, 556 

“ " don’t overfill (footnote). 555,560, 562 

“ “ floating on the line. 334 

“ “ high-rato discharge testers . .. 651-5M, 565 

“ " hydrometer and thermometer . . . 655,631 

“ “ “ calibrated 70®, 80®, 60® . . 632, 655 

“ “ “ temperature corrections. 532,655 

" '' lead burning ana lit. on . 585,581,752,690 

" “ manuals, literature, magazine, etc 690 

*' '* manufacturers, list of. 685 

“ “ parts and where to obtain. 665, 585 

“ “ purpose of. 621,334 

" “ relation to starting motor. 325 

" “ resistance for charging 654,555,564-568 

“ " « « discharging .. 647,654,655,565 

“ “ service eq. where to obtain . 555, 685,680,690 

* temp, corrections for s.g. readings... 655,632 

“ “ terminal loose, why blows fuse 430, 348 

“ “ teat (Chevrolet).(p4. Insert No. 7) 

* « « make, remarks on. 655 

" M « under load using starter (fn) 654, 556 

“ teeters and lit. 566, 685, 646, 651-564, 531,690 
“ “ testing (see also General Index) 

“ “ 645,466,4620,654,656, (p4, Ins. 7) 

“ “ thermometers, purpose of 633, 665 

“ trouble-shooting chart. 462N, 466 

“ " troubles. 655,656-669,448, 466.462N 

“ “ types of. 178,179,621 

* “ voltage drops, remarks on (fn).. 655,542,425 

“ “ voltmeters (footnote). 654, 655, 645 

" “ wire (cable), etc., where to obtain... 685,690 

Straddle and stub mounted drive pinion shaft bearings.. 867 

Streamlining, purpose and meaning of.Ad27 

Stroboscopic effect (ignition timing light).Ad42,68 

Stromberg carburetor, down-draft^*D," “DD". .(Insert No. 2) 
“ “ “ “Efe"(FordV.«..Ad60-«l 

■' twin type “ 00 - 2 "... .GnaeriNo. 2 !> 
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Siitdebakor engine, eigbt-cylinder, in-line, L-head.xxxv 

• free-wheeling trana. and gear ahifta.,. 862C. 642B 

• ignition and valve timing .. 1054B, (Insert No. 5) 

“ instrument board, gear shift, etc. 642B 

“ specihcationa. 1060, (Insert No. 5) 

Btuti engine, eight-cylinder, in-Line, 1-head, overhead 

camshaft drive. xx 

“ “ valve construction. xx 

Sun and planet gear transmission . 1115-1117 

Super-service station, meaning of. 692 

Superchargers. Ad37~:t9 

Supplementary index. 1233 

“ 1 dictionary. 1079.\ 

Switches; Imcking-lamp, horn, lighting, signal-lamp .. 430A 
“ Electrolock ignition switch; operation .. 430A-A.'10C 

“ solenoid, starting motor.AdlS-oO, 19,15 

Symbob: degrees, minuies, seconds,inches, feet, meaning 704 

Synchrolite, ignition timing light.Ad42 

Synchro-mesh transmission.xii, 642B, 6421), 8620, Ad25 

Synchronizing ignition. 1054, 1054B, 307A-l), 4240, Ad42. 43 
Synthetic wood alcohol. 153 


Tapered and out-of-round cylinders, meaning, cause and 

measuring of.812,81-1,81111,828,8.31,8:13 

Taximeters, how to read.1071 

TDC or TC5, meaning of. . 1054,01 70 

Telegage gasoline and oil-level gauge ... . 649.650,6.'>2 

Temperature control of water in ooolmg system . 149, 150 
• indicators for water in cooling sy .--1 cm 149 

“ of water in cooling sy’stem 152, 150 

^ “ rises when engine Sto[)s 119 

“ « « thermostat opening .. .(plO, Ins. 0, 

7). 150. 7.19 

Tempering, annealing, brazing . 723,721 

Terraplane front-wheel 8uzi>€n.sion. Ad.Kl 

Test stands electrical and where to oOtmn. 507, 481,090, Ad43 

Testers, alignment. 1110 

“ anti-freeze. 151,690, KHl 

** battery and literature on. 555, 585, .'>10,5:U, 554 

^ brakes. 1110,896,807,108:1.1088 

* carburetor.Ad43.41 

* condensers (see abo “Testing condensers’’) ... Ad43 

• electrical and lit. on. 463,481,507,090, Ad42—14 

• engine. 767,703,701,09:i, 690, Ad40-44 

" exhaust gas and literature on. 690, Ad43 

" fuel pump and literature on . 1058,690, Ad 13 

“ ignition and lit. on (see“Ignition’’) .. 690, .\dl2 '41 

• spark plugs and literature on . 239,690, Ad43 

“ vacuum and literature on . . 690, Ad40 44 

* valve springs.Ad43 

Testing (see also General Index) 

" (see also index for the name of part, as “Ignition 
testing,’’ “Carburetor testing,” etc.) 

” and checking alignment, con«ist? of.1110 

” “ devices, electric. 463,481,683,507, Ad 12 

" ” ^ “ engine . 707,701,791,Aa40 4 4 

" “ “ “ literature on. 690,4S1, Ad 40-14 

“ anti-freeze solutions . .. 1.54,1041 

“ battery. 654, 555, 4620, 456, (p4. Ins. 7) 

“ brakes, equipment and lit. . 1110,896,897,1083,1088 

“ ” (maintenance hints).8S7,1086 

“ car (road-test Chevrolet).(p6, Insert No. 7) 

" carburetor.. 123,119,462I-L, Ad43,41, (Ins. No. 6,7) 

“ compression (engine).... 766, Ad40, (p.5, 4, In.s. 6, 7) 

“ condensers. 227-2:i 1 ,462 F. Ad i:i 

“ “ lit. (see "Ignition”). 690, Ad4:i 

" cylinder for taper and out-of-roiind.812, SMB 

‘‘ engine bearing with oil pressure. 806 

“ ^ “ “ “ “ literature on.... 690 

” blow-by (see abo “Blow-by”).SMB 

“ “ literature on . 690, 603,694, 65.5, Ad40-4:1 

“ ** sticking valve (see “Valve sticking”) 

“ fuel pump .... (p7, 6, Inserts No. 6, 7, 2) ,116B, Ad42 
" generator .. ... 462X, 4,56.479 

" “ regulators .. Ad78, .58-59, (p6, In.sert No. 7) 

‘ ignition (see ’’Ignition testing”) 

“ instruments andlil. on 690, 554, 555, 545-547, Ad4(>-44 
” pbton rings, valve leaks 760,779,829, (p.5,6,4, Ins. 6,7) 

starting motor. 462P, 456,478,4W, 555 

“ vacuum of engine and indications (see “Vacuum” 
and “Engine”) 

“ voltage and current regulators, Ad78, (p6, Ins. No. 7) 
" water thermostat. ... 149, 150, 739, (plO, In.serta6, 7) 

“ wheel balance. 1199 

Tetraethyllead. 1079A 

Thermocouple and pyrometer, purpose of. 1028 

Three-port and two-port two-cycle engines . 1003,998B 

Thermoetat (water), temp, it opens. 149,150,739, (plO, Ins. 7) 

Thermostatic control of carburetor choke.Ad 17 

“ “ ” generator. 362,424A, 424B, Ad.W 

“ « « radiator shutters. 654 

” rt « water circulation.149, 150, 739, 

(Ins. 6, 7) 

Third-brush regulation, principle of. 357,361,362 

Threads, Am, standiurd (footnote). 706,709,697 

" 8.A.E. Fine, Coarse. 697,706,709 

Thrust side of pbt<m.814,780 


Tightening spark plugs . (Ans. 13, Iiiaert No. 8) 

“ “ ^ wrenches for. 607,690 

Timing abbreviations .. 64, 70, lOM, 1014 

** ignition t,see “Ignition”) 

“ “ lit. (see "Ign. timing light”). 

” with Neon timing light. Ad42,68 

“ marks on flywheel, remarks on.... 60, 1054,1045A, 64 

** specifications (tune-up) . 1054B, 1062A, (Insert 5) 

“ valve (see “Valve”) 

Tin-plated and electroplated pistons. Ad5H 

Tire and rim association year book. 607, 690 

“ and wheel assembly, balancing of. 1108,1109 

” noises, diagnosis of . 867 

" place best ones on front wheels. 594 

” repair manual, service bulletins, literature.. 622,018,690 

“ wear, causes of . 1101 

Toe-in, caster, camber, king-pin inci .. 1096-1100, 1110- 11 M 
“ “ “ passenger cars . . 1051B, (Insert 5) 

Toe-out on cvirvo (turning radius) ... .1(‘98, 1112 

Tool benches, portable . . 663,603,10:6) 

“ cases. . 663,698 

“ equipment . 663,698-699,692-604,090 

To«>b (see abo “Wrenches”) 

* and equipment for auto mechanics . 662, 692, 605-690 

“ “ - work 481,600,555, Ad40-43 

“ ” “ machine shop. 603 

“ “ « « service statitui. 602-604,690 

“ hmly and fender repairing literature on. 690,727 

" caiiiiirc.tor work and lit. on.(plO, Ins. 7),607,600 

ignition work and literature on . ... 607,690 

“ manual of approved service tools ... 600 

mechanics'hand tools, literature on 690,695 698,662 

“ firccision. 

.Hoeket wrenches. 

“ specialized work and literature on 
“ straightening frames, etc. (footnote) 

“ Ior<juc wrenches and literature on . 

“ spark plugs (see “Spark plugs”) 600 
tul»e benders, flaring, etc., literature on . , 600 

* \Mcliches for spemaliBcd work and lit. Oil .. , 607,600 

Tor<iue and horsepower curve, how to read 1043 

“ “ of engines ... 906,008, KKM), (Ins. 5) 

foot pounds, meaning of . .. 104.3 

inch pounds, ineaning of . .1043 

or ten.sioii wrenches and literature on . 1.52,733.600 
reaction of power impulses, meaning of . Ad28 

Torsion or cushion spring of clutch ... . 862A, lOOiJ 

■ • 805 

660 
650 
660 
660 
660 
650 
6.50 
660 

. 1098, IIM 
viii 
. . 085 

(Insert No. 4A) 

. (Insert No, 4) 
.... 074,081 
006, (Ins. 5) 


701 
698, 690 
697,693. 690 
. . . 694, 726 
152, 733, 690 
”) 


'Porsioual vibration, remarks on 
Touring; check valve-clearance and generator-charge 
** highway markers; information, general 

“ license reciprocity granted to tounsts 

" preparing cur and engine for a t»nir... 
state motor laws aflecting tourists . 
transcontinental routes, cast and west 

“ ** north and south 

tuning engine and car. 

Tracking, riuir-wheel alignment 

Tract nr ('ase Model “1.”. 

“ “Caterpillar” track-type. . . . 

Internatinnal Harvester (Diesel) 
McGormick-Decnng ... 

meaning of . 

Specifications track-t/ype, whi'el-type 


n y i vjr .... >, y t im. V/ 

Trallic regulations; excerpts from model mumeipal tralfio 

ordinance (Hoover Cfsie) , 6,55 

“ “ safe-driving pointers and lit. . 6.57,6.5.5 

Traders, seini-truilers, and full trailers. . ... 974,9.52 

Tramp, meaning of. I l(K) 

Transmi.sMion air control gear slnft. . 979,978 

“ and clutch; names of partK . hf)2.\ 862B 

" “ engine noises, diagnosing of 867 

automatic. Oldsmobile hydra-mntic . Ad76 

‘‘ Auburn silent mesh . Ad24 

Chrysler fluid drive . Ad72 

“ electro-vacuum (Hudson-Bendix) Ad.52 

five-speed. . , . f)76 

four-speed and gear-shift .. 862D, 642A. 642D 
free-wheeling 862C, 642B, xxx, xxxiv, Acl24, 26 

hydraulic CiMC Ad74 

lubrication . 172, 1062B, 867 

** overdrive, purpose of . Ad56-.57,71 

planetary, principle of.1115-1117 

self-shifting (Bco/ .Ad.36 

synchro-mesh . 862D, 642B, 6421), Ad25 

Trouble-shooting charts. 462A-462P, 455, 466, Ad4l 

Troubles (see also General Index) 

“ (see abo index for the name of part, as “Steering 
troubles,” “Ignition troubles,’’ etc.) 

digest of. 454 

Truck, cab-over-engine. 976 

“ four-wheel arive. 062 

“ heavy-duty. 074 

” specificatioru of. 964-973 

*' tune-up specifications. (In.sert No. 5) 

’ underslung ijower type. 970 

“ wheel, mounting of. 11.51F 

Trucks, freight hauling, classification of.971-976 

T-slot, cam ground, pistons.Ad58 

_„„„ ..... Tube fittings and to<^, literature on (see “Toob”) . . . 600 

Tie-rod ends, testing for looseness. 1102 Tune-up and checking devices. 767,704,791, Ad40-44 

Tightening cylinder hewb. 151,152,715,733, (p6,6, Ins, 6,7) “ engine, literature (see “Engine tune-up“). 600 
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Tun«-up MrrfM manuAi (••• ''AEA*')... MO 

** * spedfleatioaB, pnwanftr oan. 10MB, 1003A. (Ina. 5) 

• • * trucks. (lasenNo. 5) 

Tuaint car and ei^nc.060, Ad40 

Turbtucnoc, an aid^to fud dfatrtbution. 115,800 

Turning radius (toa-out on surra). 1098,1112 

Twin Coash citr-typs motorsoacn, model dO-R. 977B 

Two^tacs, sinms-fiafs air somprbssors (foolnote). 625 

* -atroke eyds prinsipls. 1002,098B, 1033B 

Typss of automomle bodiss; B.A.B. nomendature. 5 

“ " “ engines.xiv-xxrr 

" “ batteries. 178,179,521 

'' " Diesel siupnes. 1022 

“ “ differentia bearings. 867 

** " front-axle steerins knuckles. 10,1107 

“ " generator regulation.347,357, Ad58,78 

“ Ignition timer-distributors.Ad20 

“ " pinionahaft bearings. 866 

^ steering gears. 800 


Undersiie bearings. 701 

Unsprung and sprung weight, meaning of. 1070A 

Usea-car reconditiomng book (see “Body, Fender llep.“) 600 


Vacuum and manual gear shift (Chevrolet).Ad70 

^ brake-aaeister and power brake system. 1081, xii, 886 

“ " for spark control.Ad21,45,46 

“ clutch control. Adl4,2-13 

" controlled governor brake (ignition). Ad46,46,20,21 

“ fuel feed systems. . 113-115 

'* gauge and tester. Ad40,44 

“ Ignition spark controls Ad20~22,45,46,68, (plO, Ins. 7) 

" inches of mercury, meaning of.Ad43 

inlet manifold readings (Ford V-8). (p4. Insert No. 6) 

“ method of brake control. 886,1081 

** motor windshield wipers. 1058 

“ power brake system and brake-assister. 886,1081, xii 

“ readings at various elevations. (p4, Insert No. 6) 

** tank; constant-suction; leverlees 116B, (Insert No. 2) 

“ “ tost. Ad42 

** test engine, indications of.... (Inserts 6, 8), Ad40-44 

“ fuel pump.Ad42, (p7,InstrtNo. 6) 

« « valves. (p5, Insert No. 6). Ad41 

" tester and literature on. 690, Ad40-44 

" “ “ teats.Ad4(>-44, (p4,6, InsertNo.e) 

“ mercurv column and literature on 690, Ad43-44 

Valve (see also General Index) 

“ andign. timing; remarks 1054, 1064A, 291. 69-76, 1064B 
" burned... 167,67,776B, 770,660,709.462B, (p6, Ins. 6) 

“ clearance (see “Valve-stem clearance") 

" grinding procedure.770,1151,66,57 

* guide; remarks on. 776A-B, (p5, Insert 6) 

* norisontal.xxvi, 975 

** reconditioning methods and carbon removal 

770, 774-776D 

“ rotary disc (two-cycle engine). 999 

" seat grinders. 776,776A 

“ “ inserts. 776,776A.976 

“ widths Ford V-8 and Chevrolet.. (plO, 8, Ins. 6,7) 

“ “ *• remarks on (footnote). 770 

“ service, literature on. 690 

" silencer, Cadillac.xxiii 

** siiee, passenger-car engines. 1054B, (Insert No. 5) 

“ springs, remarks on. 770OD 

* “ teeters.Ad43 

** “ weak or gummy guide; indications . . (p5, Ina. ^ 

*• stem clearance adjustment .. 67-59,776B, 1054A-B 
“ " “ “ warm-up engine. (]^, Ins. 7) 

" “ " maximum and minimum. 1054A, 660 

^ passenger-oar engines 1054B-'1055, (Ins. 5) 

“ sticking, remarks on.767, 776A, 770, 166, 

Ad41, (p5. Ins. 6) 

** tappet clearance (see “Valve-etem clearance") 

** timing, passenger-car enginee. 1064B-1055, (In8.5) 

“ ** remarlmoQ. 1054, 1054A, 59-75 

Vaporising of fuel, remarks on. 05. 105, 106,166, Ad39 

“ « « methods.Ad39 

Vertical drive (also crosswise, angular).... 977B, 977A, Ad76 

Vibrating type generator regulators. 348, Ad58, 69, 78 

Viking carburetor, down-draft type. xxvi 

** engine, crankcase ventilation. xxvi 

" “ eight-cylinder, V-type. xxvi 

“ “ luorication. xxvi 

“ “ valves, boriiontal type. xxvi 

Vlscoeity, meaning of, and tests. 165 

* meter, purpose of. 1029 

* numbm of lubricating oil. 1062B 

Voltage-ourrent regulator, checking of. 1151J, Ad78 

** drop, explanation of. 555,425,542 

** regulation, principle of. 347,Ad58 

regulator (see also “Generator regulation") 

„ “ ohaokingof. 1151K, Ineert 7) 

Voluneters for testing battery and oi^e... 5M, 545,546 

Volwae eomprinrion, meaning of....... 116 

^ • aManina ol. .. 11^1079B 

votuasetrio dBdeiMy, eaplaaation of_ 


w 

Wandering or weaving, meaning of... 1101 

Water boiling, some <h the oanses of. 154 

** frosen, steams, some of the eausee ol.. 153 

" in products of combustion. 166 

pump, adjusting, repacking, lubrication... 735,151,150 

* temperature and if steams... 152 

temperature control and regulation. 149,150 

** gauge or indicator. 148,149 

** " rises when engine is shut off due to 

thermal expansion (see Note). 149 

* thermoetat and testing of. 149,150,739, (plO, jins. 6,7) 

Weight of cars, what includes. 1051 

Welding (see also “Oxy-acetylene welding") 

“ aluminum, bronse, brass, east iron, malleable iron, 

galvanised iron, steel, etc. 747-750 

" books and literature. 741,745-748,761,690 

“ bronse-welding, principle of . 741. 747 

“ electric arc principle and literature. 762,690 

“ Encyclopedia. 741,690 

" expansion and contraction of metals. 745 

** ferrous and nonferrous metals. 746 

" flame (see also “Flame"). 745 

“ fusion-weld, principle of... 741 

“ gases. 742.752 

“ joint design . 745 

“ lead, or "lead-burning". 751,752,681 

“ metals, identifying of.. 745 

nature of iron, stM, etc. 746 

“ oxy-acetyiene (see “Oxy-acetylene”) 

“ “ -hydrogen. 762 

“ precautions. 752 

“ preheating. 746 

" spot welding, principle of. 752 

“ lack welding. 746 

** white metal grilles (footnote). 750 

Westinghouse air brakes (Dendix-Wcstingliouse) 1080,978,886 

Wet sump crankcase. 974 

Wheel alignment. 1095-1114,897 

“ “ and brake-testing eq. lit. 1110,694,600 

“ " “ steering troubles and remedies 1101-1103 

“ “ correcting misalignment of . 1110-1114 

" “ definition of. 1095 

** diagnosing misalignment. 1110 

" " principles. 1095-1100 

“ “ questions and answers. 1114 

“ “ rear-wheel tracking. 1008,1114 

“ “ service literature. 1110,690,1096 

" “ terms, meaning of. 897,1095-1100 

** " testing and checking. 1110 

** and axle alignment information. 897,1095-1114 

“ “ gear-pmlers, literature on. 694 

“ balance, wobble, run-out, bard steering 1107-1109,1101 

** balancing machines, where to obtain.1110 

“ bearings, adjustment and lubrication .. 1103-1106,867 

“ “ and steering-knuckle beanngs. 1103,1107 

“ mounting on truck. 1151F 

“ wobble, hard steering, tire wear. 1107,1101 

Whippet engine, four-cylinder, in-hne, L-bead, “96A" .. 40,39 

White motorcoacn, city-type model 685. 977 

“ “pancake" engine. 975,977 

“ truck, heavy du^. 976 

Willys engine, eight-eyfinder, in-line, L-bead, “8-80".. xiv, xv 

* Knight engine, side sectional view “87".zxviii 

“ “ sleeve-valve operation . xxvii 

“ “ “ six-cylinder, aleeve-valve... xxvii, xxviii 

Wind-driven electric l^bting plants, literature on . . 1002, 585 

Windshield wiper tubing teet.Ad42 

“ wipers. 1058,1059 

Winter-conditioning oar; starting engine (see “Cold weather") 

Wiperlub lubricant. 1()69 

Wire (cable), literature on. 690,655, 685 

Wiring a car, site wire (see also “Booklets"). 426,690 

diagram and electrical data book. 1152 

* “ book, remarks on (see "Note"). 424,411 

“ Buiok. 424C, 424B, 1151-1 

- “ Cadillac “370". 424D 

“ “ Chevrolet. 1151K. Ad70 

* " Chiysler “70". 307D 

“ “ DtxJge Bros. “8-1930". 379 

* ** Eleetrolock ignition switch lock... 430A-430C 

- « Ford V-8. 115lJ,Ad62 

** “ bow to study. 412 

* * Plymouth . 1151L 

* literature on (see “Rewiring a Car"). 690 

Wiiard control, meaning of.AdlO 

Work benches. 693,694,663,1039,1040 

* power, horsepower, toraue, meaning of. 1043 

Wrenches and mechanics hand tools, manufacturers of 698,663 

** for specialised work and lit. on. 697,690 

* frequently used, aisee of. 697,698 

how measured, (footnote). 6^ 

* single and double broached, 4,6,12 point... 698,699 

** sisee socket, how lo find. 698 

* socket; typee of; edeoted sets of. 698,699,663 

“ spark plug and tapp^ and lit. on. 697,690 

* tappet adjusting. 697 

** toraue ii^oating and lit. on. 783,152,690 

** with pressure gauge (footnote). 733 


AdM YeQow moiorooaeh, model 728 dtgr-type. 
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CHRYSLER AUTOMATIC CLUTCH CONTROL* 


The Chrysler is an example of a car employing an 
automatic clutch and a separate free-wheeling unit.* 
Both are controlled by means of one button on the 
instrument panel. 

Operation 

This automatic vacuum-operated clutch control 

is a Bendix principle modified to meet Chrysler re¬ 
quirements. The two units which comprise this 
automatic clutch control are an accelerator and con¬ 
trol valve, and a cylinder. A brief outline of the 
basic principles involved, taken from Chryskr 
lit-erature, follows. 



Kig. 1. Diftgram showing the automattc-clutch control units 
and operating controls. 



^ Applies to the Chrysler 8 (Model CP). Chrysler Imperial 8 
(Model CH), Imperial Cmitom 8 (Model CL), and Do^e 8 
(Model DK), on which it is standard equipment. Also available 
at slight additional cost on the Chrysler six (Model Cl), Dodge 
six (Model DL), De^tosix (Model SC) and Plymouth (Model 
PU). On the Chrysler six, Dodge six, DeSoto six and Plymouth, 
the installation is similar but the valve is inverted and is at¬ 
tached to the side wall of the intake manifold. 

* The free-wbeeliog unit is instaUod on the transmission main 
shaft to the rear of the transmission and is of the “cam and 
roller*' type. With thia combination the transmission is discon¬ 
nected at both ends whenevsr the foot is lifted from the ac¬ 
celerator. The tranemission gears do not revolve at all when 
coasting, as both free-wheeling and the automatic clutch are in 
operation. 


(see also. Fig. 1) around the grooves in the end of control plunper 
(4) and acowerator plunger (S) evacuates chamber (10) behind 
clutch control cylinder piston ( 11 ) through clutch control cylinder 
to operating valve pipe (11). Chamber ^19) in front of piston (11) 
is subjected to atmospheric pressure introduced through one¬ 
way valve (14) in clutch control cylinder (11). Control cylinder 
piston ( 11 ) is accordingly pulled forward (toward front of car) 
into cylinder (11). This movement of the piston (11) disen- 

f ;ages the clutch by pulling the automatic clutch r^ease fork 
ever (10) through control cylinder piston rod (T), forming n 
meohaniral connection between these two parts. 



Fig. 3. Upon depressing the accelerator pedal, the accelerator 
plunger (3) («oe rIm), Fig 1) moves forward into control valve 
(2), cutting off tlie between ports (15) and (17). The 

vacuum iii chamber (20) is relea.sed by admitting air at atmos¬ 
pheric pressure into pipe (22) tlirough slot (IS) which now lines 
up with port (15). 

The clutch control cylinder piston (21) is drawn back into 
cylinder (21) by the clutch back pressure plate springs. Air 
in chamber (19) is released as the piston (28) moves back 
tluough slot (1) in piston rod (7), allowing the piston to return 
only until the clutch is on the verge of engagement. This is 
accomplished by limiting the length of the slot (8), At this 
oint of control cylinder piston movement, slot (8) is dosed off 
y leather seal (6) permitting the air pressure in chamber (19) 
to build up until itis great enough to prevent further movement. 

Bleeder slot (1) is uncovered by port (14) in the side of the 
control valve body (2) releasii^ the pressure behind piston (23) 
through bleeder pipe (18). The rate of egress of this air 
controlled by the extent to which the accelerator is depressed, 
since bleeder slut (1) is graduated in depth, forming a variable 
orifice dependent in size upon the position of the accelerator. 

It will be immediately apparent that soft, velvety clutch 
action will be obtained by depressing the accelerator slowly, 
llapid clutch engagement without chatter or jerking will result 
if the accelerator is depressed rapidly, thus increasing the rate 
at which the pressure m chamber (19) is released through slot 


Fig. 4.'<' The entire system is rendered inoperative by pulling 
out the free-wheeling control button on the dash. This control 
button is connected through an encased steel wire to the froe- 
woeeling control lever on the left side of the transmission case. 
Vnutber flexible control wire connects the free-wheeUng control 
lever to the control plunger (4) in the automatio olut^ control 
valve <9) Locldng out the free-wheeling unit, therefore, also 
cuts out the automatic dutch by sealing the vacuum in port (17) 
with plunger (4), admitting air at atmospheric pressure into 
chamber (90) through slot (14) and pipe (21). 

A slight modification of this arransrement was introduced 
after these oars had been in production for some months. This 
provides for sepi^te lockout of the automatio dutch with free* 
wbeeliDg operative in addition to the lookout of both free¬ 
wheeling and automatic dutch at once. For this purpose a 
notch is provided in the control rod near the button on the 
instrument panel so that it may be left in a “half-out” podtion. 


* See next page for Fig. 4. 
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AdjuHtiueiitH 

Do not attempt to alter the adjustment of any 
part of the automatic clutch control mechanism until 
the following operations have been performed: 

a) Check clutch adjustments and definitely determine whether 
they conform to the Mj^ecifications Riven in the instruction books. 
If tiny variation is noted, make necessary correctutns. 

b) Lock out the free-wheclitu/ unit and automatic clutch control 
ynechanism by pulling out the control button on the dash. 
Adjust carburetor ho car will idle evenly at not less than fi 
miles per hour on the Chrywlcr hix (Model Cl) or not less than 
7 or 8 miles per hour on the eight-cylinder models with the car 
moving under its oaii pouer in high gear. 

c) Eliminate all lost motion in throttle r<Kis. 

Do not change clutch (uijustments or engine idling sineds tnth- 
uut readjusting clutch control mtchanism. 

1. Adjust length of automatic clutch control cylinder jnston rod 
(7) by locisening lock nut (9) and screwing the cxiiosed portmn 
of the rod into or out of tliat portion that is secured to piston 
(23) until the distance between the center of the hole in the 
yoke of the former half and shoulder on winch lix-k nut (9) seats 
IS exactly 34 in. on the Chrysler six (Model Cl). 4 J in. on the 
Chrysler 8 (Model CP) and 3| in. on the Chrysler Inifierml 8 
and Custom 8 (Models C'H and CL). This adjustment inu.st 
not be made until after the proper clutch adjusliueuts as Hpeci- 
fied in the instruction books are obtained. 


accelerator plunim (B) as indicated by (C) • upon depreasinc the 
accelerator pedal, before bell crank (F) oontaote with the pad 
on bell crank (D). A clearance of | in. at (A) equals approKl- 
mately i in. free play at (C). 



Fig. b. Chrysle- 8 , model CP adjustments Adjust elparanc«> 
between finger on bell crank (A) and arm of bell crunk (B> 
»»o that there Mill be I in. fne play in accelerator plunger (K) 
at puint (D) iH'fore inovenient of accelerator pedal takes 141 
the clearance at iC). Thia is accomphsheil by loosening stud (F) 
and relocating bell crank (A) on accelerator control rod ahaft 
.so that there wiP be approximately t in. cleururice at (Ct 



Fig 7. Chrysler Imperial, model CH, and Custom 8 , model 
CL, adjustment: Adjust lenglli of control riKls (D) or (E) so 
that there will be J m. movement of acrelorator plunger (C) 
at point (B) before the finger on bell crank (G) coutarta with 
the pad on bell crank (A) upon deprcHsing the accelerator. A 
elearMiiee of ) in. lit (P) will approximate j in. free play Hu (P^ 
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Fig. 9. Plymouth model PB showing clutch engaged after 
engine it accelerated. Referring to both Figt. 8 and 9, adjust 
the automatic clutch linkage as follows: 

1. The length of the accelerator rod from (C) to (F) should be 
13 in., which allows 1|| in. travel of the control valve from 
closed to wide o^n throttle. The accelerator rod is threaded 
at the rear end for increasing or decreasing length. 

2. For initial admatment, the distance between (D) and (£) 
should be 0| in. This is accomplished by loosening screw at 
(D) and moving clamp in desired direction. 

Ae the accelerator ia devreaaed, the accelerator rod moves the' 
control operating valve lorward. This takes up the clearance 
of about i in. between clamp (D) and throttle rod (G), allowing 
the throttle to open. If the clearance between (D) and (G) is 
too great, clutch engagement may occur before engine speed is 
high enough to carry the load. If the clearance between (D) 
and (G) is insufficient, engine speed will be too high before 
clutch engagement, giving the effect of momentary clutch 
slippage. 

3. With the control cylinder piston rod milled out to the limit 
^ travel, the distance between (A) and (B) should be 121 in. 
This corresponds to the position of the piston in Fig. 0. The 
piston-rod length may be changed by removing pin (H) and 
revolving clevis on threads. This dimengion is important be¬ 
cause control of the piston depends upon the position and 
registering of slots in the piston rod. 

4. If there i« evidence of clutch slippage (but not as described 
in paragraph 2) the piston rod length between (A) and (B) 
should be lengthened one turn at a time. To eliminate grab¬ 
bing, provided instructions in paragraph 2 have been followed, 
reduce the length of the piston rod between (A) and (B) one 
turn at a time. Always be sure the slot in the rod faces upward. 

5. The release linkage operated by the piston rod must be 
adjueted also. Remove pin (H, Fig, 9). Swing lever (I) for¬ 
ward until clutch release fork just touches the release bearing. 
Back off screw (J) to provide J in. clearance at (K). This 
operation will be facilitated by using a i in. piece or flat stock 
inserted at (K) to check adjustment. Insert pin at (H). 


General 

With these standard adjustments, the clutch 
operation of the majority of cars will be entirely 
satisfactory. If, after making these adjustments, ^e 
clutch still does not engage to suit, slight variations 


from the standards quoted above may be found 
advisable. If there is any tendency for the dutch 
to grab on engagement, shorten control^ cylinder 
piston rod .(7, !^g. 1) one-half turn at a time untfl 
the desired smoothness is obtained. Clutch slippan 
can be eliminated by lengthening this rod one-hdf 
turn at a time. 

Increasing the free movement of accelerator plung¬ 
er (3, Fig. 1) gives quicker clutch action without 
jerking or chattering. Decreasing this movement 
retards the engagement of the clutdi until after the 
engine speed has advanced beyond an idle. If the 
engine stalls, therefore, decrease this clearance; and if 
the car jerlu at the point of clutch engagement, 
increase it. 

In every case it will be found that ideal clutch 
action will be obtained when the control mechanism 
has been adjusted so that upon depressing the ac¬ 
celerator slowly the engine iust sta^ to accelerate 
before the clutch control cylinder piston returns to 
its cushioning point. This may be easily determined 
by watching the movement of the control cylinder 
piston rod while gradually advancing the position 
of the accelerator. 

If these adjustments are ineffective in obtaining 
correct clutch engagement, it is more than likely 
caused by an air leak in the control mechanism. 
To determine the location of a possible leak, the 
following procedure should be followed: 

1. Disconnect the bleeder pipe (18, Fig. 1) at the operating 
valve end. Place a finger over the end of this pipe. Advancing 
the accelerator under these conditions should permit the clutch 
control cylinder piston ( 88 ) to return to its cushioning point 
and stop. Furtlier movement would indicate a leak in the 
cylinder or its connections, in which event the cylinder should 
be removed and all tubes disconnected. With the clevis end 
of the cylinder clamped in a vise, place thumb over the vacuum 
connection. If the piston can be pulled back into the cylinder 
leakage is around the piston seal. 

2. If leather piston seal (8) is air tight, leakage may be a 
melon rod leath^ seal (6). This may be tested by closing the 
bleeder pipe (18) connection with the thumb. A leak at this 
point will permit the piston to be pulled all the way back. 
Lubricating the piston rod seal with the fluid mentioned above 
through the slot ( 8 ) in the piston rod should correct this condi¬ 
tion. 

3. If neither one of theee operations eliminates the air leakage 
in cyhnder (81), check all connections for being cross-threadi 
or loose. 

4. If the connections are air tight and the piston can be moved 
under the conditions described in paragraphs 1 or 2, inatal a com¬ 
plete new automatic clutch control cylinder. 

5. If there afe rw leaks in the clutch control cylinder (81), as 
evidenced by the piston stopping completely, with bleeder pipe (18) 
closed off and the engine accelerated, at its cushioning point, 
the difficultv must be caused by leakage in control vJve ^), 
Lubricate the felt washers around plungers (8) and (4). Re¬ 
place the entire valve assembly ( 8 ) if proper clutch action can¬ 
not be obtained in this manner. 

6. The control cylinder and piston require lubrication every 
10,000 miles. Remove pin at top end of arm (10, fig. 1), 
remove rubber dust protector which exposes (dot in piston ri 
and fill slot with correct lubricant. Move the piston rod back 
and forth several time^ at the same time oscillating the rod. 
For summer months a nigUy refined oil confiurming to 8.A.E. 
No. 20 should be used. During the winter months, use trans¬ 
former oil or ice-machine oil. These are low viscosity and low 
pour test oils with which oil companies are familiar. 
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PACKARD AUTOMATIC CLUTCH CONTROL' 


This automatic vacuum-operated clutch control is 
a Bendix principle modified to meet Packard require¬ 
ments. 

The automatic operation of the clutch is accom¬ 
plished through the medium of a vacuum cylinder 
connected to the clutch release lever. This cylinder 
contains a piston which is actuated by the vacuum 
from the intake manifold. 

The action of the cylinder in the operation of the 
clutch is controlled through a control valve with 
three plungers which are connected to the control 
lever on the steering wheel and to the accelerator 
pedal. 

The design is such as to vary the speed of the 
clutch engagement according to the speed with 
which the accelerator pedal is depressed. The rela¬ 
tive position on the clutch control ports is shown in 
Fig. 1. 


An explanation of the construction, operation and 
adjustments follows. 



and the clutch engaged. The bleeder line is clus^ by the 
bleeder plunger the vacuum line by the cut-out plunger, 
while the vacuum chamber of the cylinder is open to the atmos¬ 
phere through the by-pass in the cut-out plunger 

Construction 

The vacuum cylinder is attached to the forward 
battery bracket, and the piston is connected to the 
clutch release mechanism. The release mechanism 
is so designed that the operation of the clutch by the 
vacuum cylinder does not affect the clutch pedal, 
which can be operated in the usual way entirely in¬ 
dependent of the automatic control. See Fig. 2. 



Fig. 2. The vMatun cylinder contains a piston which divides 
the cyl^er into two chsmbers. The front or air chamber is 
opened to the atmosphere as required through three paaeages: 


t Apidiee to Liid^t Eight, Standard Custom Eight, and 
Twin £ <1232). 


(1) the air by-pam slot in the pieton rod; (3) the atmospherio 
valve in the cylinder head; (3) the bleedw line leading to the 
bleeder valve in the oontrol valve unit. 

The rear or vacuum chamber is oooneoted to the engine 
vacuum by a pipe which leads to ths oontrol valve and thence 
to the intake mamfold. 

The air ^-pase in the piston rod is simply a long slot which is 
opened or oloeed by the travel of the piston. When the vacuum 
on the rear chamber is shut off, this elot permits a quick dis¬ 
charge of air from the forward chamber, allowing the piston to 
move forward rapidly until the slot is oloeed, at M^ioh point the 
clutch should just start to engage. After this point is reached, 
the only escape for the remaining air in the cylinder is through 
the bleMer valve which completes the clutch engagement. 

The atmospheric valve in the cylinder head opens when the 
piston 18 pulled ba* a bv the vacuum in the rear chamber and 
permits air to rapidly nil the forward chamber. This valve is 
always closed when air is being expelled from the forward cham¬ 
ber 

The control valve consists of three plungers: (1) 
the ad-out plunger operated by the control lever on 
the steering wheel; (2) the bleeder plunaer^ whose 
movement uncovers a series of small bleed holes, 
thus effecting a final smooth clutch engagement; (3) 
the accelerator plunger^ whoso movement opens and 
closes the vacuum lino from the cylinder to the 
manifcld, thus effecting release or engagement of the 
<*lutch. 

The bleeiier and accelerator plunger are connected 
together to the accelerator iiedal. The operation of 
all plungers is positive in both directions, as they are 
actuated by the movement of the control lover and 
the accelerator pedal. 

Operation 

The clutch will automatically operate only when 
the control lever on the steering wlieel is in the up¬ 
ward position. When this lever is pulled to the 
downward position, the vacuum cylinder docs not 
function and the clutch can be operated in the usual 
way by means of the clutch ]>edal. 

The bleeder plunder regulates the flow of air out 
of the forward cnamocr of the vacuum cylinder after 
the air by-pass slot in the piston rod is closed, at 
which point the clutch just starts to engage. The 
amount of air bled out or the cylinder depends on the 
numi)er of bleed holes uncovered hv the bleeder plun^r 
and the speed with which this plunger is operated oy 
the accelerator pedal. 

Therefore, a slow depression of the accelerator 
pedal will permit a slow escape of air from the vacu¬ 
um cylinder and provide a correspondmgly slow en¬ 
gagement of the clutch, while a quicker movement of 
die accelerator pedal will uncover the bleed holes 
faster, permitting a more rapid escape of air from the 
vacuum cylmder and consequently a quicker clutch 
engagement. Therefore, the rapidity with which the 
clutch is engaged is controlled by the movement of 
the accelerator pedal. 

The accelerator plunger moves with the bleeder 
plunger, and its function is to open and close the 
vacuum line from the intake manifold to the vacuum 
cylinder when the cut-out plunger is open. All three 
plungers are equipped with an air by-pass. 

When the control lever is in the upward position 
and the accelerator pedal released, as shown in Fig. 
3, the vacuum ports of both the accelerator and cut¬ 
out plungers register with each other and create an 
open vacuum line between the intake manifold and 
the vacuum cylinder. The vacuum then pulls the 
piston in the cylinder back, which releases the 
clutch. 
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Pulling the control lever down likewise closes the 
vacuum line and opens the vacuum chamber of the 
cylinder to the atmosphere, which engages the 
clutch, as shown in Fig. 1. 

The accelerator and bleeder plungers will move 
wito the accelerator; hut as long as the vacuutn line 
remains shut off by the cut-out plunger, the piston 
will remain in the forward end ot the vacuum cylin¬ 
der and the clutch must be operated by the foot ped¬ 
al in the usual way. 

It will also be noted that a long slot in the end of 
the piston rod where it is attached to the clutch re¬ 
lease mechanism allows the clutch to be released by 
the foot pedal without moving the piston in the 
vacuum cylinder. 



Fig. 3. Position of the valves with the control lever in the 
upward position and the accelerator pedal released. The cut¬ 
out plunger has been inov(Hl by the control lever so that its port 
registers with the vacuum line and its air by-pass is closed. 

The vacuum line is, therefore, open through both the cut-out 
plunger and the accelerator plunger, and the piston in the rylin- 
der nos been drawn back by the vacuum, thus releasing the 
clutch while the forward end of the cylinder has been filled with 
air which entered through the atmospheric valve in the cylinder 
head. 

It will be noted that the lever to which the piston r<jd is 
attached has moved away from the clutdh pedaf so that the 
clutch has been released without moving the clutch pedal. 



Fig. 4. Postion of the valves with the control lever still in 
the up-podtion and the accelerator depressed. 


The accelerator plunger has closed the vacuum line and hu 
opened the vacuum chamber to the atmosphere through the air 
by-paas in this plunger. 

The piston in the vacuum cylinder has moved forward ex¬ 
pelling the air through the slot in the piston rod and finally 
through the bleed valve which has engaged the clutch. 

Both chambers of the vacuum cylinder are now open to the 
atmosphere, and the piston is held forward by the pressure of the 
clutch springs. 

Adjustments 

The following adjustments must be made in se¬ 
quence, and according to the instructions given; 


otherwise time will be wasted and unsatisfactory re¬ 
sults obtained: 

1. Pedal adtostment: A maximum of 1' free play for the 
clutch pedal is desired, and an adjustment should be mMe when 
the free play has been reduced to 1*" or whenever the operation 
of the clutch is not satisfactory. The free plav of the clutch 
pedal for clearance beneath the toe-board shoula be checked in 
the usual manner, with the clutch control lever on the steering 
wheel in the downward position and all vacuum exhausted from 
the operating cylinder. 

Adjustment is accomplished by lengthening the rod which 
connects the pedal with the clutch release lever. 

2. Adjustment of clutch release or throw-out: The total 
movement of the clutch when being disengaged has always been 
limited by the pedal travel; but when the clutch is released by 
the vacuum cylinder, a separate lever is utilised and the cluUm 
pedal does not move. It is, therefore, necessary to limit the 
total movement of the clutch by a stop attached to this lever, 
which contacts with a rubber pad attached to the frame as 
shown in Fig. 1. 

The control lever should be in the downward position when 
making this adjustment. The clutch pedal pad should then be 
pushed down against the toe-board and hem in this position 
while the stop is adjusted until it is contacting firmly with the 
rubber pad. 

3. Cushion or engagement adjustment. When the accelera¬ 
tor pedal is depressed, the vacuum line to the operating cylinder 
is clewed and the air in the forward end of the cylinder is rapidly 
expelled through a slot in the piston rod until the piston has 
moved forward sufficiently to close this slot. This permits the 
clutch to move forward rapidly until it just starts to engage, the 
final engagement being controlled by the bleeder valve. 

The cushion adjustment should, therefore, be set to allow the 
clutch to move forward rapidly to exactly the right point of 
engagement before the bleeder valve starts to function, and this 
can be accomplished in the following manner: With the engine 
warmed up and idling properly, move the control lever to the 
upward position, which will release the clutch. Put the gear 
shift lever into low speed; now pull the control lever into the 
downward position. 

The car should start to move alrnast at once with a smooth 
clutch engagement. If the start is delayed, the vacuum cylin¬ 
der pull rod shown in Fig. 1 should be lengthened. If the 
clutch grabs, make sure the connections of the air bleed line are 
tight and then shorten the pull rod. As a general rule, the rod 
adjastment should not be changed more than one-half turn at 
a time. 

r>o not use the accelerator pedal in making this test, and 
make sure the hand throttle is closed. The test should be con¬ 
ducted on a level floor or pavement with the brakes fully 
released. 

4. Throttle adjustment: The throttle rod shown in the il¬ 
lustration is constructed so as to provde a limited free movement 
of the ball joint in the upper end of the rod, which allows the 
accelerator pedal to be depressed a certain amount before the 
throttle valve in the carburetor actually starts to open. 

A total free movement of I'' has been provided for the ball 
joint in the upper end of this rod, but this is normally restricted 
to approximat^y I'', 

Increasing or decreasing this movement governs the maxi¬ 
mum speed at which the car can be driven in high gear without 
the clutch releasing when using the automatic control. The 
rod is provided with a right- and left-hand thread for adjustment 
by lengthening or shortening the rod as reciuired. 

Before checking this adjustment, the idling speed of the en¬ 
gine should be properly set; otherwise the dedrra result cannot 
be obtained. 

If the adjustment is correct, it should be possible to maintain 
a speed of 10 m.p.h. in high gear on a level pavement without 
the cJutch releasing. 

Increasing the free movement of the ball joint in the throttle 
rod by lengthening the rod will lower the car speed at which the 
clutch releases, but it is not desirable to try and attain a sp^ 
much below 10 miles per hour. 

0. Bleeder adjustment: After the cushion adjustment has 
been properly set, the smoothness with which the clutch engages 
is then dependent on the correct adjustment of the bleed valve. 

m 

Before attempting to make an adjustment of the bleed valve, 
it is wise to make sure that it has not been moved too far from 
its approximately correct location. This can be determined by 
measuring the custance from the outer end of the hex on the 
bleed valve to the plate through which it projects. This dis¬ 
tance should measure approximately 

If the clutch is engaging too quickly, with a jerking start, the 
Meed valve should be turned by the hex in an anti-elockwise 
direction when looking at the end of the valve; and if the en¬ 
gagement is too alow, it should be tu^ed in a clockwiae direction 
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This is a fine adjustment; and if it is necessary to go very far 
outside the ] ' measurement, look for other trouble. The rota¬ 
tion of the valve is locked at every one-half turn by a spring lock. 
«nd the valve should not be adjusted more than one-halt t\irn 
at one time. 

The location the control valve on the steering column is 
important; and if the steering gear has been moved from its 
original location or the column tube has been turned for the pur¬ 
pose of adjustment, it will be necessary to relocate the valve in 
its correct position. This is accomplished in the following 
manner: 

1 . Loosen screws which clamp control valve to steering 
column. 

2 . Remove carpet from toe-board and insert a block measur¬ 
ing 24* high under the end of the accelerator pedal. (Note; 
This Slock must rest on the Celotex of the toc-board.) 

3. With the accelerator plunger connected to the throttle 
shaft on dash, move the control valve down on the steering 
column as far as it will go. and clamp in position, making sure 
that it is properly aligned so that all connections are free. 
(Note: The control valve must always be moved doi^u on the 
steering column far enough to insure the accelerator and bleeder 
plunger being as far out of the valve btsiy as they will go) 


After the control valve has been properly located and the 
carMt replaced on the toe-board, the accelerator Dedal ehould 
be depree^ and the carburetor Uirottle valve cheored to make 
sure It is fully open. 

If the control valve has been removed from the steering 

column for any reason, or its location changed, the movement 
of the cut-out hunger the control lever on the steering wheel 
should be chmed. This plunger is connected to a gear seg¬ 
ment on the bottom of (he steenng gear by a rod wbi^ is pro¬ 
vided eith an adjustment. 

The gear eegmeat, which is operated by the control lover, is 
provided witli two steps which should limit the travel of the 
plunger, and adjustment should be made in the following 
manner: 

Remove the clevis pin from the cut-out plunger connecting 
rod, next pull the control lever down, which sboulci bring the gear 
segment against step. Now pull the out-out plunger out of 
theconirui valve the limit of its travel and i^uat the connecting 
rod until the cle\ is pin will just nicely slide into its bole to make 
the connection. 

The DurpcKH^ of this adjustment is to insure the cut-out 
plunger Having all the travel possible, but still stop in both direc¬ 
tions on the gear segment steps instead of in tbs control valve. 


CADILLAC AND LA SALLE ALTOMA ITC CLUTCH CONTROL* 


This automatic vacuum-operated clutch control 

is a Bendix principle modified t-o meet the Cadillac 
and LaSalle requirements. 

The action of the piston in the cylinder, in the 
operation of the clutch is controlled through a con¬ 
trol valve with three plungers; two plungers are con- 
nectod to accelerator and the third plunger to foot 
control button. 

The speed of the cluUh engagement is varied 
according to the speed with which the accelerator 
pedal is depressed. 

An explanation of the construction, operation and 
adjustments follows. 

Construction 

The power cylinder has a piston which divides the 
housing into two chambers. 'J'he front, or air cham¬ 
ber, is open to the atmos[>here through three pas¬ 
sages: (1) the air by-pass in the pLston rod, (2) the 
atmospheric valve in the cylinder head, and (3) the 
bleeder line leading to the bleeder valve in the con¬ 
trol valve unit. The rear, or vacuum chamber, is 
connected to the intake manifold through the cut-out 
and accelerator plungers in the control valve. 

The air by-pass in the piston rod is simply a long 
slot. Its operation is controlled by the movement 
of the piston and permits a rapid discharge of air 
from the air chamber when the piston is moving for¬ 
ward up to the point at which the clutch begins to 
engage. After this point is reached the only escafxi 
for air from the air chamber is through the bleeder 
valve. 

The atmospheric valve in the cylinder head jjer- 
mits a rapid refilling of the air chamber in the cylin¬ 
der when the clutch is disengaged. 

The control valve consists of three plungers: the 
bleeder plungery the accelerator plungery and the cutr 
out plunger. The bleeder and accelerator plungers 
are connected together 'to the accelerator pedal. 
The cut-out plunger is operated by the control but¬ 
ton, its return movement being accomplished by 
means of a spring. 

Operation 

The control is positive, the valves being actuated 
by the movement of the control button and the ac- 


to Cadillac roodela 355-B, 370-B and 452-B and 
LaSalle model 34&-B. Termed “controUed free-wheeling." 


colorator jM'dal. The power cylinder develop power 
only so long as the driver keeps the control button 
depressed. As soon as the driver rcle4i8e8 this but¬ 
ton, the vacuum operated control docs not function 
and the clut<!h can bo ojxiratcHi in the conventional 
way with the clutch jXNlal. 

The bleeder plunger rt‘guUitcs the flow of air out 
of the air chamber of the power cylinder after the 
air bv-pJisH in the piston rod is closed, just as the 
clutch starts to engage. The amount of air bled out 
of the power cylinder at this time depends on the 
number of bleeder holes vncAmrcd by the ble<‘d(‘r 
plunger ami the S]>€ed of the plunger movemmty the. 
position and movement of which in turn depends 
on the ixisition and movement of the accelerator 
pedal. 

Therefore, a slow downward movement of the 
accelerator pedal permits a slcjw c^scaiHi of air from 
the air chamber in the jMiwer ('ylindcr and givcis a 
corresponding slow engagement of the clutch. A 
faster downward movement of the ac;e.elerator pedal 
will uncover the bleeder hole.s fastcT, permitting a 
more rapid escape of air from the air chamber in the 
jM)wer cylinder and, c^onscqucntly, a faster clutch en¬ 
gagement. Thus the rapidity with which the clutc'h 
is (engaged is controlled by the movc*mont of the 
acc-clcrator pedal, insuring smooth clutch engage¬ 
ment under all conditions. 

The accelerator pedal must not be pushed down 
until the car is to be started. I'his means that thc^ 
accelerator i>edal cannot be ustnl to speed up ihe^ 
engine while waiting for traffic. If the engine is not 
warm enough to run at normal idling speed, the 
hand throttle should be advanced or the regular 
clutch ixMial should be uscxl until the engine is warm. 

While the accelerator plunger moves with the 
bleeder plunger, it functions in conjunction with the 
cut-out pltmger to open the vacuum chamber in the 
power cylinder to the intake manifold or to tlie 
atmosphere. Each of these plungers has a vacuum 
valve and an air by-pass. 

When the control button is depressed with the 
accelerator in the released position, the ports in both 
the accelerator and cut-out plungers are in line, com¬ 
pleting the vacuum passage between the intake man¬ 
ifold and the power cylmder. The vacuum then 
pulls the piston back and disengages the clutch. 

Depressing the accelerator (with the control but¬ 
ton down) c)c)se8 the vaccum line and opens the vacu- 
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um chamber to the atmof^here^ permitting the 
chamber to refill aa the clutch is engaged. 

Releasing the accelerator (with the control button 
down) opens the vacuum line again and disengages 
the clutch. 

The accelerator pedal must be completely re¬ 
leased between shifts. It is the first half-inch of 
travel of the accelerator pedal that operates the 
clutch control valve: and unless the accelerator pedal 
is allowed to come all the way back, the clutch will not 
automatically disengage. 

Releasing the control button likewise closes the 
vacuum line and opens the vacuum chamber to the 
atmosphere, allowing the clutch to re-engage. 

Various stages in the operation are shown in Figs. 
1-7. 



Fis- Clutch ougaged with control button and accelerator 
releasad. The bleeder Tine is closed by the bleeder plunger, and 
the vacuum line by the out-out plunger. The vacuum chamber 
in the power cylinder ia open to the atmosphere through the 
by-paas in the cut-out plunger. 




Fig. 3. Clutch fully diaen^ged. The plungers in the con¬ 
trol valve are in the same position as in Fig. 2 with the vacuum 
line open. 

























ADDENDA 


■Ad the ■cc«l«fmtor depr6M«d. Both ohmmbm in the power 
eylinder are open to the atmoephere. and the piston is held for- 
inud by the pressure of the olutoh springs. 





Fig. 6. Control button released^ with the accelerator de¬ 
pressed and the clutch engaged. With the control button in 
this position, both chambers of the power cylinder arc oi>en to 
the atmosphere and the movement of the accelerator has no 
effect on the operation of the clutch. 

Adjustments 

The adjustments of the clutch control must be made 
strictly in the order outlined below. See Fig. 7. 

Caution: It is important that the carbiu*etor be 
properly adjusted for smooth engine idlinij;. Adjust 
the throttle stop screw to make the engine idle at 
about 320 r.p.m. 

1. Adjust the control button so that when it ia in the re¬ 
leased position against the underside of the toe board, the cut¬ 
out plunger will be all the way forward against the operating 
lever. 

2. Check the accelerator in the wide open (depressed) po¬ 
sition. When the carburetor throttle is wide open against the 
stop, the underside of the tip of the accelerator pedal must be 
I*' from the top of the toe-board with the carpet and pad out. 
Adjustment for this accelerator position is made on the throttle 
rod between the accelerator and the cross shaft on the engine. 

3. Check the accelerator for free play in the closed (re- 
\eAaed) position. This is the play or backlash between the point 
of throttle closing and the fully released position of the accelera¬ 
tor. The accelerator must have if' free play. The adjust¬ 
ment for this play is made in the operating lever for the bleeder 
and accelerator plungers. These plungers must be in the for¬ 
ward position when making this adjustment. 

On later care there is a groove machined around the acx;elera- 
tor plunger, which should oe used instead of the ill' dimension 
when adjusting the accelerator free play. Adjust the accelera¬ 
tor pedal to bring the groove in the accelerator plunger flush 
with the front side of the control valve body at the point of 
throttle closing. 

When making the accelerator adjustment for free play, watch 
for binding between the operating lever and the accelerator 
idunger. Correct any binding at this point by loosening the 
accelerator bracket and moving it as necessary to line up be¬ 
tween the lever and the plunger. 

4. Check the dutch pedal free play. This must be If' to 
1|'. Also check the pedal clearance under toe-board which 
must be f' to |'. 

6. With the engine idling at the correct speed and the 
brakea fully rdeaaed (not dragging), check the adjustment of 



T'ig. 7. Clutch control adjustments. 


the piston rod of the power cylinder. To do this, hold the con¬ 
trol button down, shift into low or reverse gear and Ihnn let up 
on the control button. Make this test on a level road. I'lie 
car should start almost at once (approximately 3 seconds) with 
smooth clutch engagement if the piston rod is m correct adjust¬ 
ment. 

If the clutch mbs, with the connections to the bleeder valve 
tight, shorten the piston rod to give smooth engagement. If 
the start is delayed, lengthen the piston rod to give the best 
results. 

Do not use the accelerator in making this test; and, as a 
general rule, do not change the piston rod adjustment more than 
one-half turn at a time. 

6 The bleeder adjustment should be checked next but not 
until the foregoing adjustments are correctly made, and the 
pipe connections are free from leaks. 

To check the bleeder adjustment, hold down on the control 
button and shift into low gear; while holding the button down, 
make a normal start with the accelerator. If the clutch grabs 
or the engine speeds up too much before the clutch engages, 
check the length of the bleeder valve by measuring from the 
center of the pin to the front face of the plunger (sec Fig. 7). 
This distance should be 1 to 11*^'. If incorrect, adjust the valve 
and recheck by again starting in low gear. Shorten the bleeder 
valve if the clutch grabs, or lengthen it if the engine speeds up 
too much before the clutch engages. This is a very fine adjust¬ 
ment and should be made by giving the bleeder valve one-half 
turn at a time. If it seems necessary to go outside of the 1 to 
measurement, look for other troubles. 

After a good low speed start is obtained, check by **free- 
wheelii^” at 23 m.p.h. and then opening the accelerator nor¬ 
mally. There must be no more than normal clutch slippage under 
these conditions. If the clutch slips too much, it will probably 
be necessary to lengthen the bleeder valve, but care must b« 
used not to lengthen it enough to bring its length very far out¬ 
side of the limit. 

Piston rod should be readjusted whenever clutch pedal is ad¬ 
justed for free play. 
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BUICK AUTOMATIC CLUTCH CONTROL* 


This automatic vacuum-operated clutch control is 
a Bendix principle modified to meet Buick require¬ 
ments. 

The action of the piston in the cylinder in the 
operation of the clutch is controlled through a control 
valve with two plungers which are connected to the 
control button above the floor board and to the 
accelerator pedal. 

The speed of the clutch engagement is varied bv 
the use of a selector valve with three plungers which 
are selected aiit-omatically by the position of the gear 
shift lever. 

^ explanation of the const mention, operation, and 
adjustments follows. 


Construction 

Buick’s power-operated clutch provides automatic 
I'lutch operation for both gear shifting and free 
wheeling under a single button control. 

The vacuum in the intake manifold is utilized 
the power, and the clutch is held in disengaged posi¬ 
tion for free wheeling or gear shifting so long as the 
control button is depressed, the accelerator pw^al re¬ 
leased, and the hand throttle lever, above the steer¬ 
ing wheel, set in closed position. 

Depressing the accelerator pedal or releasing the 
(control button allows instant engagement of clutch 
and use of the engine as braking power. 

The system employs the following units: 

a) Power clutch cylinder and piston to disengage 
the clutch. Cylinder is connect^nl by tubing to the 
intake manifold. The piston is of the diaphragm 
type. 

h) Dual valve with two plungers for cutting vacu¬ 
um in or out of power clutch cylinder, operated by a 
foot control button and accelerator pedal. 

c) Selector valve with three plungers t<f time the 
rate of clutch engagement in gear shifting, operated 
by shifter shaft in transmission and clutch release 
yoke. 


Opera lion 

To disengage the clutch, the control button must 
be pushed down, accelerator j^edal completely re- 
leas^, and the throttle lever, above the steering 
wheel, set in closed position. This iiositions both 
control and accelerator valves to open the vacuum 
line from manifold to power clutch cylinder. See 
Fig. 1. 

Subsequent engagement of clutch is had by either 
releasing the control button or depr^ing the accel¬ 
erator pedal, since such action on either valve cuts 
oil the vacuum and bleeds air into the line, releasing 
the suction on the piston. See Figs. 2 and 3. 

Clutch engagement during gear shifting operations 

is controlled by the three plungers* in the selector 
valve which allows a slow engagement for low and 
reverse, a quicker one for intermediate and a still 
quicker one for high. 


^Buiok’s designation for this device is **Power Operated 
Clutch*' and is a part of Buick's **Witard Control," the latter 
beijng a term used by Buick which combines three engineering 
developments, namely, automatic clutch control, free wheding 
(a by product of the automatic clutch control) and silent 
synchro-mesh transmission. This discussion applies to the 
3»*50, 50. 80, and 90 seriee of Buick oars. 

* The lower plunger is for low speed and reverse; middle 
plunger, for second speed; and top plunger, for high speed. 



1. Clutch disengaged. 


CONTROL BUTTON UP 


LUTCH 

PEDAL 

ACCELERATOR PEDAL 
UP 



VACUUM LINE 


POWER CLUTCH CYLINDER AND PISTON 
Fig. 2. Curb or idling position. 



Fig. 3. Clutch starting to engage. 


Assume the clutch to have been disengaged by 
pressing the control button as in Fig. 1. The three 
plungers will then have been drawn forward, opening 
to the maximum their respective ports to tne barrel 
valve. Movement of the gear shift lever to any one 
of the gear shift positions aligns one of the three 
openings in the barrel valve with the respective 
plungerport for that particular ge^position. Figure 1 
shows the selector barrel valve in position for low 
and reverse gear-dutch eng^Ment. Depressing ihe^ 
accelerator pedal moves the accelerator valve to a; 
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position which cuts off the vacuiim and bleeds air 
into the vacuum line through the selector valve and 
into the operating cylinder. See Fig. 3. Release of 
vacuum in the cylinder starts the clutch into engage¬ 
ment and moves the selector valve plungers inward. 
As their restricted portions enter the ports, the air 
flow is metered to control the s|>ced of piston travel 
and thereby allow clutch engagement at the proper 
rate to fit the gear change being inacle. See Fig. 4. 

A ball check in the selector barrel valve allows 
quick clutch disengagement by permitting the air 
being drawn from the cylinder by suction in the in¬ 
take manifold to by-pass the restricted s<*lector vmIv<‘ 
plungers. See Fig. 1. 



Fij{. 4. Clutch fully engaged. 



Fig. 5. Driving position—clutch engaged. Thia view hIiowm 
the arrangement of control and accelerator valven when driving 
without toe uae of the power clutch. 


A conventional throttle lever is provided above the 
steering wheel. This should always be set at the 
fully closed position if it is desired to use the power 
clutch mechanism. 


Clutch Pedal 

The clutch pedal is provided for conventional 
clutch operation when die power operating mechan¬ 
ism is not used. The pedal must be used if it is de¬ 
sired to operate the clutch when the engine is not 
running, since the power mechanism is inoperative 
at that time. 

The clutch must also be operated in the .conven¬ 
tional manner while shifting after a cold start il it is 
necessary to keep the engine speed above the idling 


range. It is also advisable to use the clutch pedal 
when parking in close quarters. 

Clutch pedal adjustment aeriea 50: One adjuetment is pro* 
vided at tne pedal and is made to give the necessary cleomncs 
between dutch rrlcmc bearing and dutch release Users. To make 
this adjustment, looseii lock nut, turn adjusting screw to the 
left, or couutor-rlockwse, until the pedal pad has a free 
movement of 1", then tighten lock nut. When free movement 
is or less, it should no readjusted. The pedal stop in the 
upper t>ositiun is against a rubber pad on the toe board. 

Clutch pedal adjustment series 32-00. 32-80 and 32410: 
Two Rdjii.«itmerits are provided at the pedal—one for adjiLsting 
the cleiirunre between the toe board and pedal, and the other 
fiir necessary eleuraiiee between the clutch release bearing and 
the ••luteh releiuie levers. 

7W bfurnt clainincf is adjusted by means of a set screw and 
lock nut on the lower end of the lunial. Clearance should be 
t" with .‘*.1 screw against stop pin 

Clttinini-t hHtvefn reUm**' bt'urimj and dutch rdraitr Uvrr.'t is 
lidiusti^l by meaii»« id nut on the front end of elute.li release 
rod. fo give free pisliil movement of 1" on 32-tM) Heries and 1 i" 
on M) and Sernas. When free movement is J", or U^hs, 

on .>2-00 Sr*n»‘s and 1" or loss on 32-80 and 32-90 Series it 
.-.hould be reavlju.HtiMl. 

Lubrication of the clutch release bearing is provided by means 
.►f an oil cup. e«»iivemen(ly bH'atod, and which should receive 
aitendon every l,(K>i) tniles. Ho not oil or grease the clutch 

t il.iie:, or force on ('xces-sivc amount of oil to the clutch release 
)e:innK iis some of the excess will find its way to the clutch 
plattii. 

Driving with the foot continuously on the clutch pedal Is 
commonly described as ^'riding the clutch,'* This practice will 
result in cxct'SHivc wear t>f the clutch nliito facings and a sbir- 
ping clutch, us well i\8 a noisy release nearing. 


Power Clinch AiIjiiMtmeiit 

Adjustments for series 50 an; sliown in the chart 
l'’ig. 0, and series (>0-<S() and 00 in chart Fig. 7. 

The following instructions apply to all series. 

The car should be driven in the regular way, using the clutch 
pedal to determine whether the clutch is in good operating 
condition. A clutcli which is not suiiHfaetory should be re¬ 
paired or replaced before making uny udju.stmeiits of the power 
eluteh Control. This control [irovides un automatic means of 
Operation, and will n«>t correct any adjustments which should be 
made in the clutch itself. 

Adjust the accelerator valve to give clutch engagement as 
soon as the engine starts, speriling up as the accelerator pedal is 
pre.Hseti very slowly. This adjust merit must be made or eheckiMi 
iH'fore utlcmptiiig other adjustments. 

Adjust the selector valve to give Haiisfactory clutch engage- 
meiit without evidence of slipping or grubbing. 

All power clutch hose connections and pipe fittings of the 
vacuum system must be air tight to olimiiiute air leaks, as such 
leaks would interfere with proper operation. 

All rod connections, trunnifins, and heartngs of accelerator, 
uikI .selector valve controlK work freely throughout their entire 
inovemcnt. 

Check tension of accelerator and control springs to assure 
pedal return. 

Caution: It is important that the carburetor be properly ad¬ 
justed both at throttle lever screw and air valve screw, for 
smooth engine idling, since a rich idle or extremely slow idle will 
tend to hinder action of the power cluleh, due to decrease in the 
available vacuum. Idling speeds should not be less than the 
equivalent of six (6) miles per hour. 

Lubrication: Proper operation of the power clutch mechan¬ 
ism depends upon ability of all valves, levers, pins and shafts to 
operate freely and without binding, hut excessive play will cause 
erratic action. Lubrication is supplied in the valves at the time 
of asHembly and they should not require further attention for a 
considerable period of operation. 

However, if for any reason these valves are disassembled, they 
should be lubricated with a light oil, with visc<Mity conforming 
preferably with B.A.E. specifications No. 10, having maximum 
pour test at 16“ below sero, Fahrenheit. However, the valvcT 
^ould not be excessively lubricated as oil must be keut out of 
vacuum lines. A leather boot protects the exposed ends of the 
selector valve plungers from road dirt and should be kept in 
good condition. 
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Fig 7. Power clutch Adjustment chart Seriet 00>80-90. 
To make complete adjuatroeut follow oharta in numenoal 
order 



ACCELERATOR 

PEOAL 


-CLUTCH PEDAL 
^ coNrrRa.i3e<-ecTORv»KLVc 
BUTTON IA33CMBLY 


POWER PISTON 



TO OBTAIN PROPER LASH FOR CLUTCH 

.2) 





TO ADJUST ACCELERATOR VALVE TO IDLER 
LEVER 

1 ^LL AC«BLB«ATOIt VACW AS FAR TO THB MAn 
A* IT WILL aO. 

• WITH THNOTTLa IN CLOMD FOBITlON AOJUST 

MOO TO ACCCLCaATON VALva TO aVT t^CLBAMAMCa 




MOTB INaaJBT COTTaa ‘ 
aiN PKOM ABOva 


TO ADJUST SELECTOR VALVE TO CLUTCH LEVtR^ 

I OFCN CfWU ON AKAM IMO OP WALV*. ( i 
I ADJUST WIN* NUT TO Ofva ^ TMN*AO \J 
(M MOO Aa OHOWN. 
oaracaa clutch p«oal to wmov* 

LA«M ONLY, AND WNILB HOLOINa THIB BBOAl. 



• ABC CMia^ULLV POLLOWBD. 
CAB BMOULD NOW BB TmTBD BOf 
OPBBATION. 




TO ADJUST CONTROL BUTTON TO VALVE 

Baaa MOBT POSITION 
ee CONTWOL 



rw wvi ^DamoNB or BinroN AMD 


%MiA« BMOWM. 


AFTER TEST. If FURTHER ADJUSTMENT IS 
OESRCD PROCEED AS FOLLOWS,- 


rlP CLUTCH SLIP* NY ALL 
\ rKAN«MI*»ION BPatOS, TUAN 
\ WIN* NUT CLOCKWiar 
\ IP CLUTCH CNfiAaCMCNT IB TOO 
I OBVBBD IN ALL T»AWaM»«ON 

\ DeBBoa. TLHiN wwa nut 
L,cauNTBB-CLOCN w lae 


aojubtmnt rem inoiviooal 

TBANAMiaaiON BPBCO* MAT 
•a MAoa AB pollowb:- 


CLUTCH 
iTUMM eOUMTOr-CLOCNTYlOC TO 
CLNMNATB arvCM CLUTCH 
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REO VACUUM CLUTCH CONTROL^ 


This vacuum clutch control dilYors from the auto¬ 
matic clutch controls previously described, in that 
the disengagement of the clutch is not controlle<l 
by the accelerator position. A separate foot button 
located to the left of the clutch pedal and con¬ 
nected with a valve assembly, a Hill design, 
controls the action of the clutch. The clutch foot 
pedal is separate and independent. The mov(‘ment 
of the foot button is much less than with the clutch 
pedal. 

If the clutch is disengaged by depres.sing the foot 
button, with engine running, it will engage if the 
accelerator is rapidly depressed, because the vaiaium 
is lowered in the intake manifold. 


Coustriiction and Operalioti 

The vacuum cylinder is mounted vertically on the 
engine side of the dash and operat(‘s the clutch 
through a calile and lailley. See Fig. 1. 

The action of the vacuum control of the clutch is 
controlled by three valves: the main valve, bieediT 
valve, and control valve, ''riiii main valve is directly 
connected with the control button; an<l the otheu* 
two valves are aiitomatie in their action. I‘'igures 
2 to 4 show the po.Mtion of valves with engine run¬ 
ning and clutch engugiMl. 



Fig. 1. View showing vacuum cylinder (L', mounted in a ver¬ 
tical position on engine side of dash. Tlie cuble (M) numw't.s 
with H lever (N) utluehiHl to the olutch tliruw-out shuft. 'I'he 
clutch podal is free on the clutcii throw-out shuft, but, when de- 
presaed, will tiirow out the clutch by lueunsof a pawl projpt'ting 
from (N) which it enguKes. The vfdve assembly is mounted on 
the top of the vacuum cylinder, and the main valve of this 
aseembly is operated by lever (O) which is eonnreted with the 
foot control button. The vacuum line from the intake innnifold 
connects with the valve assembly (not shown; see (A), Fig. 2). 

Fig. 2. Valve assembly, showing the position of the valves 
with engine r unning and clutch engag^. Tlie bleeder valve is 
shown compressing the spring, and agniiwt its seat, being held in 
this position by the vacuum entering the valve housing from the 
manifold, through tapped opening A. 

Fig. 3. Position of the main valve when the control button is 
depreased to disengage the clutch. This uncovers opening (D), 
which permits tho vacuum to draw on the vacuum cylinder 
through port (E) and disengage the clutch. Opening (F) in the 
control valve cylinder is connected with the vacuum cylinder; 
therefore, as the vacuum acts on the cylinder, the control valve is 
drawn forward in the cylinder, compressing its spring, and rests 
in position as shown. 


> Descnjition of the vacuum clutch control on the Keo Flying 
Cloud model "S.” This car also has a silent constant mesh 
transmission with helical cut gears and a ‘^cam and roller" type 
construction of free-wheeling unit mounted at the rear of trans- 
miMion and controlled from a button on the instrument panel. 



Fig 4. Position of the main valve when the foot is removed 
from the control button, whicli shuts off opening (D) and the con¬ 
trol valve (still being held in its position forward in the cylinder 
by tho vacuum), permits atmospheric preasure to enter through 
openings (G) and (H) and down through port (E) into the vacu¬ 
um cylinder, causing the piston to move downward and start 
engagement of clutch. 

As the clutcli pressure plate .st.'irts to engage with the disc in the 
flywheel, the pull on the cylinder is momentarily lessened, causing 
a drop in the vacuum, thereby releasing the control valve, which 
moves to the rear of cylinder (being actuated by its spring) and 
shuts off openings (Gj and (H) as shown. The downward move¬ 
ment of the va-ciium cylindir inaton la considerably retarded be¬ 
cause alt atmospheric openings have been closed, which slows the 
actual engagement, making it very smooth. 

It is cuatoniary to open the accelerator and spccii up the engine 
slightly when engaging tho clutch. This of course lowers the 
vacuum in the manifold, which permits the bleeder valve to move 
rearward in tho cylinder. As this valve moves to the rear, it un¬ 
covers openings (I) and (J) and permits the atmosphere to pass 
into the vacuum cylinder through port (E), completing the clutch 
engagement. 

'fhe taper noticeil in the body of the bleeder valve is so ma¬ 
chined to permit even ry\ 0 (mcment Jar various accclerntor openings 
This a.SvsembIy should be so adjiwted that with the engine turning 
at an average idlmg speed (5 miles per hour in high gear), the 
clutch dcscngagcd, llio transmission may be shifted into hrst gear 
and the foot suddenly removed from the control button, aud the 
car will glide away without sudden jar. Of course, if the acceler¬ 
ator is openetl, tho engagement will be more rapid than if per¬ 
mitted to remain closed. 


Adjustments 

It must be remembered, when adjusting, that the 
control valve goes into action at the moment the 
pressure plate engages with the disc in the flywheel, 
the same being actuated by the drop in vacuum in 
the cylinder which occurs at this point. The bleeder 
valve IS pulled forward and held in its scat by the 
vacuum in the manifold. When the accelerator is 
operated, the drop in vacuum permits the valve to 
move rearward in the cylinder, that the bleeder ports 
may bo oiwned, permitting the final engagement of 
tlie clutch. In making the complete adjustment of 
vacuum control unit, proceed as follows: 

Control Valve: 

1. Loosen locking nut and back out adjusting screw B until 
the screw is loosened, which removes all tension from the bleeder 
valve spring and assures seating of the bleeder valve. This is 
very important, for if this valve should leave its seat during the 
adjustment of the cuntrol valve, such adjustment would not be 
accurate. 

2. Raise engine speed sHghtly with hand throttle to about a 
speed er 4 ual to that of 12 to 15 m.p.h. in high gear. Try the pres¬ 
ent action of the control valve by disengaging the clutch witn the 
button, shifting into low and releasing vacuum control button. 
The clutch should move rapidly until the actual start of engage¬ 
ment—then slip momentarily and the car should j ust glide away 
slowly. This particular t 3 rpe of engagement, when the aMelera- 
tor IS not touched, is entirely controUM by the adjustment on the 
cuntrol valve. Do not touch accelerator during this test. 

3. If the engagement ia more rapid than that mentioned in 
the preceding paragraph, loosen 16ck nut and turn screw (C) in 
approximatery one turn, thereby creating mmre tension on the 
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eprii^t which pUoes the control valve into operation more quick¬ 
ly, Try action again and continue until proper engagement is 
obtained. 

4. If engagement is too slow, that ia, if the clutch docs not 
take hold after slipping for a second or two, back out on screw (C) 
a turn and test action. Repeat until proper engagement is ob¬ 
tained. Do not operate accelerator during teat or adjustment 
of the control valve. Maintain engine running at slightly above 
idle speed, by hand throttle. 


Bleeder Valve: 

1. The bleeder valve adjusting screw is still loosened to the 
extent that there is no tension on the ^pring In this p<isition, 
when the clutch is disengaged by the vacuum button and the 
transmission is shifted into first gear, the accelerator o|>enod ju.st 
slightly, and the vacuum button releaseii, then the speed of the 
engine raised as desired for the get-awny, the action of ttie clutch 
will be very slow. 

2. Turn in on adjusting screw (B) until the desired engage¬ 
ment is obtained. Different drivers rcipiirc different engage¬ 
ment speed, the action should be exactly as with manual control 
It is advisable to open the accelerator just slightly before releas¬ 
ing the vacuum control button, especially when starting in lirit 
(customary with any manual control), as tins periiut.s a vny 
smooth engagement, such as is usually don red from a parking 
position. 


When a rapid get-away is desired from first gear, remove'the 
foot from the vacuum control button first, then operate the 
accderattir and the engagement will be rapid, yet smooth. 

Spccud Inform<Uion : 

A pressed steel cover will be found over the actual cylinder 
assembly. It held in place hy four machine screw.'^ (one at 
each corner), and if it should ever be ne<*e««ary to removo this 
Cover, it may bo accoinplKhetl by removing these four screws, 
also the two adjusting screws at tlie forward end of cylinder. 

Wire mesh will be found under the removable top on the cylin¬ 
der cover, which should be removed in'ciwnmally, shredde^i and 
clennetl in ga.solinc, (hen oiletl and replac'd. This acts as a silen¬ 
cer a.s well nn an air cleaner 

Do not oil the valves or cylinder, should any part.s be removeti 
or replncial, for oil will in nnieenu.se tlie \filves to become gummy 
and cau.Mng sticking. 

The cable running to the vacuum cylinder should be fairly 
snug with no appreciabh slack, 't'lu.s may be adjusted whenever 
de.sired, aiul it has no dirn't aef-on on the operation of the vacu¬ 
um chitcli Collirol, for tlie vacuum rontrol operates only acoord- 
ing to the imll of the clutrh and Hot from inches of travel. 

('.At il<is-; MVirn /roiiif/, mit tirrrl»,ntf vtKjtrie with trnnv- 
mts.wfee iii (/r«ir ati>t rltilt h </ /ly ivuuiim control, for thin 

'iill IT vacuum in atut cumv nit/at/ctnrnl of the clutrh. 

I sr conventu nil! Jut(h pedal ii tum it i.'i tUstred to accelerate 
, ii'/iMC V ith t 1 lt>t.^r^n'^f<lon tn tjear. 


THE STARTIX Ali rOMATIC STAHTINC; SWITCH 


Purpose: Startix is an clt'oirically oporatod start¬ 
ing switch, that starts the engine liy simply turning 
the ignition key to the “on” position, wliicli action 
closes the circuit to the start’ng motor. This elimi¬ 
nates the necessity of the u.snal slarler l)utt<»n or 
pedal. If the engine fails to continue running or lx - 
comes stalled at any time while tlie ignition .switch 
is “on,” Startix automatically rest .arts it. 


TO IGNITION CIRCUIT TO GENERATOR 

A time oet ay AOJUSTMtMT Jt 
g| 00 NO^SfAK SCAU 



AUXILIAPy 

.starter 
■fa button 


TO BATTERY^ |p9| UO STARTING 

^ — * motor 


Fig 1. External front view of the Startix automatic switch 
which is usually mounted on the engine aide of tla.sh in as close 
relation to the starting motor as possible, .^tartix must always 
be mounted so that the two small (.erminala on top will be in an 
upright position, as shown above. A ground wire should he 
installed before the Startix mounting srrews are pcrurely 
fastened. One terminal of the wire under a Starttx mounting 
ear and the other to a suitable point, preferably on ihe engine 
block for establishing a good ground—scrape paint where 
necessary for a good connection. 


Construction 

Internal construction: Inside of the metal case are 
two electro-ma^etfl or solenoids^ with movable 
plungers, see Fig. 2, which form the basis of the 
Startix operating principle. 

One of the solenoids (low'cr one, see Fig. 2), i.s 
designated as the main switch solenoid, which hjw 
only one set of coil windings (A). Current to this 
circuit enters the (Ign) terminal on top of Startix, 


* A solenoid may be compared to a spool, or hollow tube, hav¬ 
ing a great many turns of wire coiled around it. When electric 
current energisee these coils of wire, the magnetic action pulls 
an iron rod or plunger into the tube. See pages 181-83 and 
of l>yk€*$ AutolSneyclopedia 


;iim1 Ihc <*iri‘uit is ctimpliltMl tlirough a pair of 
timj:..''ttTi poml.s (H); oiu- of wliich is mounted in a 
sixlionary brncki't sind tlu' otlicr out' assembled in a 
vibrating arm a.ss('m)>lv (B), whieh is groundtxl. 

The oflier .solenoid (upper one), is known as the 
relay solenoid, which has (wo sets of coil windings 
(‘onnected (o (lx* starling motor and gmierator cir- 
euits re^pt'ctively. 

Tlx'.se wimlings have out' common ground wilhin 
Startix but ita-eive th(‘ir eurnait. supply from two- 
different souret's and art‘ active' at dilTt'rent periixis 
during Iht* starting cych' 

Opt'ral ion 

When the ignition key is turned “on/^ t'lirrent 
from balliTV Hows lo (he <Ign) Imninal, whie'h is 
connoeti'd to tlx' coil side of (lie ignidon swi(ch. 



Fig. 2. Internal rear view of the Startix automatic switch, 
showing connections to the battery, starting motor, ignition 
coil, ignition switch, and generator. Noth.; For the reader's 
ci>nveniencc, the large terminal (to starting motor) aa shown 
in Fig 1, which in reality is on front of Startix^ is shown here 
extending out of left side of case. Also Ix-ar in mind that this 
view IS from the rear with cover removwl; ronsequeutly the rela¬ 
tive pomtiona of (Ign) and (Gen) terminals are reversed, and 
therefore do not confuse them when observing Fig. 1. 
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Aft^r passing? through this terminal, it follows the 
wire leading to main switfh solenoid circuit (A), Fig. 
3, through the points in vibrating arm assembly (B), 
ancl to ground. This magnetizes the main switch 
solenoid and the plunger' is pulled in, thereby closing 
the main switch contacts at (C), Fig. 3. 

The circuit to the starting motor is now closed 

and the Bendix drive pinion automatically meshes 
with the flywheel and cranks the engine until it 
starts. 



Tik 3. View showing circuit to starting motor closed 
thruiigli contucts (C) while engine i.s being erunkeci. 


While this phase of the starting cycle i.s occurring, 
current drawn by the starting motor passes through 
a largo ono-half turn scrie.s coil (liohl-out <-oil) (D), 
which magnetizes the outer end of the relay solonokl 
lunger (2), thereby holding it while the engine is 
eing cranked. 

At the same time a flow of current is entering the 
starter winding on the relay solenoid through wire 
(F), Fig. 4, which is connected to the series coil (D). 
The current through this wire only flows when the 
main switch contacts (C) are closed, as shown in 
Fig. 3, and has a tendency to draw the relay solenoid 
plunger (2) in and break the main switch .solenoiil 
circuit; however, attraction from the hold-out coil 
(D) holds the plunger out while the engine is being 
cranked. 

The pull from the start-cr winding is only ade- 
(luate to draw the plunger in, providing the current 
through the hohl-out coil (D) is sufficiently small, 
as in the case after the Bendix pinion demeshes and 
the starting motor is running under no cranking 
load. 

When the engine starts, the Bendix pinion is auto¬ 
matically disengaged, and current through hold-out 
coil (D) and the magnetic pull resulting therefrom 
then decreases; consequently the starter winding on 
the relay solenoid overcomes the magnetic attraction 
in the hold-out coil and the relay solenoid plunger 
(2) is pulled in, see Fig. 4. 

This inward travel actuates lever (G), which in 
turn deflects the arm assembly (B) and therefore 
breaks the circuit to the main switch solenoid by 
opening the contact points (H), Fig. 4. 

This means that the starting motor circuit is al- 
wava opened immediately upon the automatic dis¬ 


engaging of the pinion, and results in less current 
drawn from the battery because of its quick action. 


GEN. E H IGN. 



ju.st as long as the engine is running. 

The moment the engine fires and continues to run, 
(‘urrent then i)eiug supplied by the generator enters 
the (Gen) terminal on top of Startix and energizes 
the generator winding on the relay solenoid through 
cinaiit (E), Fig. 4, and is of sufficient strength to 
hold the plunger. The nature of the generator wind¬ 
ing is .such that only a very .small voltage, w'hich is 
available immediately upon starting or during idling 
of the engine, is necessary to do this. 

The maximum current draw of the relay solenoid 
wdien the engine is running is only | ampere, or less 
than the current draw of the smallest dash or tail 
light bulb and therefore it ha.s practically no effect 
on the battery or charging rate. 

The starter and generator windings on the relay 
solenoid are .so arranged that they assist one another; 
and because of this, the generator winding has some 
effec.t in aiding the starter winding to overcome the 
effect on the hold-out coil (D). 

As long as the engine is running and current is 
being supplied by the generator, the relay solenoifl 
plunger, lever (G) and arm (B) are held in the posi¬ 
tions as shown in Fig. 4. 

If the engine stops or is stalled at any time while 
the ignition is “on,” the generator winding on the 
relay solenoid becomes inactive; consequently the 
plunger is released with the siibsec^uent release of 
lever (G) and arm (B). This permits the tungsten 
points (H) in arm assembly (B), which control the 
main switch solenoid circuit to close and the starting 
cycle is again repeated. 

Regardless of the number of times the engine 
stops or is stalled while the ignition is “on,” Startix 
automatically restarts it. 

The current draw of the various circuits is as 
follows: Main switch coil winding (A), 1 wnpere; 
relay coil winding (F), 2^-3 amperes during crank¬ 
ing; relay coil winding (E), .4 to .5 amperes maxi¬ 
mum. 

Time delay feature in restarting of the engine: 
Just the right amount of time interval (1-11 seconds) 
is automatically allowed between the stopping of 
the engine and the reclosing of the starting switch 
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so as to permit the starting nu tor and engine to 
come to a complete rest before restarting oeeurs. 

The time delay is controlled l)y the pv''riod nf 
vibration of the arm assembly (B), which is release<l 
upon stopping of the engine and prevents current 
flowing through the tungsten points and the main 
switch solenoid circuit until the vibrator arm comes 
to rest. This moans that restarting is accomplished 
'n a minimum of time and with complete assurance 
' protection to the starter system. 

A thermostatic safety control completely protects 
the starter system. If. for any reason, the starting 
motor becomes stalled under a cranking load and the 
ignition is unintentionally U ft “on” under such a 
condition, this safety device automatically opens the 
starting motor circuit iiuunentarily after approM^ 
mately 30-60 seconds. 

The thermostat, which is com 'osc<l of a bi-motal 
strip having opposite expansion characteristics, is as- 
s(;ml)led to one of the main switch sUtionary con¬ 
tacts. If the cont^jcts arc closed and remain so 
under a stalled starting motor load, the abnormally 
heavy battery current flowing through tlic contacts 
results in their becoming hot. I ndcr cirimmstanccs 
of this nature, the bi-metal strip expands and moves 
a fibre arm, which in turn raises vibrator arm as¬ 
sembly (B). 

Therefore, the tungsb'n points (H) open, which 
inteiTU])ts the starting motor circuit, thereby allow¬ 
ing the main switch contact to be broken, 'i'his per¬ 
mits the switch contntds to gradually cool down with 
the subsequent return of the bi-inetal strip to its 
normal position, and cousinjucntly no damage is done 
to the starting system. Iroiu then until the igni¬ 
tion is turned ‘‘off,” the circuit is rcpcatcilly ojienoil 
and closed with a distinctive clicking sound, w’arning 
the operator t/O turn his ignition “off.” 


No adjustment of Startix is required after the 
thermostat has been iu operation. 

The auxiliary starter button located on the side of 
Start ix is nrimarilv intended to be used for cranking 
(ignition key “olt”) or starting Uie engine when 
setting tappets or making other engine adjustments; 
but, it Startix should fail to operate when the igni¬ 
tion is turned “on,” starting can be accomplished 
by leaving the ignition “on” and using the auxiliary 
starter button. The method of operation is very 
important. Press the button hard and until aolidly 
bottomed and rWcti.se quickly —let the finger slip off 
side of the button. Should the starting motor con¬ 
tinue to spin after releasing the button, press it iuird 
again and release quickly. When using the auxiliary 
starter button be sure the ear is not in gt^ar. 

ConnectioiiH 

The internal wiring diagram as shown in Pig. 2 
will serve to indicate the corrct t method of connect¬ 
ing Startix to the various electrical unils (>f those 
ill-tallatiims using the ordinary ty]>c of ignition 
switch. 

Connections to the starting motor, generator, and 
battery follow the same general ])rineij|>les on all 
installations; however, connections to lock-type igni- 
iuii\ switehes require spi'cial treatment. 

It will be observetl that the ICleidrolock vir lock, 
ignition coil must have an* extra terminal, such as 
the one usial for (‘onnei’tjng an (‘lectric gas gauge, 
lieat indicator, or other accessory, before Startix cun 
be used. 

Wire: The iniinufactun'riH rtM-niiun#'inl llwit M Kuune flexiblo 
wire with wuter-nroof iiiHuliition he for Stiirlu conneetionii 
to the eroand, Keiierator, and ignition NWitrh (set) l''ii(. 2 ). 
Slandara Nt> I or No 0 (’itlile Hhould he UHCtl for the 

buttery und MturttiiK motor coiineotlonp* uIho shown in Fik 2. 
'I’fic cable to the siuronK motor should ho bent or flexed to 
prevent startinR motor vibrations heinK transmitted to tin 
Startix connection 



CAMJLATOa 

Fig 5. RepresentatWe Startix wiring diagram, indicating correct method of connecting Startix to the various eleotrioal 
aniU on t kS car. (From Stondord Avto~Electrician'a Manaalf oopyrigbted ) 
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Startix Adjustments' 

The time delay adjustment an the top side of the 
Startix is properly set and sealed at the factory and 
must not under any circumstances be changed. 

Resetting of the starting adjustment on the end 

of Startix, see Fig. 1, may frequently be found desir¬ 
able on general field installations in view of the vary¬ 
ing characteristics of generators and starting motors 
on the installations to be made. Satisfacj^tory per¬ 
formance of Startix depends largely on this adjust¬ 
ment, and it must be carefully made. 

When the adjustment screw is turned too far to 
the riglit, or inward, prolonged s])inning of the .start¬ 
ing motor is obtained ^called “overrun^' or “O.H."), 
and when turned too far to the left or outward, inter¬ 
rupted cranking or repeated attempts to crank at 
broken intervals is noted (called “I.C.”). Total 
movement of the adjustment screw between the.se 
two range limits is about one-half turn; therefore 
the necessity for treating this adjustment like you 
would a carburetor adjustment is evident. It is 
<lesirable to first determine both of these range points 
and then adjust the screw accordingly. 

To make complete adjustment proceed as follows: 

1. Finding I.C. (interrupted cranking) position: 
Remove at distributor, the high tension cable con¬ 
necting distributor and ignition coil. Ground it to 
prevent coil injury. 

Turn on ignition and, while cranking, loosen 
Startix adjustment screw lock nut slightly and turn 
screw slowly to left (outward) until interrupted 
cranking ocauirs. Tighten lock nut sliglitly and 
make a small mark in line with screw slot. 

Note. —If interrupted cranking occurs prior to 
adjustment, turn screw slowly to right (inward) un¬ 
til steady cranking occurs—mark this position. 

2. Finding O.R. (starling motor overi'un) position: 
Turn ignition oil and reconnect ignition wire at 
ilistributor; remove wire (connected to Startix “Gen’' 
terminal. 

Turn ignition on and move adiustinjj; screw slowly 
about thrcc-quartiTs turn to right or inward—keep 
lock nut fairly tight. When engine starts, continued 
starting motor spinning may oc(‘ur at this point. If 
not, turn screw slightly farther to right. 

Note. —If starting motor spinning occurs prior to 
adjustment, do not turn screw to right. Omit fore¬ 
going and continue procedure as follows: 

At point of continued spinning do not turn off 
ignition but turn screw slowly back to left until a 
click is heard. This indicates opening of start¬ 
ing switch. The starting motor should now begin 
to slow down. Lock adjustment nut in this posi¬ 
tion. 

Turn ignition off and recheck this setting by 
starting engine. If correct, starting motor should 
begin to slow down as soon as engine starts. 

Mark this point similarly in line with screw slot; 
reconnect wire to Startix “Gen" terminal. If diffi¬ 
culty is experienced in obtaining continued or 
steady cranking without overrun, examine all ground 


> When adjusting Startix, a special non-magnetic wrench 
and screw dnver, which can be obtained of the manufacturers 
at a nominal cost, should be used. Two different lengths of 
screw drivers and a wrenoh cumprise the set. If ordinary steel 
wrenches or screw drivers are used for adjustment, they should 
(because of their magnetic effect) be removed before testing 
after each adjustment. Manufacturers are Solipse Machine 
Company (manufacturers of Bendix drive), Elmira, New York. 


connections. On installations where the engine is 
rubber mountefl, particular importance should be 
paid to the connection between the engine leg and 
car frame. 

3. Final setting: Where the total range between 
the two points marked is on^half turn (180®) or 
le.ss, make the final setting midway between the.se 
two points. If the total range is greater than one- 
half turn, make the final setting one-quarter turn 
or 90° from the “starting motor spinning" position. 
Be sure the adjustment is se(!urely locked in this 
position. For future information leave the tw'o 
range point marks on the Startix. 

The auxilia^ starter button loci^ted on the side 
of Startix is discussed on preceding page. 

Generator failure and unintentional Startix opera¬ 
tion: If the generator fails to (‘harge while the car 
is being driven, Startix acts as a warning signal to 
the driver of generator troubk' or faulty generator 
connection and a periodical clicking sound re.sults, 
this being the meshing contact of the drive pinion 
gear against the flywheel gear. This does no harm 
to the j)ini{)n or flywheel bccaii.si* of the automatic 
principle of the Bendix drive; but it ean be prevent(*d 
until an electriiail .service station is reaclusl and 
generator n'paired, by disconnecting the small wire 
at terminal on top of Startix marked “Ign" and 
taping the loose end. [See paragraph on double 
throw ignition switches ) If there is a short in the wire 
to the relay, this same (‘ondition will result. 

A similar sound may occasionally bo hoard when 
the engine is idling, wliich may result from too slow 
an engine idling s])eo(l, a gummed generator com¬ 
mutator, or a poor ground coiu\e(*tion. Try advanc¬ 
ing idling speed a tnlle, ('hain the (Commutator with 
sandpaper, and cheek ground connection. 

Some drivers may claim that Startix operates and 
the Bendix pinion kicks in occasionally while driving. 

An analysis will frequently show that the car uses a 
conventional transmis.sion (not free-wheiding) and 
that the o])crator started a stalled engine by engaging 
the clutch under the forward movement of the car, 
while at the same time Startix was automatically 
attempting to restart it. Do not attempt any 
Startix adjustments under this condition. Sim})ly 
advi.se the ojierator that starting with car momentum 
is no longer necessary—let Startix do it. 

Double-throw ignition switch: Sevi^ral makes of 
1932 curs ust? a double-throw type ignition switch. 
In one position of the switch key Startix and ignition 
are connected the same as normally; but by turning 
the key to a second position, Startix operation is 
cut out, leaving the ignition still “on.” If it is de¬ 
sired to disconnect Startix temporarily because of 
generator failure, low battery, or to read an clcctri( 
gasoline gauge, the ignition switch can simply be 
turned to the “ipiition only” position. In starting 
uncler such condition.s,«turn switch to “Startix and 
ignition" position and thenj after engine is running, 
turn to “ignition only" position. 

Thermostatic safety device: If, for any reason, 
starting motor becomes stalled under cranking load 
and the ignition is unintentionally left “on," Startix 
automatically protects the starter system by a ther¬ 
mostatic control, which opens the circuit momen¬ 
tarily after approximately 3.^-1 minute. From then 
until the ignition is turned “off," the circuit is re¬ 
peatedly opened and closed, and warns with a dis¬ 
tinctive clicking sound that the ignition should be 
turned “off." No adjustment of Startix is nec¬ 
essary after the thermostat has been in action. 
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With a very low battery and rorUiiii starting 
motor conditions the Startix relay plunger may not 
pull in at the time of engine firing and generator 
charging. This results in a prolonged spinning of 
the starting motor, the same as when overrun occurs. 

By speeding up the engine, the resultant higher 
<harging rate of the generator will pull in tlie 
relay plunger and stop starting motor si)inning. Do 
not confuse thi.s condition with starting motor over¬ 
run and attempt to move the starting adjusting 
s(*rcw to overcome it. This is a warning of a verv 
low battery charge and a recharging of the battery is 
the projicr remedy. If the battery over rcatdies th(‘ 
point where it will not crank the engine and the car 
is started by towing or pu.shing, it is advisable to dis¬ 
connect the small wire at the terminal on tt^p of 
Startix marked ‘Tgn*’ (sec jiaragrajih on donbl(‘- 
throw ignition swit<*h). This jxTmits the ignition 
to be turned “on'' but makes the Startix iiioperativ<\ 
and the Bendix pinion then eannot be srn^wed into 
mesh with the flywheel and nanain sla!l(*d then* 
under the dead battery londition and thus lower 
ignition voltagi'. 

General Srr>iee Suggestions 

If Startix fails to operate upon turning the ignition 
key “on," it may indicate a loose battiay eonnedion, 
a “dead" battery, or a 1<k)sc coniKM tion to the “Ign" 
terminid on top of Startix. Jl may also indicate 
that the generator cut-out, points fail to open when 
the engine stops or is sta)lc<l, and currcait would then 
he flowing back through the cut-out and into Startix 
riilay coil; con.sciiucntly, the Start ix n'lay coil plunger 
is not released, which mcjins that th<^ main switch 
circuit is held open. Check \)y turning ignition “oil" 
and seeing if grounding or discomu'ctmg the had 
from the generator to Startix reh'a.ses tlie r(‘lay 
plunger. iVrhaiis a slight tapping of the cut-out 
will be sufficient. (I'or (‘inergcaicy starting, nder to 
jiaragrapli on “auxiliary starUT button.") 

Do not excessively tighten the terminal nuts, so 
that the binding posts on Startix ar(‘ turne<l. This 
is especially imi>ortant in the ca.se of large "Bat" 

OWKN-DYNKTO AUTOMA 

Construction: "Plus (P n icf ('onsi^fH of ('omhination of viir- 
uuin and MWitclic'' 'Phr rm nurn stnich ih iistvl to corii- 

ploto UiG circuit tiirounli the wiiuliriK <if ttio iiiiiRncho Hwiti-h 
when tlie mint 1(01 is turned on The inm/nffir n^ntt h ns um«h| 1 o 
(•Oiiijilete t he (ireuit between the battery and iheatartiiiK motor. 
Pile engine i.s started when tlie ii'iiition ‘switch turned to the 
“on” position. 



Fig. 1. View showing connections of O wen- 1 )yneto automatic 
starting control switches. 

Operation: When the ignition key i** turnial on, current flowrs 
from the cod connection of the ignition swatcii to the magnetic 
switch winding to ground, tiirough contact points in the vacuum 
switch. 

This causes the magnetic switch to dose the circuit b<’tween 
the battery and the starting motor, whu ii engages the Hendix 
drive W'lth the flywheel and starts cranking the eiigmc. Imme¬ 
diately the motor starts cranking, the vacuum created in Uin 
manifold moves the diaphragm in the vacuum .'switch and cauw.s 
the contact points to separate. In order to have the starting 


tiTiTiinal po.st on the bottom of tlic l>ox. If it is 
turnotl, the main switeh eon tact is twist*xl-ym‘Og- 
nizetl by failum of Stjirtix to operate wdieii ignition 
is turiKHi “on" ami by deiTciusoil travel of auxiliary 
starter button. 

In the event that the starting motor or Bendix 
drive are completely inoperative, such as a burnt/-out 
armature or broken drive soring, and liand cranking 
is ncce.ssary for starting, disconnect the small wirti 
at “Ign" terminal on top of Startix. This allows 
the ignition to be turned “on" without Sbirtix • jH'ra- 
tioii (stv paragraph on double-throw ignition switch). 

If engine timing 13 incorrect, thcndiy causing back¬ 
firing and considerable backfire rotation of the en- 
idnc, the nutomade time delay of Startix, which jm*- 
veuts imxshing of Bendix pinion while engine i.s 
backroi-king may not prove long enough to avoid 
overlo:i(ls on starting motor ami drive under such 
conditions, have timing correctfd immeiliat-ely. Bor 
ohii r cars wlicrc backnring sisans inhertait., it, is ad- 
\ 1 .abl(‘ to in>< il a backfire circuit,-bri‘aki*r in the haul 
from tlu‘ Ignition coil to Startix "Ign" terminal. 
'I'liis special iiu'XiM'nj.ive di'vice can be j)urcliast‘d 
from the J'ldipse Alachine C'o. 

If the timing of the engine with the ignition “on" 
and without cranking is desirable, this can be tlone 
by temporarily disconnecting the small wire jit, tlu* 
“Ign" terminal on top of St.artix (sis; paragraph on 
double-throw ignition switch). 

In washing the engine or cleaning engine com¬ 
partment, avoid directing a stre:un of wat(*r at 
Startix or washing it. witli water. 

Cars equipped with Startix should never be left 
in ^ear. li(‘ sure this, and also the method of 
auxiliary starting, is thoroughly understood by tic* 
ear owmu*. 

For complete details concerning Startix adjust¬ 
ment see Service Bulletin No. S-llh' 

• NN'ill be 8 <;iit to rruder'i of tlii.s book by writina to Plelipnc 
Mm'hine Co , Ebmru, New York, mid iiieitlioniiiK '.1 .lu/o 
h'ncydo India, 

TIC STARTING SWITCH 

motor continue enuikinK after tliesi' pointu have Mcpiiruted, n 
Biiwill net of eontiwt pointH are provnh d in tiie iniinnetie Mwitcli 
that are |>araUel to tlie points in the vacuuin hwiIcIi. 'riiese 
points ure closed and held eloned by a Hinall liorHChlioe iiiaKiiet. 
that iH fantened around Uie larK" tirniinal on the niannetic 
hwiteli, aixl lire inaKiii'tized by euriwnt flowing throuu.h the 
ewitch to I he Mtart mu motor TneHi; |M)intN are adju^'ted no tluit, 
th«>y will eluHu and remain cluHcd uh Iuiik an the aturting naitor 
18 cranking with load. 

When the eriKinc HtartH, and the Hendix drive lias diKengtiKed 
from (tie flywheel, tlie eurrent eonsumed by the Htiirting motor 
iH immedi.itely decr<‘aHed, tliereby il(‘< rea«inK tiio Htreiigth of 
the Mnall horwe.shiM' magnet, ulUjwing file Hpnng to o|)en the 
*>'mall eet of contact pointn Thm breakw tlie circuit which holdn 
the iiiaKtii'ti switch cloecd and uJIowk the rniignetie Hwifrh to 
ofien. Am long an ttin ( ngnie im oju rating, the vacuum Hwitcli im 
held open Wiien the engine HtallH, the vacuum Hwiteii again 
eloscM, euuHing the inaKiietie switch to Ofierate. I'liiH opi'riition 
i» repeated as often iih the engine Ktall.s with the ignition )N.” 

Owen-Dyneto Magnetic Starting Switch 

The tna^etic starting switch, nliown in I'lg. 1, can bo uMcd 
without the vacuum Hwilch. The magnetic hwiIcIi whicli ih 
mounted on the Bturting motor having a Hcrwlix type of driw 
is remotely controlled by a pUHh button type of Hwitch on the 
instrument panel. Cloning the ntarting button caiiHeH the 
magnetic Hwiteh to cIohi* the circuit between the battery and 
Htarting motor, which engagea thi^ Jb ndix drive with the fly 
wheel and starts cranking the engine. 

The advantage of this switch over the former foot switch in 
that a conveniently located punh button on the dash for liami 
operation allows freedom of Ixjth feet for brake and clutch con¬ 
trol; lon.stant preMriirc on start mg switch contacts regardlcMi 
of amount of presnurt' appliecl Viy operator, i'his results in the 
miniinam of curn nt loan at contartH, i he (jun k breaking away 
of conlactH when relea#«*d practically chrinnuteH unaug and 
burnng. The 1 evolving disc contact greatly incrcaaes life of 
contacts. 
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TYPES OF IGNITION DISTRIBUTORS' 


Five types of breaker arm and cam arrangements 

iire used in distributors, as shown in Figs. 1-7. 



FiK- 1. The first and simplest is the breaker cam having as 
many lobes as there are cylinders in the engine and a single 
breaker arm. One ignition coil ia used. With thia tyi>e, when 
the points break correctly for one cylinder, all other cylinders 
uro timed. 



Fig. 2. The second type uses a breaker cam having as many 
lobes as there are cylinders, but has two breaker arms oper¬ 
ating in parallel. One ignition coil is used. Both sets of points 
open at the same time. 



Fig. 3. The third type has a breaker cam with half as many 
lobes as there are cylinders in the engine, and uses two breaker 
arms. One breaker arm fires half the cylinders, and the second 
breaker arm fires the others. One ignition coil is used. 

For a straight eight-cylinder engine, one set of points opens 
45 degrees of cam travel after the other. On some V-type en¬ 
gines this interval is irregular. 

Adjusting both sets of points in their correct relation is called 
‘‘synohroniiing.’’ Gauges are made to synchronize the points, 
and flywheel marks or piston travel can also be used. If the 
points are synchronised with a gauge while on the bench, it is 
only necessary to time one set of points with the engine after 
the distributor is installed. 

Fig. 4. The fourth type of distributor has a breaker cam 
with ludf as many lobes as there are cylinders in the enrae 
and two breaker arms with sej^te electrical circuits. The 
contact TOints must be synchronised the same as with the third 
type. Two ignition coils are used, one for each set of points. 


1 Excerpts from an article in MoToR, New York, entitled: 
“Ignition Timing on 1932 Passenger Care," by Edward H. 
Bury, Service Editor of MoToR. 



are cylinders amd both sets of points must open at the same 
time, similar to Type 2. Each set of poinus is electrically Keiia- 
rate. Two ignition coil.s are uued. Thi!^ typo is used on dual 
ignition engines. 

Vacuum control units: Many distributors have 
both automatic and manual spark advance while 
some have only the automatic advance. In addi¬ 
tion to these two eoiniiinations, a few 11)32 cars have 
a vacuum spark control that is separate from the 
other two. Instead of defamdini^ upon the speed 
of the engine for its o])eration, it depends upon the 
vacuum in the intake manifold. 

This control consists of a flexible diaphragm con¬ 
nected to the distributor and the intake manifold to 
advance or retard the spark. A calibrated spring is 
built into the diaphragm ca.se to act on tnc dia¬ 
phragm against the intake manifold vacuum. 

The tension on the spring cannot be adjusted. 
If the unit does not function properly, check the 
vacuum line and connections for leaks. It is easy 
to observe whether the unit is functioning or not by 
opening and closing the throttle with the engine run¬ 
ning, and noting the movement of the advance arm. 
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Fif. 6. One type of Tacuum control in instaUed so that it will 
retard the distrirator when thwe is a high vacuum in the mani¬ 
fold. This application is to give improved idling performance. 

When the engine is idlii^, there is a high vacuum in the mani¬ 
fold, which acts on the diaphragm, compreeaing its spring and 
retarding the distributor. The vacuum line is connected on the 
engine side of the butterfly valve. As the engine is speeded up, 
the vacuum decreases and the spring returns the diaphragm to 
its normal advanced position. Further increase in engine speed 
brings the centrifugal automatic spark advance mechanism into 
operation in the regular way. 

Owing to the retarding of the spark at idling speed, this unit 
is adaptable to cars having free wheeling, as it retards the spark 
when the throttle is closed and the free wheeling unit is m 
operation. When connecting the unit to the distributor, move 
the distributor advance arm to the fully advanced position. 

Fig. 7. The vacuum spark control unit can also be attached 
to the distributor to retard the spark when the engine is on a 
hard pull or on quick acceleration. Ah there is \ery little vac¬ 
uum in the manifold under such conditions, no force is exertM 
on the diaphragm and the spring holds the diaphragm in its 
normal retarded position. 

When the engine is idling or operating with part throttle, the 
vacuum in the manifold increases and the diaphragm advances 
the distributor.* 



Fig. 7 


FORD UJMTION DISTRIBUTOR fV-8)» 


The distributor used on the Ford V-8 i.s located at 
the front of the engine and is driven direct by th(‘ 
camshaft, thus eliminating many parts aiul the 
consequent back lash, etc. 

The spark timing is autornatically advanced or n*- 
tarded by the centrifugal governor weights or 
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REAR BEARING 


Fig. 1. Sectional view of Ford ignition distributor (V-8) 


I When a combination of manual, centrifugal and vacuum 
spark control is used and the diaphragm unit is mounted on the 
manual advance arm, provision is usually made for holding the 
arm in correct position while the distributor is timed. A method 
for holing the arm in the oorrect position for timing is to line 
up the holes that are drillea la each arm and insert a pi^n them 
until the timing operations have been completed. The dia¬ 
phragm will be compressed under the foregoing conditions. 

' From Ford Service Bulletin, Courteay Ford Motor Company. 
.\pplie8 to 1932 cam 


.spring.s. The vacuum brake automatically retards 
flic spark timing in direct proportion to the load. 

The current for igniting the gas mixture in the 
(‘ylinders is proviiled by the stxjrage battery. The 
ignition eoil transforms the low tension current to a 
high tension curnuit of sufheient voltage to bridge 
th<‘ gap between the points of the spark plugs. The 
eireuit breaker points interru])t the flow of low ten¬ 
sion eurixint at regular intervals, while the distributor 
rotor distributes the high tension current to each 
spark plug in proper firing order. 

While the circuit is closed thc^ coil builds up a 
high tension charge and a spark is produced as soon 
as the circuit is broken. The longer the circuit is 
closed the “hott(‘r” the spark will be. This is com¬ 
monly referred to as the “dwell.” 

Circuit Breaker 

The circuit breaker uscal on the Ford differs 
from the conventional in that the cam used has 8 
lobes ami that one set of contact points opens the 
circuit whereas the other merely closes the rin'uit 
(set; Fig. 2). l^y this arrangement an Cixceptionally 
long “dwell” is obtaiiual and the necessity of 
.synchronizing tin; timing of the spark for the two 
banks of cylindiTs im removetl. 

If the breaker points are worn, pitted, burned or 
incorrectly spaced, dress them smooth with an oil 
stone. Neirr a.se a file. Ktanove rubber plugs (Fig. 
2 ) and adjust the point gai)8 U) 012 Ui ,014 inch with 
the fiber breaker arm on the high point of the cam. 
(Badly burned breaker points arc usually an indica¬ 
tion of a faulty condensor or poor battery coimec- 
tion.) 

Vacuum Brake 

The vacuum brake consists of a plunger or piston 
which is held against the braking surface of the 
governor plate by a spring of adjustable tension. As 
the rapidity of combustion is def)endent on the 
degree of compression, the need of a retarded spark 
for quick acceleration or power is not dependent en¬ 
tirely on engine speed. 

Operation of the vacuum brake: The requirements 
for retarded spark at any speed are when the vacuum 
in the carbundor throat is extremiBly low. As an 
example: should the car be travelling at a sj^eed of 
20 to 25 miles an hour, the throttle valve would be 
but partially open and would restrict the passage 
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of air into the manifold which would result in a 
(•omf)aratively high vacuum in the intake manifohi 
causing the air in the dlstritjutor suction line to be 
drawn into the manifold. 

This suction draws the vacuum brake piston ui> 
ward compressing the vacuum brake operating 
spring. When the brake piston is in this iK>8ition, 
the brake is inoperative and the timing is auto¬ 
matically advancc<l by the centrifugal governor 
weights (mo Figs. 1 and 2). 

However, should the throttle valve be fully 
opened suddenly, th(‘ restriction to the air entering 
through the carburetor throat would be removc<l and 
the vacuum in the intake manifold w’ould immediate¬ 
ly drof). The operating spring tlam pushes the 
piston downward against the governor plate retard¬ 
ing the spark. 

As the engine speed increases to the .speed re- 
(luired by the throttle valve position, its increased 
demand for air again causes a partial vacuum to be 
formed; the air is then again drawn from the suction 
line and the vacuum brake is again inoperative. 

For adjustment see instructions under timing. 

I'imitig ibe Spark 

Adjual the breaker pomln as de.s<'ribed above; la* 
sure that the tibre breaker arm is on high point of 


cam when setting the gap (the two breaker arms are 
never on the high point of cam at same time). 

Remove vacuum line and adjuring nut. 

Inspect vacuum brake piston for any indication of 
its binding in the distributor body (the vacuum 
brake must work freely with no bind). Apply a 
few drops of engine oil to the piston. 

Install the vacuum brake spring and adjusting nut 
(to which the lock nut has been added), screwing the 
adjusting nut down not more than 2 or 3 turns. 
Locking it in this position so as to prevent the spring 
from holding the i)iston down. 

Set breaker plate adjnslnient s(rew (“A,” Fig. 2) at 
center of slot in distributor body locking it in this 
position. 

Test the engine on arcAeralion (a distinct ping 
.should be heanl when engine spoi^id i.s accelerated). 

Next adjust tension on vacuum brake spring by 
means of the adjusting nut until ping on acceleration 
i.s removed. Avoid .screwing the vacuum brake ad¬ 
justing nut down more than is actually required tn 
remove the ping or the sjiark will not advance cor- 
rc'ctly for less rapid acceleration. 

It is essential that a good grade of fact be }ised. 



Fig. 2. View of Ford ignition circuit breaker (V-8) ^ 

Note. The distributor shown above is the ia.32 model. Later models employ the same general principle but differ somewhat in 
construction. The breaker j^oints are now (19^7), adjiuted to .014"-.016" by means of an eccentric gap adjustment screw and 
lock screw; the vacuum (svictiun) ime from the inlet manifold is to the side of the vacuum brake instead of at the end; an adjusting 
screa and lock nut is used for adjusting the vacuum brake. 
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AUBURN DUAL-RATIO REAR AXLE 


A two-speed planetary dual-ratio unit, on which 
the shift is vacuum-operated, has been adopted on 
the Auburn.* 

The purpose of dual ratio is to allow the driver 
to have a low ratio, Rivirif^ maximum efficiency in 
hill-climbing and city traffic, and a high ratio giving 
maximum efficiency for cruising on open road.s with 
resultant quiteness, smoothness, and economy, ow¬ 
ing to the slow engine speed, 

OeseripticMi 

This axle, a product of the Columbia Axle , 
is, in effect, two axles in one and permits the «lriv(T 
to select the ratio which will give the most desirable 
)ierformance in accordance with load, road condi¬ 
tion, or speed. 

In one gear ratio, the car is driven in the convi n- 
tional manner through a single ring gf'ar and pinion. 
On the r2-cylinder AuVmin, this is the low gear ratio 
of to 1, that IS, the engiiu' turns over 4 times 
for every revolution of the driving wlu'els, wh'< h 
gives exceptional hill-climhmg ahilify and aceelcT.M- 
lion. On the S-eylinder Auhnrn tliis ratio is a 1 t<» 1. 

In the other gear ratio, an overdriva* sy .|em in¬ 
corporated in the differential is cng.agcd and, while 
the car is driven througli the same ring giair and 
pinion as before, the tinal ratio is stepped up, owing 
to the overdrive effect which is intro<iu«*ed by m(*ans 
of the planetary gears. On the 12-cylinder Auburn 


' .\l)plio.s to tlio .\ubiiro rtisf nm rioxloK r_*-ia0.\ :iiul S-KWIA. 
1982. 


this is the higher gear ratio of 3.04 to I, that is, the 
engine turns over only 3.0 4 time-s to every revolution 
of the driving wheels. This ratio give.s high-speed 
jx'rforrnance with a saving, it is claimed, of otu'-thini 
in engine revolutions, resulting in marked saving in 
fuel and wt'ar and tear on all parts of the driving 
inechani.sm. On the Si-cylinder Auburn this ratio 
is 3.4 to 1. 

The shift from one gear ratio to the other is ae- 

eonqilished hy utilizing the vacuum of the intake 
manifold ns e\plaine<l under Vig. 1. 

The shift frf.m one position to the other may be 
made at any tune. It is best, however, to make the 
.shift at spec'ds below 10 mile.s fier hour. The shift 
caimoi be made unless the ear is in fret'-wheeling. 

shift, hfl foe from the juarlerator momentarily, 
lepr(‘s.s the (lutrdi, and turn the dual-ratio lever on 
die instrument panel. 

The dual-ratio rear-axle is ^hown in Fig. 2. The 
drive comes through the spiral Ix'veJ pinion (A), to 
ring gear (B), wliich is mf>uiil(‘d on the large c.asc 
mad(^ in two ])arts (C and D). Tliis <lual ca.se is in 
turn earned by two f vpiT roller Ix'arings (E and F) 
mounted in Ihe nuiin carritT casting. 

The overdrive b'atun' is ma.d(‘ uj) of lh(‘ sim gt'ar 
(G); tlu‘ plaiu'tarics, (iv(‘ in number (H); anil t.lu* 
iidcrrial gear (K), as shown in Figs, 2 and 3, 4'hc 
planetarii's fH) are carried l»y Ihe case (C) on pins 
(L). 4'h(‘ inli'nial gear (K) is (’arried by the cliner- 

ential case (M), to which it is st'curcly k(?yed. d'he 
(litferiMitial case is furnishisl with a two-pinion 
ililTerenIial, tlirough whicli tlie ilrivt* is transmitted 
to the two dnv(‘ shafts in tlu* I’onveutlona! nianniM'. 



Fig. 1. Layout of the Auburn dual-ratio rear axle and controls. The operation of Bhifling from one gear ratio to the other 
is as follows: 

To shift to "low*' gear ratio, proceed as follows: Set the free-wheeling control lever (1), in the free-wheeling position. Then 
let up on the accelerator until the engine drops to Idling speed, disengage the clutch, and turn lever (2;. on irintniment panel, 
to "low." This sets the valve (5), through a bowden wire (6). The vacuum from the rnantfold (4) paascs through valve (8), 
and is Erected by valve (5), through tube (7) to the rear end of cylinder (U), which draws the piston (P) to the rear and 
locks the unit in "low" position. This means that the spiral bevel drive pinion (A), operates the ring gear fB), which in 
turn drives the car througn the differential (18) in the conventional manner and the overdrive unit revolves with the ring 
gear, as explained under Fig. 2. 

To shift to "high" gear ratio, the free-wheeling control lever (1) is set in free-wheeling position and the same or>cration of 
letting up on the accelerator and disengaging the clutch is repeated, but lever (2) is turned to "high" position. In this 

f iosition, the vacuum from the manifold (4), passes through valve (8) and is directed by valve (8), through tube (16) to the 
ront end of the cylinder (U), which draws the piston (P) forward. This action produces a step-up in the dual-ratio unit 
which allows the car to be driven at the same road speed as before, with one-third less engine revolutions; or, with the same 
engine revolutions, the car speed is increased 50 per cent. 
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gear case (C), thereby locking sun gear (G) to case 
(C); or it may be moved to the left until clutch 
teeth (P) engage ^yith mating teeth in stationary 
clutch (T), which is rigidly fastened by bolts and 
dowels to the main carrier casting, thereby holding 
sun gear (G) stationary, which causes the overdrive 
to be placed in motion. 

Operation of the dual-ratio rear axle. With axle in low ratio, 
that iH, with the clutch (N) {shifted to the right, locking sun 
gear to caHe (C), the two members of the planetary system are 
thus rigidly connected to, and carried by, the case (C), vie.: 
the sun gear (G) and planotanes (H). Since the sun gear and 
planetaries cannot revolve, the planetaries merely act as driving 
lugs or keys, driving internal gear (K) around with them at a 
velocity the same as case (C) and, of course, with no members 
of the planetary system revolving on each other; thus, in the 
low ratio, ring gear (B), cases (C and D), planetary system 
(G, H, and K), and differential case (M), and the differential 
gears and drive shafts all revolve as one unit. 

Moving shifting clutch (N) to the left, so that clutch teeth 
^P) engage with the clutch teeth on stationary clutch (TK 
lif>ldM sun gear (Gi stationary and frees clutch teeth (S) on the 
liub of case (C) and permits ca.se (C), carrying planetaries (H). 
(o revolve around sun gear (G), being driven by spiral bevel 
gears (A and Bl However, planetaries (H), in being carne<i 
around the now stationary sun gear (G), are compelled to re¬ 
volve on their own axes The combined motion of the planet- 
aries around sun gear (G), and also around their own axes, re¬ 
sults in imparting additional motion to internal gp.ar (K), this 
additional motion being sufficient to turn internal gear (K), 
ilifferential case (M). and the differential gears and drive shafts, 
I i times as fast as bevel gear (B); this is based on the supposi¬ 
tion that the engine speed and, of course, the pinuai shaft speed 
remains constant. What actually happens m operation, how¬ 
ever, is that the car speed, as represented by the drive shafts, 
differential and internal gear (K) spce<l, remains Cfuistant, and 
the pinion shaft and engine spei*d, instead t»f renmiiimg constant, 
i.s slowed do^Mi iiili per cent in r p m 

The Inhncntion oj the ornilriet! unit contained insnle cases tC) 
and (D) is accomplished by the ring gears picking up lubricant 
and depositing it in vane (V) whnh i.s attached to the rear cover 
plate ’rheluiirnaint then riin.s into nt)cket (W), 1 ubricates bear¬ 
ing (E), and flow.s in the direction of the arrows mio the interior 
of ca.ses (C) and (D) Owing to the centrifugal force, it i.s 
thrown to the outside and fills the ca.ses to the level of the 
centers of pins (L), which are hollow and through which the 
CXCC.SM lubricant returns to tlie outer sump 'I'hus, iIutp is al¬ 
ways a constant flow of lubricant through the unit, and th<“ 
interinl gear (K) runs completely immeiseil in «>il 'I'hc plane!- 
lines (H) are immersed half of their diuineier m oil. 'I'his 
efficient lubrication insures quiet operation and long lilc. 

Al in UN TRANSMISSION AND FREE-W HEELING I NIT' 

The transmission has (*onstnnt int'sh holirjil 
second-speed pears and the hiph-speed and seeond- 
speed s 3 mchroni 2 ing clutch i.s of the internal-tooth 
type which results in very quiet operation and en.sy 
and quit't pear shiftinp. There are three forward 
speeds and one reverse. The pear shift is si andard. A 
study of Fip. 1 will make elear the oiKuation of the 
transmission and free-wheelinp unit. 

The free-wheeling unit used on the Auburn cars' 
is of the L. G. S. patented ‘‘spring clutch type" 
of overrunning or one-way drive. This unit is 
mountiNl at the rear of the transmission wliich al 
lows freewheeling in all three forward speeds. 8ee 
Fig. 1. 

The free-wheeling unit may be locked out or in 
as desired. The process of changing from free¬ 
wheeling to positive gear is accomplished through 
shifting a small lever behind the regular gear shift 
lever. 

The free-wheeling unit has three moving parts, 
namely: A, Fig. 1, which is the coil spring nrmly 
anchored at (C) in cylindrical pocket (B); B, the 
cvlindrical pocket which is integral with spline 
shaft (J) and serves as the driven member; D, the 
cvlindrical pocket which is splmed to transmission 
shaft (I) ana serves as the driving member. A study 
of Fig. 1 will make clear the operation. 


* \pplies to the Auburn custom iinxi**!.*; IL*-I(i0.\ iuid S-lO0\, 
1932. 


The free-wheel drive i.s in reality uotliing more 
than an overrunning clutch incorpon>r(‘d in the 
drive line which enables the eiigint* to dnvt* the ear 
but prevents the engine from being tlrivon by tin* 
momentum of the ear. I'ree-wheeling i.s Ix^'t de- 
.seribed when compared to a liicycle with coaster 
brakes. 'Fo make the bicycle “run," you push ou 
the pedal.s. Your feet and logs .serve as the engine. 
Th<‘ fa.ster you push the taster you ride. A bicycle 
without a coaster brake must be pedaled all the 
time. W ith a coaster brake, when you stop ptaia!- 
inp, your feet and leps rest, while the bicycle coasl.^ 
on momentum. Then, when you resume {>edaling 
fa.ster than the bicycle is coasting, you again propel 
the bieycle. 



Flit l The Auburn silent mesh transmission and free¬ 
wheeling unit. 



Fig. 2. Sectional view showing the construction of the 
dual-ratio rear axle. 

Fig. 3. Side view of the overdrive feature, Hhowmg tiu* 
Biin gear (G), planctarip.s (H), iiitcrnul gear (K), and diflcr- 
ential ease (M). 

'The sun gear (G) is provided w’ith a long liub 
exttnision, the outer end of whicli i.s splined aii<l 
rarries shifting ehitch (N), which in turn carries two 
sets of jaw clutch teeth (P and R). This shifting 
clut(‘h may be moved along the s[)iinod liub of sun 
gear (G) to the right until clutch teeth (R) engage 
with mating teeth (S) integral with the huh of the 






8 d<^ree8 in r^Mon to the flywheel rotation, permitting an 
earlier opeoia^ of the intake valve. Due to the increased 
rooker-arm ratio, the valve lift is increased. This insures more 
effective intake and exhaust of gases. The valves are approxi- 
mately in. longer than previous 6-cylinder valves and are 
therefore not interehangeable. The compression ratio has 
been increased to 5Jl to 1. 

Notb; This same transmission is used on the series BB ^-ton 
ooHsaaerdal ear btti without the free-wheeling unit. 


Fig. 2 Heft). The sliding clutch sleeve has three lugs at 
either end with cams at the corners of each lug which engage 
with corre«ponding cams on the synchroniiing drum. 

Fig, 2A (right). The synchronizing drum consists of a steel 
stamping lon^cly splined to the spline shaft by means of three 
legs which in<‘lude the synchro-mesh servo-cams. This stamp¬ 
ing supnorts a bronze internal rone which engages with a cor¬ 
responding external cone integral with the gear to be engaged. 
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and the aynohronizing dnim. Aa the sliding clutch 
sleeve is moved toward the gear to be engaged, it 
first meets the pressure of the synchronizing spring. 
This causes the synchronizing drum to be squared 
up and pressed against the external cone on the gear, 
and this initial pressure causes the drum to rotate 
sufficiently to bring the servo-cams into positive 
alignment. After tne servo-cams have made con¬ 
tact, the synchronizing spring pressure is released so 
as not to interfere with the proper action of the 
synchronizing drum. 

Operation: The sequence of events during gear 
(•ngagement are shown in I'igs. 3-7. 



Fig. 4. Clutch sleeve makes contact with synchronizing 
spring, which forces synchronizing drum against cone on gear. 



Fig 5. Rotation of drum causes servo-cams to align for con¬ 
tact. 

Fig. C. Servo-cams press synchronizing drum against 
external cone on gear forcing gear to assume same rotative 
.speed as engaging teeth on clutcTi sleeve. 



p^g. 7, Clutch teeth having assumed the same rotative 
speed, the synchronizing drum wessure is released, permittina 
the engaging teeth to hunt or float in order to sliae into each 
other easily. 

Transmission gear ratios; First speed; 3.17 to 1; second 
speed: 1.82 to 1; third speed: direct; reverse: 3.57 to 1. Rear 
axle gear ratio: 4.10 to 1. 


> The free-wheeling unit on the Chevrolet Confederate Model 
Series BA is the "spring clutch, two-pocket" type. 


Chevrolet Free-Wheeling* 

Purpose: Free-wheeling* is primarily added to the 
synchro-mesh transmission to permit coasting; and, 
inasmuch as it is an overruning type of clutch mem¬ 
ber in the rear of the transmission which is auto¬ 
matically disengaged when the foot is taken from 
the accelerator, or when the engine is not driving the 
car, it is not necessary to throw out the engine clutch 
when shifting gears— jyroiriding^ of course, that the 
control huttou on the dash is set for free-wheeling. 

In addition t^) its (oasting features, it enables a 
<iuiet shift from high to second for the purpose of 
picking up speed (piiekly in traflie. In this case, it 
pennits slowing down by coastinj?, which is auto¬ 
matically accomplished by removing the foot from 
the accelerator. The shift can be made at any time 
while the car is coasting, without using the clutch. 

Control: Frco-whccling is solcctcd after the car 
is in motion by releasing the clutch and pushing tlie 
button to the instrument panel. 

It is locked out when the car is in motion by 
pressing on the accelerator until the engine pulls 
tlie ear. Then rele:is(‘ the clutch, pull the button 
out quickly, and at Ma^ same time the clutch should 
be let in gently after this operation. 

In order to avoid mental confusion, we suggest 
that you n'tain the habit of disengaging the clutih 
when shifting, whethi'r the transmission is in eon- 
vemtional drive or free-wheeling. 

Caution: The motive power, which when in con¬ 
ventional drive acts as a brake, is disconnected 
when using tlii^ fn'o-wheoling (lovice; therefore, 
never use free-wlieeling when driving in hilly coun¬ 
try or on icy or wet pavements. 

Construction: The frt‘e-wheeling unit (Fig. 1) used 
by Chevrolet is mounted at the rear of the tran.s- 
mission, providing free-wheeling in all forw'ard specnis. 

The unit consists mainly of three major parts: the 
front driving sleeve attached to the transmission main 
shaft; the dritnng spring; and the rear driven sleeve, 
attached to the propeller shaft. The nuiUi-coiled 
driving spring is atta(’h(‘d to the rear driven sk'cve 
and is closely confined by the ground inner surfaces 
of both front and rear sleeves, which are provided 
with a very small end clearance so as to permit free 
intlependent rotation of either member. A roller 
pilot bearing keeps the two cups in accurate align¬ 
ment. 

Operation: Sec Figs. 8, 9, and 10. 



Fig. 8. Free-wheeling unit showing driving smng expanded. 
As power is applied, the spring expands tightly into both 
sleeves, locking the two together with a force equal to the power 
transmitted. 


’Simplified definition of free-wheeling: An ovemmning 
clutch incorporated in the driveline which enables the engine 
to drive the car but prevents the engine from being driven by 
the momentum of the fear. 
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I'lK 9. Free-wheeling unit, showing driving spring con¬ 
tracted. When tlie driving torco uiiioved (mnov.ng tho 
foot from the nfrolorntor,', the dri\iiig .spmin tontnufs ond 
the rear sleeve ns free to rotate with tlie propeller '-halt 'tial 
rear wheels. 'Fhe free ri<tailoii of tlie iear wheels and pi..p. lii‘i 
shaft, independent of tlie « ngme and t r'ln.snu-'.ion, eon-.t o nies 
\\hut iM ealled "fr«’e-w hei'lmir 



Fig 19, Free-wheeling unit, showing the lock engaged 
\ lock IS splined t o t he front si.-eve and. Iiv laing riio\ i<l to t li< 
lear by means of a inish and pull (outiol butiMii on tiu' in-iru 
iiieiit paiud, engtiges with e a t e^iioiidi ng splim-s on l he r<-ai 
sleeve, f hus locking tImmu po^it i\ »-1 v t ogc hei, I he <ln\ mu spring 
then being rendeusl inoperative ’I'he ti.monission ma'ii shall 
and the propeller shaft arc then lo(ke<l togethei thi- same :o- a 
i-oiivcntloind ear. 


hen the operator wishe.s to up irhth' in 
fHniitton, tlie transinishioii reverse shifter fork autoiiiutioally 
l(M-k.s (he twosieewa U»Kether, thus providing poaitive drive in 
rtt\rst When engaging into any of the/ernyird the 

b>ek uutoiiiuileidly releasea and the ear is in free-wheeling. 
'Flius (lie operator i.s lelu'ved t>f having to think of locking up 
free-wheeling when wishing to reverse, or disengugtng the 
unit when ri'suining frtH»-wheeling 

Lubrication: 'I'hp sjitisfticfory of th(‘ 

sviu'hro-iiu'sh irniismi.Ksidu ami tin' fro(‘-wli(Mdin^; 
unit to a. (‘\li*nl, on usinj? tlu' rpctun- 

m(*ii(k‘<i lllhnl•!lnt^^. 

7'/<i;..sM/(.xona • I'lll t'verv l.tKH) iniU'»» with (lie liibncaiit 
ri'coniinendcd below (wlmh is the same lnbri<‘ant for the real 
a\le). so that the oil |e\el stioHls even with the oiiemng in the 
tiller btiaa on the ’ ight side of the ease. In eokl weather we 
reenriiiiKMul the addition of a pint of light engine oil to the 
heavy oil in the it (na(ms.M(>M, w Inch i inprovea (he I ubi leal mg 
uuiiblH*s and makes i f easier t o shift geai.s and start 1 he engine 
(Ma n every miles 11 is a good plan to wash out the I tuns 

mission with ji light nil, to temovi' any I'hips of metal kma’ked 
oM tlie gears, or other fon ign substanei^s, sueh as grit or ibri, 

/* n<-’rAiWi/i / unit' 'Tla* (.•im»» i list met ions apfily as to llie 
11 aiismis-io'i, except the oil level shoulil stand even with the 
opemiig on the b‘ft side of the ease. 

l.iihinmit I f( (untin ndi il S A 1',, \'iseositv No ItiO lubrieauL 
‘-hould be useil during siimmer monlhs and S .V Iv No 9(t dui- 
’ ig wutei (iihlt below . list mg 1 he lU'oper eliissiheal oil for 

I .inoils tempi i at ure eoiidil ion*- 



SI'KF.VMI.IMNC; 


The purpose of sfrotiiiilinint; is fo decrease air 
resistance. Air rt'sisljinct' v.iiics .Mpproxiinjitt'ly as 
tlie stpitirt* of tlu* spt't'd. IF ii car doubles its spta'd, 
tli(‘ air resistance; will Ix'coiiui fotir tiiip'.s a.s ^:n‘at. 
If JL car tripU3S its speed, tlu* :itr n'sisttmcc \\ill Lc- 
<-oin(* nine titnos as ^rcat. At V(*ry hi^h speeds, the 
lo.ss of available hoisepower may b(3 eonsidt‘rable. 

In a moving vehicle, air resistance is produced by three 
means: (1 j air pressure built up in front of the vehicle, (J) air 
“.skin fnclioii” along the sides, top, and bottom of the viduele, 
(Ip “drag,’’ resulting frmii the vacuum at the r* ar of the vehn le 
owing to the lurbulciiec or eddies of the air « urrent 

The greatest possibilities in reducing air resistance by 
streamlining are: first, reduction of the ‘‘drug’’; and .seeoinf, 
reduction of the air pressure at the front N'l-ry little hus been 
'iceotTiplished toward reduction of “skin fnetum” at thi.s tiim-. 

The “drug” is of greater importance than f he head en<l (front) 
re.sistance, as may be seen by referring to I igs 1 and 2. 

In Fig. 1 the eddies prixluced at the rear are very pro¬ 
nounced, causing a large drug. It is true that the head-end 
pre>..sure is low. In Fig. 2 the head-end pressure is slightly 
greater, but there are practically no eddy ciirrentH at the rear 
and therefore little drag. The total air resistance at any given 
.speed is about twice as murh for Fig. 1 as for Fig. 2. 

An egg shape, as in Fig. 3, produces les-s head resistance and 
also small drag, becau.se the chatige.s in directum of air flow' are 
more gradual. With the longer and more tapering “tear-drop” 


shape III I'tg f,th' drug is Ics.s (li.-i n i u Fig '( umJ f he ideiil i-Icipi 
Is olit.-imed 



Fig 2 \ cone tr.'ivelmg through the air with the point t<r 

the rear. 



I'lg. Egg shape with some <lrag 

Fig. 4. ‘*Tear-drop*’ shape, the ' streamlmcd ’ shape ' 

I Illustrations from I'opulnr Aiiufion by permission. 


SPEED AND (;A.S01JNE CONSUMPTION 


For the average car, the most ccouoi/ncnl sjuul m .somewhere 
about 20 to 25 m.p.h., depending on the ear ami the conditmns 
under whieh it is operating. At htwr tlie Kasuline con¬ 

sumption will bo slightly greater, rhe higfur Ihr ppmi, the 
greater will be the air resistance and tlie juiwer re<niired to over¬ 
come it. consequently, the greater will be the gaHoline coiisuinn- 
tioii. When a car is driven at 50 ni.p.h., even in cairn air, tne 
air resistance is approximately four times as great as it is at 


25 m p.h., am! time times as great at 75 m.p h. Tests on a cer¬ 
tain car under certain coiiditions indicated that the car con¬ 
sumed ubfiut .‘(2 per cent more gasoline per mile at .'‘lO in p h 
than it did at 25 m.p.h. 'Fhe increased friction of the various 
beaniigK in the velucle and some rear wheel slippage at the 
higher speeds are other contnbut mg causes of increuseJ gasoline 
consumption 
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PLYMOUTH FLOATING POWER 


Floating power is the name applied to a new methotl 
of mounting the engine in the car frame. This 
method is employed on the Plymouth models 
and “PB/' also on the 1932 Chrysler, DeSoto, and 
Dodge cars, although different in detail from that 
originally introduced on the IMymouths. 

To explain briefly,^ the floating power motmtings 
allow the engine to rock on its natural axis. B v per¬ 
mitting the engine to rock freely on its natural axis, 
the vibrations normally transmitted to the frame 
and body are dissipated. 

The engine mounting&-;-and there are only two— 
are so placed that the engine, if it were free to rotate, 
would do so in perfect balance. At each mounting, 
live rubber, nearly an inch thick, allows the engine 
to rock or oscillate on this natural axis, thus dissipat¬ 
ing the impulses caused by its power explosions. 



Fig. 1. The action of floating power. The line from (C) to 
(A) is an imaginary axin extending tlirough the two engine hui>- 
porta, and it is about this axis which the engine tends to move 
or oscillate, owing to the torque reaction from the power impulse 
of the engine. 

Any engine has a tendency to swing over or rotate 
in a direction opfK)site to the rotation of the (Tank- 
shaft. This is duo to tlie iorqiic reactions caused by 
the power impulses as explained under 1'ig. 2. 



Fig. 2. This illustration is a simple cross-eection of an engine 
mounted in a frame, showing a cylinder block, piston, connecting 
rod and crankshaft (viewed from the rear). When the explosion 
takes place in the combustion chamber, the piston is pushed 
down. The connecting rod is at an angle in order that it may 
cause the crankshaft to rotate. The downward force of the 
piston is resisted, of course, by the crankshaft which drivw the 
car. This causes the piston to b^ heavily gainst the cylinder 
block during eaoh explosion. This force is sumcient to cause the 
cylinder block to revolve to the right against the frame. These 
explosions are very rapid and are the direct oauM of the vibraUon 
apparent through the frame and body. This is torque reaction. 


^ The following non-teohnical explanation includee excerpts 
taken from literature dealing with the Pl 3 rmouth oar, model 


In the usual or conventional engine mounting, 

Fig. 3, every such tendency to swing over is resisted by 
the frame of the car, as the engine is mounted at 
three or four points directly to the frame. 



Fig. Conventional three-point engine suspension. Top 
vicH 



Fig. 4. Two-point engine suspension, as used with floating 
power. Top view. 

This constant resistance by the car frame of the 
engine’s tendency to move, sets up a succession of 
tremors in the frame which are transmitted to the 
body of the car and are recognized as vibration. 

The floating power mountings eliminate this vibra¬ 
tion as follows: 

First, through the employment of a two-point sus¬ 
pension, it allows the entire power plant to rock free¬ 
ly. See Fig. 4. 

Second, by so kx'ating the points of support that a 
line connecting them w ould pass through the center 
of gravity of the engine, it aIlow\s the engine to rock 
in perfect balance. See Fig. 5. 



Fig. T) (left). Side view of engine with floating power. Front 
mounting elevotwi so that line connecting two mountings passes 
through center of gravity of engine. Thus engine is suspended 
111 perfect balance. 

Fig. 6 (right). Side view of engine, showing mountings be¬ 
low the plane of crankshaft. Here, the greater part of the en¬ 
gine’s weight is above the mountings, making it top-heavy. 

Third, by employing inch-thick live rubber at the 
mountings, it permits free movement of the engine 
without any metal contact and absorbs harshness as 
well as any up and dow n movement of the engine. 

The rubber mountings used at the two points of 8upi>ort are in 
themselves highly important engineering developments. Each 
mounting consists of two metal plates wiui live rubber, nearly an 
inch thick, between them. This rubber is bonded to the metal 
plates. This close adhesion of the rubber to the metal plates and 
the tremendous strength of the rubber used, are among the factors 
that have made floating power possible. 

The stabilizing torque spring see P'ig. 4, shown at 
(S), which connects the power plant to the frame 
side member is of the cantilever type. Its built-up 
end is attached rimdily to the under side of the en¬ 
gine immediately pack of the flywheel housing, and 
the other end is imbedded in live rubber m the 
frame side member. 

This spring serves to preserve the proper align¬ 
ment of the power plant and to hold the movement 
of the engine within the limits allowed by the rubber. 
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INDEPENDENT FRONT WHEEL SUSPENSION 


Individual front wheel suspension is an outstand¬ 
ing development in 1934 chassis design. There are 
several types, some of which will be explained in the 
text following, most of which is taken from literature 
and correspondence of the different car manu¬ 
facturers. 

CadiDac, Buick, Oldsmobile, LaSalle 
Front Wheel Suspension 

The illustrations which follow under this heading 
are taken from the Cadillac literature but will also 
serve to explain the general basic principle of the 
independent front wheel suspension system as used 
on the Buick, Oldsmobile and LaSalle, as the prin¬ 
ciple is similar, although the detailed construction 
and adjustments may vary. 


(4) Knee action. On broken roAd surfaces each 
wheel can move up and down without disturbing the 
path of the other or throwing the car sidewavs. The 
road shock taken by the wheel is absorbea by the 
resilient coil spring and the shock absorber. 

(5) Reduction in unsprung weight. 

(6) Inherent directional stability. To any desired 
degree the car mav be made to steer like a bicycle, 
i.e., to turn slightly in the direction towards which 
it rolls. 

The ability of niif-h cars to maintain a $traioht course at speed 
on all m)rtH of road surface ami without conscious effort from 
the driver, is found to be one of their most valuable characteris¬ 
tics. As a necessary result of the above, safety %n case of front 
or rear tire blowout i8 greatly unproved. 


Type: This type of independent front wheel sus¬ 
pension is known as the traiisverse articulated or 
^*wish-bone” type. 


It also follows that the features of independent front euspen- 
sioD which make for stable handling are undesirable when 
applied to the rear. I'herefore, indei)endent rear suspension 
must have different qualities from those of the front 


Definition: Independent front wheel suspension 
consists in so mounting the front wheels of a car 
that they move up and down independently of each 
other in paths which are invariable and which main¬ 
tain the wheel planes closely parallel to the center 
plane of the vehicle. 

Advantages claimed are as follows: 

(1) Ability to use very soft front ifprings without 
prejudice either to the stability of the car on corners 
or to the accuracy of steering. 

Until front susra;nsion is mado as soft as the rear suspension 
"optimum" riding quality cannot be obtained. Note equal 
softness of front and roar suspension does not mean equal 
spring rates front and rear. It means that: 

Stiffn ess of front suspension Load on front suspension 

StiffueHS of rear suspension Loiui on rear suspension 

(2) Since the paths of the wheels are invariable, 
an accurate steeling linkage becomes possible for the 
first time. Wheels can move up and down freely 
without changing their direction. 

(3) Shimmy is under control for the first time. On 
a properly deai;.-;ne(i system shimmy is eliminated. 


Construction: There are two transverse drop- 
forged forked-arms on each side, termed upper sus¬ 
pension or shock absorber arms and lower suspension 
arms or ^'wish-bone'' (Fig. 2). The lower one is 
longer than the upper one in order to maintain 
constant tread. There is thus a slight change in the 
“camber** of the wheels as they move up and down 
and this is contrived so that on corners the outer 
wheel remains more nearly “square*’ with the road 
as the car “rolls** on the turn. The upper arm is 
anchored to a double-acting shock-absorber which is 
bolted to the top of the frame forming the frame 
hinge. The lower arm which takes most of the brake 
torque reaction and end-thrust also is pivoted se¬ 
curely to the bottom of the front cross member 
reinforcement by means of threaded bolts seated in 
threaded bushings. 

The outer ends of the upper and lower suspension 
arms are connected to the steering knuckle support 
forging. This support carries the steering knuckle 
which in turn carries the wheel. This construction 
provides hinges at the end of each of the susi)en- 
sion or control arms which permits vertical move¬ 
ment. Horizontal movement, however, is impossible, 



Fig. 1. Phantom view of the independent front wheel suspension system (Codillao) 1934. 
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thereby assuring rigid support for the steering 
knuckle. The front wheels can therefore move up 
and dov^Ti to conform to the inequalities of the road, 
but cannot move laterally or tore and aft conse¬ 
quently the wheels are kept in perfect aUgnment. 

A vertical coil spring is mounted at each side 
betw'een the frame and the lower suspension or con¬ 
trol arms w hich incorporates a rubber bumper which 
acts as a bumper to limit the travel as tne spring 
is compressed. Bumpers on the outside of the frame 
rail on each side limit the downward movement 
(Fira, 1 and 3). The upper spring seats are fastened 
to the frame, while the lewder spring seats are riveted 
to the lower suspension or control arms as shown 
in Figs. 1 and 3. 

The following paragraphs are quoted from litera¬ 
ture of Cadillac. The helical springs have no func¬ 
tion except that of springing the car, as they are 
not depended upon to hold the front wheels in 
position nor to absorb the driving and braking 
forces. As a result, it has been possible to re<lia- 
tribute the weight of the car (concentrating the 
weight more nearhr over the front and rear wheels) 
and to soften the front springs to provide maximum 
riding comfort. 

Inasmuch as the front W’hccls are mounted inde¬ 
pendently of each other, it is obvious that either 
wheel may follow the irregularities of the road 
w'ith very little “tilting’^ or change in the angle 
of the camber of the wheel, and without disturbing 
the path of the other wheel or its attitude relative 


to the road, thus eliminating one of the greatest 
contributing factors to front wheel shimmy and car 
wander. 

When a front axle is used, the caster angle (caster 
angle is the angle at which the steering knuckle 
tilts to the rear) is also changed when either the 
brakes are applied, or the ch^is springs are in 
action. With independent suspension of the front 
w'heels, a practically constant caster angle is main¬ 
tained. 

Steering: Easy steering has been obtained by the 
use of a new’ type of steering mechanism termed 
**ce?\ier control^* steering system, which accurately 
controls the geometrical relations of the various 
parts of the front wheel suspension system. See 
Fig. 2. With this tyne of steering, despite the use 
of very soft acting front springs, the accuracy of 
steering the car, especially at high speeds is greatly 
improved. The steering action is conveyed from 
the steering gear through a short arm to a new 
unit centrally mounted on the front frame cross 
member midw’ay between the two front wheels. 
This action is transmitted directly to each wheel bv 
short, center-controlled, equal-length tie rods. With 
the exception of the outer ends of the tie rods, the 
entire steering mechanism rides as part of the sprung 
weight of the chassis. 

Shock absorbers: With new weight distribution and baianoed 
^ringing, t)ie work reouired of the slioek aijNorbera iw different. 
The front shock absoriMirs are of the improved do\ibU! acting 
type and nro actually budt onto the frame as a structural n/irt 
of the cur. When frictiotdess springs urn used it is found es- 



Fig. 2. Nomenclature of the front wheel suspension end steering system (Cadillac). 

Pfk. 3. Sectional riew of the left front wheel suspension system viewed from the rear (Cadillac). 
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•ential to mount shook absorbers rigidly in this way. Any 
flexibility in the shock absorber mount will permit sm^l wheel 
movements which the shock absorbers are powerless to control. 

Body stabilizer: This unit, Fig. 4, consists of a steel shaft 
which extends across the frame just back of the rear axle and is 
connected to the rear axle by levers and links. The purpose of 
this device is to oppose any tendency of the body to roll. When 
one side of the car tends to rise while the other is falling as 
happens when rounding corners, a twisting action takes plare 
in the spring steel stabilizer bar which reacts and thus tends 
to bold the body on an even keel. 



Fig- 4. The stabilizer opposes any tendency of the body to 
roll (Cadillac). 


Plymouth, Dodf^e and Chrysler Six 
Front Wheel Suspension 

The individual front wheel springing system used 
on the 1934 Plymouth, Dodjcje and Chrysler Six cars 
is of the same general basic principle. 

Type: This type of front wheel suspension system 
could be termed a uniform or constant tread parallelo- 
gram type^. 

Construction: The main suspension member con¬ 
sists of two control arms. (25, 48). At the outer end, 
where two branches meet, lower control arm forging 

n carries a strong yoke (38) to hold the lower end 
e steering knuckle support (23). The opposite, 
spreading ends of the arm (48) are attached to the 
rugged frame structure by means of threaded pins 
and bushings (60, 61). 

The outer ends of the upper control arms (25) are 
attached to the upper end of the steering knuckle 
support (23) through yoke (21). The inner ends of 
the upper control arms (25) are attached to the 
shock absorter shaft (32). The shock absorber is 
bolted to top of the frame front cross member. Free 
movement up and down is provided but there can¬ 
not be any sidosway or laterial movement. 

The coil spring (40), made of special steel alloy 
and rust proofed, is mounted between the lower con¬ 
trol arm (48) and the upper control arm (25). The 
spring’s lower end rests in a pressed-steel seat (44) 
riveted into the lower control arm (48). The upper 
end of the coil spring rests against the underside 
of the frame front cross member (28). Each of 
the two coil springs thus carries one-naif of the load 
of the front end of the car. 

Steering is termed '*cro99-steering” the principle 
of which is shown in Fig. 2. The storing or pitman 
arm (L), instead of moving lengthvdse to the frame 
as in conventional practice—moves at right angles 
or crosswise to it. The drag link ^), which in 
conventional practice moves i^gthwise to the car, 
moves crosswise, or parallel to the steering tie rods 
(H). 

I BacauM of th« faoti that with th« short uppor ann and 
long lower arm, the tread remaina oonatant ana the camber 
vanee, whereas if these arms were equal lencth (a true paraP 
lalocram) the wheels moving up and down would vary the 
tread, and the camber would remain obnstant. 



Fig. 2. Principle ol the cross-steering of Doilge, Plymouth 
and Chrysler Six. The steenug tie rod IM.) is not the conven¬ 
tional single ro<i, but consists of two rcnls, termed split tie rod 
eonstrurtion. These tie ro<ls have self-adjusting ball joints at 
their outer ends where connected to the steering knuckle arms 
(1) and also at their inner ends where connected to the inter¬ 
mediate steering arm (J) located in the exact center line of the 
car. The steering drug link is (K). 


Shock absorbers of the double acting hydraulic boriaontal 
typo neutralize the downward compression movement of the 
coil springs as well as the rebound and thus vertical wheel 
motion is dampened. Inside of the coil spring a rubber bumper 
(41) is proviflw, to take care of the spring’s extreme downward 
compression; the rebound is taken by an external bumper on 
the irame (26). 


Names of parts shown in Fig. 1 arc as follows: 


1— Steering knuckle thrust bearing 

2— Steering knuckle tie rod end (L.II.Thd.) 

3— Steering knuckle stop screw check nut 

4— Steering knuckle arm—left 

6—Brake support dust washer 

6— Brake support dust washer retainer 

7— Steering knuckle stop screw 

8— Steering knuckle tie rod bolt nut 

9— -King pin lock pin 

10— Wheel cylinder assembly—front 

11— King pin bushing—upper 

12— Steering knuckle left (with bushings) 

13— King pin oil seal 

14— Brake support and adjusting pin assembly—left 

15— Wheel cylinder bleeder screw 

16— Wheel cylinder inlet connection—front 

17— Wheel cylinder bleeder screw cap screw 

18— Steering knuckle support key screw 

19— Upper control arm yoke clamp screw 

20— Upper control arm yoke pin oiler 

21— Front wheel control arm yoke—upper 

22— Front wheel inlet connection bolt—front 

23— Steering knuckle support—left 

24— Front wheel upper control arm yoke nut 

25— Upper control arm — left (serviced in shock absorber 
assembly) 

26— Upper control arm bumper assembly 

27— Frame side member—left 

28— Frame front crossmember 

29— Crossmember spring reinforcement 

30— Front wheel lower control arm pin oiler 

31— Tie rod end dust oover spring 

32— Front shock absorber shaft 

33— Front shock absorber dowel pin 

34— Steering knuckle tie rod end dust cover 

35— Front spring bumper stop—upper 

36— Front shock absorber to frame bolt 
.37—Front shock absorber cap 

38— Front wheel lower control arm yoke 

39— Steering knuckle tie rod end clamp bolt 

40— Front spring (coil) 

41— Front spring bumper assembly 

43—Front spring bumper bolt 

43— Front spring bumper stop—lower 

44— ^Front spring seat 

45— 'Front spring silencer-lower 

46— Front roring spacer 

47— Frame front oroasmember 

48— Front wheel lower control arm assembly 

49— ^Frame front oroasmember 

50— Brake support and adjusting pin assembly 

51— ^Wheel brake shoe adjusting pm 

52— Wheel cylinder aaeerobly front 

53— Ui^MT control arm yoke pin oiler 

# 
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72— Upper control arm yoke pin oiler 

73— Upper control arm bushing plug 

74— Upper control arm yoke pin adjusting bushing 

76—Front wheel upper control arm yoke pin 

76— -Front wheel upper control arm yoke 

77— Front wheel lower control arm pin oiler 

78— Lower control arm yoke pin bushing 

79— Front wheel lower control arm yoke pin 

80— Steering knuckle and bushings assemoly 

81— Steering knuckle support—left 

82— Front wneel low er control arm yoke pin adjusting bushing 

83— Lower control arm yoke pin bushing plug 

84— King pin bushing—lower 

86—Upper control arm yoke pin bushing 

86— Brake support and adjusting pin assembly 

87— Steering knuckle tic rod encf oiler 

88— Steering knuckle tie rod end dust washer 

89— Front wheel lower control arm pin oiler 

90— Lower control arm yoke pin bushing 
01—Lower control arm yoke 

92— Front wheel lower control arm yoke pin 

93— Upper control ar‘m yoke pin adjusting bushing 

94— Steering knuckle support key screw 
96—Wheel brake shoe adjusting pin 

96—Steering knuckle arm—left 
07—Lower control arm yoke clamp screw 
08—Lower control arm yoke pin bushing oiler 

99—Steering knuckle tie end oiler 

100— Steering knuckle tie rod end assembly 

101— Tie rod end clamp bolt nut 

102— Lower control arm yoke pin adjusting bushing 

103— Upper control arm yoke pin bushing oiler 

104— Upper control arm yoke pin bushing 

105— Front wheel upper control arm yoke pin 

106— Front wheel upper control arih yoke 

107— Upper control arm yoke spacer 

108— Front wheel upper control arm rear 

109— Intermediate steering arm lower cover oiler 

110— Front wheel lower control arm oiler 

111— Intermediate steering arm 

112— Steering tie rod 

113— Steering tie rod end clamp bolt 

114— Steering knuckle tie rod end assembly 

115— Drag link body 

116— Drag link end clamp bolt nut y 

117— Drag link end clamp bolt 

118— Drag link end assembly 

119— Drag link end oiler 

120— Tie rod end oilers 

121— Tie rod end assembly 

122— Tie rod clamp bolt nut 

123— Tie rod clamp bolt 

124— Intermediate steering arm bearing upper cover 

125— Intermediate steering arm bearing housing 


Chevrolet and Pontiac Front Wheel Suspension 

The knee-action independent front wheel sus¬ 
pension system on the 1934 Master Chevrolet series 
DA, and the Pontiac Economy Straight Eight cars is 
the same principle, in fact they are identical, except 
for the size of tne coil spring. 

Type: This type of front wheel suspensioa is 
termed the ** crank-arm type” 

Construction: Instead of a conventional front 
axle, there is a specially designed king pin support 
which is bolted to the frame undemeatn the front 
cross-member. The ends of this support extend out¬ 
ward at each side and have yokes (2;, which support 
the king pin. 




Fig. 2. View showing the frame front cross member (1). 
which 18 exceptionally wide and rigid, with yokes (2) at the 
ends. 

Fig. 3. View showing the king nin (K) which rotates in 
needle roller bearings mounted in the stationary yokes, also 
termed king pm supports. 



Fig. 1. Port sectional view of the front wheel suspension unit (Chevrolet and Pontiac). Names of parts are: (1) king pin 
support; (2) king pin sup^rt yoke upper boss; (3) steering knuckle, butt-welded to spring housing and supported in the tong 
pm 8up{Mrt yoke, taking the place of the conventional steering knuckle; ( 4 ) front spring housing; (5) outer front Sfiring or main 
ronng; (6) inner front spring or secondary spring; (7) shook absorber—bumper unit: (8) shock absorber—rebound unit: (9) 
front wheel supi^rt arm shaft lever; (10) front wheel support arm shaft, carhra at each end in needle roller bearing. The lever 
18 splined on shaft and ^ntered by a dowel screw: (11) front spring seat; (12) cams, integral with support arm shaft lever, which 
operate the shook i^orbers; (13) front spring guide; (14) front spring upper seat; (15) front spring adjusting plug; (16) front wheel 
support wm; (17) front wheel spindle; (18) front brake radius rod; (19) steering and third arm, boltM to bcM on steering knuckle 
to steering cpzmecting rod, thence to pitman arm on steering gear; (21) to ataering tie rod; (22) oil level; 
(23) fluid filler plug; (24) pressure lubricaUon fittings. / 
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A steering knuckle (3), Fig. 1, which is butt 
welded to the drp.wn steel spring housing is fitted into 
these yokes. A king pin (K), Fig. 3, passes through 
the upper boss of the yoke, the steering knuckle, 
and the lower boss of the yoke. This knuckle is held 
rigid to the king pin by means of a tapered look bolt. 
The housing unit is therefore, suspended in the yoke 
and the king pin acts as a pivot around which the 
housing unit and front wheel turns in steering the car. 

The housing (4), Fig. 1, contains the coil springs 
(5) and (6) and shock absorbers (7) and (8) and also 
a curved lever. 

This lever (Q) is attached at one end to a splined 
shaft (10), which is mounted in needle rf>ller bear¬ 
ings in each side of the housing case and is sealed 
against leakage and entrance of dirt. This end of 
the lever (9) also has integral cams (12), which 
operate the shock absorbers (7) and (8). 

The other end of lever (9) carries a spring seat 
(11) mounted on needle bearings, which presses 
against and supports the lower end of the outer or 
main coil spring (5) and inner or secondary coil 
spring (6). 

The lower spring seat (11), is guided by a tubular 
spring guide (U)» which is free to slide in an ex¬ 
tension of the spring upt)er seat (14). This spring 
upper seat is piloted in a spherical recess in the 
housing cap. 

The inner nr secondary coil spring (6), also termed 
a bumper spiing, is placed between the spring lower 
seat (11), and the extension of the upper seat (14). 

The outer or main coil spring (5), also termed 
support spring, is of the compression coil type, alloy 
steeb being heat-treated after coiling. This spring is 
placed between the lower and upper spring seats 
(11) and (14), and surrounds the secondary or 
bumper coil spring (6). 

The wheel support arm also termed crank arm 
(16), at one end, is permanently attached to the 
splined shaft (10) and is thus pivoted to the housing 
(4) at this end. At the other end of this wheel sup¬ 
port arm is the wheel spindle (17), to which the front 
wheels are mounted on ball bearings. 

The radius rod or bracing arm (18), is parallel to 
the wheel support arm and swings on large threaded 
bearings, one on the brake flange plate and one on 
the spring housing, bracing the wheel and permitting 
the wheel to travel only straight up and down and 
maintaining the brake flange plate and brake as¬ 
sembly in its correct position. 

Action: The wheel support arm (16), normally is 
approximately horiisontal, and the wheel spindle 
end is free to move in a vertical arc to meet road 
variations. 

As the wheel moves upward to pass over an ob¬ 
struction in the road, the front end of the wheel sup¬ 
port arm (16), being attached to the lever (9), 
causes this lever to press against the lower end of the 
main spring (5), which takes the wheel load and 
cushions the movement of the wheel. 

This main spring functions for 1 %'^ of the upward 
movement of the wheel and arm, after which the 
small inner secondary * spring (6) also is com¬ 
pressed, building up the spring pressure and cush¬ 
ioning and stopping the shock from being trans- 
QuttM to the car and occupants. 


At the same time, the wheel support arm (16) 
being connected to shaft (10) and cams (12), causes 
the upper cam to press against the plunger in the 
cylindex of the upper shock absorber (7), which also 
cushions the movement of the wheel. The lower 
shock absorber (8) cushions the wheel and the sup¬ 
port arm on its downward movement. 

The main coil spring pressure forces the wheel 
downward and forces it to follow the road. 

Steering: The housing unit is suspended in the 
king pin supports and the king pin acts as a pivot 
around which the housing unit and front wneols 
turn in steering the car. 

The steering tie rod is also free to pivot on the 
king pin but does not move up or down as the car 
goes over rough roads, because it is connected to a 
steering arm on each housing unit, instead of to a 
steering knuckle in the wheels, as on a conventional 
car. Therofoi'e, all movements of the wheels are 
absorbed by the springs before shocks can be trans¬ 
mitted to the steering connections. 

Care: At least every 1000 miles* the level of the fluid in the 
hydraulic shock absorbers should bo checked and the profx'r 
amount of fluid acided to briUR the level up to and even with the 
filler pluR (23), h'iR. 1. It is important that only genuine shock 
absorber fluid recommended by Chevrolet and Poutiao be used. 

Every KXK) miles the king pin and radius rod should bo 
lubricated with chassis lubricant; see (24). Fig. 1. Note: Do 
not use high pressure over 2500 lbs. on the king pins ns this 
will force the plugs from the ends of the king pin boss. 

Every 10,000 miles’lubricate the front wheel snindln bushing. 
To <lo this, remove the plug «t the inner end of trio spindle and 
pack the reservoir with a lubricant such as v^cliue or petrola¬ 
tum. PasHagos from the reservoir carry the lubricant through 
the 8pin«ile to the bearing surface. Pressure should not bo 
used at this point. 

Specifleafions (Chevrolet "Master”): King pin inclination: 
7*.i -f- or — camber, with load on wheels: 1®+ or — 
coster efteel ■ nogativo or — 1®; toe-in: Si' to in'; tread: 

wheel setting, top »)f king pin support to top of brake 
flange plate: 2*'^"; wheel setting, bottom of king pm support 
to bottom of brake flange plate; 5H*> 

Specifleationa (Pontiac); King pin inclination: 7®; camber, 
with loa<l on wheels: 1® to 2°; caator: 0®; toe-in: to 

tread: wheel setting, bottom of king pin support to 

bottom of brake flange plate: 

Following are answera to soma of tba frequent queationt 

concerning "knee action" by Mr. J. M. Crawford, Cmiuf En¬ 
gineer, Chevrolet Motor Company. 

"Is if an experiment ?*'—American manufacturers were for¬ 
tunate in that, when they decided on independent front wheel 
suspension ae the best tn^ans of obtaining further improve¬ 
ment in riding qualities, the system was alrea4jy long post the 
experimental stage. Independent suspension was developed 
years ago in Europe, where the need was felt earlier than here, 
and 18 now in use in s<7nio of the foremost llntish and Con¬ 
tinental automobiles, among them being Lancia, Mathis, Mer¬ 
cedes, Darracen Brennabor, Pelage, Mercedes-Bene, Alvis, and 
Crossley. No European oar that has adopted front wheel sus¬ 
pension ha« ever reverted to the old system—and the test of 
European usage is more severe than that met with on America’s 
superior highways, 

"Wifi wheels maintain their alignment?" —Kdo« action 
wheels won't lose alignment any more rca<]iiy than the wheels 
of conventional front axle springing, but are even more freo 
from mis-alignment since the new design eliminates all possi¬ 
bility of one frerjuent cause of this trouble—that is, a bent axle. 
As in any other design, knee action wheels may got out of line 
through ncglcf't, abuse or accident. A severe blow against a 
curb, a collision that bends the steering tie rod, worm king pin 
bearings, etc , will affect wheel alignment in ony typo of 
construction. 

"Whg isn't tf on back wheels too ?"—Because coil springs 
and knee action offer the only means of using front springs 
soft enough for the best ride, while the rear springs can be 
as soft as desired using ordinary leaf springs. Front leaf springs 
had to be n-atlc tw stiff for a good ride, because if they were 
soft enough for the ride they were not strong enough to keep 
the front axle in line, and would cause serious steering diflScul- 
ties and dangers. 


* Every 20(X) miles on the Pontiac. 

’ Above is Chevrolet "Master" instructions. Ponliae instruc¬ 
tions are: Every KXX) miles lubricate the front brake backing 
plate bub bushing through oiler fitting, using chassis lubricsi^’^ 
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Won*t U be hard to match aprirtge in case of breakage ?**— 
The advantace is all with the coil springs as against leaf springs. 
First, if a coil spring should break, it lets that side of the front 
end drop only a fraction of an inch, and steering is not affected. 
In fact, the driver can continue to operate the car with perfect 
safety. • * • 

**Bow about jacking up the wheels?’* —Wheels (plural) Is 
the right word—for with knee action, one can easily jack up 
both wheels at once. The tool-kit jack is designed to slip under 
the king'pin support of either wheel with ample clearance, 
and to raise a fully inflated tire clear of the ground. 

Hudson and Terraplane, also Nash and 
LaFayette Front Wheel Suspension 

Independently sprung front wheels is offered as 
optional equipment on the 1934 Hudson and Terra- 
plane also on the 1934 Nash and LaFayette. While 
the basic principle is similar on these front axles, 
the detailed construction may vary. 

Type; The typo of front axle employed is termed 
the *^articvlaied iypeJ^ Articulate meaning to unite 
by joints. 

The articulated type of front axle is simple in 
design and does not entail changes in the frame or 
springs, since the conventional semi-elliptic springs, 
frame and steering layout are retained. It is par¬ 
ticularly adaptable to cars already having a good 
sprii^ system and is said to assist materially in the 
elimination of shimmy as well as improved riding 
qualities. The text and illustrations following are 
taken from literature of the manufacturers. 



Fig. 1. Top and side view of the *‘articulated type*' of fron^ 
axle, taken from the Hudson and Terraplano owners manuals 
and termed the "axlefirz” system. The middle section of this 
front axle is a parallelogram as will be observed. 


Construction: In place of the conventional I-beam 
axle center section between the springs, a pair of 
heavy drop forged I-beam parallel links, one above 
the other, each terminating in a yoke grating in 
needle roller bearings^ are employed. These bear¬ 
ings which are thoroughly sealed against the en¬ 
trance of dirt and water are packed with lubricant at 
the time of assembly and no subsequent lubrication 
is necessary. 

Action: This construction permits one wheel to 
rise and pass over an obstruction in the road without 
altering the position of the other wheel. 

In rounding curves, the centrifugal force causes 
the wheels to lean outward, raises tne outer spring 
pad, and compresses the outer spring, thereby tend¬ 
ing to maintain the body on an even keel. This 
makes for increased stability on curves at high 
speeds. 

Steering: A conventional one-piece tie rod is used 
as well as the regular drag link and axle arm for 
steering. 

A "ateerino road ahock eliminator” is Uvsed by Nash and La¬ 
Fayette at rear of front spring on the steering side, the purpose 
of which it is claimed, is to absorb the road shock from being 
transmitted to the steering mechanism. 

The aemi-clliptic aprinf/a are “aplayed” on the Hudson and 
Terraplane, 'meaning that the rear end of the front springs 
are mounted farther apart than the front end; the front end 
of the rear springs are set farther apart than the rear end. This 
spreading of the springs, it is claimed, prevents the swaying 
of the chassis and body at high speeds, and rolling when 
turning curves. 

Shock absorbers: Spring control is obtained on the Hudson 
and Terraplane through the use of four direct-acting, self com¬ 
pensating "Road Leveller” shock absorbers of the low pressure 
and high oil capacity. 

On the Nash and LaFayette, four Gabriel double-acting hy¬ 
draulic shock absorbers with automatic and thermostatio con¬ 
trol are employed. 


• Applies to Hudson and Terraplane. Nash and LaFayette 
articulated type of front axle uses special bronze type of bear¬ 
ings. On the Nash 1200 series car the link bearings are lubri¬ 
cated by the centralized lubricating system and on the 1220 
and 121^ and 110 series cars they arc lubricated by pressure 
connections, one pressure gun connection serving four link 
bearings through driUod axle end and link pins. 


SELF-SUIFTER TRANSMISSION 


Tha Reo self-shifting transmission^ consists of a 
two speed and reverse unit, controlled from the 
instrument board, in series with a two speed auto¬ 
matic internal gear reduction. This transmission 
incorporates a new feature which eliminates 90% 
or more ot* all gear shifting thru its automatic opera¬ 
tion. In normd starting the only manual operation 
is disengaging the clutcn, moving the selector for¬ 
ward from the neutral position to forward position, 
and the engagement of the clutch in regular manner. 

The automobile starts in the forward starting 
ranra thru an internal gear reduction in the auto¬ 
mate unit of the transmission. As the car speed 
approaohes approximately 14 m.p.h. the transmis¬ 
sion smoothly, and without an interruption in the 
steady flow d power, changes into the direct or 
h4d^ gear drive. 

Should the car speed be retarded to a point 
ali^tly below 10 m.p.h., the transmission auto- 
matioiiJQy chanm back into the normal lav gear 
wHh no effort of any kind on the part of the drivo*. 


' Tak«n Iron liUrature ot Reo Motor Car Co.» I i aman g, 
IMi. Staada^ on tka Royele and optional on tha 
rigtng Claud. 



Fig. 1. Croas-aeotional view of Reo self-L^. 
don. Name of Parts: (A) clutch Uirust bearing; I 

(C) venting cap screw, drilled; (D) Inner drum: U,_^_, 

oloteh adjusting ring: (F) multipls disc clutch; (O) pressure 
Plata; (H) pressure plate return spring; (1) oountorwo^t; (J) 
oU pick up and passage; (K) governor weight (8); (L) rear 
l^ate for eocratno aseemblv; (M) spacer; (N) sp^ometer 
drive; (O) oil paseage in shaft; (P) internal gear on spline 
zhaft; (Q) main gw; (R> rotati^ internal gear; outer 
drum; (T) dutch adjusting ring; (u) drain plugs (2); (Y) ^d- 
ing wmi; (W) oountarshalt gears: (X) mam drive gi ^ 
wmcAtonjdng unit; (Z) grease letabwr. 


r; (T) 
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An auxiliary low gear is provided for starting on 
exceptionally steep grades, or for slow, powerful 
lugging—should occasion demand. 



Fig. 2. Intemal gear train. Names of parts coi respond 
with Fig. 1. 

Operation 

The selector at tho instrument panel actually shifts the con¬ 
ventional gears which may be noted in the forward half of the 
transmission in figure No. 1. 

In the normal forward position (selector at instrument panel) 
the sliding gear (V) on spline shaft slides over the main drive 
gear (X)—making a direct drive thru these gears. The counter¬ 
shaft gears also move forward, but do no engaging. The power 
is then applied by the spline shaft direct to tne center of tho 


automatic unit, thru its integral gear (P). This gear is saosliod 
with the slightly larger gear (R) which in turn—thru oxtoraiJ 
teeth—meshes with the Targe main gear (Q), which is dirtotly 
connected to the propeller shaft, and drives the automobile. 
This is tho internal gear train thru whieh all normal starts 
are made. 

Around the ciroumferenco of the Istm drum (S) are located 
eight goeemor wrigAts (K) which tend to move outward by 
centrifugal force as the oar speed Increases. At approximately 
fourteen m p h. these weights do move outward—pivot at the 
forward end—and smoothTv engage and look the multiple discs 
(F) thru pressuro plate (G). such action causing the autoraatio 
unit to rotate with the spline shaft as a unit with no gear re¬ 
duction, therefore placing the transmisaion in high or direut 
drive. As the speed of tho oar is retarded below ten m.p.h., the 
governor weights release the multiple disoa—causing tho driving 
to be done thru the internal gear reaction. 

In auxiliary low tselecior moveii stroi^t back) tho counter¬ 
shaft gears (W) are moved bock, the forward gear incshing 
with the main drive gear (Z), and the second gear nicHliing 
with the sliding gear (V). A reduction is then goinod thru 
these gc.irs as welT as the regular internal gear rt^luction in the 
automatic unit. When driving thru these two reductions, and 
the car spved approaches approximately fifteen lu.p.h., the 
automatic unit changes into its own direct drive—then the 
drive is only thru the forward gears. It will, of course, stay iu 
thc.Hr gears until the selector at the instrument panel is moved 
to thti forward normal position-^ehifting the forward gears 
into direct drive. 

In reverse (selector turned H turn clockwise in neutral and 
moved back) tne sliding gear (V), also the countershaft gears, are 
moved back—engaging thru a reverse idler gear which rotates 
(he spline shaft in reverse. Tho drive in rovorso is also through 
(he mtcrnal reduction gears in tho autoraatio unit. 

The unit is oiled from a pick up (T) on tho inside of cover, 
forcing the oil to the rear and down thru a channel into a sump 
surrounding the spline shaft. The spline shaft has a loul into 
the passage in the center (O) which opens out at tho internal 
gear mechanism. A portion of tho oil from the cover is foreoil 
into a sump at tho forward part of the assembly and is carried 
into the bearings at that point. 


THE SUPERCHARGER 


Superchargers have been employed on airplane 
engines where maximum power has been required 
without appreciable increase in engine weight, and 
where fuel economy has been essential. They have 
been used in England and Europe where there are 
penalties on engine size (taxes) and high power 
output from smaller engines is especially desired. 
They have been used in this country in a limited 
way for increasing the power of small racing car 
engines and on a few expensive makes of auto¬ 
mobiles. 

The Graham Supercharger^ 

Purpose and advantage; The supercharger is a 
device which supplies power to the feeding of the 
fuel mixture into the engine cylinders. Instead of 
making the engine dependent upon its natural 
pumping or ‘'sucking” action to draw the mixture 
through the carburetor and into the combustion 
chambers, the supercharger forces the mixture into 
them under pressure. The “suction” of the engine 
is replaced by pressures ranging from one to several 
pounds*. 

The power developed by an engine depends 
largely on the volume of fuel vapor and air mixture 
admitted into the engine cylinder; the ^cater the 
volume the more power developed. A high “pressure 
induction" of the fuel mixture into the cylinders by 


> Token from literature of Grobom-Paige Motors Corp., 
Detroit. Mich. (1934) 

* Under full throttle, the manifold preaeuree are poeitive at 
all engine speeds. Since with a non-supercharged engine a 
negative pressure (vacuum) ranging from one to several pounds 
is required to "draw" the mixture into the cylinders, the effect 
of the supercharger is actually much greater than any gauge 
pressure reading would indicate. Several pounds of "vacuum" 
IS replaced by several pounds of "pressure," approximately 
twice the amount, in fact. 


means of a supercharger greatly increases the voU 
umeiric efficiency of an engine resulting in an in¬ 
crease of power, greater maximum speed and rapid 
acceleration without sacrificing fuel economy. 

Remarkable as it is in increasing engine power, 
the sufjercharger developed by Graham for the 1934 
custom eight car, docs so, silently. There is none of 
the “whir” which might be expected from the high¬ 
speed rotor. The worm ana worm wheel which 
drives the rotor are of a new CONE type as ex¬ 
plained under Fig. 2. 

Ordinarily when the size of an engine is increased, 
it is not possible to make it run as fast as an engine 
of smaller size. With the supercharger, this condi¬ 
tion is reversed, and it is then possible to obtain 
much greater power when it runs at higher speed. 
For instance, the supercharged Graham 8-cylinder 
engine develops its maximum horsepower of 135 
horsepower at 4000 r.p.m. Compared with the 
former standard (smaller) engine of 95 horsepower 
at 3400 r.p.m., this represents an increase of more 
than 40 per cent in power output with but one- 
eighth of an inch added to the bore of the cylinders 
and a similar amount to the diameter of the valves, 
with a resultant increase in engine size (piston dis¬ 
placement) of but 8 per cent. 

The supercharger gives the Graham cars on which 
it is usea far more rapid acceleration than hereto¬ 
fore, particularly at the higher car speeds. Instead 
of attaining their maximum acceleration at around 
25 miles per hour, Graham supercharged oars reach 
their fastest rate of “pick up” at from ^ to 60 miles 
per hour, twice the car speed at which the fastest 
acceleration is usually attained. It can accelerate 
faster at these i^eecfs than at slower speeds, but 
even when running at the lower speeds, it nas a 
fast rate of acceleration. The top speed of the car 
is increased by approximately 10 miles per hour. 
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What is more important than increased top speed, 
however, is the fact that a higher speed can be 
reached more quickly. In road driving it is some¬ 
times just as necessary to go faster to avoid dif¬ 
ficulties as it is to slow down. 

The factor in an engine which gives the car greater accel¬ 
eration is the torque or twisting force on the crankshaft. The 
greater this is the foster the acrclcration. Also, if it is greater 
at one speed than another, the acceleration in turn will also 
be faster. This is exactly why the supercharg<*d engine gives 
the cur such fast pick-up at twice the car specil at which it is 
ordinarily greatest. Inateail of delivering its greatest torque 
at 1200 r.p.rn., as is usually the case, it delivers it at 2400 r.p.m. 

Construction: The Graham supercharger is of the 
true centrifugal or ^^blower” tyi:>e and is mounted 
between the carburetor and intake manifold of the 
engine os shown in Fig. 1. It consists primarily of 
a casing within which a rotor revolves at speeds iif) 
to appn)ximately .30,000 r.p.m., see Fig. 2. 



Fig, 1. Centrifugsl or “blower” type supercharger and 
down-draft carburetor assembly u.s used on the (.Iniham custom 
eight engine. Name of parts; \k) air eJeaner; (B) down-draft 
carburetor; (C) rotor casing; (D) outlet of pipe from water 
pump to rotor jacket: (E) casing enclosing worm gearing. 

The centrifugal action of the rotor draws air 
through air cleaner (A), Fig. 1, through down-draft 
carburetor (B) where it mixes with the fuel. The 
mixture of fuel and air from the carburetor is then 
drawn into the center of the casing and expelled 
under pressure at the rim or edge, forcing it through 
a tube extending over the top of the engine connected 
to the intake manifold, which is similar in type to 
that used on Graham standard engines. Thence, it 
is forced under pressure into combustion chambers 
of the engine. 

The carburetor is mounted directly upon the 
supercharger rotor cover and is of the down-draft 
type. 

The supercharger is mounted on the right side of 
the engine, approximately at its center, with the 
rotor revolving in a horizontal position. 

The lower part of the unit consists of a gear case 
(E), Fig. 1, enclosing worm ^ring especially de¬ 
veloped for driving centrifugal superchargers. The 
worm wheel is driven from the accessory shaft which 
has a ratio of 1.2 to 1 with the crankshaft. The 
worm gearing itself has a ratio of 4.8 to 1. Thus, the 
rotor revolves at 5.75 times engine speed, or 23,000 
r.p.m. at the horsepower peak speed of 4000 r.p.m. 
Tne rotor is 7.5 mches in diameter and with its 
shaft is accurately balanced and tested to run 
smoothly at any speed attained by the engine. 



Fik. 2. The supercharger rotor, 71^" cliainoter, is drivco 
through a ih*w conu-al tyjjo worm and worm wheel which ha.s a 
constant surfuci' of contact insteatl of liiu' contact. It is driven 
from the chain dnvi n accessory shaft Hoth the rotor and worm 
wheel shafts are mounted on plain bearings. 

Action: By placing tlie supercharger between the 
down-draft carburetor and intake manifold, the 
rotor “scrubs’' and thoroughly mixes the fuel and 
air after it is tjiken in a relatively “raw” condition 
from the carburetor. Obviously, the high-speed 
rot or,is a most effetdive means of putting the mix¬ 
ture in a most explosive condition before it reaches 
the cylinders. 

The result is that since the supercharger begin.q to 
fipcrate, the instant the engine begins to be rotated 
by the starter, the mixture is in better condition for 
quick starting in cold weather. No “slugs" of fuel 
can pass the rapidly whirling rotor. It i.s a most 
effective mixing deince, 

A more important result from the standpoint of 
operating economy, is that since the mixture is con¬ 
tinuously “churned"' by the rotor at all engine 
speeds, it is never necessary for the engine to reipiire 
more than the most efficient and power-giving 
amount of fuel. A “rich mixture" is never needed. 
The supercharger, by its thorough vaporization of 
the fuel, makes it possible for the engine to operate 
on a leaner mixture than ordinarily. Even with ex¬ 
ceptionally lean mixtures the supercharger so com¬ 
pletely prepares it for the engine that backfiring 
(whicn usually results from excessively lean mix¬ 
tures) is almost an impossibility. 

Mixture temperature; The rovor which forms the top half 
of the rotor casing is water-jacketed. No exhaust heat is re¬ 
quired to warm the mixture. There are no “hot spots” on the 
intake manifold. The cooling water controls the mixture tem¬ 
perature at desirable levels under partial and full-throttle 
operating conditions. 

Starting; The supercharger aids in making it easy to start the 
engine in the coldest weather. It also reduces the time required 
for "warming up” the engine to a satisfactory and economical 
operating temperature. "Backfiring” seldom is j ossible with 
the supercharged engine, even though the engine m. y be "cold” 
and the mixture exceptionally "lean.” 

Power consumed: That the centrifugal supercharger, as 
developed by Graham, is an efficient means of increasing en¬ 
gine power, is shown by the fact that when in operation it 
consumes less than 2 horsepower. By consuming this small 
amount, it in turn enables the power of the engine to be tre¬ 
mendously increased. 

This small consumption of power is due to the fact that 
the supercharger, by forcing the mixture into the cylinders, 
offsets the necessity for the engine to pump or "suck” it into 
them. 

All automobile engines are relatively inefficient in the op¬ 
eration of pumping the mixtureinto the cylinders. This is due 
to the large clearance volume (in this case the combustion 
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chamber), and for other.technical reasons. The fact that the 
supercharger is efficient as a means of offsetting this pumping 
loss is, that although it requires from 6 to 6 norsepower to 
drive the supercharger at 3000 r.p.m. engine speed when dis¬ 
connected, the amount required when it is supplying it with 
mixture is 1.8 horsepower at the same engine spe^. Indica¬ 
tive also of the gain in efficiency of the engine when equipped 
with the supercharger, is the fact that the thermal efficiency 
remains more constant over the entire speed range. Wherea.s 
in both normal and supercharged engines, the thermal effi- 
cienev is about 21 per cent from 2000 to 3000 r.p m. engine 
speed, decreasing above and below this range; the efficiency of 
the supercharged engine remains above 19.5 per cent until a 
speed of 4000 r.p.m. is attained. At this speed the thermal 
efficiency of the non-supcrcharged engine has dropped to 10 
per cent, ^ 

Although but little power is required to drive the super¬ 
charger, Graham engineers have assured continuous satisfac¬ 
tory operation by increasing the size of the chain drive used 
to operate the w'ater-pump shaft from ^hich it takes its power 
Other mechanical changes have been made a.s ucll. such as 
the design of the conducting manifold to the intake manifold, 
providing the neccB.sary mounting and means of ndjusting the 
charger in proper position alongside the engine: correct design 
of the lubricating and water jacket connections, etc. 

Control: To enable the driver to obtain full benefit from the 
action of the supercharger, by knowing ah< n it is supplying 
extra power for acceleration or speed, and by quicklv sensing 
the “feel" of its oneration, all Graliam supercharged cars arc 
equipped with a “aual-phuse” throttle. 

The dual-phase throttle is simple to operate. By depressing 
the foot accelerator to a certain degree, the effect of the engine 
without supercharger is given. The maximum downward 
position in this first phase is controlled by a relatively softer 
spring than that used in the second phase. In addition, the 
amount of pedal travel for a given rate of acceleration i.s lomrcr 
than in the second phase. I'hia prevents the driver from in¬ 
advertently opening the throttle too far. 

The second phase of throttle opening is obtained merely by 
depressing the pedal farther against just enough adiiitional 
spring resistance for the driver to feel the cli(Terence in pressure*. 
It is only necessary to press the pedal all the uay down to 
obtain the full power and accelerating ability of the engine. 

Since the supercharger is in operation at all engine spc'od®, 
the action of Ine dual-phase throttle is one of adjusting it to a 
position (as determined by the double springs), wherein the 
first amount of opening is sufficient to give the same power as 
that derived from the standard non-supercharged engine at 
the same engine speed. This makes possible a compurison 
between the engine, with and without, the effect of the super¬ 
charger. 

Lubrication: All the bearings and the worm gearing of the 
supercharger are full-pressure lubncutetl by the suine oil used 
to lubricate the enmne. A reserve supply of oil is automatically 
retained within the worm par casing to assure adeciuato 
lubrication of the gears and bearings during the starting and 
warming-up period. 

Franklin Low-Pressure Supercharger* 

The low-pressure supercharging system on the 
Franklin, utilizes the pressure of the air current 
developed by the turbine cooling fan and forces a 
charge of air through a cooling duct into the carbu¬ 
retor air intake, through carburetor, wliere it mixes 
with the fuel, forming a mixture, thence into the 
intake manifold to cylinders. 

Advantage claimed, is that by forcing the charge 
through the carburetor into the cylinders, rather 
than sucking it in, a greater weight of mixture is 
put into the cylinders and also, the mixtuie is more 
completely broken up and vaporized and then more 
equally distributed to the cylinders, resulting in 
greater volumetric efficiencyj consequently more 
power and smoothness of operation. 

Action*: While the action is, of courfe, measurable 
in somewhat greater top speed, it is even more 
effective in lower ranges. By reason of the air fed 
the carburetor being under pressure, the engine at 
slower speeds takes in more nearly a cylinder full of 
charge. Therefore, with slow speed acceleration, 
for example, there is decidedly quicker surge of 
power in response to the throttle. Opening of the 
throttle means that there is no hesitancy, but quick 
action. 

* Applies to the 1934 Franklin ‘‘Ainnen" and “Olympic.” 

> FoUowiof paragraphs taken from Franklin literature. 


The carUuretor is normally fed with air of out¬ 
side temperature, not preheatetl air such as comes 
from underneath the engine hood. There is more 
oxygen to a cylinder full of cool air than hot air; 
therefore bettor combustion and higher power per 
charge*. 



Fig 1. View showing how the air is forced through the car¬ 
buretor to the cylinders by the air turbine fan which is also 
used for cooling the cyliuders. 



Fig. 2. This illustration shows how the Franklin engine is 
cooled by the same air turbine fan used for supercharging. A 
cooling blast of air is piiHscd over tho cylinders and head nori- 
xontally. Air is forced under nressuro throughout ilio engine 
alloting tho exact amount necaed for each part, termed “spot 
controlled temnorature.” I'hc turbino fan, keyoil directly to 
crankshaft, is l5 inches, having a enpaeity of 3,900 cubic feet 
of Hir per minute at 60 ni.p h. The air tern per aturo under 
hood 18 regulated by a therinostatieally eontrolleil shutter. 

The carburetion system ronsi.sts of an up-ilraft Stromherg 
carburetor (rncslel FI102) with a spring loaded choke, com¬ 
bination supercharger, air cleaner and air silencer and fuel 
transformer (exhaust-hoatod vaporizer). 


•This is duo to the engine being fed a greater weiglil of uir, 
explainetl a.s follows (taken from Dykr'e Cnrhuretor book). 
“It 18 said that a gasoline engine devoloim power in direct 
proporliuii to weight of air hamlled. The greater the uttuhl 
of fuel vapor and air admitted to the cylinder, greater tiie 
power developed. This i.s termed volurmiric efftcivmy and 
varies with the engine sliced. 

When the oonipreased mixture of furl vapor and air is ignited 
it burns, becau.se tho vapor unites with oxygen from the air 
Gasoline liquid itself cannot burn beeauso the oxygen cannot 
get in do.se enough contact with it. Tho rapidity with which 
the mixture burns is governed by how finely tho fuel is di vidisl 
80 that the va|jor can mix with the air. The burning or com¬ 
bustion of tlu.s combustible mixture results in intense heat, 
which cRusea the gases to expand and thus the pressure is de¬ 
veloped against the licad of the piston. The intonsiiy of the 
heat depends upon the heat value in B.t.u.'s of tho fuel, the 
weight of fuel admitted during the intake stroke, the degree 
to which It is compressed, or the compression ratio, and tho 
completeness of combustion. 

Vaporization or evaporation of a fuel can be accomplished by 
two methud.s: heating the fuel, and by passing air at high 
velocity over the fuel which absorbs the vapor; the vapor beintf 
replenished by the fuel as fast as it is absorb^. Practically all 
automobile engines have some means provided in the intake 
manifold to heat the fuel and thus v^orize and prevent the 
incoming mixture from condensing, ^ Too much heat however 
. will expand the vapor which gives it a low density with the 
result that less weight of gas can be admitted to the cylinder 
during the intake stroke with a consequent loss of power. 'I’he 
heat should be controlled and usually is. A material loss of 
f.,»el can likewise result if the fuel is uot properly vaporized. 
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ENGINE TESTING AND CHECKING DEVICES 


Whb th* advent of higher compreesion'ratios and 
othtr fnglneeriiig developments in automotive en- 
gi&iSf a conation necessary to high efficiency, it is 
is^rtani that the tune-up ^procedure of checking 
and adjusting be done more accurately than in the 
past in order to get ail the power out of an engine 
that is built into It. Btjore working on an engine 
it sAotdd first be thoroughly tested in order to correctly 
diagnose the trouble. 

Manufacturers^ of testing devices have develo^d 
instruments which, if properly used, will quickly 
indicate almost any ill an engine is heir to and thus 
save considerable time and expense in endeavoring 
to locate troubles by guess. 

The limitations of space restrict a discussion of 
all the testing devices and their advantages, there¬ 
fore a summary of some of the modem testing de¬ 
vices which are in general use and available either 
singly or grouped in complete testing outfits follow. 


Compression Tester 

The purpose of the compression test is to compare 
the pressures in each cylinder at cranking speed 
during the beginning of the compression stroke.^ 

With the exception of a leaky cylinder-head gas¬ 
ket, poor compression* is caused by leaky piston 
rings or valve troubles which cause a loss of com¬ 
pression, resulting in a loss of power and imeven 
running of engine. 

The value of the compression test is in noting 
the variation in compression between the cylinders. 
Several things can affect the readings other than 
the condition of the valves, rings, or pistons, such 
08 the speed at which the engine is turning^ while 
tests are being made, the amount of carbon deposit 
in the cylinder head, etc. For these reasons, most 
accurate diagnosis can be made, as stated above, 
by the comparison method. For etample, if on a 
six cylinder engine the compression of five cylinders 
tested between 85 and 90 lbs,, and the other cylinder 
tested 60 lbs., it is evident that there mu«t be 
trouble in the low reading cylinder. 

Before making a compression test of an engine 
the compression rating of the engine should be 
known. These ratings are furnished in easily read 
chart form by the manufacturers of compression 
testing equipment*. 

On the compression gauge used here as an ex¬ 
ample, it will be observed that the dial is calibrated 
0 to 150 lbs. with four classifications of compression- 
ratio, namely: loWf medium-low, medium-nigh and 
high, A chart supplied with the gauge gives the 
compression ratings of the different cars. In addi- 


1 S<mi6 of the manufecturere of online teetiiiK equipment: 
Allen Electric and Bqmpment Co., Kmamaaoo, Mioh.jHobart 
Brotbera Co., Troy, Ohio; Joseph Weidenhoff, lao., Chicaco, 


> Text and Uluatratio&s courtesy Allen Eleotrio and GQui|>- 
meat Co., Kalamatoo, Mich. 

* See pace 705 ezplaininc the meaniof of compreeaion- 
pressure, etc. and paces 7(^770 dealint with compreasioo 
leaks, ete. 

«The battery should be fully charged when teeting in order 
to give full cranking speed of engine. 

* AlUtode affecta tha air praatore, therefore gauge reeding 
at high altitudea will ba lower—approximataly 2 pounde per 
1,000 feet above aea level. See page 110 earning why al¬ 
titude affecta the preesure of the air at high altitudea. 


tion, the range of poor, fair and hiah readings are 
indicated and in colors for each of the above classi¬ 
fications. 



Compression Uatio 

POOR 
Range Lba. 

FAIR 
Range Lbs. 

GOOD 
Range Lba 

Low: 

4.5 to 1 . 

20 to 60 

50 to 55 

55 to 85 

Medium-Low; 

4.5 to 1 up to 5 to 1 

30 to 55 

65 to 65 i 

65 to 95 

Medium-High: 

5 to 1 up to 5.5 to 1 

40 to 67 

67 to 75 

75 to 105 

High; 

6.5 to 1 on up. 

62 to 81 

81 to 90 

90 to 113 


To make compression tests of engine cylinders 
proceed as follows: 

1. Run engine until thoroughly warm. Then stop 
engine by turning the ignition switch to ‘toff’^ posi¬ 
tion and remove all spark plugs®. With plugs re¬ 
moved, only a small amount of battery current is 
required to operate the starter. 

Before proceeding with testa, use a penetrating oil. about 1 
ieaspoonful per cylinder, in order to loosen the gum that fol*me 
on valves, valve guides and rings. If gum has formed, a good 
compression teat cannot be obtained on a faulty engine. Turn 
engine over a few times with starter to thoroughly circulate 
penetrating oil. 

2. Press rubber adapter in spark plug hole. With 
throttle open wide, crank the engine wim the starter 
until the gauge reaches a maximum reading. Enter 
this reading on the *‘inspection report,’’ and repeat 
the operation for the balance of the cylinders’. 

3. If any of the cylinders test weak, insert oil on 
the top of the pistons of those showing weak com¬ 
pression. Be sure not to get any oil on the valves. 
Again test these cylinders. Enter these readings in 
the spaces provided on the “inspection report.*’ 


* On twin iimition eafiaat it ia only neoeaaary to remove ona 
plus Irom each cylinder. 

^ Tha rallaf valve is to let air out of gauge after each test 
and when released, allows the hand on the gauM to return to 
sero. Looeen the cap. allowing the gauge hand to drop 20 or 
30 Munda; then tighten the cap holding the remaining presaure 
in the i^uge. In this way the e^ae only has to be turned over 
a few timee while testingUie tfext cylinder, in order to secure 
the maximum readily Thia reduces battery drain. 
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JrdicaUmB: The oil seals the rings so that a low 
reading on the first test which remains low on the 
second test, indicates leaky valves, 

A low reading on the first test, which becomes a 
high reading on the second test, indicates leaky rings. 

A low compression reading on two adjacent cyl¬ 
inders in^cat^ a leaky cylinder^head gasket between 
these cylinders. Before condemning gaskets be sure 
the cylinder-head bolts are light. 

If cylinder is jnnnping oil, compression readings 
on that cylinder w'iH be higher than the others in 
the same block, and will be above the ratings given 
in the compression'chart. The reason for this is 
that the rings are sealed by the excess oil. 

Vacuum Tester 

The purpose of the vacuum test is to locate engine 
troubles and indicate the source by measuring the 
vacuum created on the intake stroke of the piston. 
A mental picture of what takes place inside of an 
engine will be of decided help in understanding 
vacuum readings. ‘ 

Connection: The vacuum gauge, which is the op¬ 
posite of a pressure gauge, is connected to the intake 
manifold by means of a vacuum hose, provided with 
the gauge. Connection can also be made at the 
vacuum tank, or to one of the vacuum windshield 
wiper connections, providing it is known that all 
units between the point ot connection and the in¬ 
take manifold are in good (Mindition. A hook at 
back of gauge permits hanging at any convenient 
place. 


a n»ll which creates a difference in vacuum in the 
cylinders. 

Improper valve action or valve timings leaky 
gaskets, etc., reduces the vacuum in the intake 
manifold, which causes the needle of the gauge to 
fluctuate. 

Indicaliom: Refer to illustrations on chart, Fig. 3 
as a guide in determining engine conditions ae in> 
dicated by the gauge readings, which are affected 
slightly by altitude,^ and atmospheric conditions. 



Fig. 1. (left) Alien model G-2 vucuum 
gauge (3H* diameter). 

Fig. 2. (right) Reduced size of the dial 
which is calibrated iu 1 iu« h Btepw from (I 
to 30 inches, representing "inches of mer¬ 
cury,’' Colorexl markings extend around the 
dial and correspiond to the phrases opponite 
brackets, which are in the same color. 

To make vacuum tests of engine, proceed as 
follows: 

Warm up engine to normal operating temperature 
and then m^e connection as explained previously*. 
Run enmne at slightly higher than extreme idling 
speed. If ei^ne has manual (hand) operated spark 
control, set it at advanced position.* 

Any faulty condition that ca^ises the speed cf one 
cycle of the engine to vary over another will cause 

^ Text and UluftratkMis Odurtesy Allen Electric and Equip¬ 
ment Co., KaJamssoo, Mfek. 

* Before proceeding vdlh tett, uoe a pendrnting oU, as explained 

under "Compresdon OM before replacing spark plttffs, 

be sure they are In siDod OOndllidn, and aajuated to the proper 
W. 

* When teetfog four Cftbldet oagines, to prevent excessive 
vibration of the gauge hand, a ■Hght kink in the hose will act 
aa a damper on the pulddioDS, and permit easier reading of 
the I 
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Fig, 3. Illustrations showing various 
dial readings of the vacuum gauge and 
their indications. The solid black needle 
indicates a titcady hand and the light 
needle indicsten a fluctuating hand. It 
will be observtid on the first Ulustratioa 
that the average normal engine will 
draw between 17 to 21 inches of vacuum 
with engine nitrating at slightly higher 
than extreme idling speed. Oo a prop¬ 
erly tuncyl endrie, the vacuum indie^r 
needle Bhould always be staMy. u the 
needle flickers and will not bold a steady reading, it indicates 
iinprop^'r funcliouirig of the engine. 



hnih StMtNq AT rmsT. 
eclAHS TO 0 AH» SMiSB 
SACAMpOWkY T9 ABOWTIS 


* Higher readings are obtained at sea leval than in a moua- 
tainous section. At high altitudes readingi ’■rill be lower, 
approximately I* lower per 1,000 feet above tea level. 
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It is impossible to set up infallible rules covering 
vacuum readings, for the reason that very similar 
indications cover a number of conditions, any one 
of which might be the cause of the trouble. For 
example, late ignition timing, carburetor out of 
adjustment, plug gaps too close, or breaker-points 
out of adjustment cause similar dial readings. 

Furthermore, there may be several troubles in the 
same car, all of which would influence the dial read¬ 
ings. Then, their combined effect might produce a 
condition that would cause a faulty diagnosis to be , 
made if the illustrations, Fig. 3 were strictly adhered 
to. For example, a car might have improperly ad¬ 
justed tappets, carburetor out of adjustment, and a 
leaky intate gasket, etc. 

In such cases, examination of the several parts 
that might be at fault is the logical procedure to 
pursue, and in this way, through a 'procem of elim- 
ination a perfect tunc-up wdll eventually be obtained. 

Before adjusting carburetor he sure the trouble is 
not in the ignition system. 

Note: When tappets are too close the indications obtained 
are similar to those shown under “leaky or burnt” valves. 

Fuel pump vacuum test: Disconnect fuel line at fuel pump; 
connect vacuum gauRe to fuel pump; run engine at slightly 
higher than extreme idling speed. 

The vacuum at the fuel pump should be around 8. A fluc¬ 
tuating needle, or a lower reading indicates trouble in the 
pump, or a leaky connection, or ga^et. 

When the above test is made with the carburetor filled, the 
float valve js closed, and consequently, the vacuum gauge will 
read sero until the valve opens. 

Pressure on the carburetor side of the fuel pump ia import¬ 
ant. This test should be made with an AC fuel pump tester. 

Fuel line test: Disconnect vacuum gauge, and again connect 
the fuel pump to the fuel lino from the tank. Disconnect the 
line at the gasoline tank, and connect the vacuum gauge to 
the fuel line. 

Run the engine ut slightly higher than extreme idling speed. 
The vacuum roatling should be the same as at the pump. 
Lower readings, or a fluctuating needle indicates a dirty, or 
leaky gas line. 

Vacuum tank test: Disconnect fuel line at vacuum tank; 
connect vacuum gauge. With flapfier valve in vacuum tank 
closed, reading should bo sero on vacuum gauge. If the valve 
is leaking a reading will be obtained. 

Under normal OT>oration the vacuum of the vacuum tank 
should be the same as intake manifold. If the tank leaks 
then the reading will be lower. The lower the reading, the 
greater the leak. 

Windshield wiper tubing test: Disconnect tubing at wind¬ 
shield wiper. Connect vacuum gauge at that point. Readings 
should be the same as at the vacuum tank, or intake mani¬ 
fold. Lower readings indicate leaky tubing. 

Electrical Testing and Checking Devices* 

A summary of some of the modem devices for 
testing and checking the electrical accessories on a 
a&r follow. 

High tension testers for locating troubles under 
actual operating conditions in the high tension cir¬ 
cuits, such as spark plugs, ignition cables, ignition 
coils, distributors, etc. 

A popular tester for this work consists of an ad- 
justaole spark gap (calibrated in millimeters) and a 
Nean^ twe in parallel with the gap and ignition 
circuit. The Neon tube flashes each time a spark 
occurs and the gap provides means of placing a 
variable loud in the circuit. 


t Some off he nuuiuhicturers of electrical checkiof and test¬ 
ing devices are: Allen Electric and Eouipment Ck)., KaUmaaoo, 
Mic-h., 

Joseph Weidenhoff, Inc., Chicago, Ill. 


Oscillograph distributor test fixture* is a device 
rovided to accurately set the ignition distributor 
reaker-points by cam angle^ meaning, the period 
during which the breaker-points are closed and the 
ignition coil builds up its magnetic field for inducing 
a spark in the secondary when the poipts open and 
the coil discharges. Also reveals all distributor 
troubles and accurately synchronizes double breaker 
type distributors. 

Syncronograph^: This device provides a method to 
accurately check all distributor faults and make 
precision correction to a fraction of a d^ee. Tests 
automatic spark advance (governor action); checks 
for worn cams and play in shafts; detects worn or 
pitted points; makes it possible to gap points by 
degree of dwell rather than by thousandths of an 
inch; synchronizes two arm breakers. 

Syncrolite : The purpose of this device is to ac¬ 
curately and quickly cneck the ignition timing of 
an engine while the engine is running. 

It consists of a Neon timing light shaped like a 
large flash light, in which there is a high intensity 
Neon tubing—mounted in the dome of a parabolic 
reflector giving an intense red light. 

To check ignition timing, first see that the inter¬ 
rupter points are clean and set to the proper gap. 
The engine is then w\armed up and run at idling 
speed. One end of terminal from the Syncrolite is 
attached to the No. 1 spark plug terminal (or the 
cylinder being checked) and other end is grounded. 

As the engine turns over under its ow’n power at 
idling speed, the make-and-break of contact in the 
ignition system lights the Syncrolite intermittently 
when the spark occurs in No. 1 cylinder. 

The light being focused on the opening in the 
flywheel case, or inspection hole, illuminates the 
ignition timing mark (which has been whitened 
with chalk) on the flywheel, or on the balancer 
located at the front of the engine. 

As the light flashes, the timing mark on the fly- 
w’heel will appear as if it is standing still, giving what 
is known as a stroboscopic effect. It is then easy to 
determine whether the timing mark is in line with 
the pointer, or to the left or right of the pointer. 

Looking at the flywheel from the front, it ia of courHc. turn¬ 
ing over clockwise, ao if the white mark ia to the left of the 
pointer the timing ia early ancl the apark is firing on the up¬ 
stroke of the piston, or if the white mark ia to the right of thr 
pointer the spark is late air.l is firing on the down-stroke of 
the pi.ston. If looking at the flywheel from the rear it ia turning 
counter-clockwise, and if the white mark ia to the left of the 
pointer the timing ia late. If at the nglit, it ia early. 

If the white mark appears at the right or left of the pointer, 
loosen the lock acrew on the dmtributor and turn distributor 
housing until the white mark on flywheel is exactly on line 
with the pointer (with engine running at idling speed). When 
the white line on the flywheel ia in line with the pointer, the 
stationary breaker is properly timed. 

If working on on engine having two sets of distributor points, 
follow the above instructions, then connect Syncrolite wire 
terminal to number 7 spark plug (or other plug indicated by 
numerals stamped on flywheel). Then follow the same pro¬ 
cedure as above, except of course, it will be necessary to stop 
the engine to adjust the movable points. 

After making the adjustment start the engine again and 
flash the Syncrolite into the peek-hole; if the white mark is 
in line with the pointer, then the two sets of breakers are ab¬ 
solutely ^nohronised and operating with all power thrusts in 
aynohronism. 


* Maanfactureni are: Joseph Weidenhoff, Ino., Chicago, lU. 

< Manufacturen are: Allen Electric and Equipment Co., 
Kalamasoo, Mick. 


* See page 654, giving ike meaning of Neon. See alao, page 
230. 

Ignition tlmlngliglita pan also be obUined of: Alien Electric ft Equipment Co., Kalamasoo, Mich.: Kent-Moore Orsaniaation 
ticiieral Motors Reeearoh Bldg,, Detroit, Mick.; JoeeKdi Weiden- 

kutl, Inc., 4340 Hooeevelt Rd., Ckicago, III, Literature free. See also p. flW. 
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In addUxon to checking the ioniiion timing, this lievico will 
nlao aoTurately check (with the enttine runuing) syiichronua- 
tion of double breaker pointjt; automatic adrance mechrtmsm for 
ranidity and degree of travel, and the electmeal cm-udu. and 
will also indicate leom distributor shaft and bearings. 

It is also useful for locating weak valve sjirings, or what is 
commonly known as “fluttennK valves" which occur at cnjune 
speeds from 1800 r.p m. to 20()0 r p.m. The Syncrohte is con¬ 
nected to the spark plug of the cylinder to be testeil and fcM'UStsI 
on the valve springs of this cylinder with the engine turning 
over at a speetl of from 1800 to 2000 r.p m At this snecd the 
valve stems and springs appear to be sta/ionarg and the clear¬ 
ance can easily be determined. 

Spring tension gauged for measuring tension of 
contact-breaker arms, generator and starter brushes, 
etc. The proper tension is important, fur example, 
if an ignition contact-breaker arm is too weak it 
will not follow the ram, causing missing at high 
speed; if tension is too great the points will wear 
rapidly. In general, the breaker arm spring tension 
ranges from IS to 22 oz. 

Condenser testers^: Instruments in the form “f 
meters will test condensers for '‘opens,” “shorts,” 
“capacity,” and “leakage.” Where there are opens 
there will be no movement of needle at nil; if 
shorted, the needle will move clear across the dial. 

Spark plug testers*: Devices for tcatinR spark 
plugs under actual operating conditions and com¬ 
pression are a valuable asset to any repair shop. 

Spark plug cleaner^: Special devices and com¬ 
pounds for this purpose are more efficient than the 
old method of disassemblinti; and scraping and will 
not injure the insulator or electrodes. 

Voltmeter and ammeter'^ for testing gcnoralor out¬ 
put; cut-in and cut-out voltage of tlie cut-out and 
relay; amperage draw of lighting circuit; voltage at 
ignition breaker-points; voltage drop in circuits, 
storage battery, starting motor, etc. 

Battery testing equipment^ for testing the storage 
liattcry. 

Fuel pump testers and analyzers^ are very neces¬ 
sary. 

Fuel pump rocker arm position gauge^ for check¬ 
ing tlie correct rocker arm jxisition. 


By followinK inatructionn, adjuntmoQta of the carburetor can 
be made which will nivo the correct lunount of air in propor¬ 
tion to the fuel to provulo auflieicnt oxyncu to more completely 
hum the niixturo and thua obtain muxiiiiuni oeonomy or maxi- 
mum power, or any intcri«o<liato condition. 

.MthouKh the nnalyaer meter indicates pciccntuKea of un- 
burned coiiibuatibloa in the exhaust gas Htnuuii, the ojMTator 
can iwe the indications to form a basis for the dotcelion of many 
engine ills which would ordinarily require euiwidorablo time and 
effort. For exutnple, if after correct carburetor adjustment haa 
been ma.lc, and the engine does not perform cthcuMitly on a 
roa I test the trouble may invariably bo lo<iate(l in causen which 
result in ptx>r combustion, such as in the ignition timinp;, weak 
spark**, retarded spark, valve timing, valve clearance, weak 
conipresflioti'*, or other causes which would permit the non- 
coniDu.Mtible pa‘<es to pass into the exhaust stream unburnod, 
therefore by following a process of elimination, the eaviees can 
bo arrived at. 

It is well to state that a large per cent of the so-calloii ear- 
buret,>r troubles are in many cases, ignition troubles, Always 
remember bi first see if the igriituni sgstem is functuming sntis- 
factorily btjore adjusting the carburetor. 

InchoM of IVIeroury, IMouning of 

Suppose we had an open glass U tube, in which there ia 
mercury as shown in I'lg, 1. The atniospherio pressure** on 
I)oth eiid.s of tins U tube is the Maine; nanudy 14.7 lbs. per 
squ.are ineh (aasiinio we an* at m'l leveH, eonMe»niently, the 
mercury would be at the same level in both halves bccauMO the 


* Manufacturers of spring tension gauges: Allen Eloetric and 
Equipment Co, Kulainatoo, Mich.; .loscph Weidenhoff, Ino., 
Chicago, 111. 

’Manufacturers of condenser testers: Allen Elertrio and 
E<iuipnii‘rit Co, Kalaniasoo, Mich.; 

Joseph Weidenliiiff, Ino , Chicago, Ill. 

* Manufacturers of spark plug testers: AC Spark Plug Co.,* 
Klint, Mich ; Allen I'deetnc and Kiiuiiunerit Co., Kalaniasoo, 
.Micli ; ('hampion Spark Jdug (.^o , Tole<lo, Ohio; ,Ios(>|)h Weid¬ 
enhoff, Inc , ChieaRo, Ill The Htanl-'y Hulc and Level Plniit, 
New Britain, (hinn (spark plug tester and Mcrew driver con- 
sirtting of a Neon tube; testM spark plugs and ignition wiring). 

* Manufacturers of spark plug cleaners; AC' Spark Plug Cu.» 
Flint, Mich.: Champion Spark JMugCo., Toledo, Ohio. 

‘See pages 4(ii to 472 for explaniitimi of the inc of volt¬ 
meters ami ammeters. Sec idso, index for a<lditionid informa¬ 
tion. 

* Manufacturers of battery testing equipment: Mien Ideetne 
and Kipnprncnt Co , Kahimaroo, .Vlii h.; Ilobart Hrothers Co., 
Troy, Ohio; Joseph VV'eidepholT, Ine , Chicago, 111. 

■* Manufacturers of fuel pump testers: A(^ Snuric Plug C*o , 
Flint, Mich ; Jmeph Weidenhoff, Ine , Chieugo, III. 

* Manufacturers are: Jonoph V\ iii«hmln»IT, Inc., (.Jlin-nao, 111, 

’’Manufacturers of spring testers: Joseph Wei<lenhoff, Inc,. 
Chicago, ]|] 


Spring testers^ for IialanririK intake and exhaust 
valve springs, also clr.U'h springs. Weak springs 
hold valves open too long resulting in valve clatter 
and danger of burning the valve seat. 

Wiring diagrams and data: a book prepared es¬ 
pecially for tho.se engaged in automotive electrical 
work is known as the Standard Auto FAectrician*a 
Manual^^, This book contains wiring diagrams of all 
)f the different cars, and in addition, it supplies data 
for rnakinj? electrical tests of the different electrical 
units on these cars. 


Carburetor Testers 


'"Can be obtained of The CiCKxIhwart-Willrox , I pc., 2(MK) 
South Michigan Avp , f'hicugo, Ill. Write for circular. 

^^Dyke's Corf>urclor Book dnaU with the subject of mr- 
huretors mid fud-feed systrrns, also fully exphutii the subje. t 
of txhnu.'^t gas anaiyta.t Pii^f vd.-'iO N hlress: The flfindlicart,- 
Wilh'ox Co , Ine., CJueiigo, Ill. 

•’Some of the manufacturera are: Cambridge Instrument Co , 
Ine , (Jriind Central Terminal, New York, N. Y. (“Cambridge 
Exhaust (Jas Tester’*)] 

Charh s 

Engelhard, Inc, Newark, N. J. {“Engelhard Motor Entruy 
Analyzer”): 

Moto Meter Oau'TO A E'^uiinment Cori n , 
LaCrosse, Wise ( Tidoto Vita Comhustirm Indirator”): d'ho 
Hays Corpn , Michigan City, Ind. (“ Unyn Exhaust (Jns Analy¬ 
zer”): Jo.seph Weidenhoff, Ine., Chicago, Ill. (“ Wruienhoff 
Carburetor Analyzer”). 


Carburetor adjustment^! is of course an important 
procedure in engine tune-up. The first test in con¬ 
nection with carburetor tune-up should be a test 
of the exhaust gases by means of an exJmml gan 
analyzeA^ also termed & fuel comhustion indicator. 
This device will indicate accurately, the amount of 
unburned combustibles in the exhaust gas stream, 
which represents a waste of fuel and loss of heat 
energy. 


**A weak spark comes from a number of causes; Incorrect set¬ 
ting of spark j>lug gaps an l breaker points, ineorrect synchron¬ 
izing of brcaltpr points, bouncing of eireuit breaker et hidi 
spec^ duo generally to weak breaker arm tension, defective 
rods, defective condenser or aiitomntie governor, leaky spark 
plug cables, incorrect ignition timing, etc. 

i*Weak comi^ession includes such factors as leaky or sticking 
valves, worn piston rings, etc, 

•‘See page 1073 for definition; see aW) page 1078 for detiniimn 
of "suction" and page 1079 for definition of "vacuum" and 
"vacuum gauge." Sea level pressure is diw ussed on page ) 10. 


See also page 090 for list of manufacturers of testing equipment. 
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atmospheric preteure is exerting equal prewure on both ends 
of the U tube. 

If the preseure at one end of the 17 tube was then reduced* 

for example, by connecting it to the intake manifold of an en¬ 
gine running at idling speed with throttle almost closed, the 



level of merourv will rise in one half of the U tube and descend 
in the other half. The difference between the two levels should 
be between 17 and 21 inches, that is, if engine was in normal 
condition. A difforenoe of 18 inches in level is shown in Fig. 2. 

The reason that the mercury descended on the right side 
and ascended on the left side is that the pressure in the left 
tube is considerably leas than that in the ri^t tube. Actually, 
if atmo^beric pressure was 14.7 lbs. per square inch, in order 
to obtain an 18* difference in level, the pressure in the left tube 
would be 5.88 lbs. per square inch. Each inch of mercury repre¬ 
sents a pressure of about .49 lbs. per square inch. 

This reduction of pressure in the left tube was caused by the 
piston descending during suction stroke, trying to draw air into 
cylinder. Inasmuch as the throttle is practically closed (the 
condition of maximum vacuum) it prevents a full cylinder of 
air being drawn in; since the amount of air is lemened, the pres¬ 
sure is likewise lessened. As the pressure is less than atmospheric 
pressure, a condition of vacuum exists. 

A vacuum gauge (just the opposite of a pressure gauge) with a 
dial and needle is frequently used for measuring the vacuum of 
an engine, The dial however is graduated in “inwesof mercury" 
reading from 0 to 30 and serves the same purpose as the U tube. 
30* of mercury represents a perfect vacuum, or aero pressure, 
which of course has never been attained. 


SOME OF THE FACTORS AFFECTING ENGINE PERFORMANCE 


Among the important factors affecting the power 
of an engine are the compression^ fuel and the igni¬ 
tion timing. Under this heading new developments, 
such as octane, octane rating, octane selector and 
control of ignition timing according to load as well 
as speed of engine, all of which contribute to better 
engine performance, are discussed. 

Compression Effect on Fuels 

Compression: The higher the compression-ratio of 
an engine, higher will be the compression-pressure 
and greater the power developed, that is other fac¬ 
tors being equal. 

Some of the factors which regulate the pressure 
are the cooling system (heat increases with com¬ 
pression), weight of the charge, com¬ 

pression-ratio and the kind of fuel used. 

Automotive engines are classified as of either low, 
medium or high compression. The high compression 
engine, for a given size, develops more power and 
uses less fuel than the low compression type. 

Fuels: With the advent of higher compression- 
ratios in automotive engines it was found that cer¬ 
tain gasolines had more or less definite pressures to 
which they could be compressed without detona¬ 
tion. Therefore anti-knock fuels^ for the suppression 
of detonation were developed. 

Octane Rating, Meaning Of^ 

The term ** octane rating” is used to indicate the 
anti-knock properties of gasoline. Therefore, a fuel 
having an octane rating; of 78 can be used in an 
engine with less knock than a fuel having a rating 
of 60. This octane rating is usually controlled by fhe 


1 Anti-knock fools have the desirable ebaraoteristio that they 
can be raised to a high pressure and temperature without de¬ 
tonation and therefore burn more completely, developing a 
higher heat value per unit weight, resulting in an increase .of 
power. (From Dyke '9 Carburetor Booh) 

‘From Buick literature. Models 50, 60 and 60, 1934, by 
permission. 

' The travel of the control levsr Is limited by stops on the 
adjostable bracket attached to the daah. The total retard 
movement is approximately 13" (flywheel). 

* To adjust the octane selector on the series 40,1934 Buick 
H is neeessary to raise the hood and loosen the two distributor 
meuntiBf screws. 


percentage of Ethyl fluid which is added to the 
regular gasoline. However, gasolines of quite high 
octane rating are obtained by different methods of 
manufacture and from crude oils of different bases. 
Fuels having the very highest octane rating are 
obtained by the addition of Ethyl fluid. 

There are two chemical substances known as 
“Octane” and “Heptane.” Octane may be burned 
in an engine with practically no knock regardless of 
the compression, and has, therefore, been considered 
a standard and arbitrarily given an anti-knock rating 
of “100.” When heptane is burned in an engine the 
engine knocks practically under all conditions—the 
anti-knock rating of heptane has, therefore, been 
taken as “0.” 

It may be well to explain the method by which '^octane 
rating*’ of the gasoline is determined. ThiH ia done by actually 
testing a aample of gasoline in a apecial single cylinder engine 
which ia eauipped with a knock indicating device. When the 
aample fuel is burned in this engine the knock indicating de¬ 
vice will show the amount of knock generated under certain 
definite controlleii conditions. Now, in order to have some 
method of comparing and rating the amount of knock genei'ated 
by this gasoline tin! following method haa been worked out: 

As we outlined above the sample fuel was burned in this 
.special single cylinder engine and the amount of knock as 
shown on the indicator noted. A mixture of Octane and Hep¬ 
tane is now burned in the same engine and the amounts of 
these two constituents so variwl that the knock indicator will 
give the same reading os shown with the sample fuel. It will 
then bo noted what percentage of the mixture of octane and 
heptane was octane. If this percentage, wo will say was 70 
per cent, then the octane ratirw of the sample fuel would be 
set up as 70. 

Octane Selector (Huick)^ 

The function of this device is to obtain the maxi¬ 
mum performance and fuel economy from gasolines 
of various octane ratings without knock. 

The octane selector permits adjustment for fuels 
of either high or low octane ratings. It is located on 
the instrument panel and consi^ of a graduated 
dial and hand control lever connected to the imition 
distributor by means of Bowden wire cable. Move¬ 
ment of the control lever to “low” side of the scale 
for low octane fuels results in retarding the spark; 
movement to the *1)jgh” side for high octane fuels 
advances the spark**^. 

The octane selector allows the use of fuels of low 
octane rating as well as those having ratings equal to 
Ethyl g^line without any change being made upon 
the engine. When a fuel having a high octane rating 
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ns to 78), such as Ethyl is used, the octane selector 
should be set at the position marked “high'* on the 
dial. This insures maximum efficiency from this 
fuel. 

When fuels of lower octane rating are used, the 
octane selector is turned toward |the position marked 
“low”, only an amount sufficient to eliminate the 
spark knock when accelerating upward from ap¬ 
proximately 10 miles per hour with the accelerator 
completely depressed. In order to insure maximum 
efficiency just a slight tingle should be heard. To 
obUiin mnximum do not move control letter 

toward the side more than is necessary. 


On long trips, when the driving speed is above that at which 
knocking occurs, tlie ecuuomy unll bo improved soinowhat if the 
oontrol lever is snifted to the "hiRh” p^ition, and to the “low” 
aid© only during times when the en^oe is pulling heavily or 
during acceleration. When tho ear is driven in mountainous 
soetions, where altitude is snflSeient to rfnluc© engine compres¬ 
sion, the control lever should be placed to the extreme “high” 
siile, even when using fuels having a low oc tane rating. 

By properly using the octane selector as described above nl. 

of the advantages of the high compression engine when hurmi g 
high octane fucl.-^ are retained, nn»l practically all <if these nil- 
vantages are rotained when fuels of low octane rating uro usetl 


Buick’s octane selector should not be confused with the old 
style means of retarding the spark by the uho of the hand 
spark control to eliminate knock. This practice ri'^oUed in 
a loss of performance and fuel economy over the entire driving 
range, much tho samo as lowering the compression. 

In timing the ignition of the Buick series 40 engine (1034). 
the procedure is to set the distributor at tho center position 
of tho octane selector and timing to tlie two degree advance 
mark on the flywheel. Jf renular^ gasoline is to be used, the 
octane selector is left in this position. If it is desire<l to use 
ethyl* gasoline, the octane selector is then moved st> that the 
index lino is throe divisions toward the high siile. 

tn timing the ignition of the Buick series 50, CO, 00 engines 
(1034), timing is acconiplished by sotting tho octane sHector 
lever to tho extromo high side with the distributor in full ad¬ 
vance position and tinie tho breaker* when the advance mark 
ou the flywlieel is in lino with the marks on the housing. 3'his 
timing provides for the use of ethyl ga-soline and if other lower 
octane rating fuels are used, adjustment is mtuie by means 
of the octane selector to correspond to tho octane rating of that 
particular fuel. 


Inasmuch as spark knock occurs only during acceleration or 
on heavy pulls, the octane selector has been combined with an 
automatic advance mechanism in the ignition distributor, that 
is actuated by tho engine vacuum for I'arrying the spark ad¬ 
vance in accordance with the engine load. After tho hand con¬ 
trol lever h.'va been set to the po.sition which just barely removes 
the knock, the vacuum control mechanism will cause the spark 
to advance ns soon as the engine load is reduced suflicieniiy to 
allow vacuum to buihl up in the tiuinifold, but will automatic¬ 
ally retard when the vacuum i.s lowered during acceleration or 
heavy pulling. For this reason, this system should not be 
confused with the old-fashioned manual spark control which 
caused a loss in performance and economy on light loa<ls as 
well as heavy loads. 


Vacuum Spark Control (Buick)^ 

The ignition system of the Buick is equipped with 
a vacuum advance mechanism which automatically 
advances the spark to a point where maximum fuel 

* Gasolines at the present time are commonly known as 
“Cheap”, “Regular” and “Premium.” The ratings which fol¬ 
low represent averages of many gasoline brands. The “Cheap” 
type of gasoline has an octane rating of 68-60 and rarely con- 
iaina any ethyl; the “Regular” gasoline has a rating of 68-70 
and some of the brands in this group do contain a small quan¬ 
tity of ethyl; the "Premium” gr^es are rated at 7fl and contain 
a great deal of ethyl. 

* Refers to “Premium” grade or gasoline writh 75 to 78 oc¬ 
tane rating. 

* Buick ignition speclflcations: Breaker gap: .016'; spark plug 
gap: .020* to .026'; spring tension at breaker points: 19 to 23 os. 
The AC, type H-9 metric 18 mm. threw! spark plugs are used. 
Applies to all 1934 models. Initial timing on Buick 1934 cars: 
senes 60: 7® before UDC; series 60: 11® before UDC; series 90: 
10’* before UDC; series 40: 2® before UDC. Applies to 1934 
model cars. 

* From Buick literature. Models 60, 60 and 90, 1934 by per¬ 
mission. (Delco-Remy ignition system) 

* Prom copyrighted literature of the Mallory Electric Corpn., 
Detroit. Mich., by permission. Circulars free to readers cf 
this book. 


economy and performance will be obtained under 
all driving conditJons consistent with the grade of 
fuel being used. 

The automatic spark advance as used on previous 
models, advanced the spark in proportion to the 
speed of the engine by governor weights assembled 
in the distributor. In order to obtain maximum 
efficiency under a part throttle condition, the spark 
advance should not be controlled by the engine 
speed alone but should also bo in proportion to tho 
load under which the engine is operating. 



Fig. l. Buick ignition distributor showing the vacuum sd- 
vsnee unit. The ignition dintributor cmboilips thn usual si)uiHb 
cnnlrollcd centrifugal spark lulvancn nicchaniinn in addition tc/ 
the vacuum advance unit, the diaphragm of which is linked to 
the distributor breaker plate which Ih mounted on ball hearingH 

Function: Tho amount of vacuum in tho intake 
manifold varies in accordtinco with the spend and 
load under which the engine is operated. This is 
therefore used as a source of power to automatically 
control the spark advance for all part throttle con¬ 
ditions. For example, when driving along a level 
country road at any part throttle speed the vacuum 
in the intake manifold will bo high and therefore 
will be sufficient to act on tho diaunragm and cause 
the breaker plate to move, thus advancing the spark 
practically the maximum amount, which results in 
decreasing the consumption of fuw. 

During acceleration or when tho engine is pulling 
heavily, the vacuum in tho intake manifold will be 
reduced and will not be sufficient to operate the 
diaphragm so that the breaker plate is held in tho 
retard position by the calibrated retard spring which 
hears against the vacuum unit diaphragm, thus pre¬ 
venting the engine from knocking. 

The vacuum spark control automatically ceases 
to function when the engine is idling. This is ac¬ 
complished by connecting tho vacuum take off just 
below the carburetor throttle fly. This nrevents the 
suction of the intake manifold from aavanciiig the 
spark with an idling engine. As the speed of the 
engine is increased to approximately miles jier 
hour the carburetor throttle fly is opened an amount 
sufficient to uncover the intake connection to the 
vacuum advance. It, therefore, functions from this 
point on. 

The centrifugal automatic advance rtit»-in at 8 to 10 m.p.h., 
increasing with the car speed. The vacuum advance Nlurta to 
operate when the vacuum in between 5' to 7' nf mercury at 
approximately 7(X) r.p.m. (flywheel), and nmrirnum between 
10' and 13' of mereury at anproximately 900 r p m. Th© total 
vacuum advance i« from 10* to 12” (flywheel). 

Distributor with Vacuum Controlled 
Governor Brake (jVlanory)^ 

Why engine should be timed according to load ac 
well as speed: Ever since gasoline engines have been 
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UBed for purposes where they were subjected to var¬ 
iable speeds and variable load conditions, timing of 
the ignition has been a difficult problem. 

The first engines used in automobiles were equip¬ 
ped with a means to advance and retard the spark 
by hand, termed manual control. The operator could 
retard the spark when starting and advance the 
spark as the speed of the engine increased, but this 
did not solve the problem, because a constant manip¬ 
ulation of the spark lever was necessary. 

Later, came the centrifugal governor^ which timed 
the engine according to speed only. This was a great 
improvement over manual control, but did not en¬ 
tirely solve the problem, because the engine should 
be timed according to load as well as speedy and a cen¬ 
trifugal governor will not do this alone, that is, the 
advance curve could not be high enough to obtain 
best economy under the light load conditions with¬ 
out causing the engine to “spark knock" badly 
under acceleration and heavy load conditions. The 
Mallory distributor accomplishes two major im¬ 
provements in ignition as explained under Fig. 1. 



Fig. 1. Sectional view of engine on which the Mallory 
model ignition distributor with vacuum controlled gov¬ 
ernor brake is mounted, which is controlled by means of the 
variation in vacuum, which makcH it possible tp advance the 
spark under light loa<ls or low compression to effect greater 
economy, and retard the spark under heavy loads or quick 
acceleration in order to eliminate “spark knocks.” 

How this is accomplished is explained as follows: When the 
vacuum decreases, compression increases, and vice versa. By 
this, it can be seen that a low vacuum permits the plunger 
brake (X) to impose friction on tlie governor advance plate 
(Y); thus retarding the 8na."k, and a nigh vacuum draws the 
plunger (X) away from the governor ailvance plate, allowing 
the spark to advance. This small and very simple device 
"breathes” with the engine and causes the snark to occur at 
exactly the proper instant to suit both speed and load conditions. 

The governor brake has no effect on the spark timing at ex¬ 
tremely high engine speeds, unless when suddenly accelerated, 
nor does it have any effect on the engine timing when the en¬ 
gine is idling, because the vacuum is always the highest on idle, 
and the governor brake is disengaged. 

It might also be thought that when the vacuum drops to a 
low point, which is the case at extremely high engine speras, the 
governor brake will engage the automatic governor advance 
plate and retard the spark. This is not the case, because the 
Automatic governor w'eights rotating at this high speed have 
power enough to overcome the friction. 



I>ig. 2. Chart showing an example: Supposing the car was 
trav^ng at 40 milee per hour and the spark was advanced 20* 
by the centrifugal governor, as indicated bv lioA fi). If the 


throttle was suddenly "kicked” wide open, the engine would 
receive a full charge, which would raise the compreesion and 
cause a spark knock. Under these conditions, the B(^k should 
be retarded. In other words, when the compression is suddenly 
increased, the spark should be retarded, and a centrifugal gov¬ 
ernor will not do this. 

The Mallory distributor advances the apark under light loada or 
low compreaaion in aecorddnee with line (3), to effect ^ealer 
economj/, and rctarda the spark under heavy loada or quick ac¬ 
celeration in accordance with line (2) in order to eliminate apark 
knocka. 

Variation of compression: The compression is gen¬ 
erally the highest when an engine is suddenly ac¬ 
celerated or is operating at the lower speeds and 
pulling a heavy load. The reason the compression 
is the highest at these times is because the throttle 
is then generally wide open, allowing a full charge 
to be drawn into the cylinder, raising the compres¬ 
sion to its maximum. 

When the engine is running under a light load, it 
is necessary to have the throttle only partly open. 
This throttle setting does not permit the engine to 
take in a full charge. Consequently, the compres¬ 
sion is not at its maximum when the throttle is 
only partly open. 

It may be said that the engine compression is con¬ 
trolled by the throttle; that is, opening the throttle 
increases the compression and closing the throttle 
decreases the compression. However, the speed of 
the engine also has a certain effect on the compres¬ 
sion. For example: The compression in an engine 
running at low speed with a wide open throttle 
would be higher than if the engine were running at 
high speed with a wide open throttle, because when 
the engine is running at the lower speeds the piston 
travel is slower and sufficient time is given for a full 
charge to be drawn into the cylinder, but, when the 
engine is running at the higher speeds, the piston 
travel is faster and a shorter time is given for the 
cylinder to receive a full charge, and in addition, 
the velocity of the mixture or charge is somewhat 
restricted by inertia and resistance offered by the 
intake passageways. 

Effects of compression on combustion: Low com¬ 
pression is much slower burning than high compres¬ 
sion, and, if the spark is not further advanced when 
the compression is low than when the compression 
is high, the burning of the mixture or explosive pres¬ 
sure will take place when the piston is too far past 
dead center, resulting in loss of power, overheating 
of the engine and excessive fuel consumption. 



Fig. 3. Sectional view of Mallory model ignition dis¬ 
tributor showing the location of the parts and an example of 
how the vacuum controlled governor brake functions. If the 
engine is suddenly accelerated, or operated under a heavy load, 
the vacuum will collapse in the intake manifold. This permits 
the spring (C) to shove the piston (A) towards the governor, 
engaging the brake shoe (P). The friction imposed upon the 
governor cam advance plate (H), contracts the governor, that 
is, it pulls the weights inwardly, and, in turn, retards the cam 
(I). This action retards the spark. Just as soon as the engine 
picka up its load and the pressure on the accelerator is re¬ 
leased, the vacuum in the intake manifold will immediately 
build up, which, releases the governor brake, allowing the 
governor weights (G) to fly out and advance the timing. 
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AUimiATIC CARBURETOR CONTROL (»ELCO.REMY)>- * 


Purrose: The Delco-Remy automatic c-arburetor 
control unit (model 498-C^), replaces the conven¬ 
tional hand choke and not only properly controls 
the carburetor mixture ratio for quick starting at 
any temperature but further accurately controls the 
fuel mixture for all conditions of engine operation 
during the warm-up period. It is fmly automatic 
in operation. 

Operation 

The carburetor control unit is mounted on the 
carburetor riser whore its operation is governed by 
changes in carburetor riser temperature, manifold 
vacuum and carburetor air inlet velocities. A short, 
positive linkage connects the control lever with the 
(carburetor choker fly. The choking action is con¬ 
trolled by a spiral spring of thermostat metal and a 
bellows. Engine vacuum collapses the bellows, ro¬ 
tating the thermostatic spring to relieve the tension 
on the choker flv» immediately after starting, to lean 
the mixture. The spind thermostat spring, which iS 
connected Iwtween the control lever and the bellows, 
increases or decreases the amount of tension on the 
choker fly according to temiHjraturc and gradually 
decreases the choking action during the warm-up 
period until it is completely eliminated when the 
engine bec' mes warm. 

four stages of the initial starting and warm¬ 
up'period, during which the principal carburetor 
corrections are necessary, are cranking, initial run- 
ning, part throttle and acceleration. 

Cranking. When the engine is cold and the crank¬ 
ing operatkm takes place, the choker fly in the car¬ 
buretor air horn is in t he closed position. During the 
cranking period, excessive quantities of gasoline must 
be drawn into the intake manifold since, due to the 
lower temperatures, minimum vacuum and mini¬ 
mum air velocities during this period, only a small 
percentage of the fuel is vaporized and initial firing 
is largely dependent upon surface vaporization. (To 
insure proper cranking speed for satisfactory starting 
at low temperatures winter oil must be used in the 
engine cranlccase.) 

Initial running. When the engine fires, the engine 
speed and the manifold vacuum suddenly increase. 
To prevent an excessively rich mixture from thus 
being drawn into the manifold, a quick change of 


the choker fly position takes place with the initial 
firing of the engine. This momentary opening or 
of the choker fly, which ag^n returns to 
near the starting position, allo^\'^ an inrush of air to 
carry over the heavier ends of the fuel which prevents 
flooding and facilitates running. The vacuum in the 
engine manifold then tends to collapse the bellows 
moving the accelerating position and control lever 
slowly upward. This movement, known as the “take- 
off,’’ opens the choker fly in the air horn. It ro(iuircs 
12 to 15 seconds to obtain the full ? « inch trav^el of 
the Iwllows and linkage allowed by the center notch 
sotting on the adjusting disc. The metering pin re¬ 
stricts the air ptiswxge which makes it possible to 
time this action or travel. 

Part throttle. After the initial running period and 
before stabilized temperatures are reached, only a 
slight ndilitional enrichment to the regular carbu¬ 
retor setting is required for part throttle running. 
The re(\uired amount of enrichment is de|:)endenl 
upon air temperaiuiej 3 and load conditions and is 
properly controlled by the thermostat spring. 

Acceleration. Quick opening of the throttle causes 
the vacuum in the manifold to suddenly diminish. 
Because the carburetor cannot entirely correct for 
any sudden change in manifold vacuum or air veloc¬ 
ities due to over-acceleration during the warm-up 
period, an independent, automatic mechanical cor¬ 
rection is necessary to get solid acceleration while* 
the engine is cold. With the drop in vacuum, the 
spring under the floating piston forces it to the toj) 
and transfers the air to tiio top of the accelerating 
liston, forcing it downward to give a partial choke 
or a short interval. The amount of correction nec¬ 
essary gradually decreases as the engine apjiroachcs 
stabilized temperature and the accelerating action of 
the automatic control is dciTetiaed accordingly. 
After the engine becomes warm, the action of the 
accelerating piston is negligible. 


* From literatun*. Appliow to itkkIi I ISIS (' rm 

\ised on SuriuB 50, 60 anil 00, 1034 Huicks. 

’ Dyke'n Carburetor Book deals with tho subjects of carbme- 
tor$, furl feed Hynlemi, cjchaugt-f/as ntialynia and also fully explaitiH 
the subject of Btrontberg automatic choke control Pnen 50 
Address: Tho Goodheart-Willcox Co., Inc,, 2000 South Michijr/ui 
Ave., Chicufto, III. 

> The carburetor control model 408-IJ, used on the Buick 
Series 40 is essentially the same excepting that it la^'ks the ;ii ■ 
ccleruting feature. 
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Fig. 1. Automatic Carburetor control showing the relation of parts; engine cold, not running (Model 40H-C' i 
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Inspection of Parts 

To diMMomblo the aatomatio carburotor control, re- 
moM tht plate at the bottom and take <nU the link ptn in 

tho osd of toe thermostat spring taking oare to not distort or 
destroy the tension of the thermostat spring. Then remore the 
cyli^er head screws which will allow the head and bellows to 

r^noved. The cylinders should>be dry and free frdirt or 
oil. Examine the seal between the cylinder head and easting. 
There must not be any boles or breaks in the bellows, (The 
bellows is made of thin material and should not be sCretehed or 
compressed solid.) Use a new head gaeket when reassembling. 

Adjust men la 

The units are properly calibrated at the factory and should 
require very little attention in the field; however, a few of the 
following conditions must be considered to assure proper op¬ 
eration before making any changes or replacement. 

Binding of moving parts. If the control do<'s not seem to be 
oneratiug properly, first (•hc< k to see that there is no binding 
of the moving parts, Disconnrrt the linknf/e between the choker 
fly and the control hter and determine if there la any binding in 
the choker fly. Cheek the automatic control by moving the 
lever up and down. All moving parts must work freely and the 
lever mu.st always come buck to the position in which it was 
found at the time of checking Make sure that all moving parts 
and joints are clean and free from oil. Never oil any pari of the 
control mechanism. 

Rich or lean starting. Improper sotting for initial clwing 
temperature of the choker fly or improper functioning of the 
automatic control unit itself may be responsible for either a 
rich or lean mixture when starting. To check proper setting for 
initi'd closiny temperature, check length of control rod. If the 
control rod or link is too Jong, the starting mixture wnll tend to 
be too rich, likewise, if the rod is too short, the starting mixture 
will be lean. Hcinovo the rod from the control lever. With 
the control lever held down against the stop and the cliokcr 
fly closed, adjust the ro<l length to fit into the adjusting notch 
at the end of the lever, and then reassemble the ro<l to the lever. 


.4 fiwn mixture on aeeeleration or the absence of the momentary 
opening or “hop-o/** of the choker fly on etarting may be causes/ 
by a leaking cneek valve in the top of the accelerating piston 
It the control lever does not return to the oloeed position im 
mediately after the “hop>ofr.’' it would indicate that the check 
valve is not opening. 

Locatinf adjusting plate. The pi^ throttle setting is in¬ 
dicated by the adjusting plate. This is set at the factory in the 
center notch between RICH and LEAN to provide travel 
of the bellows and should be changed only to compensate for 
extrema conditions. 

Improper take off. If the enmne fails to start after several 
trials, with the choker fly in the full ohoke positioti, it will 
probably be flooded. The ohoker fly may be opened py band 
to permit the ennne to be started but should be nm until 
the flooded condition is eliminated. (The ensne should be 
warmsd np as little as possible to facilitate further checking if 
necessary.) 

When the opening of the choker fly, after starting, is not 
correct, chock for the following conditions: 

1. Freeness of moving parts. (See binding of moving parts.) 

2. Metering pin adjustment not set for proper timing of 
bellows movement. 

3. Metering pin lock nut not tight. 

4. Gasket between automatic control and riser leaking, re- 
duoing effective vacuum. 

h. Vacuum hole in riser obstructed or leaking. 

6. Bellows not holding vacuum. 

The bellows movement is controlled by the adjustment of 
the metering pin which restricts the air passage. If timing of 
the bellows is necessary, allow engine to cool until choker fly 
returns to the closed position. Start the engine and check the 
time required for the control lever to travel to the upper posi¬ 
tion. It should take 12 to 15 seconds to complete this move¬ 
ment. This "take-off” time can be increased by turning the 
metering pin to the right for greater restriction of the air pas¬ 
sage Similarly, the tuning is decreased by turning the pin to 
the left. Adjust only a very slight amount. After the metering 
pin lock nut is tightened, again check the time required !'*•' full 
travel. d 


STARTING MOTOR CONTROLSi 


Semi-automatu: starting combined with the Delco- 
Remy clutch type of starting motor drive provides 
positive mesh with the flywheel until the engine 
starts. A solenoid switch mounted on the starting 
motor makes these desirable features possible. 

Solenoid switches are remotely controlled in 
three different ways. The push huiton switch 
mounted on the instrument panel, Fig. 1, is one 
method of control. A combination of a control 
refay* and a vacuum suntek^ operated by movement 
of accelerator, Fig. 2, is another form of control. 

The vacuum switch and relay combination is used in 
a single starting circuit to give protection against 
starting motor cranking while the engine is operat¬ 
ing. If the generator is shorted or the belt is broken, 
the starting motor will he protected by vacuum con¬ 
trol alone. If the vacuum \init is not operating prop¬ 
erly, due to leaks or other causes, the starting 
motor will be protected by the relay. 

These remote control devices or switches are con¬ 
nected in the ignition circuit; therefore, they cannot 
be operated while the ignition is off. 

Adjustments 

Solenoid switch adjustment: It is essential that 
relation between the overrunning clutch drive and 
solenoid switch be maintained within proper limits. 
Bottom the solenoid plunger, and adjust the stud 
linkage so that there will be H inch clearance be¬ 
tween the end of the pinion and the starting motor 
drive housing. 

The pinion clearance adjustment can only be ob¬ 
tained accurately after starting motor is removed 
from the car. Checking the pinion clearance should 



Fig. 1*. Solenoid switch controlled by a push button switch 
on the instrument panel. The operation is as follows: Inside 
the solenoid is a heavy plunger which is connected by linkage 
to the pinion shift lever. When the ignition switch is turn^ 
on and the solenoid re,mote control sivitch is closed the plunger 
pulls the pinion into mesh with the flywheel teeth. The pluni^r 
movement continued, closes the switch contacts; thus permit¬ 
ting the starting motor to crank the engine. 

As the plunger bottoms, the contact spring plunger (B) is 
compressed. The amount of movement of the plunger after the 
contacts are closed is the amount that the contact plunger 
^ring (A) is compressed. As soon as the remote control switch 
is opened, after the engine fires, spring (B) quickly moves the 
contact disc away from the terminals. Openinfi' the solenoid 
remote control switch after the engine starts will permit the 
return spring on the shift lever to demesh the pinion. 

If the starting motor stalls when cranking the engine, due to 
a weak battery, the torque or pressure between the pinion teeth 
and the flywheel teeth is sufficient to hold the pimon in meeh. 
As soon as the solenoid remote control switch is opened, the 
contact plunger spring (B) which has been compressed will 
move the contact disc away from contact terminals. The slot 
in the end of the shift lever permits the heavy planter to be 
moved this distanee. As soon as the starting motor switch 
euit is opened, the pressure between the pimoa and flywheel 
teeth is relieve and shift lever return spring will demM the 
pinion. 


I From Dsloo-Remy Service Manual (1933). See also, pages 15, 19 of Addenda No. 1 for Startix and Dyneto automatic startiBg 
■witoh. 

* Control relay on 1933 oars was mounted on generator and on 1934 oars is mennted with the solenmd switch as a omiqjlste unit 
en the starting motor. 

* lUastrations are from MoTeJI, New York. 
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Fig. 2. Solenoid switch controlled by « vacuum switch and 
relav. The operation is as follows: Thf* tyicuum ffu'itc/i is oper¬ 
ated both manually and by vacuum. The switch lever la linked 
to the accelerator pedal, therefore, rrankine of the engine is 
obtained bv depreaeing the accelerator pedal The vacuum in 
the manifold after the engine atarta w'lU open the circuit througli 
the vacuum switch, thereby pulling the contact plate aw.>> 
from the contact surface and bringing the starting motor to ren 

The rotary motion given the contact plate by the switch am* 
also controls the closing of the circuit. Fust the throttle is in 
the closed position. As soon aa the accelerator pedal is de¬ 
pressed, the switch plate is rotated and tlie throttle is oponiKl 
aa the circuit is closed throuch the switch. When tin* engine 
starts, the high vacuum will latch the contact plate ttNM.*rnbly 
in open circuit position. The throttle can then be moved to the 
wide open position without allowing contact even thougl* the 
vacuum decreases at wide open throttle. Whenever a cur is 
free-wheeling the accelerator pedal is in the closed throttle 
Iiosition. In ease the engine stalls while the car is free-w’hcehiiR, 
the contact plate is unlatched and is allowed to move back to 
the contact surface. When the accelerator is depressed, the 
circuit through the vacuum switch will again be completed for 
cranking of the engine. tShould the starting motor stall, it is 
only necessary to release the aecelerutor pedal which will in 
turn open the vacuum switch circuit. The pinion will be re¬ 
moved from mesh by action of the solenoid switch and shift 
lever return spring. 

When the ignition switch is closed, the winding in the rrhiy 
will be energiaed by the current passing through the vacuum 
switch on through the relay winding to ground Energizing the 
relay will close the relay contacts. Closing of the contacts com¬ 
pletes the circuit between the battery and the solenoid switch 
remote control terminal. The contact points in the remote 
control relay close at a max. of 4.0 volts and will remain closed 
while cranking until the battery voltage becomes 1.8 volts or 
leas. After the engine starts, the generatorvoltagebuild8up,nnd 
aa soon as the difTorenre between the generator voltage and 
battery voltage is 1 8 volts or less, the relay contact points will 
open. 



Fig. 3. Magnetic switch controlled by a push button switch 
on the instrument panel. The operation is as follows: 'Ih« 
magnetic switoh controls the starting switch contacts which 
permit the panion to mesh with the flywheel. This switch is 
used with starting motors having Bendix type of drives. It is 
remoUly eentroUmf a jm9h button switch on the instrument 
panel. The operation of the contact plunger springs and disc 
is the same as that given for the solenoid switch. 


Vacuum switch adjustments: The vacuum ewitoh 
lever is provided with a pointer which will assist in 
obtaining the proper relation between the switch and 
throttle. On the nm of the back is a white mark. Ad¬ 
just t'ue carburetor throttle so that en^e will idle 
and then adjust the vacuum switch limcage so that 
the pointer will be opposite the white mark. Refer to 
c®r manufacturer's detailed instructions covering 
such adjustments pertaining to the engine. 

Teaf—Frequently it is advisable to check the vac¬ 
uum switch. Even though it is not functioning 
properly it will not impair the starting operation as 
long as the relay is functioning, but both control de¬ 
vices should be kept in good condition in order to 
assure dud protection against cranking while engine 
is operating. Correct operation of this unit can be 
determined in the following manner: 

1. With engine idling disconnect the two leads on 
the vacuum switch. 

2. Connect a 110-volt test lamp on the two ter¬ 
minals. 

Open the throttle to increase engine speed. (No 
light should occur from idle to nigh speed.) 

,4. With the engine still idling disconnect the 
throttle lever from switch ana movo the switcli 
through the complete range of travel. (Lump 
should not burn or no binding should occur 
through the total range.) 

T). With the lever in the center position disconnect 
the vacuum line. Move lever to full throttle 
|H)8ition and return to within yi inch of idle 
jK)sition or white lino on the switch case. At 
this position, H inch ahead of white line, the 
contact assemoly will be reloasod giving a click¬ 
ing noise. (Test lump should not light ut uny 
time.) 

(>. After contact assembly has been released move 
the switch lever forward Vlj' travel com¬ 

pleting the circuit through the switch. 

(The test lamp should light.) 

Relay adjustments: The contact point opening oi 
the remote control relay for the solenoid switch 
should be .025-.()30 inches. With the contact points 
closed, the air gap between the armature and core 
Hhouhl be .010-.014 inches. Contact points close al 
a max. of 4.0 volts, and open at 1.8 volts or less. 

Test —The control relay should be kept in good 
operating condition for the same reason as given for 
the vacuum switch. Correct operation of this unit 
can be determined in the following manner; 

1. With the engine idling disconnect the solenoid 
lead from “S" terminal of relay. 

2. Remove the relay cover and check to see that 
relay contact points are ofren at all engine 

' speeds greater than approximately 8 m.p.h. 

:t. If adjusting the relay will not give correct Of>- 
eration the unit is probably open-circuited or 
short-circuited and should oe replaced. 

Starteraior^ 


be included in the bench test. This operation can 
be accomplished best by using the battery current 
to hold the plunger in the bottom position while ad¬ 
justing the plunger stud linkage. Open the battery 
and starting motor circuit between the Parting 
motor and solenoid switch so that the pinion will 
not spin. Close the circuit to the remote control 
switch terminal on the solenoid switch. Push the 
plunger into the bottom position by hand. The 
battery will then hold the plunger in the correct 
for making pinion clearance adjustment. 


The starter mechanism on the Chevrolet Master 
model passenger cars* is connected through a vac¬ 
uum controll^ diaphragm to the accelerator rod, 
when the endne is not operating. When the start- 
erator trea<lle (8) is depressed, the starting motor 
switch (1) is closed by means of starterator linkage. 

As the enmne starts, vacuum is created in the in¬ 
take manifold, and this vacuum acts upon the dia¬ 
phragm of the vacuum control (12), disconnecting the 

I Bee footnotea on next pase 
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starter control and permitting the starterator treadle 
(8) to operate only as a throttle,* Fig. 1, 

The advantage of the starterator lies in the fact 
that in the event the engine is accidently stalled by 
the driver, the normal driving movement of the 
operator's foot will start it again. 



Fik* 1. View showing the parts of the Chevrolet *'Startera- 
tor,** Names of parts are: (1) starting motor switch mounted on 
ibe starting motor; (2) suction pipe from intake manifolS; 
(3) starter treadle link; (4) accelerator rod; (5) flattened portion 
of accelerator rod near the treadle, in which a notch is cut: 
(6) round section of accelerator rod; goes through the toe board 


to connect to the treadle; (7) starter control fork; upper end 
of this lever fits in the notch in accelerator rod when engine is 
not operating; connects the starter control with the throttle 
control; (S) starterator treadle; (9) fork end of starter control 
fork hinged to starter cross shaft; (10) starter cross shaft; 
(11) starter control connecting rod ;(12) vacuum control; (13) 
Delco-Remy starting motor model 7348 employing a Bendiz 
drive; has a 9 tooth pinion which engages with 132 teeth on the 
flywheel ring gear, producing a ratio of 14.0 to 1. 

Care aad adjustment: There are four very im¬ 
portant adjustments to the cross shaft of the 
starterator mechanism. 

First, the starter control fork must clear the floor board W. 
To obtain this clearance: Remove the toe boards and place the 
starterator gauge guide pins i nto the toe board anchor nut holes, 
loosen check nut and turn the adjusting screw (A) until starter 
control fork just touches gauge. Remove gauge. 

Second, the starter control must be to the left of the right 
angle to the cross shaft. To set: Loosen check nut and turn 
adjusting screw (B) until the starterator control fork is 
past the 00 degree angle with the cross shaft. Tighten check 
nut. Replace toe board. 

Third, there must be clearance between the face of the 
starter control and slot in the accelerator rod. To obtain this 
clearance; Disassemble accelerator rod from the accelerator 
bell crank on side of engine. Loosen clevis end check nut and 
screw clevis in or out to give clearance between the starter 
control fork and the back edge of the notch in the accelerator 
rod. 

Fourth, to mve the throttle a load over the starting motor 
switch: The clearance to give this throttle opening, is secured 
between the starter link and the starting switch spring seat. 
This clearance should be ‘A' and is obtained by installing or 
removing snap springs at (C). 


1 From the Chevrolet Repair ManuaU 1934. 

* The starterator is used only on the Chevrolet Master Passenger model. The Standard model and the trucks have separate 
starters and accelerators. The truck uses the same starting motor as the Master Passenger with the Bendix drive and the same 
number of teeth in the starting pinion and flywheel. It has a button type accelerator pedal. The Standard model starting motor is 
Delco-Remy No. 714-L with Bendix drive, havmg 10 teeth in the pinion and 104 teeth in the flywheel, giving a ratio of 10.4 to 1, 
In this model, a treadle typo accelerator pedal is used. 

* At high engine speeds or at wide open throttle positions, the vacuum decreases to a minimum but since the fork (7) can only 
engage the offset on the accelerator r(M after the accelerator is released, it is not possible for the starting motor to be operated. 


OIL BATH AIR CLEANER 


The Ford oil bath air cleaner* is designed for eflSciently oil 
washing the inlet air to the carburetor of the engine, where dirt 
and dusty conditions are too severe for the ordinary screen type 
silencer. The wear from friction of an internal combustion 
engine is largely determined byjtbe condition of the air taken 
i n through the carburetor. 

Function: The dust laden air enters the opening near the top 
of the outside wall of the cleaner, passes downward and strikes 
the surface of the oil in the reservoir where a large percentage of 
the dust is immediately removed from the air stream. The oil 
spray carried into the filter by the air stream returns to the 
reservoir just as soon as decreased velocity of the air allows 
gravity to change the direction of the oil travel. As the oil 
washes back into the reservoir cup, the remaining dust in the 
air stream is carried with it. (See Fig. 1.) 



Fig. 1 


1 From Feb., 1036, Ford Service Bulletin by permission. 


Another oil bath air cleaner, a smaller 
typ^ known aa the hat-type, designed primarily for installation 
on Ford panenger and light oommeroial oars equipped with 
down-draft carburetors, has been released for service. 


There are two hat-type air cleaners. 

Sse SuppUmtrUary Index for addi¬ 
tional infonnatioa on tJr oleanen. 


In the Ford oil bath air cleaner, the oil level is located closely 
to the filter element. This insures an oil wash at a compar¬ 
atively low engine speed. 

A baffle prevents an excessive amount of oil being carried 
into the filter at high speed. These two features insure high 
cleaning efficiency over a wide range of engine spieeds. The 
baffle also enables the trapped dust to settle into a solid mass at 
the bottom of the reservoir. 


Service and Maintenance Instructions 


The cleaner is so constructed that as the oil washes the dust 
out of the air. the greater portion of this dirt is deposited im- 
m«iiatelyin the cup or reservoir, When the engine is operating 
steadily under very severe dust conditions, such as excavating 
work or over bad dusty roads, it may be necessary to clean the 
cup and refill with fresh oil twice a day. Under average normal 
conditions, the cup need only be cleaned and refilled at the time 
of changing oil in the engine crankcase. 

To refill the oil reservoir or cup: Loosen two wing nuts and 
twist the cup clockwise about 1". It can then be removed by a 
downward pull. When off. empty the oil, clean the dirt out 
with a piece of waste or rag. refill to the center of the designated 
oil level and put back in place by reversing the operation for 
removing. 

Viscosity of oil: The same grade of oil is required in the 
cleaner as in the engine crank ease, except in those instances 
where an oil heavier than SAE 40 is being used in the engine. 
SAE 40 is the heaviest oil that should be vised in the cleaner. 

Where extremely cold temperatures are encountered, it is 
advisable to use SAE No. 10 oil having a low cold test. 


Filter elemeat: It is not likely that the filter element will 
ever need attention. If for any reason it has to be serviced, it 
can be removed in the following mannes: (1) Take out the 
serews and remove the baffle at the bottom of the filter element. 

(2) Remove the screen above the baffle by pressing one side 
aninst the filter element far enough topermit the opposite edge 
of the screen to come out past the baffle support brackets. 

(3) Carefully remove the filter element in the same manner 
as used in removing the screen. The filter consists of several 
units. Remove one unit at a time. 


(4) Clean these units by dipping them in a small container cf 
gasemne. If the top screw is removed, be sure when reassem¬ 
bling togetitbael^intoits original position, with concave center 
toward tne filter dement. 
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BENDIX-HUDSON ELECTRO-VACUUM TRANSMISSION GEAR SHIFT' 


The ptirpose is (a) to shift geare without removing 
hand Irom steering wheel, (6) easier shifting by 
eliminating manual shift through hand-opera^ 
lever, (c) more room in front seat by diminating 
hand-gear shift lever. When this device is installed, 
the hand-brake lever is mounted on the dash, as 
shown on page 885, Fig. 7A. 

Operating Instructions^ 

The Hudson and Terraplane ^‘Electric Hand^ 
transmission control, with “finger-tip’^ control as it is 
termed, has a small lever (selector switch) under the 
rim of the steering wheel This lever has five posi¬ 
tions arranged in tW form of the letter H correspond¬ 
ing to the neutral, three forward, and reverse posi¬ 
tions of the standard transmission shifting lever. 
This lever is easily moved to any of the forward gear 
positions to select the gear desired. As a safety 
feature, it is necessary to lift up on the lever and 
at the same time push forward in order to get into 
the reverse position. 

To operate car equipped with '*finger-tip” control; 

(1) depress the clutch pedal, (2) turn on the ignition 
switch, (3) press the starter button. Now, with the 
engine running and the clutch disengaged (if vacu¬ 
um clutch control is being used, it is not necessary 
to hold the clutch disengaged with the foot after the 
engine is started; simply take the foot off the ac¬ 
celerator pedal), move the finger-tip control to the 
gear position desired and the shift will be completed 
immediately. Allow the clutch to engage while de¬ 
pressing the accelerator, and the car will move 
normally for the gear selected. When it is desired 
to make another shift, simply depress the clutch 
^)edal, move the finger-tip control to the gear desired, 
and allow the clutch to ro-engage. 

A iraall toggle cut-out switch mounted on the control arm 
can be uaed to make the tinger-tip control inoperative. 

In order to ehift transmission when the engine is not running, 
a sifting lever it held to right-hand front door lock pillar by 
a email strap. The shifting lever can^e put in place and anv 
doeired shift made after the clutch pedal has been depressed. 
The toggle switch on the selector switch housing should be 
turned on while the shifting lever is in place. 


Mechanical Conneclions 

The actual appearance of the device is shown in Fig. 1: but 
:o understand the mechanical connections, refer to Fig. 2. 



A conventional aelectivn-type three-ap—d transmiaaion has 

two shifting rails (B) and (C) (Pig. 2). When (B) and (C) are 
centrally located, the transmiation is in neutriu. Other posi¬ 
tions are: (B) forward is high. (B) rewward is second, (C) 
forward is low, (C) rearward is reverse. The rails (B) and (C) 
are moved by a shifting lever (A), Lever (A) cannot move 
across from (B) to (C) or from (C) to (B) nnless both (B) and 
(C) are in neutral position. The foregoing mechanical con¬ 
nections are true of any regular threenip^ transmission. The 
following describet how the movements of shifting lever (A) are 
actuated by vacuum: 

Crosswise movement of (A) is controlled by the diaphragm 
cylinder. The spring (Y) pushes the diaphragm rod forward 
and rotates the slotted lever (F), thereby holding shaft (£) to 
the left. Through the socket connection between (E) and (A), 
shifting lever (A) is also held to the left and into engagement 
with rail (B). * 

If vacuum in admitted to the rear of the diaphragm cylinder, 
the diaphragm will be drawn to the re4ir, compresMng the spring 

(Y) . The diaphragm rod will move to the rear, rotating (F) and 
moving (E) and (A) to the right. This causes (A) to engage 
rail (C). 

Forward and rear movement of (A) is controlled by the 
shift cylinder. When vacuum is admitted to the front end of 
the shift cylinder, the niston and its rod are drawn forward. 
This moves fG) forward. As (G) is connected to (A), shifting 
lever (A) will also move forward. 

In a similar manner, if vacuum is admitted to rear of the 
shift cylinder, (A) will move to the rear. If vacuum is ad¬ 
mitted to neither the front nor the rear, shifter piston and (A) 
will move neither forward nor backward. 

Control of Vacuum 

The diaphragm cylinder is controlled by vacuum valve (22) 
(Fig. 2), which in turn is actuated by solenoid 3 (Fig, 2). As 
shown in Fig. 2, solenoid 3 is not energised because no current 
is flowing through it. The spring therefore holds the valve in 
the upper position, aa shown in Fig. 2, and atmosphere flows 
down the passage to the right of (22), thence under the piston 
and to the pipe (19) leading to the diaphragm cylinder. The 
atmospheric pressure permits the spring (Y) to hold the dia¬ 
phragm in forward position. 

When .solenoid 3 is energired by an electric current, valve (22) 
is drawn down by magnetism against the spring and assumes the 
position shown in Fig. 3. Vacuum is now admitted from the 
engine, through valve (22), through pipe (19), to the rear of 
the diaphragm. The v'acuum draws the diaphragm to the rear, 
compressing the spring (Y). 

The shift cylinder is similarly controlled. Solenoid 1, when 
energised, lowers valve (20) to admit vacuum to the front of 
shift cylinder, drawing tne piston forward. Solenoid 2, when 
energized, lowers valve (21) to admit vacuum to the rear of 
shift cylinder, drawing the piston to the rear. When neither 
solenoid is energised, atmospheric pressure is admitted to 
both ends of the cylinder and the piston remains stationary 

Electric Contacts 

The various electrical contacts for the functioning of the 
device consist of three sets of manually controlled contacts and 
two sets of meohanioslly controlled contacts. 

The circuit-breaker must be closed before any of the circuits 
shown can be completed. It is closed when the clutch is dis¬ 
engaged (pedal depressed) and is open when the clutch is en¬ 
gaged (p^al released). 

The contact sleeve is part of the selector switch. The spring 

(Z) on selector switch holds the small switch lever to the right, 
80 that the contact sleeve e-stablishea a connection from contact 
(10) to contact (9), as show n in Figs. 2 and 4. Whenever the 
switch lever is moved to the left compressing spring (Z), the 
contact sleeve establishes connections from contact (10) to con¬ 
tacts (11) and (12), as shown in Figs. 3 and 6. 

The selector switch contacts are controlled by rotating the 
selector switch lever. When the lever is in neutral position, 
connection is established from (13) to (16), as shown in Figs. 
2 and 3. When the selector switch lever is moved forward (into 
either reverse or second), connection is established from (13) 
to (14), which position is not shown in the illustrations. When 
the selector switch is moved to the rear (Into either low or 
high), connection is established from (13) to (16), as shown in 
Figs. 4 and 6. 

The interlock switch is mechanically operated by the dia¬ 
phragm cylinder. When the diaphragm is in forward position 
(this is always the case when shift lever (A) is engaged with 
rail (B)), the interlock is also in forward poeation and establishes 
connections from (2) to (4) and from (l) to (3). as shown in 
Fig. 2. When the diaphragm is in rear position (thisis always 
' the case when shift lever (A) is engaged with rail (C). the inter¬ 
lock switch is in rear position and establishes oonnections from 
(1) to (2) and from (3) to (4), as shown in Fig. 3. 


1 Known as the ‘‘Hudson Electric Hand" as produced by the 
Bendix Products Corporation, and known to Bendix as the 
"Bendix Finger-Tip Gear Shift." 

* Compiled from Hudson Reference Sheet No. 3 (1936). 



Fig. 2. Tne transmissuon is in A ll C r/?.4L. The selector switch has nut b«en moved. Fig 3. The transmission is in TT/?A The selector switch has been moved to left- 

therefore spring (Z) bol^ it to the right. Shifting lever (A) is engaged with rail (B). neutral position. Shifting lever (Ai is engaged with rail fCi. 

Insert A shows the forward position assumed by the contact-plate assembly when the trans¬ 
mission is in either low or high. Insert B shows the rear position aseumed by the contact- 
plate ajy^mbly when the transmisston is in either reverse or second. 
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The contact plate auemhly (see Fi|. 2) is mechanically 
operated and consists of an insulation block (O) mount^ on 
the conneotinc bar (D); a three-fincered contact (L*L) mounted 
on (O); and another three-fingered conUct also mounted 

on (O). CTontact (L-L) is insulated from contact (M-M). 
The contact plates (P), (T), (W), (Q), (U) are stationary. 
Contacts (lUL) and (M-M) are morable, since they are mount^ 
on connecting bar (D), which is controlled by the forward and 
rearward movements of (A). The contact plate assembly has 
three positions. 

When (A) is in neutral, the contact plate assembly is also in 
neutral, as shown in Fig. 2, thereby establishing connections 
through (L-L) from (P) to (T) and through (M-M) from (Q) to 

When (A) is in forward position (transmission in low or high)* 
the contact plate is also in forward position, as shown in Inaert-A 
(Fig. 2). In forward position connections are established 
through (M-M) from (Q) to (W) to (11). 

WTien (A) is in rear position (transmission in reverse or 
second), the contact plate is also in rear position, as shown in 
Insert-B (F^g. 2). In rear position connections are established 
through (L-L) from (P) to (W; to (T), 

Shifting from Low to High 

The position of the transmission in low is shown in Ftg 4. 
Shifting lever (A) is forward and engaged with mil (C). Since 
(A) is forward, the contact plate is also forward, as shown in Fig. 
4. Since (A) is engaged with (C). the diaphragm is in rear 
position and the interlock switch is in rear position, as shown 
in Fig. 4. The selector switch has been placed in high, but no 
circuits will be completed until clutch pe^l is depressed. 

First movemeni: When clutch pedal is depressed, the circuit- 
breaker closes. Completed circuit is from batlerjr-ignition- 
switch-circuit-breaker-cut-out hwitch-(10) -(0)-(3)-(4) (W) 

(M-M)-(U)-solenoid 2-grouiid-battery. Solenoid 2 is therefore 
energized, which applies vacuum to rear of shift cylinder. This 
causes shift cylinder piston to move (A) and (C) rearward into 
neutral position, and consequently the contact plate assembly 
moves to neutral position. This movement of contact plate 
assembly opens the circuit mentioned by destroying tbs connec¬ 
tion between (W), (M-M), and (U); and therefore solenoid 2 
is no longer energised, the spring raises valve (21), admitting 
atmosphere to rear of shift cylinder, and no further movement 
occurs in the shift cylinder. The first movement ends with (A) 
still engaged with (C), which has moved to neutral. 

Second movement: Wlien the second movement starts, the 
contact plate is in neutral position and the interlock switch is 
in rear position. There are now no completed circuits, and no 
solenoid is energized. Therefore, no vacuum is applied. The 
spring (Y) pushing the diaphragm forward can now move (A) 
to the left into engagement with (B), because both (B) and (C) 
are in neutral. This diaphragm m<ivement forward moves 
interlock switch to forward position. I'he second movement 
ends with (A) engaged with (B), which is still in neutral position. 

Third movement: When the third movement starts, the con¬ 
tact plate is in neutral position and the interlock switch is in 
forward position. These positions permit a completed circuit 
from battery to (10)-(9)-(3)-(l)-(l.'i)-(lO)-(P)-(L-L)-(T)- 
solenoid 1-ground-battery. Solenoid 1 is therefore energized, 
which applies vacuum to front of shift cylinder. This causes 


shift cylinder piston to moyo (A) and (B) forward to gear 
position. thereby completing the ahiftl&g proeeee. The forward 
movement of (A) oaueee contact plato aaeombly to movo to fo^ 
ward position, so that, whan tha movamont onda. tho cirouU is 
broken by opening the oonnection bet wood (P), (L*L), and (T>,\ 
thereby ae-enargising eolenoid ! and diseonnecting the vacuum 
from the shift cylinder. 

Inactive contact! were eetabliahed during the three move¬ 
ments because they did not complete oirouits. These circuits 
can be traced to an open point as follows: Dnring tho first 
movomont connection (13) to (10) ia inactive booa^ (10) is 
open at (P), elnoe the oontaoi plate ia in forward podtioo. 
(0) to (U) ia inactive because (Q) is open at (14). Connection 
(2) to (1) ia inactive because (2) ia open at (12). 

Inactive contacts dnring tho other movements and at the 
end of the third movement can be similarly traced. 

Shifting from High to Low 

The position of tho tmnamlssion in high is shown in Fig. 5. 
Shifting lever (A) is forward and engagoa with rail (B) ; there¬ 
fore the contact plate ia also forward, as shown in Pig. 5. 
Since (A) ie engaged with (B), the diaphragm is in forward 
position and the Interlock twitch is in forward position, as 
shown in Fig, A. Selector switch has been placed in low, but no 
circuite willoe completed until clutch pedid is depressed. 

First mevsmerU.' 'When clutch pedal ia depressed, the circuit- 
breaker closes. One completed circuit ia from battery-ignition- 
Hwitch-circuit-breaker-cut-out ewitob-flOl-flll-iimcnoid 3. 
This circuit tries to pull (A) to the right, but no crosswise move¬ 
ment can occur because (B) ia notin neutral. The other com¬ 
pleted circuit is from batlery-'lgnition-ewitoh-cirouit-breaker ■ 
out-outswitoh (10)-(12)-(2)-(4)-(W)-(M-M)-(U)-^olenold 2- 
ground-bsitery. Solenoia 2 is anergiaed. which applies vacuum 
to rear of shift cylinder. This causes shift oylinaer piston to 
move (A) and (B) rearward into neutral position, and conse¬ 
quently the contact plate assembly moves to neutral ppsition. 
This movement of contact plate asMembly opens the circuit men¬ 
tioned by breaking the connection between (W), (M-M), and 
(XJ); and therefore solenoid 2 ia no longer energized and no 
further movement occurs in the shift cylinder. The movement 
ends with (A) engaged with (B), which has moved to neutral. 

Second movement: When the second movement starts, the 
contact plato is ia neutral position and the Interlock switch is in 
forward position, as shown in Fig. A. Gompletad circuit is from 
baUery~(10)-(ll)-eolenoid 3-ground-battery. Bolenoid 3 is 
therefore energized, which applies vacuum to rear of dia¬ 
phragm cylinder. This oausee diaphragm to move to rear and 
shitts lever (A) to the right into engagement with rail (C). 
I..«ver (A) can now make this crosswise shift because both (B) 
and (C) are in neutral. This diaphragm movement rearward 
moves interlock switch to rear position. The second movement 
ends with (A) engaged with (C), which isstillin neutral position. 

Third mopement: When the third movement starts, the con¬ 
tact plate is in neutral position and the Interlock switch is in 
rear position. These positions permit a completed circuit from 
b»tt.ery-(lO)-(ll)-iiolenoid 3, which keeps (A) engaged with 
(C) and another completed circuit from battery-(l0)-ri2)-(2) - 
(I)" (I3)-fl6)-(P)-fL^L)-(T) solenoid 1-ground-battery. Sole¬ 
noid 1 IS energiteu, which applies vacuum to front of shift 
cylinder. This oausee shift cylinder piston to move (A) and 
(C) forward to low gear position, thereby completing the shifting 
process. The forward movement of (A) causes contact plate 
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to move to forward potitioo. When the movement ende, the 
oirouit is broken by openine the connection between (P). (L-L), 
and (T), thereby de^nercisiim solenoid 1 and disconnecting the 
vacuum from the shift cylinder. Solenoid 3 remains energised 
and vacuum will continue to be connected to the diaphragm 
cylinder until the clutch is engaged so that circuit breaker is 
open. 

Adjustments 

Cross-shift: Note: The stop screws have been omitted on 
later production and can be removed from tranamissiona that 
were equipped with them. 

DiaphfM^m ^linder shaft: Remove clevis pin. Loosen 
lock nut (X) . With bell crank lever (F) pushed forward ao that 
atop aorew (K) ia againat i ta atop, turn the clevis until the clevis 
pin hols is 1/V'ahead of the holeinthelever when the diaphragm 
cylinder rod is in its extreme forward position. Tighten lock 
nut (X). Push diaphragm cylinder rod back to align holes and 
replace clevis pin. 

Interlock switch: (1) Shift tranamisaion into low gear and 
then into high gear. The p<nnter on the interlock awitoh lever 
ahould regiatw with the line on the interlock awitoh cover. If 
not, adjust as follows: (2) Loosen front atop: then turn rear 
atop until alii^nment ia obtained while i nterlock awitoh lever ia 
held back against rear atop. Then tighten front atop. (3) Shift 
tranemiaaion into low gear, then to high, and recheck to aec 
that pointer registers with line on interf^k switch cover. 

Cylinder piston rod: (1) Shift tranamisaion into high gear. 
Remove clevis pin (N) from lever (G), (2) Push rubber piston- 

rod guard back and loosen lock nut on piston rod. (3) Turn 
rod end until clevis pin (N) can be reinserted with the piston 
rod pulled to its extreme forward position. (4) Push piston 
rod back and lengthen four threads by turning clevis. Tighten 
look nut. (5) Reinsert clevis pin (N). 

Clutch circuit-breaker; With clutch fully engaged, the 
pointer on the lever should be in line with the arrow on the 
top of the circuit-breaker housing. To adjust: (I) When 
equipped with automatic clutch control, loosen clamp bolt nut 
on bracket mounted on vacuum clutch rod and slide clip until 
pointer is in line with arrow. Tighten lock nut. (2) When 
not equipped with automatic clutch control, remove cotter 
key from circuit-breaker 1 ever pin. Loonen lock nut on operat¬ 
ing rod and remove rod end from lever pin. Turn rod end un¬ 
til it will slip on pm with pointer in line with arrow on housing. 
Insert cotter pin and tighten lock nut. 

The position of the circuit-breaker lever ia important. If the 
contact is made with too little clutch-pedal movement, the 
clutch will still be engaged when the shift is made; and if a gear 
has been pre-selectea, the shift will be made while the engine 
is driving the car. If the contact requiree too much pedal 
movement, the shift will not be cumpleted should the gears butt 
teeth. Jt ts necettarj/ to have a elight clutch drag before the 
circuit it brokm to turn the gears and insure enffogement. It may 
be necessary, therefore, to set cfTcuit-breaker lightly ahead of 
indicating arrow. 

Vacuum connections: Vacuum lines and fittings should be 
inspected for leaks. 

Electrical connections: (a) Check wire connections on inter¬ 
lock switch, make certain that all clevis pins and cotter pins are 
in place, (b) Inspect junction block on power unit to see that 
all six wires are in place, (c) Make certain that all soldered 
connections are intact in both portions of steering-column jack 


(to remove covers, twist, with jack assembled), (d) Check 
wiring harneeo for breaks or damaged insulation. 

Quick test for short circuit: With instrument panel lamp 
lighted, shift into all positions with eUotrio hand. Any ap- 
peciable dimming of instrument lamp in^catee ahortoircuit 
in that position. 

Gears are shifted with clutch encaged: Probably short cir¬ 
cuit in clutch circuit-breaker or improper poeition of circuit- 
breaker arm. (1) Check and, if necessary, a^ust dutch circuit- 
breaker. (2) Turn on ignition switch ara press starter button; 
if starter operates with clutch fully engaged, replace circuit- 
breaker. 

Electrical wiring: A competent electrician should be able to 
trace open and short circuits in the system by placing the trans¬ 
mission and the selector switch in various positions and follow- 
i ng the circuits as previously explained, if the selector switch 
is suspected, the selector on the car can easily be disconnected 
^ separating the separable jack on the steering column (see 
rig. 1). A selector that is known to be in good condition can 
then be connected to the lower portion of the jack and the 
system again checked. 

To assist in following the wires, they are colored as shown 
below. 


Wire Leading 

Coi,OK 

From -- 

To- 

Circuit-breaker 

(10) On selector switch 

Red 

(1) On interlock 
switch 

(13) On selector switch 

Green with red 
tracer 

(2) Qn interlock 
switch 

(12) On selector switch 

Green 

(3) On interlock 
switch 

(9) On selector switch i 

Red with green 
tracer 

(4) On interlock 
switch 

(W) On contact-plate 
assembly 

Black with yellow 
tracer 

Solenoid 1 

(T) On contact-plate 
assembly 

Yellow with black 
tracer 

Solenoid 2 

(U) On contact-plate 
assembly 

Yellow 

Solenoid 3 

(11) On selector switch 

White 

(W) On contact- 
plate assembly 

(15) On selector switch 

Black 

(P) On contact- 
plate assembly 

(16) On selector switch 

Blue 

(Q) On contact- 
plate assembly 

(14) On selector switch 

Brown 


TRANSMISSION WITH OVERDRIVE 


Purpose: The cruising gear as installed on 1935 
Nash cars permits operation of the car at high 
speeda with relatively low engine speeds. This is 
done by automatically reducing the transmission 
ratio to less than the 1:1 ratio employed in direct 
drive. A reduction in transmission ratio will cause 
a corresponding reduction in the total gear reduction 
of the car. Reducing the engine r.p.m. for a given 
car speed will effect savings in gasoline, oil, and 
engine wear. 

Opetrating instructions: When the oar attains a 
speed in excess of about 45 miles wr hour, the driver 
can engage the cruising gear by lifting his foot from 
the aoG^erator for about 11/2 seconds, during which 
time the engagement will be made automatically. 
When the car speed drops to speeds below about 
n^es per hour, the overdrive will be automatically 
disconnected and direct gear reduction re-estatn 
lished. If the driver does not wish to use the cruis¬ 
ing gear, he can lock out the overdrive by moving 
the Sector lever on the dash. 


Construction 

The cruising gear unit, as shown in Fig. 1, is bolted 
to the rear of the regular transmission. 

The main shaft (1) from the regular transmission 
is splined to the overdrive shift shaft (21), which in 
turn is splined to the free-wheeling cam (22). Sun 
gear (10) is held stationary to the housing through 
the dampener (6), cushion springs (6). and screws 
(9). Overdrive clutch assembly (IJ) containing 
pawls (14) is splined to shaft (21), and therefore 
rotates at the same speed as (21). The five plane¬ 
tary gears (12) with their pivots mounted on over¬ 
drive clutch cover (13) can rotate about the sun 
gear (10), which action causes gears (12)^ as they 
are meshed with (10), to revolve on their pivots. 
Internal ring gear (16) is in mesh with planetary 
^ears (12). Throu^ rivets (17) and assembly (18), 
internal gear (16) us integral with overdrive shaft 
(27). Shaft (27) is connected through universal 
joints and proper shaft to the rear axle differential 
pinion. 
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Principle of Operation 

With the selector lever la non-operating poaitioa, ahift aleeve 
(f) it moved to the rear (to your right as you see Fig. 1), there¬ 
by Bhifting shaft (II) to the rear and engamng the teeth on (11) 
Into the teeth (IS), consequently estabusning a direct connec¬ 
tion from shaft (1) to shaft (17). The unit then becomes, in 
effect, nothing but a straight shaft, and the drive is dli^t 
without free Reeling. 

With the selector lever in operating position, two conditions 
are possible, namely, (a) direct drive with free wheeling and (6) 
overdrive without free wheeling. 

Direct drive: With the selector lever in operating position, 
teeth (II) are no longer engaged with (IS) bemuse shaft (II) is 
moved forward into poeition as shown in Fig. 1. The drive 
from the regular transmission is then as shown in dotted lines 
in Fig. 1, as follows; From regular transmission main shaft (1) 
through splines to (II), through teeth (II) (which aie part of 
the free-wheel ^m) to free-wheel clutch rollers (10), to a»- 
.semblv (18), which is part of shaft (17) , thence to propeller shaft. 
It will be noted that there has been no effect on the gear ratio 
because (1), (II), and (II) are all splined together and through 
the free-wheel clutch are directly connected to (17). The only 
effect, so far, has been to introduce the free-wheeling clu.ch. 

Overdrive: At speeds above 46 m.p.h., the centrifugal force 
on Pauls (14) can be made to engage the overdrive chitch 
cover (IS). This engagement estabiisnes a direct connection 
between (15) through (14) to (18). The drive from the regular 
transmission is then as shown in the solid line on Fig. 1, as 
follows: From regular transmission main shaft (1), through 
splines (II), to overdrive clutch assembly (16), through pavns 
(14) to overdrive clutch cover (18), to pivots of planetarv gears 
(U) which mesh with internal ring gear (14). thence tnrough 
rivets (17) to assembly (18), which is part of snaft (17), thence 
to propeller shaft. 

Note that there ia now a direct connection from (1) to (11) to 
(II) to (14) to (14) to (18) on which are mounted the planetary 
gear pivots. The pivots and (18) therefore rotate at the same 
speed as shaft (1). Internal gear (16) is driven by means of 
planetary gears (11) rolling around the stationarv sun gear (10). 
The number of gear teeth on (10), (II), and (14) are such that 
gear (14) will rotate at a faster speed than (IS), and therefore 
at a faster speed than (1). Since (14) is directly connected to 
(27), it follows that (37) will rotate at a fu.ster speed than (1). 
In the Nash cruising transmission when in overdrive, the shaft 
U) revolves only .705 times the speed of shaft (27).' 


ITAen tn oMrdnve, the engta* ufill fAsrs/ers rsscfvs oX 0 rUy 70 1 /2 
per c«nt of the r.p.m. that it would be mttkino in dirett •< Mills 
car tpatd. In the Nash 3580 seriss the rear-axle ratio is 4.4 
and the tiree are 16X6.50. At a oar speed of 45 m.p.h. whan 
in direct drive, the engine will make about 2,424 r.p.m. At a 
car speed of 45 m.p.h. when in overdrive, the engine will make 
about 1.709 r.p.m. At a oar speed of 60 m.p.h., the engine will 
make about 3,332 r.p.m. in oireet and about 2,270 r.p.m. in 
overdrive. 


The overdrive clutch is shown in the lower illustration of Fig. 
1. At a car speed of 45 m.p.h. in direct drive, the centrifugal 
force exerted on pawls (14) is sufficient to overcome the re¬ 
sistance of springs (80) ana interlock balls (81) ; therefors the 
Mwls fly outward to engage openings in the clutch oover (18). 
When in direct drive, the speed of rotation of (18) with plane¬ 
tary gear pivots ie slower than the speed of the pawls (l4). If 
the pawls engaged under these oiroumstanoes, there would be a 
jolt in the oar. To avoid this, the pawls have a curved surface 
that iwmits their engagement only when speed of (14) is same 
as speed of (18). When the foot is lifted from the accelerator, 
the engine starts slowing down without slowing the oar. This 
action la permitted by the free-wheeling device. Since the car 
docb not slow down (27) and (14) remain at the same speed. 
As (14) will drive (IS) through gears (IS), the speed of (18) re¬ 
mains praoiically constant. As the engine is directly con- 
neiaed to (14), the pawls (14) will slow down until they have 
the same spe^ as (18). The pawls will then engage without 
jar. 

When the car speed drops below about 37 m.p.h., the springs 
(SO) overcome the centritugal force on (14) and also the re¬ 
sistance of interlock (81), thereby drawing the pawls inward 
and out of engagement with (18). The transmisrion is there¬ 
fore returned to direct drive. 

The dampner (5) and (4) permits a slight rotation of sun gear 
(10) when the overdrive engages. The shock of engagement is 
therefore reduced by absorption in the springs (4). 

Lubrication; Use S.A.E. 50 plain engine oil, low cold test, 
in winter and S.A.E. 70 engine oil in summer in both transmis¬ 
sion and cruising gear. Nash extreme pressure or other E.P. 
oils must not be used. 


^The principle of planetary gears is explained under Instruc¬ 
tion No. 85, 



Fig. Ij. Nash cruising gear or overdrive unit. The doUed Hnee show the path of power when in direct drive with free wheeling. 
The solid line* show the path of power when in overdrive. * 

Kamea of parts: (1) transmission spline shaft; (I) shaft-sleeve lock ring; (8) shift sleeve: (4) bronze washer; (4) shock cushion 
plate; (4) shock cushion spring; (7) sun gear thrust washer; (8) planetary gear oil ring; (t) shock cushion screws; (10) sun gear; 
(11) j^anetary gear assembly; (ll) planetary gear; (18) overdrive clutch oover; (14) overdrive clutch pawl; (14) overdrive clutch 
assembly; (14) ring gear; (17) rivet joining (10) to (18); (18) assembly. (This assembly consists of one integral part extending 
from rivet 17 to the end of shaft 27); (19) overdrive clutch rear thrust washer: (SO) free-wheel clutch; (11) overdrive shift shah; 
(IS) free-wheel cam splines; (IS) overdrive case splines; (14) overdrivp shaft roller bearing; (IS) sp^ometer drive gear; (84) 
overdrive shaft ball bearing; (IT) overdrive shaft; (IS) speedometer driven gear; (It) overdrive clutch adjusting screw; (80) over¬ 
drive clutch adjusting spring; (Si) overdrive clutch interlock ball and spring. 
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PISTONS 


Some of the later developments of piston design, 
as compared with those described elsewhere in this 
book, are: (1) tin-plated cast-iron pistons; (2) 
hardened-aluminum pistons; (3) cam-ground pis¬ 
tons; (4) T-slotted pistons. 

Tin-Plated Cast-Iron Pistons 

Csct-iron pittom ctn be electroplated with aplating of tin 
ranging from .00075'^ to .00126''in thickness. This coating of 
•oft bearing metal decreasos theliabilitv of seisure; and conse> 
quently the piston, when i nstalled, can be fitted to closer clear- 
anoee. Thie procees reduces the time required to “break in“ 
the engine. It is claimed that the tin coating will fill up the 
low spots in the cylinder wall and permit high spots to wear off 
the piston, thsreby increasing the bearing surface between 
piston and cylinder and consequently decreasing wear. 

Hardened-Aluminum Pistons 

Aluminum is frequently alloved with other metals, such as 
copper, ma|[nesium, silicon, and nickel, to increase its strength, 
to increase ita hardness, to decrease iis coefficient of expansion,' 
or to produce a combination of these results. Aluminum Com¬ 
pany of America has an alloy in the low-expansion class of light 
alloys. This alloy is known as “Lo-Ex.”* This alloy contains 
approximately 14 cept silicon and varying amounts of the 
metallic elements nickel, oopper, and magnesium. It is lighter 
than pure aluminum and has about 18 per cent lees coefficient 
of expansion than that of the older aluminum-copper alloy. As 
a comparison of weight, cast iron weighs about .260 pounds 
per cubic inch, aluminum-copper alloy imout .105 and “Lo-Ex" 
alloy about .008 pounds per cubic inch. 

Another method of hardening is an electrolytic process known 
as the Alumilite process.* This process forms (does not de¬ 
posit) aluminum oxide on the surface of “Lo-Ex” pistons, pro¬ 
ducing a hard, smooth surface containing innumerable invisible 
surface cavities which absorb oil, thus permitting closer clear¬ 
ances without the liability of seisure. The term “anodized” 
is sometinies applied to pistons treated in this manner.^ 

In addition to decreasing the coefficient of expansion of the 
material, other methods of permitting closer cold fits without 
the probability of leisure when warm are by steel alloy struts 
and slotted skirts, as described elsewhere in this book. 

T-Slol 

Bjr placing a T-slot in the piston, as shown in Fig. 1, a 
continuous ring of metal is provided at the bottom of the skirt. 
Tbs purpose claimed is to decrease the possibility of the piston 
collapsing. It is possible to fit this piston in the cylinder bore 
with small clearance across the thrust faces as a result of the 
combination of the T-slot and cam grinding. The slot should 
be placed on the aide of minimum thrust (left side of car). 

Cam-Ground Pistons 

The principle upon which the cam-ground piston is baaed is 
that a piston does not expand the same amount in all directions 

GENERATOR 

A third-brush generator without other means of 
regulation has a tendency to charge a fully charged 
storage battery at as high (or a higher) rate than it 
does a discharged battery. This is the opposit.e 
effect from that which is desired, because the charg¬ 
ing rate should be higher when the battery is in a 
discharged condition. 

The purpose of generator controls is to j^rmit the 
^nerator output to be higher when the Datterv is 
discharged than when it is charged. The employ¬ 
ment of an external regulator necessitates a field 
terminal on the generator. 

There are several types of controls which may be 
classed as: (1) vibrating volta^ regulators; (2) 
vibrating current regulators; (3) vibrating lamp¬ 
load regulators; (4) non-vibrating 2-6tep vdtage or 
2-stage voltage control units; (5) adjustable thermo¬ 
stat regulation; (6) manual control; (7) a combina¬ 
tion of some of toe foregoing controls. Three addi¬ 
tional methods of regulation, which have been form¬ 
erly explained, are by third-brush, differential com¬ 
pound winding, and thermostat. 

Vibrating Regulators 

1. Vibrating voltage regulators permit the pn- 
erator to maintain the same or constant voliaae 
throughout the higher speeds and produce nearly 


when heatsd to normal running temperature, owing to the effect 
of the piston pin and its bosses with supporting webs. If it is 
round when edd, it will be oval when warm, the greatest ex¬ 
pansion taking place at the edges of the bearing face, which are 
about 45** from the piston pin. By cam grindmg, it is claimed 
that the piston will conform to the shape of the cylinder beve 
when heated to normal running temperature. 




Fig. 1. T-slotted piston of aluminum alloy, cam ground.* 
All lands (L) are ground round with a clearance of .(H)6“ per 
inch of diameter under skirt diameter. Chamfer (C) is recessed 
.020“’.015'' under skirt diameter. 

Fig. 2. An example of the method used to cam grind the 
skirt of the T-slotted piston shown in Fig. 1. Note that the 
maximum diameter is across the thrust faces (A and B), while 
the least diameter (providing the greatest clearance) is in line 
with the piston-pin bosses, ^so note that there is about .003" 
more clearance 45** from the piston pin (on the maximum thrust 
side B) than there is on the thrust faces, .^so note that the 
clearances are less on the maximum thrust side than they are 
on the minimum thrust side (A). The diameter across thrust 
faces (from A to B) is .0004" to .0006" per i nch of diameter 
under bore. Vertical T-slot must not be cut through lower end 
of skirt. Install piston with T-slot on driver’s side. Piston 
pin should be fitted .000" to .0003" loose with pistons and pins 
at room temperature 70® F. (light thumb-push fit). 


1 The percentage by which a material expands when its tem¬ 
perature is increased one degree is known as “coefficient of 
expansion.” If the temperature is increased two degrees, the 
percentage of expansion will be two times the coefficient of ex¬ 
pansion, etc. Cast iron has a lower coefficient of expansion 
than aluminum. 

*“Lo-Ex" is a trade-mark registered for pistons cast and 
alloys produced exclusively by Aluminum Company of America. 

* A process licensed under certain U.8. patents. 

* Illustrations Figs. 1 and 2 by courtesy of Sealed Power 
Corporation. 

CONTROLS 

perfect batteiy-charging characteristics. They are 
electromagnetic. The principle of operation is ex¬ 
plained on page 347. In this type of regulator, the 
contact points vibrate. This type of regulator may 
be used with either (a) third-brush ^nerator or (6) 
plain shunt field generator, provided it is equipped 
with some method of current regulation. It is fre¬ 
quently used on motorcoaches and on some trucks.. 

The vibrating type of voltage regulator cannot be used with 
the plain shunt type of generator unless there is some means of 
currsnt regulation. The current regulation may be by the 
third-brush method, a vibrating current regulator, or similar 
regulating devices. 

2. Vibrating client regulators permit toe gen¬ 
erator to maintain the same or constant amperage 
throughout the higher speeds, and prevent the gen¬ 
erator from assuming a load that would endanger its 
winding. They are electromagnetic. The prin¬ 
ciple of operation is explained on page 348. The 
contact points vibrate m this type. This type of 
regulator is usually used with a plain shunt field 
generator. 

1 and 2. Vibrating voltage and current regulators 
combine the two methods to obtain very effective 
regulation. The principle is explained on page 348. 
This type of regulator is used with a plain shunt 
field g^erator. It, is frequently used on motor- 
coaches and some trucks. 


NOTE: Sm also Addenda page 78 for Deleo-Remy siagie oore ourrent and voltage regulator!* 

\ 
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I and 2. The 1935 LaSalle employs a vibratinff voltace and 
current regulator with a plain shunt field eenerator. The cur¬ 
rent regulator IS equipped with two coils. The voltage regulator 
IS equipped with two coils. The main actuating voltage 
coil IS connected to the “off” side of the ignition switcli so that 
its operation depends on the voltage near the battery. An 
asMting voltage coil of few turns is connected from generator 
field to regulator armature blade and increases the speed of regu¬ 
lator point vibration. 

3. Vibrating lazap-load regulators pormit the gen¬ 
erator output to be higher when lamps are turned 
on than when lamps are turned off. They ojicrate 
on the same general principle as the constant current 
regulator but employ two actuating coils (A) and 
(b 1 (Fig. 1). 



Pig. 1. Delco-Remy generating circuit with vibrating lamp- 
load regulator (Cadillac, 1934 and 1935; LaSalle, 1934). 


The generator is of the plum shunt wound, two-pole type with¬ 
out third-brush. The gejieralor charging circuit is from gen¬ 
erator, through closed cut-out points (P), through regifiator 
coils (A) and (B) to (Bat) tertninal of regulator, through am¬ 
meter, through storage battery to ground, to ground of genera¬ 
tor. 

When lamps are o//and generator is charging the battery at 
the rate of 13 amps., there will be 13 amps, through coils (A) 
and (B). The combined magnetic pull of coils (A) and (B) 
will then be sufficient to overcome spring tension and attract 
armature blade (C) and open points (F), thereby inserting the 
resistance in the field circuit. This limits the generator output 
to 13 amps. 

When lamps are turned on, the current for the lamps passes 
through coil (A) only accordiim to the circuit following: from 
generator, through points (P), through coil (A), through 
thermostat points (T), to lamps, to ground, to ground of gen¬ 
erator. Assume a total lamp load of 11 amps., which would 
cause 11 amps, to flow through coil (A). Since this current is 
through one coil only, it would produce the same magnetic pull 
on (C) as 6 1/2 amps.flowing through both (A) and (B). Since 
it requires a magnetic pull equivalent to 13 amps, through (A) 
and (B) to overcome the tension of the spring, the generator 
will charge the battery at the rate of 13—51/2=7 1/2 amps. The 
total output of the generator will be 7 1/2 amps, to battery, plus 
11 amps, to lights, or 18 1/2 amps. 

The effect of this lamp-had regulator is to increase the generator 
output, when lamps are turned on, by one-half the current con¬ 
sumption of the lamps. 

The setting of the regulator can be adjusted for a generator out¬ 
put of 13 to 16 amperes with lights off and 18 1 /2 to 21 1/2 amp¬ 
eres with an 11 amp. lamp load. 

The hinge of the regulator armature blade is made of bi-metal 
with a thermostatic action so that, when heated, it opposes 
the force of the spring and permits the regulator points to open 
at lower current values. The generator will consequently charge 
at a lower rate when warm than it will when cold. 

The thermostat points (T) will open when the lamp load ex¬ 
ceeds 20 amps., thereby protecting the circuit in the event of a 
short circuit. 

Non-Vibrating Regulators 

4. Non-vibrating 2-8tep voltage or 2-stage voltage 
control units are used on a number of cars. Th^ 
devices operate on the same principle of inserting 
resistance in the field by electromamietic action as 
explained on page 347, except that the points do not 
vibrate and the action is not as sensitive. They do 
not produce strictly constant voltage regulation but 
have the effect of limiting the maximum voltage of 
the generator. 

On the Deteo-Remi/f contacts open at 8.35 to 8.65 volts 
at 70” F. or 7.8 to 8.16 volts at 160* F. The contacts close at 
7.3 to 7.7 volte at 70" F. or 6.6 to 7.05 volte at 150" F. On the 
Avte^IMe, the oontacte open at 8.6 to 8.0 volte and close at 
1.1 to 1.3 v^te bdow the opening voltage at 70* F. 



Fig. 2. Auto-Lite 2-stage voltage generator control unit used 
on tlie (-'hrysler, lleSotn, Dodge, and Plymouth 1935 oars. (1) 
Regulator pointn, (1) voltage coil of regulator, (S) battery, (4) 
cut-out i>«)ints, (•) field coils, (•) generator armature, (7) field 
fuse. (8) (‘Oils of cut-out, (9) fiela resistance, (10) ammeter. 

.\djuMltthlc Therinoslai Regulation 
In the adjustable thermostat regulator unit 

there are two bi-rnotal thermostatic arms electrically 
connected and hinged at one end. The lotver ther¬ 
mostatic arm Is always held in contact with an 
adjustable screw by a single straight wire spring. 
This adjustable screw connects with ground through 
the field fuse. 

The upper thermostatic arm carries a healii^ coil and at its 
outer end, one side of the regulator points, Tlie other regula¬ 
tor point connects with the field terminal of the regulator and 
one end of the field resistance. This field resistance may be 
either a carbon pile or resistance wire wound on a small spool. 
The other end of the resistance connects through the field fuse 
to the ground. 


ntouiAroA egr-oor 



Fig. 3. Owea-Dyneto tdlustable thermostat generator con¬ 
trol unit. The thermostat is shown at the left and the genera¬ 
tor cut-out at the right. 

In operation the lower Ifurmostatic arm compensates for 
variations in temperature under which the regulator is operat¬ 
ing BO that when cold or when driving in cold weather the high 
charging rate is maintained fur longer poriiKls than when 
operating warm or during summer weather. When warm, the 
lower blade warps upward at its center (as seen in Fig. 3). 
The left end of blade cannot move down because it is against 
the adjusting screw. The warping will cause the pivot oluck 
(which hinges both blades) to rotate clockwise. The effect is 
to decrease the tension of the upper thermostat blade so that 
less heat (and lees voltage) is required to open the contact 
points. 

The heating coil on the upper thermostatic arm is shunted 
from the generator charging circuit so that when this circuit 
builds up a pressure of 8 volts when cold or 7.6 volts when hot 
the heat in the coil causes the arm to flex and open the points. 
With the points open, the field current is foro^ through the 
resistance which weakens the generator field and thus reduces 
the generator output to approximately the finished charge rate 
of the battery. 

Adjustment of this type of regulation is obtained by increas¬ 
ing or decreasing the spring tension on the lower thermostat 
by turning the adjusting screw in or out as needed. Turning 
this adjustment clockwise decreases the voltage at which the 
regulator operates, while turning the adjustment counter-clock¬ 
wise increasee the voltage at which the regulator operates. 
However, no attempt to adjust the regulator should be made 
without proper testing equipment. 

Manual Control 

6 . A masual method of generator control is a method em¬ 
ployed iq connection with a third-brush regulated Delco-Remy 
generator, whereby a resistance is cut into or out of the genesa- 
tor field circuit by hand. For example, on the 1934 and 1936 
Master Chevrolet, the output is automatically increas^ when 
the lighting switch is turned “on.“ This is aooonmlished by 
mounting the reeistanee on the lighting switch in such a manner 
that when the lights are “off." the resistance is in series with 
the field circuit. When the lights are ”on,’’ the resistance is 
out out of the circuit and the generator output increases to hslp 
compensate for the lamp load. The 1935 Master Chevrolet 
lijgbting switch (see page 70 of Addenda) has a position whereby 
the resistance unit may be cut out of the field circuit to increase 
the charging rate for daytime operation if trouble is experienced 
in keeping the battery properly charged. This ineream cliarg- 
ing rate for daytime operation is obtained by pulling the lighting 
switch to the first potion. (Lights should not oe on when 
switch is in this position.) 
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FORD DUAL CARBURETOR AND MANIFOLD^ 


Dual Manifolding 

Current production passenger cars are equipped 
with a dual down-draft carburetor and dual intake 
manifold, which give the same results as would be 
obtained from two separate 4 cylinder manifold and 
carburetors. 



Fiff. 1. Outlines the intake manifold for the right hand 
barrel of the dual carburetor. This portion of the int^e mani> 
fold supplies the fuel, air mixture to cylinders 1, 4, 6 and 7. 
Firing order: 1-4-0-7. 

Fg. 2. Illustrates the intake manifold for the left hand 
barrel of the carburetor which supplies the fuel, air mixture to 
cylinders 5, 8, 3 and 2. Firing order: 5-8-3-2. 



FUaCMOttPWnOMUBCS 
AIR ENTERS AT THIS POSIT 


lOUJET 


IDLE DISCHARGE HOLE 
UPPEN 

FUEL IDU ADJUSTMENT 
IDLE OISCHAROE HOLE 
LOWER 


Pig. 3. View showing the idling fuel supply and throttle 
plate position while carburetor is choked. 


With the exception of a small passage-way be¬ 
tween the two manifold cores, at the windshield 
wiper and distributor vacuum brake connections, 
the two intake manifolds are entirely independent 
of each other and not connected. 

These connecting passage-ways at the windshield 
wiper and distributor vacuum brake connections, 
serve the purpose of steadying the vacuum at these 
points, giving the steady vacuum characteristics of 
an 8-cylinder engine. Ilad these two manifolds not 
been connected at these points, the vacuum for the 
windshield wiper, and the distributor vacuum brake, 
would be unsteady at low speeds, as with 4-cylinder 
engines. 

Dual Carburetor 

The dual carburetor used on 1934 Ford V-8 cars, 
uses one float chamber and float valve, one choke 
valve, and one accelerating pump. The discharge, 
however, from the accelerating^jump is equally di¬ 
vided between the two carburetor barrels. To sim¬ 
plify the carburetor explanation, the one barrel of 
the carburetor only, will be explained, as the opera¬ 
tion of both is identical 

Idling fuel supply: The fuel from the carburetor 
bowl passes through the main metering jet and is 
drawn upward as indicated by the arrows in Figure 

3. 

Air enters this gasoline stream from the carbu¬ 
retor throat, as shown. This mixture or emulsion of 
gasoline and air then travels downward to the idle 
discharge holes. 

In normal operation, with the throttle closed to 
the correct throttle plate position for idling as indi¬ 
cated by the dotted lines (speed equivalent to from 
6 to 7 miles per hour), the lower discharge hole only, 
is subjected to intake manifold vacuum. The other 
idle (hscharge hole being above the throttle plate, 
is not affected bv this intake manifold vacuum, and 
for this reason does not discharge any fuel with the 
throttle in this position. 

The lower idle discharge holes are provided with a 
means of adjustment (see fuel idle adjustment). 

Choke: The carburetor ie provided with an unbalanced 
ehoke valve, into which hae been incorporated an air bleeder 
or poppet valve. 

When the carburetor is choked, the throttle plate is auto¬ 
matically open to the correct position for starting. For this 


t Applies to 10^1935 modds. FVom Ford Striot Bulletin 
(Copyrighted) by permission. 


reason it is neither necessary nor desirable for the operator 
to pull out the throttle button when starting. 

Throttle plate position while carburetor is choked is shown 
in Fig. 3. 

In this position the throttle plate is directly opposite the 
upper idle discharge hole. In this position the stream of air 
passing around the throttle plate draws the fuel from both 
upper and lower discharge holes, whereas, in the normal idling 
position, as indicated by the dotted line, the fuel is 

drawn from the lower discharge hole only. 

While the idle discharge holes both supply fuel when the 
carburetor is choked, the main discharge nozzle (see Figure 4) 
supplies the bulk of the fuel in full choke position. When the 
carburetor is fully choked everything below the choke valve is 
subjected to intake manifold vacuum and all fuel discharge 
openings (except pump discharge nozzle) supply fuel. 

However, when the carburetor is not choked, the entire fuel 
supply for the engine for all speeds up to 26 miles per hour, is 
supplied from these idle discharge holes. 

The choke butterfly valve has been mounted off-center so that, 
with the exception of the full choke position, the air flow 
through the carburetor throat, has a tendency to push the 
choke valve open. However, this does not necessarily mean 
that the car can or should be continuously operated with the 
choke button in part choke position. 

Continued operation with the choke button out will result 
in an over-rich mixture and crankcase dilution. However, the 
unbalanced mounting of the choke valve lessens the possibility 
of carburetor flooding, even where the operator neglects *0 
push the choke button all the way in. 

In full choke position, the choke valve is held firmly in place 
and a lock is provided to prevent the air stream from opening 
the choke valve. 

To supply the necessary air to the carburetor, an air bleeder 
or poppet valve has been built into the choke plate, which, as 
the vacuum in the carburetor throat increases, will open. 

The Dinning of this poppet valve, and the rush of air flowing 
throu^ it, makes considerable noise, which should attract the 
owners attention to the fact that the choke button is out, and 
will continue to make this noise until the choke button is 
pushed, either all the way in, or to a part choke position. 

The choke button should be pushed all the way in as soon as 
the engine has warmed up sufficiently to permit it to run 
smoothly on a normal mixture. 

Main fuel supply: Starting at a speed of approximately 25 
miles an hour, the main fuel supply discharge nozzle supplies 
all the fuel on up to approximately 75 miles per hour, at which 
time the by-pass or power jet also outs in. 

The fuel, as was the case with the idling fuel supply, passes 
through the main metering jet. From this jet the fuel travels 
upward on an angle to the main discharge nozzle in the second¬ 
ary venturi, as shown in Figure 4. 

These main fuel supply jets 40-9633B are available for serv¬ 
ice and can be removed or installed with K. R. Wilson wrench 
V-133. A slightly smaller jet 40-9533C is available for opera¬ 
tions in high altitude. 

As the fuel is drawn from the main fuel supply tube, £he 
idling fuel supply passages are emptied into this main fuel sup¬ 
ply tube. As soon as the idling fuel supply tubes are emptied, 
the air entering at the air opening in the carburetor throat 
(see Figure 4) completely surrounds the main fuel wply tubes, 
and is fed in small bubbles into the fuel stream. This feeding 
ol small air bubbles into tbs fuel stream at several places, 
forms an emulsion of the fhel, making tbs fuel li|dit6r in weight* 
and more regpoDflive to throttle ^ate movemMit. 
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The venturi designated aa Tmtnary venturi (see Figure 4) in- 
rreases the rate or speed of the nir now The at . ondary vertlurt 
opening as it does, above this restriction, and discharging below 
the point of greatest restriction in the primary venturi, take.'t 
full advantage of the unbalanced pressures, or the Jifforeiice in 
pressure at the two ends of the secoiaiary venturi, namely, 
atmospheric pressure at the upi>er end, and the stepped-up 
vacuum at the lower end. In this way an even higher ^'elocity 
for the air stream is obtained in the secondary venturi. 

Float level: As indicated in Figures 4 and 6, the correct float 
'evel for these carburetors is from the lower aide of the flout 
bowl cover gasket. 



OUST WASHER 
OUST WASHER 
SPfliNO. 
PUMP STROKE 
OURATtON 
SPMNQ. 


PUMP PISTON 
EXPANSION SPRING. 
PUMP RCUEF VAIXC 
PUMP INLET CHECK VAIXC 
ECONOMIZER BT MSS VAtn » 
FUEL METERED AT THIS POINT 


View showing the accelerating pump. 


When the movement of the accelerating pump piston is too 
rapid to permit the flow of the gasoline through inis restriction, 
the accelerating pump stroke duration spring is compressed. 
In this way the pressure exerted by the accelerating pump can 
nuvor be in excess of the tension of the accelerating pump stroke 
duration spring. 

When the throttle is completely open, the accelerating pump 
has moved to the bottom of its stroke. meohanioAlly opening 
the economiser by-pnsa valve, at which time the economiser 
by-pass becomes a power jet, and the restriction already men¬ 
tioned, bcoonios the metering point for the flow of fuel. 

This power jet ruts iu at about 75 miles per hour, or at a 
throttle position under heavy load conditions, equivalent to 76 
nulos per hour on level roads, with the passenger car. 


Since this carburetor is of the plain tube type, the flout level 
is of more importance than it was on the lur vane operated type 
of curbuietor. However, a tolerance, either plus, or tniiiuH, 
of Vs' is permissible. 

A float level guage, V-134, shown in Figure 5, is now avail¬ 
able from K. R. Wilson. This float level gauge is placed in the 
drain plug hole and the engineds then permitted to idle. This 
permits the chocking of the carburetor float level under operat¬ 
ing conditions with a fuel pump pressure of approximately 3 
lbs. The correct flout level is measured from the lower side of 
the float bowl cover gasket, and should be not more than 
and not loss than Vi" 



Fig. 5. View showing the float level gauge. 


Check the level with the engine idling, measuring the level 
with is d-inch flexible scale. 

When the float level gauge is installed in the drain hole of the 
carburetor, the fuel level in the carburetor bowl is duplicated 
in the gl^ tube of the float level gauge, and the measurement 
can be made from the simface of this gasoline in the jglass ^be 
to the float bowl cover gasket, as shown in the illustration, Fig. 5. 

Aa accelerating puinp is provided to slightly enrich the mix¬ 
ture for rapid acceleration. 

Movement of either the foot or hand throttle causes move¬ 
ment of the accelerating pump. An accelerating pump inlet 
check valve is provided to prevent the acccleratinpr punrn from 
pumping the fuel back into the float bowl. (See Figure o.) 

The pressure on the gasoline exerted by the accelerating 
pump in its downward movement opens the spring loaded valve 
directly beneath the piston, and permits the gasoline to be 
forced out through the accelerating pump discharge tube and 
nof^e. However a restriction has oeen provided to meter the 
gaeoline and mixumije the possibility of flooding. 

The 6T-4t510A carburetor accelerator pump rod can be ihortex] 


Servicing 

With the exception of the idle speed adjustment, and the 
throttle plate position adjustment for idling speeds, the carbu¬ 
retor is entirely automatic in action, and will require no atten¬ 
tion, other than the keeping of the various passage ways clear 
and free from obstrurtion, However, it is possible with dirty 
gasoline, for smAll particles of dust to enter and become wedged 
in the various motoring orifloes, restncting the flow of gasoline, 
and resulting in a lean oaaoline-atr mixture. 

The remedy for this condition is to remove various jets and 
force a stream of compressed air through the opening, to remove 
any foreign bodies that may have lodgeil in them. 

Both idle jets, both main fuel supply jets and the power jet 
as well as the check valve and all passageways should be 
cleaned in this manner. The fuel pump screen and sodimant 
chamber should also be cleaned. 

A suitable special socket wrench, V-13d, for the main fuel 
supply jots, has been developed and is available from K. H. 
Wilron. These Jets are easily removed with this wrench which 
should be a part of every dealer’s equipment. 

Never attempt to clean carburetor jets by running a wire 
through them. This practice will result in an enlarging of the 
fuel orifiqe, with the result that the carburetor mixture will be 
enriched and become unbalanced. 

A carburetor mixture, either too rich, or too lean, will result 
in high gasoline consumption. 

The carburetor is adjusted on each car before the car loaves 
the factory. However, the adjustment is set on the rich side 
so as to oompensato for a slight stiffness in the new motor. For 
this reason the carburetor must be readjusted after the break- 
ing-in period. This adjustment should be made on every new 
Ford oar at the time of the 300-milc inspection. 

Adjustment: The idle $peed of the engine shoi^d be set by 
means of the throttle plate adjusting screw (see Figure 6) to a 
speed equivalent to five miles per hour. 

Idle mixHure adjuehnenL Have the engine well warmed up and 
be sure that there are no air leaks at intake manifold or wind¬ 
shield wiper or distributor vacuum connections. The idle speed 
should be set as outlined above. 

The fuel idle adjustment valvea shown in the illustration c.,o. 
tfol the quantity of the gasoline-air mixture for low apeed 
operation. 

The taming '*out’' of the valves give a richer mixture. The 
turning "in” of the valves gives a leaner mixture. Adjust one 
side of the carburetor at a time. Turn the valve in slowly until 
the engine begins to lag or run irr^ulur, then slowly turn out 
until the engine begins to "roll.” Finally, very slowly, turn in 
the adjustment again just enoujgh so that the engine runs 
Hiuoothly for this speed. This adjusts the mixture for one swie 
of the carburetor; follow tfic same procedure for the opposite 
side of the carburetor. 

Ordinarily the correct adjustment will be with the fuel idle 
adjustment screws both H to ^ turn open. 

It may be necessary after making these adjustments to re¬ 
duce the engine speed back down to from five to seven miles 
per hour by means of the throttle plate adjusting screw. 

1 3/16'' for warm-weather driving, by placing it in position "8.” 
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FORD V-8 WIRING DIAGRAM AND ELECTKIC OIL PRESSURE GAUGE 



Fig. 1. Ford V~8 wiring diAgrmm (1935). The internal circuits of the different electrical units are clearly shown in the dia- 

f iram. The color of the wires is shown in the key to the right. The electric oil-pressure gauge shown in this aiagram is explained 
lelow. To the right of the oilnpressure engine unit a condenser is shown, the purpose of which is to eliminate the engine unit's 
interference to the radio. See Ford V-8 specifications for additional information. 


Electric OiUPressure Gauge 
The electric oil-pressure gauge, as used in 1035 Ford V 8 
cars, consists of two units: (1) the engine unit, which is screwed 
into the oil-pressure line at left rear of engine crankcase, and 
(2) the gauge unit, which is located on the instrument panel. 
A wire connects these two units completing the circuit from 
the battery or generator through th^gnition switch as shown. 



Coaitnietion: The engine unit eontains a diaphragm to which 
is attaehed a contact point, a bi-metal (thermostat) arm carry¬ 
ing a contact point and surrounded by an electric heating ooil, 
a grounded calibrating shunt. The gauge unit oontpins a similar 
bi-metal arm surrounded by an electric beating coil. TIm 
gauge unit does not contain contact points. One end of the 
bi-metal arm in the gauge unit is connected by mechanical 
linkage to the gauge pointer. 

Principle: The oil pressure in the oU-preesure pipe deflects 
the diaphragm to the left as seen in Fig. 2. This deflection 
doses the eontact points and completes the circuit ^om (+) 
o! battery (or generator) to ground, to grounded diaphragm, 
through dosed diaphrsgm contact points, through engine^usit 
healing ooil, over wire to gauge unit, through gauge-unit heetxng 
eoil (not shown), to and through dosed ignition switch, to (—; 
at battery er generator. 

Ths Sfigiae-untt heaUng coil increases in temperature owing 
to tha current and thereby increases the temperature of the bi¬ 
metal arm. The bi-metal arm distorts as a result of temperature 
rise and opena lha eontact points. The circuit being opened# 
the heating eoil and bi-metai arm eool and the arm bends back 
to ite origittal position, again doting the contact poittte. This 
eyde of opening and dosing is repeated continuously. At a 
normal oil premure of 25 pounds per equate inch, the pointe 
open and does apprmdmatdy 120 tfmea per minute. 

1 Fttm Fmd Stnieg BuUetin, ian., 1035. 

See also page 1151J for 


The gauge-unit heating coil and bi-metal arm also increase 
in temperature when the circuit is closed. I^stortion of the 
gauge-unit bi-metal arm causes the gauge pointer to move by 
means of the mechanical linkage. The amount of jpointer 
movement depends upon the distortion of the arm and conse¬ 
quently upon the temperature of the gauge-unit heating ooil. 

Aa the oil pressure increases, the deflection of the diaphragm 
increases, and consequently a greater distortion of the engine 
unit bi-metal arm is required to open the circuit. The result 
is that the circuit is closed for a longer period of time, and conse¬ 
quently the temperature of the heating coils is increased in both 
the engine and gauge units. The higher temperature of the 
gauge-unit heating ooil produces increased distortion of gauge- 
unit bi-metal arm, and consequently the gauge pointer moves 
to a higher reading. 

The purpose of the calibrating shunt is to adjust the instru¬ 
ment for accuracy. This is done by the manufacturer at time 
of assembly. 

Service instructions:> If the oil-pressure gauge is not func¬ 
tioning properly, the following procedure will assist in locating 
Uie cause of the trouble. 

(1) Short out engine unit by grounding wire leading to 
engine unit. Use an extra lead wire for this purpose with clip 
tsiwnals. Clip one end to terminal screw of engine unit and 
the other end to car fsame- 

(2) Turn on ignitioii switch. If gauge unit now registers, 
then the gauge unit and wiring are O.K. and the e^ne unit is 
the Bouroe of the trouble and Mould be replaced. CAUTION: 
In making this test, turn off ignition switch os soon as gauge 
tma reaches the SO-lb. mark. Never short ovi engine unit with 

switch on, exeept momentarily. This svA§ssts the gauge 
unit to the /uU 6 volts of the electrical system, and will cause it to 
hum out if left in this manner for any period of time, 

(3) If gauge unit fails to register with engine unit shorted 
out and ignition switch on, then check wiring and connections. 
If these appear O.K., then replace gauge unit and cheek again. 

The following may be used for locating poseible causes of 


trouble: 

Gauge Operation Probable Cauu 

(1) Emtio action of gauge unit pointer. Engine unit 

(3) If gauge doea not regiater aeourately.Engine umt 

(3) Gauge unit registers with ignition switch on 

and engine not running.Short circuit 


The short in circuit ^11 probably be located in the wiring 
er the gauge unit. A ebort usually resulte in the bumiaf-oiit 
of the gauge unit, neoessiteiiflg replaoeinent. 

later wiring diagram. 
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FORD SPECIFICATIONS* 


LUBRICATION 

lir' W. B. 

Lubricating system type—Prfaswre. VentxlaUd crankcaat. 
Oil preeaure to— 

Main bearings, connecting rods, and camshaft. 

Timing gear lubrication. Positive. 

Oil pump type, Gear. 

Capacity — 1.88 gaUon.<^ per minute at I,tXMJ r.p.m. 

Oil grade recommended - S.A.E. viscosity— 

Kelow aero, S.A.E. 10 or lOW; 

Below freesing, S.A.E. 20 or lOW; 

Above freeiing^ S.A.E. 40; 

Above 90® F., S.A.E. 50; 

.Normal oil pressure, SO lb. at .5.5 m p.k. 

Pressure at which relief valve opens, 

Capacity of oil reservoir—v5 quarts. 
l'yp« of oil drain. Plug. 

Oil reservoir gauge type, Bayotut. 

Bear axle oiL- 

Capacity— m.ii to .V pints. 
tirade recommended— 

Above freezing, 8.A.E. 1*50 K.P.; 

Below freezing, 8 \.K. 90 tir 110 E.P. 

Transinission oil - 
Capacity—^.5 pxuts. 


BRAKES 

111 ' W. B. 

Number of complete brakes, 4 intemaL 
Type of mechanism, AfecAanicnL 
Lining— 

Type, Setni^moulded. 

I.«ngth per wheel. 

Width, 1.76". 

Thickness, .183". 

Brake drum material, Catl aUay &otL 
Diameter 13 \ 

Total foot braking area, 188 square inches. 
Percentage braking power on rear wheels, 60%. 
Hand lever operates on — All four service brakes. 

Ill" and 157 ' W. B. (Truck) 
Same as above except: 
l..iniug (service brakes)— 

T.ength per wheel, 17.76". 

Width. :i.6". 

Thickness, .36". 

Total service braking urea, S55 sq. in. 

Lining (emergency brakes) — 

Length per wheel, .13". 

Width, 1.6". 

Thickness, .187". 


(Jradc recommended— 

Above freezing, S.A.E. lb(); 

Below freezing, 8.A E. 110. 

C’niversal joints lubricated with, { o:. eyl. otl soda soap urease. 

Front wheels lubricated with .shotf fibre soiht .lonp qriose having 
melting-itoiut of 360° P. 


Total emergency braking urea, 120.76 sq. in. 
Drum material, ('ast alloy iron. 

Drum diameter, P',"- 

STEERING GEAR 

111 ' W. B. 


131' and 157 ' W. B. (Truck; 

Same as above except: 

Hear axle capacity 7 innts, 

Bear wheels lubricated \miIi short fibre .noap gnase haring 
melting-)x>int of S6<P F 


Size, H.OOX t8\ No. of plies, 

Inflation pres.sure —Front, 30\ rear, 3(). 

131 ' and 157 " W. B. (Tru-k) 

6.00 X 20 tires. 

6.50 X 20 tires_ . . . 

7.00 X 20 tires.. . . 

32X6 tires (8-ply truck type) 

32X6 tires (10-ply heavy duty) 

32X7 tires. 


'I'ypc. H'erm and seetor 
Batio, 16 to 1. 

Worm mounting, Two taper roller hearings with automatic 
adjustment. 

Steering wheel. Three spoke, steel core romred with hard >m- 
poHitwn. 

Steering wheel diameter, 17". 

Number of turns of steering wheel for full left to right swing of 
wheels, 5 1 /2. 

( ar turning radius—right or left, 20 ft. 

131" and 157 'W, B. (Truck) 

Same as above except: 

Ratio, 17 to 1. 

Number of turns of steering wheel for full left-to-right swing 
of wheels, 5.7/5, 

Turning radius— 

131" W. B., 48 ft. 

1.57" W. B.. 67.66 ft. 


45 lb. pressure. 
.■>0 lb. pressure 
55 lb. pressure 
80 lb. pressure 
90 lb. pressure 
100 ib. pressure 


WHEELS 

112" W. B. 

Type, Drop center — one-piece welded steel spoke. 

Diameter at bead seat, 16". , 

Width at bead seat, 4"^ 

Number of spokes, 32. 

Axle clearance for jack—tires inflated- 
Front, 9.5\ Rear. 12.6. 

181" and 157" W. B. (Truck) 

Type, Tapered disc riveted to steel rim with continuous side ring 
Material, Steel. 

Finish, Black enamel. 


FRONT AXLE 

111" W. B. 

Section type, I-Beam. 

End type, Reverse Elliott. 

Castor, degrees, 7® loaded. 

Camber, degrees, £®. 

Toe-in, inches, .06". 

Sidewise inclination of spindle pin, degrees, 7®. 

181" and 157" W. B. (Truck) 
Same as above except: 

Castor degrees, 5® 50'. 


Camber degrees, 23. 


1 Applies to the 1935 model. From Ford Service BuiUtm by 
penuueion. &me of the stiuidard adjustments are incor¬ 
porated in these epeeifioatione. 

Some later spedficationt are on pages 


Toe-in inches, .06". 

mdevise inclination of spindle pin, degrees, 7®, 
105S, 1053, 1054B. 1060, 1062. 1062A. 
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REAR AXLE 


111 ' W. B. 

Typ«, 3/4 floating. 

Minimum road clearance under center of rear axle—tires in¬ 
flated, 3.5". 

Type of final gearing, Spiral bevel. 

Drive pinion mounting, Straddle. 

Gear ratio, standard, 4^11 to 1 . 

Number of teeth in ring gear, 57; in pinion, 9. 

Optional gear ratios, 5.54 to 1 and 4-55 to 1 . 

Pinion bearing is adjusted by nuts on pinion shaft. Correct ad¬ 
justment 12-17 inch lb. 

Backlash between pinion and ring gear, .0O6-.0W”. 

Drive taken through. Torque tube and rear radius rods. 

Torque taken through. Torque tube and rear radius rode 


111" and 167" W. B. (Truck) 

Same as above except: 

Type, full floating. 

Minimum road clearance under center of rear axle, tires inflated, 
8.62" with S2X6 tires; 8 " with 6.00X20 tires 

Type of final gearing. Spiral bevd. 

Drive pinion mounting, Straddle. 

Gear ratio, 5.14 to f • 

Number teeth in ring gear, 56. 

Number teeth in pinion, 7. 

Optional gear ratios, 6.6 to 1 usee SS-tooth ring year and 6 -tooth 
pinion. 

Backlash between pinion and ring gear, .008"-,020". 


FRAME 


111" W. B. 


Type, X~type. 

Material, Pressed carbon etecL 

Number of members running full length of frame, Four. 
Length, 157.58". 

Depth, maximum, 5.6". 

Thickness, maximum (each of four), . 110 ". 

Flange width, maximum, 2 ". 


Ill" and 157" W. B, (Truck) 

Length—131" W. B., 192.6"; 157" W. B., 218.1". 
Depth of side members, 7". 

Width of side members, 2.76". 

Thickness of side members, . 210 ". 


SPRINGS 

111" W. B. 

Type, Transverse cantilever. 

Material, Alloy steel. 

Spring leaves lubricated with. Graphite. 

Spring shackles— 

Type, Oilless. 

Shackled, Each end. 

131" and 167" W, B. (Truck) 

Tygej^front spring. Transverse eantilevor; rear eprtng, Semi- 
Spring shaoklee— 

p / Type, Steely pressure gun lubricated. 

I Shackled, Each end. 

Front, Oilless, shackled each end. 

FRONT SPRING 

111" W. B. 

Ungtb. 40 M". 

Width, 

Number of leavea—b-pasaenger, 4-docr aadan, if. 


131" and 187" W. B. (Truck) 

Length, 56.88". 

Width. 2.25". 

Number of leaves, 12 or 14 . 

REAR SPRING 

111" W. B. 

length, 46 .6". 

Width, 2.26". 

Number of leaves—5-passenger, 4-door sedan, II. 

131" and 167" W. B. (Truck) 

I.,ength, 60". 

Width, 2.6". 

Number of leaves, 12, IS or J4- 

ENGINE 

111" W. B. 

Model, 48. 

No. of cylinders, Eight. 

Bore, 5.062"; Stroke, 3.76". 

Taxable horsepower, SO. 

Maximum brake horsepower, 90 at 5,800 r.p.m. 

Compression ratio, 6.3 to 1. 

Cylinder arrangement, 90° V, 90° crankshaft. 

Firing order, t-6-4-8-6~3- 7 2. 

Cylinder heads, Aluminum. 

Piston dwplacement, 221". 

Maximum torque, 147 ft. lb. at 1,260 r.p.m. 

Standard compression pressure, 138 lb. at 1,600 r.p.m.. at crauK. 
ing speed, 106 lb. 

Valve arrangement, " L" head. 

Kngine mounted on, Rubber front and rear- 
No. of points of suspension, Three. 

181" and 167" W. B. (Truck) 

Same os above except: 

Cylinder bead. Cast iron. 

Maximum brake horsepower, 80 at 3,800 r.p m. 

Maximum torque, 138 ft, lb. at 1,700 r.p.m. 

Compression ratio, 5.32 to I, 

Compression pressure, 109 lb. at 2,600 r.p.m. 

Piston 

Car and Truck 

Material, Aluminum alloy. 

Features, Optn-eplU skirt. 

Weight without rings or pin, 287-291 grams. 

Weight with rings and pins, 589.5 to 596 grams. 

Length, 2.97". 

Oil ring groove— 

Width, .156"-.157"; depth, .IS4"-.159". 

Compression ring groove— 

Top—width, .09S5"~.0943"; depth, J54"-,t6&'\ 

Lower groove drilled radially. 

Rings 

Gar and Truck 

No. of oil rmgs used per piston, One. 

Width of oil rings, .164B"-.166". 

Width of oil ring gap, .005"-.009". 

No. of compression rings used per piston. Two. 

Width of compression rings, .0915"-.092**. 

Width of compression ring gap, .009*'-.01S". 

Maximum wall thirkTiges of oil rings, . 140 ". 

Maximum waU thickness of compression rings, 
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Wrist Pin 

Csr and Truck 

Length, t.7r\ 

Diameter, .760V‘~.750J^’*. 

Type, Floating, end play controlled by retainer in roti. 

Clearance, In rod .0002”, 

Hole 6nish, Diamond bore. 

Connecting Rod 

Car and Truck 

l^ength—center to center, 7”. 

Material, Steel forging. beam gection. 

Weight, 4 ^ 9-475 grains. 

Crankpin Bearing 

Car and Truck 

T5rpe, Copper-lead. 

Diameter I. D., 2”\ O, O., 2.JIS'' 
length, On crankpin, 1.937”. 

Clearance, .003”. 

End play, .010”-.02S”. 

Shims, None. 

Spun or separate, Separate. 

Rods and pistons removed irom, .l6o7r. 

Crankshaft 

Car and Truck 

Type, 90 degree. 

Material, Cast alloy sUel 
Crenkshaft counterweights, hdegnil. 

Which main bearing takes thrust, Rear. 

Crankshaft end play, .002”~.000”. 

Main bearing— 

Material, Babbitt; integral with cap and case; Shims, None, 
Clearance, .001”-.00S”. 

Main bearing journal diameterXlength - 

No. 1, 2”xr687”; No. 2, r'Xl.bS?”; No. :i, .i^xl.OSi" 
Crankshaft gear material, Steel 

Camshaft 

Cor and Truck 
Material, Cast alloy iron. 

Bearing diameter and length- - 
Front, 1.812” XI.656”. 

Center, 1.812” XI.375”. 

Rear, 1.812”X2”. 

Gear material, Bakelized fabric. 

Cam lift, 0.292”. 

Valves 

Car and Truck 
Intake and exhaust valve— 

Material (both stem and bead), Chrome-nickel alloy steel. 
Actual overall head diameter, 1.537”. 

Angle of seat, 48^. 

Valve seat inserts used for exhaust, Yes. 

Stem length, 4‘780''-4‘781” end to seat. 

Stem diameter, .5106"-.S11S”. 

Stem to guide clearance, .0015”-.0035”. 

Lift, >296”. 

Spring length, 2.38*'. 

Pressure with valve dosed, 39-44 lb. 

Pressure with valve open, 82-66 lb. 

Tappet dearanoe—intake and exhaust, .0126”-.01S5”. 

Exhaust valve seat insert material, High tungsten chrome alloy 
Bted. 

Valve timing— 

Intake opens, IF ^ B. T. C. ; 

Intake doses, 64^ 30* A. B. C.; 


Exhaust opens, sr* SO* B. B. C. \ 

Exhaust oloaea, 6** SO* A. T. C. 

Note: Permitting engine to idle long enough for the valves 
® w turning the ignition “off" will materially lengthen 

the life of the valves when the engine is operated under eua- 
tained high speeds. 

TRANSMISSION 

111" W. B. 

No. of forward B|>eeds, 5. 

Ratios— 

High, 1 to 1. 

Second, 1.604 to I 
I.OW, £.89 to 1. 

Reverse , 3.383 to 1. 

Type, Constant mrsfi, helical, gears on second; 

For first speed and reverse, Spur gears. 

Synchronous meshing seooTid and third gearN. 

Universal Joints—“N/urcr." 

Typo bearing, Metal. 

131” and 157“ W. B. (Truck) 

No. of forward speeds, 4. 

Ratios— 

High, 1 to I. 

Second, 3.09 to 1. 

Third, 1.69 to I. 

First, 6.4 to 1. 

Reverse, 7.82 to 1. 

Type, Selei'tive sliding gear. 

Universal joints, Spicer. 

Type bearing, Metal. 

CLUTCH 

at" W. B. 

Centrifugal type single plate with cushion oype dry disc. 
Vibration dampener, Springs. 

No. of clutch driving members, Flywheel and one jtrcssurc plate. 
No. of clutch driven disc, One, 

Clutch pressure, at »ero speed. 810 lb.; at 4,000 r p.m., 1,980 lb. 
Pedal pressure, 25 lb. at ulling speed; 60 lb, at 4f0^0 r.p.m. 
Clutch facing— 

Material, Afobletl asbestos 
Inside diameter, 5.76”. 

Outside diameter, 9.0” 

Thickness, .I4O”, 

No, required, 2. 

Total acting surface of clutch, 75.1 sg, in. 

ISl" and 167" W. B. (Truck) 

Same as above except: 

Clutch pressure, 1,215 lb. at zero speed; 2,630 lb. at 4,000 r.p.m. 
Pedal pressure, 28 lb. at idling speed; 00 W. rU 4,000 r.p.m. 
Clutch facing— 

Outside diameter, 11”. 

Total acting surface of clutch, 123.7 sq. tn. 

COOLING 

lit” W B. 

Cooling circulationt Pump for each bank of cylinders. 

Water pump— 

Type, Vane-cmtrifugal. 

Shaft material, Stainless steel. 

Drive, Belt. 

Water circulation thermostat make, UoU. 

Radiator core— 

Type, Fin and tube. 

Core tbioknesa, 3”, 

Radiator frontal area, 382.5 sq. in. passenger car; 444 eg. m, 
commercial car and truck. 

Cooling system capacity, 6 gAl. 
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Upper radieior hoefr-~ 

Inside diameter, 

Length, li.t6*'. 

Lower radiator hoee— 

Inside diameter, 

Length, 6.5**. 

Fan belt— 

Type, VteBS**. 

Length, inside, 51.66*'. 

Width, maximum, .B5". 

Fan, Four blade. 

Diameter, 15.5". 

Speed, 1.5 iimea engine speed. 

191" and 167 ' W. B. (Truck) 
Same as above except: 

Radiator core— 

Cooling surface, 444 ffQ’ 

Cooling system capacity, 6.66 gal. 

Fan, siX‘blade. 

Diameter. 16.5". 


FUEL 

lir' W. B. 

Gasoline tank, capacity, 14 ffal. 

Fuel feed type. Diaphragm pump. (.l.C.) 

Carburetor " 

Make, filromherg dual down-draft. 

Siie, F'. 

Silencer and air cleaner, Yre. 

Exhaust pipe diameter. Inside t .S8". 

181" and 167" W, B. (Truck; 

Same as above except: 

Gasoline tank capacity, 18 gal. 

Tank location. Beneath front seal. 

Filler cap location. At right of seat cushion inside cab. 


IGNITION 

Car and Xsuck 

Distributor type. Centrifugal governor with vacuum retard. 
Manual advance, degrees. None. 

Automatic advance— 

Initial advance, 4^ crankshaft. 

Advance starts at 400 r.p.m. 

Maximum advance, 60* crankshaft. 

Maximum advance at 5,000 r.p.m. 

Firing order, l-S-4-8-6-S~7~£. 

Circuit breaker gap, ,0I6"-.0t4". 

Breaker arm spring tension, 66-67 os. 

Current in coil (approximated— 

With engine stopped, 4 amps. 

With engine idling, 6.8 amps. 

Spark plug— 

ThrMd, 18 mm. 

Model. 7. 

Make, Champion. 

Gap, .065". 

Ijpdtioii tiadiig: Adjustment is obtained for the particular 
fuel used as follows: Back off the vacuum brake adjusting 
aerew until the engine "pings" under load. Then turn the ad¬ 
justing screw in just enough to remove the ping. Tighten screw 
lock nut. Because the distributor ia connected directly to and 
operates from camshaft, there are no ignition marks on flsrwheel. 


GENERATOR 

Car and Truck 

Type, 6 pole — air cooled, ventilated. 

Regulation, Third brush. 

Armature speed, 11/6 times engine speed. 

Driven by, Vee Belt. 

Voltage at cutout closing, 7 volts. 

Car speed at closing, 10 m.p.h. 

Amperes to open, .7 amps. 

Maximum—Normal capacity, 15 amps. 

Car speed for maximum charging rate, 65 m. pX 

STARTING MOTOR 

Car and Truck 

Normal engine cranking speed, 100 r.p.m. 

Lock test, 14 ft. lb. 

Current, 665 amps, to turn motor. 

Volts, 4.76. 

Maximum torque in foot pounds, 14 ft. lb. 

Type of drive, Bendit. 

Starting motor pinion meshes from rear. 

No. of teeth in starter pinion, 10 . 

No. of teeth in flywheel, 116 . 

Face width of flywheel teeth, .315". 

Flywheel teeth integral or steel ring, iSteel ring. 

Gear ratio between starter armature and flywheel, 11.6 to 1. 

BATTERY 

Car and Truck 

Make, Ford. 

No. of plates, 51 (17 in each ceil). 

Bench charging rate— 

Start, 8 amp. hr. 

Finish, 6 amp. hr. 

Battery terminal grounded, Positive. 

LAMPS 

Car and Truck 

Headlamps, double filament, :t2-32 C.P. 

Dimmed, by depressed beam. 

Reflector type, Parabolic. 

Cover glass— 

Make, Two Lite. 

Diameter, 7.30". 

HORN 

Car and Truck 

Horn type. Vibrator. 

Horn motor current, 6-8 amp.s. 

MISCELLANEOUS SPECIFICATIONS 
Wheelbase, car, 116" 

Wheelbase, truck, 131.6" and 157". 

Tread, car—front, 55.47" \ truck, 66.5", . 

Tread, car—rear, 58.65" \ truck, 67.376", Dual, 65", 

weight of standard 5-pa8senger, four-door sedan. 

Serial number location, Clutch housirtg top. 

Overall length of standard 5-passenger, four-door sedan, bumper 
to bumper, 186.76". 

s 

FORD TRUCKS 

See " Truck Specifications,” page 965. 
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CHEVROLET MASTER “SERIES EA”—KNEE-ACTION MODELS, 
CONVENTIONAL MODELS AND CHEVROLET STANDARD “ 
PASSENGER CAR SPECIFICATIONS' 


“SERIES ED”— 
SERIES EC” 


The Chevrolet STANDARD car specifications are the 
same m aiyen ^low for the "MASTER ” except where there 
are a doable set of figures, for example: under ENGINE, the 
maximum brake horsepower is 80 at 3,200 for the "MASTER ” 
and 74 at 3,200 for the ‘STANDARD"{ the last fisuree in 
iUxlic style of type refer to the "STANDARD" model. 

Where the two "MASTER" models differ, the symbol "KA" 
will aUnd for the KNEE-ACTION model and the symbol "C" 
will stand for the CONVENTIONAL model. 

The "MASTER CONVENTIONAL" and "STANDARD" 
models each have a conventional I-beam type of front axle and 
semi-elliptic springs instead of the front-wheel suspension 
system as on the "MASTER KNEE-ACTION." 


ENGINE 


Main Bearing Journal 


No. 2dia. X length: 21 x 11" 

No 3dia. X length: 2 3/10'’ X 2 11/64'' 


Crankshaft Gear 

Make: own; Material: Steel 


Camshaft Gear 

Make: Own, Material: llakelite and fabric 


Generator Gear 

Make: None, pulley UHtni 


Make: Chevrolet; Model: 1935 
No. of cylinders: 6 
Valve arrangement: In-head 
Bore: 3 5/16"; Stroke: 4" 

Engine mounted on: Bolts through rubber 

No. of points of suspension: 5 

Cylinder arrangement: Cast en-block, in-line 

Cylinder head: Cast iron 

Piston displacement: 206.8 cu. in. 

Taxable horsepower: 26.3 

Maximum brake horsepower at rp.ni.: HO at 3,2(H>, . , 
S,1800 

Compression ratio: 5.6 to 1 

Piston 

Make: Chevrolet 

Material: Cast iron, tin plated 

Weight, pounds without rings, pin or bushing: 1.83 

Weight, pounds with rings, pin and bushings: 2 18 

Length: 3 11/16" 

Clearance top: .013"-.016" cold 
Clearance bottom: .0014''-.0024" 

Piston Ring 

Groove depth-oil: .172" 

Groove depth—compression: .160" 

Lower groove drilled radially: Yes 
No. of oil rings per piston: 1 
Width of oil rings: 3/16" 

Width of oil ring gap: .005''-.0l5'' 

No. of compression rings per piston: 2 
Width of compression rings: i" 

Width of compression ring gap: .005" -.015" 

Maximum wall thickness of oil rings: .145" 

Maximum wall thickness of compression rings: .115" 

Wristpin 

Length: 2 29/32"; Diameter: .9900"-.9895"; Locked in ro<l: 
Ye.s; Clearance: Slip fit; Hole finish: Reamed. 


Intake Valve 

Make: Own 

Head materiHl: Extruded steel 
Actual overall diameter: 1 45/04" 

Angle of scat: 30® 

Is valve scat an insert: No 
Material of stem: Extruded steel 
Length of valve: 6 1/16" 

Diameter of valve stem: 11 /32" 

Stem to guide clearanco: .001" .003" 

Lift: .316" 

Spring pres., length valve clusod: 45 lb., H" 

Spring prea , length valve open: 104 lb , 1 9/16" 

Exhauat Valve 

Make: Own 

Head material: Extruded steel 
Actual overall diameter: 1 15/32" 

Angle of seat: 30® 

Is valve seat an insert: No 
Material of stem: Extruded stool 
Length of valve: 4 13/16" 

Diameter of valve stem: 11/32" 

Stem to guide clearance: .002"--.(XH" 

Lift : .309" 

Spring pres., length valve closed: 45 1b., I]" 

Spring pres., length valve open: 98 lb , I 9/16" 

Valve Clearance 

Operating tappet clearance, intake: .(XW" hot 
Tappet clearance for valve timing, intake: .0(XT' hot 
Operating tappet clearance, exhaust: .013" hot 
Tappet clearance for valve timing, exhaust: .013" hot 

Valve Timing 

Intake opens: 8® before L'DC 
Intake closes: 29® after LDC 
i'ixhaust opens: 52® before LDC 
I'.xhaust closes: 1® before UDC 


Connecting Rod 

Length—center to center: 7J" 

Material; Drop forged steel 
Complete weigot, pounds: 2.07 

Crankpin Journal 

Diameter: 21"; Effective length: I 9/32" 

Lower Bearing 

Material: Babbitt; Make: own 
Clearance: .0005"-.001'' 

End play: .004"-.011" 

Shim: Solid and laminated 

Spun or septate: Centrifugally cast 

Rods and pistons removed from: Abuv« 

Crankshaft 

Front Flywheel used: No 
Vibration dampener used: Yes 
Vibration dampener type: Oscillating 
Crankshaft oounterwei^ts: 4 
Which main bearing takes thrust: Center 
Crankshaft end play: .004"-.007" 

Main Bearing 

Material: Steel-backed babbitt 

Clearance: .001"-'.003" 

Slip-in type or integral: Slip-in type 
Shnn: 8ond 

8ome*later specifications are on pages 


Engine Lubrication 

Overhead valve, lubrication method; Pressure 
Lubricating system type—combination pump, pressure stream 
and splash 

Oil pressure to main bearings: Yes 

Oil pressure to connecting rods: Yes 

Oil pressure to wristpins: No 

Oil pressure to camshaft bearings: Yes 

Timing gear lubrication—positive or splash: I'usitivr 

Oil pump type: Vane 

Oil ^ade recommended: S.A.E. viscoeity summer 20 or 20W, 
winter lOW or low diluted with 10% kerosene 
Normal oil pressure lb. at m.p.b.: Ranges from 6 5 lb. at 
10 m.p.h. to 14.6 lb at 70 m.p.b. 

Capacity of oil reservoir, quarts: 5 
Oil pressure juuge make: AC. 

Dram oil, miles: Variable 
Type of oil drain: Plug 
Oil reservoir gauge type: Rod 
External oil filter make: None 
Oil cooler make: None 

FUEL 

Gasoline tank make: Own 

Gasoline tank capacity: 14 gallons; II t/allons 

Fuel feed type: Camsbaft pump 

Fuel feed make: AC. 


> Aplfiies to the 1936 model. Taken from Chevrolet litera¬ 
ture by penaissioa. Some of the adjostmeats ere incorporated 
wMk ttae apecifications. 
im, im, lOfiiB, 1000,1002 , ioooa. 
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CARBnSBTOK 


Make: Carter 
Model: W-1-284-8. 

8i*e: li"- 

Type up or down-draft: Down-draft 
Type single or dual: Single 
HMt adjustment: Automatic 
Eleotrio mixture heating: No 
Air cleaner make: AC. 

Intake silencer make: AC. 

Exhaust pipe diameter: 2" OD. to IJ" ID. 
Muffler maVe; Own—Diffusion type 


Carlmretor adjustment: Idling is adjusted (engine warm) by 
turning idling screw ) to 11 turns open. Turn screw both ways 
for best setting. To adjust for idling speed, set throttle lever 
stop screw for approximately 350 r.p.m. of engine and back 
out or turn in screw for desired speed. Accelerator pump arm 
has three holes for giving short, medium and long strokes: 
medium stroke hole is for ordinary temperatures nnastundard 
gasoline: short stroke for hot climates and high altitudes or 
with high test fuels; long stroke for extremely cold climates. 


COOLING 

Cooling circulation, type of; Pump 
Water pump—t^pe: Impeller 
Water pump drive: By fan belt 
Water circulation thermostat make: \'ariou.s 
Radiator shutter make: None 

Radiator core type: Ribbed cellular, V-typc, copper. 
Radiator core make: Harrison 
Cooling system capacity: 11 qt.; tO qt. 

Lower radiator hose inside diameter: ly' 

Lower radiator hose length: 41'", two pieces. 81" 
Upper radiator hoseinside diameter: Ij" 

Upper radiator hose length: 7 13/16"; tfl" 

Fan belt type: Vee 32° 

Fan belt make: Various 

Fan belt width, maximum: 21/32" 

Fan make: Own; Type: 4 staggered lilades 


IGNITION 

Make: Delco-llemy 

Manual advance, degrees: 20° vernier muuual adiuHtiuaut 
Automatic advance, degrees: 28° 

Vacuum advance, degrees: 12° 

Breaker Mp: .021" 

Firing order: 1-5-3-6-2-4 

Ignition coil make: Delco-Remy 

Amperage draw of coil with engine stopped: 4 8 

Amperage draw of coil with engine running: 2 5 

Ignition switch make: Delco-Hemy 

Spark plug thread: 14 mm. ; make: A C. 

Spark plug model: K-11 
Spark plug gap: .032" .. 

Ignition setting: When the engine is idling at any speed under 
5G0 r.p.m. and the Neon timing light shows that the steel ball 
in the flywheel is in line with the timing pointer, the ignition 
is set correctly. This setting represents 6° before top dead 
center with the distributor in retarded position. 

Checking and setting ignition timing.^ To properly time the 
1935 engine, the Neon timing light, Fig. 2. is a necessary ac¬ 
cessory. An accuracy in timing to one-nali of one degree (one 
790th>revolution of the crankshaft) is readily obtained. 

In operation, the timing light (A) is attached near the fly¬ 
wheel housing opening* and the lead (B) clipped to No. 1 
spark plug. 



Fig. 1. Neon timing light (A), which gives a stroboscopic 
eNect which makes the ball appear to stand still In relation to 
the pointer (C) and permits adjustment of the distributor until 
the ball app^s to remain exactly in line with the pointer. 

Start and warm up the engine* and then run engine at idling 
speed or at any spoM under 600 r.p.m.* Watch the steel baO 
set into the forward faee of the flywheel rim. This light is 
synchronised with No. 1 spark plug and flashes only when No. I 
cylinder is firing. 

If the enfiae is preperlp timed, the steel ball will be in line 
with the pointer (C) on the flywheel housing. 


If the steel ball appears on the left-hand aide of the pointer 
on the flywheel housing, the engine timing is early. 

If the steel ball appears on the right-hand tide of the pointer, 
the timing is late. In either case, loosen the distributor clamp 
(D) and rotate the distributor bo<^ so as to bring the steel 
ball in lint with the pointer on the flywheel housing. Tighten 
distributor clamp. 

This work is always done with the octane selector set at sero. 

After the timing has been set accurately for No. 1 cylinder, 
the Neon lamp may be connected to No. 6 e-park plug. If the 
flywheel steel ball still lines up with the pointer, it is proof that 
the distributor cam is accurate. 

Spark control. The regulation of the spark timii^ is operated 
automatically by the vacuum from the intake manifold and the 
automatic advance in the distributor. Additional control is 
secured by means of the octane selector on the distributor. 

Octane selector:* Consists of an adjusting nut and scale 
attached to the base of the distributor which provides a simple 
adjustment whereby the ignition timing may be advanced or 
retarded as much as 10° from the stanoard setting i n order to 
obtain the most efficient setting for any grade of gasoline used. 
If the gasoline is of a high anti-knock value, greater power and 
economy will be obtained by advancing the spark from the 
standard setting. If, on the other hand, gasoline of a lower 
than average grade is used, it may be necessary to retard the 
spark by means of the octane selector in order to avoid knocking 
of the engine. 

The setting of the octane selector is correct when the engine, 
‘‘pings" slightly under heavy load. This setting provides maxi¬ 
mum fuel economy and maximum power for the particular fuel 
being used. 



Fig. 2. Octane selector on the "Master" Chevrolet showing 
the vernier adjustment nut. Each division of the scale repre¬ 
sents 2° (on flywheel) of spark timing 


BATTERY 

Make; Delco; Capacity, ampere hours: 90 
Which battery terminal is grounded: Negative 


STARTING MOTOR 


Make: Delco-Remy 

Normal engine cranking speed: 120; f 60 
Look test amperage draw: 525 


1 From Chevrolet Repair Manual, 1934. This KMO-55 Neon 
Timing Light can be obtained of Kent-Moore Organization, 
Ine., Detroit, Mich. 

* An opening is uovided in the front wall of the dutch housing 
in line with the flywheel rim on the right hand side. Instead 
of the usual timing mark on the flywheel, a bright steel ball 
is pressed into a hole in the flywhed, located so as to line up 
(when the timing is correct) with the timing pointer at the 
center of the oluteb housing opening when the distributor 
breaker points break contact. 

> Better and more accurate results are obtained when check* 
ing the timing of rA engine running than when not running, be¬ 
cause the lost motion, such as causdl by back lash in the timing 
gears and the distributor shaft drive gears is taken up in a 
running engine. 

* With the engine running at .500 r.p.m., corresponding to a 
road speed in high gear of 10 m.p.b., the lamp illuminates the 
ball for an instant 250 times a minute. 



ADDENDA 


Lock test volts; 3.4 

Look test torque hi foot pounds: 14 

No load test amperage draw; 125 

Noload teat volts: 5.4 

Type of drive; Bendix 

Automatic starting device fitted to starting motor, make: Own 
and AC. (Master only) 

Starting motor ninion mesh^ front or rear; Front of flvwheel 
No. of teeth in nywheel: 132 
Face width of Awheel teeth: 4" 

Flywheel teeth integral or steel ring: Steel ring 
Gear ratio between starter armature and flywheel: 14.66 


GENERATOR 

Make: Delco; Driven by: Belt 

Field fuse capacity: No 

Thermostat opening temperature: No 

Cutout relay make: Delco 

Cutout voltage at closing;: 7.2 

Cutout car speed at closing: 7 m.p.h.; m.p.h 

Cutout amperes to open: 1 to discharge 

Maximum Output Cold 

Amperes lights on: 19; Lights off: 15 (Master only) 

ILp m. lights on: 2,600, Lights off: 3,000 (Master oiilv> 

Maximum Output Hot 

Amperes lights on: 16J; Lights off: 13i (Master 
Voltage lights on: 7.9; I.ights off; 7.6 (Ma‘4tcr only) 
H.p.m. lights on: 2,800; Lights off: 3,200 fMaster onK 
Ammeter make: AC. 

LAMPS 

Lighting switch make: Delco 
Double or triple filament bulbs: Double 
Headlights dimmed: Depressed beam 
Tail and dash lights in senes: No 

Headlight 

Make: Guide 

Keflector type; Tilt Ray; Outrfe Hay 
Cover glass make: Tilt Ray; Guide Rny 
Cover glass diameter: 7 11/16'';S 6!Id" 

Parking light make: In head lamp 

Tail light make: Guide 

Horn type: Vibrator; make Delco 


CLUTCH 

Make; Own; Operated dry or in oil: Dry 
Vibration insulation or neutralizer: Springs 
No. of clutch driving discs: One; driven: one 

Clutch Facing 

Material: Braided molded; Inside diurnetor: OJ"; Outside 
diameter: 9"; Thickness: J"; No. required: 2 


TRANSMISSION 

Make; Own; Location: In unit with engine; No. «if forwanl 
speeds: 3; Gear ratio in high: 4.111 to 1 

Transmission Ratio 

In third, if four-speed trauHinissioii: Direct 
In second: 1.70; l.lOd 
In low: 3.02; 2.802 
In reverse: 3.40; 2.802 
Constant mesh gears on second: Helical 
Constant mesh gears for first speed: Spur 
Constant mesh gears for reverse speed: Hpur 
Synchronous meshing gears: 2nd and 3rd: N w 

Transmission Oil 
Capacity: 2^ pints; l\pint 

Grade recommended: 8.A.E. viscosity stimmer iOO; winter 90 
Free wheel unit: None 

Universal Joints 

^ont make: Own; model: 1935; type: Metal; Rear: None; 
Lubricated: From transmission 

Drive 

Drive taken through: Smings 
'I'orque taken through; Torque tube 


REAR AXLE 

Make: Own; Type: Semi-floating 

Minimum road clearaneo under center of rear axle—tires in¬ 
flated: 

Differential gear make: Own 
Capacity: 4\ pinta; S yinU 

Grade oil recommenaedt S.A.E. viscosity 160 summer; 90 
winter 

Type of final gearing: Spiral bevel gears 

Gearratio: 4.111 

Optional gear ratio: None 

Number of teeth in rih^ gear: 37 

Number of teeth in pinion: 9 

Axe pinion bearings in sleeve: No 

Backlash betw'een pinion and ring gear: OOil"- 010" 


TIRES 

Make: U.S. or Goodrich 

Siie; 5.50 17, 4 ply ; 6.28-17, ^ ply 

Inflation Pressure 

Front and rear: 28 lb. min . 82 lb. min. 
Wheels fiited with demountable rims; No 


WHEELS 

Type: Steel spoke artillery wlieels on Sedan, Tk>wn Sedan and 
Su4irt Sedan all others short spoke wire; short spoke t/’tVe 
.Make: Own 

FRONT AXLE 

Type: None; independent wlieel suspension; |-/)efim ronreri- 
twiKil (Conv. ana Standard) 


SPRINGS 

I'Vont type: Coil; Conv : scmi-elliptie 

Front make: Own 

Hear inder>endent or conventional 8usi>en8i<>n: Conventional 
Hear type: Semi-elliptic; Make; Own 
(tearlength: 54"; Width: IJ" 

Hear number of leaves .'S-passenger, 4-door sedan: 8 
Spring leaves lubricated with: (iruphite grease 

Spring Shackles 

Type: Self adjusting; Make: Own 


STEERING 

Steering gear tvpe: Itall-beHring roller sector; i/>orm and sector 
(CJbnv. and Standard) 

Sieving gear mike: Own 

Ste<*ring gear ratio: 16 to 1; / ^ to / (Conv iiiul Standard) 

BRAKES 

Number of complete brakes: 4 

Internal or external: Internal 

Foot brakes make: Own 

Foot brakes type of mechanism: Mecliauii al 

Brake drum material: Special carbon 

Brake drum diameter: 12"; /O" 

Brake lining: Special moulded 

Brake lining length per wheel: 24 19/32"; 2(1 2" 

Brake lining width per wheel: IJ" 

Brake lining thickness per wheel: 3/16" 

Clearance: Set to rub slightly at assembly 
Total foot braking area: 172 sq. in.; I 4 II in. 

Per cent braking power on rear wheels: 60% 

Hand lever operates on; All 4 service brakes 


CHASSIS 

Lubrication type: Pressure; Make: Alomite-Zerk 

Wheelbase: 113"; 107" 

Tread front: Knee Action: 56 13/16" wire wheels, .'57" steel 
wheels; Conventional: 56 3/16" wire wheels, 56i" steel 
wheels; Standard: 66” 

Tread rear: Knee Action and Conv.: 67 9/16" wire wheels, 
57J" steel wheel; Standard: 56” 

Overall length of car without bumpers: 175 9/16" .'i-passenger 
sedan 4 door (over spare tire); 16'!” all models 

CHEVROLET TRUCKS 
See " Trttck Specifications page 965. 
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CHEVROLET “MASTER’* WIRING DIAGRAM (1935) 

(6m page 1151-K for later wiring diagram.) 



Fir- 1. Chevrolet “Master” winn[| diagram (1935). The wiring diagram of the “Standard” is similar except there is ho generator 
resistance unit in the generator held circuit to decrease generator output when lights arc turned off; the main lighting fuse is located 
in the lighting switch; battery is under the front seat. Tlie lighting switch has a position w’hereby the generator resistance unit may 
be out out ol the held circuit to increase the charging rate for daytime operation if trouble is experienced in keeping the battery 
properly charged, I'his increased charging rate for daytime ojicration is obtained by pulling the lighting switch to the hrat position. 
(Lights should not be on when switch is in this position.) (Wiring diagram from Standard Auto-Electrician’s Manual, copyright.) 


CHEVROLET STEERING-COLUMN GEARSHIFT (1939)» 


Gearshifting is accomplished by a direct mechanical connec¬ 
tion through a compact set of reactionary levers between the 
earshift lever on the steering column, the vacuum power-cylin- 
er, and the transmission. Both physical and vacuum power 
are combined to accomplish the change in gears. In cases of 
emergency, the transmission may be shifted manually, without 
the aid of vacuum power, by increasing the pressure on the 
steering-column gearshift lever. 



The gearshift lever (Fig. 2) may assume any one of the five 
normal positions, namely: neutral, first, second, third, and re¬ 
verse, in the same manner as in general use with the conven¬ 
tional gearshift lever. The H-shaped pattern of the conven¬ 
tional gearshift lever movement has oeen maintained but sim^y 
turnea 90 degrees into the vertical plane (Fig. 8). 

The gearshift lever is spring-loaded In order to keep the 
end of the lever in the downward position, or in the poeition 
where forward and backward movement of the lever will make 
the shift into second and third speed, respectively. To shift 
into first and reverse, the end of the gearshift lever must be 
pulled upward while it is in the neutral position (just the same 
as we pu'l the conventional gearshift lever to the left). Then 
the shift is made forward for reverse and backward for firsU 

The upward and downward movement of the gearshift levw 
eperatea the selector as foUowst The uptoord movement of 
the lever eaueee downward movement of the aeleotor oontrol 
•haft, which in turn imparts a downward movement to Um end 


of the bell crank on the selector lever. This in turn produces a 
backward movement of the selector rod and moves the shifter 
interlock in the transmission cover into position for making 
gearshifts inio first or reverse positions. 

Releasing the gearshift lever while it is in the neutral poeition 
allows the spring on the selector shaft to push the end of the 
lever dovmward, ^ This movement, of course, reverses the ^ctiun 
of the selector linkage and moves the shifter interlock in the 
transmission into position for making shifts into either srcond 
or third speeds. 



Let us assume that a shift is to be made from neutra into 
second gear. The initial forward movement of the gearshift 
lever oausee the shift control rod to move forwand. and in so 
doing pulls the valve rod in the vacuum cylinder forward, ad¬ 
mitting vacuum to the forward side of the piston and atmos¬ 
pheric pressure to the rear. As soon as the piston in the vacu¬ 
um cylinder starts to move forward, the reactionary levers 
mounted on the main shifter lever tend to move the valve rod 
backward, closing the vacuum port and cutting off the vacuum. 
The vacuum is not out off, however, until the movement of the 
gearshift lever on the steering column is stopped. 

Therefore, it is necessary to keep the gearshift lever moving 
until the shift is complete, so that the force exerted by the 
vacuum cylinder may move the shifter operating lever forward 
and shift the gears in the transmission. When the shift is com¬ 
pleted, the acticMi described above closes the vacuum ^ve. 

The foregoing description is representative of the functions 
which take place during the shift into any gear. The only dif¬ 
ference beiim thgg the lever system moves in the opposite direo 
tion while shifting into first and third speeds. 


I Ckimpiled from Chevrolet Service News by permission. Op¬ 
tional equipmsnt on 1999 Master De Luxe and Master “85.” 
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CHRYSLER FLUID DRIVE (FLUID COUPLING)^ 


The fluid drivei as developed by Chrysler Cor¬ 
poration engineers, involves the adaption of an en¬ 
tirely new principle of transmitting power from the 
engine to tne rear wheels in American automobiles. 
Under all ordinary conditions, it is possible to start 
the engine and drive the car with the gearshift lever 
in ^^high’’ and without using the clutw or gearshift. 

Shifting into lower gears is necessary only when 
maximum acceleration is desired from a standing 
start—^when climbing an exceptionally steep grade; 
when pulling the car out of a ditch or deep chuck- 
hole, and the clutch must be used when going into 
reverse. Therefore, a conventional friction clutch is 
mounted between the fluid coupling and the trans¬ 
mission, as shown in Fig. 1. 

The Principle of the Fltiid Drive 

We are all familiar with what a conventional 
automobile fljrwheel looks like —a solid, carefully 
balanced disk of cast iron, bolted to the engine 
crankshaft. It performs three functions: first^ it 
stores up energy ^d smooths out the power im- 
|)ul86S iixipsurt'CCi to iti 1^3^ pistons smd connecting rods^ 
second, it provides a flat surface against which bears 
the friction plate of the clutch; and third, it carries 
the ring gear which meshes with a pinion on the 
starting motor. 

The fluid drive eliminates this t3rpe of flywheel 

and substitutes for it what is called a fluid coupling. 
This coupling performs all the functions of a fly¬ 
wheel except that of providing a contact surface 
for the clutch plate, which, as we shall see later, is 
mounted in a somewhat different manner. 

Now, having replaced our old-type flywheel with 
a fluid coupling, bolted, just as was the flywheel, to 
the enpne crankshaft, let us examine the coupling 
itself, identify its few simple components, ana ex¬ 
plain the principle on which it works. 

The old millwheel is an example of the basic 
principle of the fluid drive. Another example, and 
probably the simplest way to explain the principle 
on which this device has been designed, is to com¬ 
pare it to two fans placed facing each other, a few 
inches apart. U we start one of these fans, the air 
blast from it will rush by the blades of the second 
fan and start them rotating. Thus, the second fan 
is receiving energy from the first lan through the 
medium of air which becomes an energy carrier. 
And if we have means of increasing and decreasing 
the speed of the first fan, the speed of the second fan 
likewise will increase and decrease. Bear in mind 
particularly that there is no mechanical connection 
of any kind between our two fans—^yet, via air^ the 
rotary motion of one is immediately transmitted 
to the other. 

Here we have essentially the principle of the fluid 
coupling, which needs only to be translated into 
terms oi paddles instead of fan blades, and fluid 
instead of air. 



Fig. 2' 


Look now nt Fig. 2. Here We see a cylindrical oaeiiw, partial¬ 
ly fiUed with liauid and inclosing two simple paddle wheels 
mounted on independent shafts. If, by means of the handle, 
we rotate the caefnff to which paddle (A) is attached, the Uquid 
win swirl around within the casing, and paddle (B) will b^n 
to turn. Like our analogy of the fans, there is here no me¬ 
chanical connection between the paddles—the energy set up in 
paddle (A) is transferred to paddle (B) soldy through the fluid 
medium. 

UluBtrations Fig. 1 and lA will now be more readily under- 
stood. Note that the fluid drive (or coupling) asaemoly (S5) 
(see Figs. 1 and lA) has precieely the same elements as shown 
in Fig. 2; a casing, or driver (A), to which are welded 22 radial 
vanee or paddles; the runner or driven member (B) with 24 
vanes or paddles; welded into a dished steel disk and riveted to 
the flange of a shaft or hub. 

Construction 

When assembled, the two parts of the casing, or housing, 
are welded together. The casing, or driver revolves with the 
crankshaft. The hub or shaft of the runner, or driven element 
(B), is supported by anti-friction bearings (80, 81, and 88) 
encased in tne driver unit at one end. and the other end is con¬ 
nected to the clutch driving plate (11), which in turn connects, 
through clutch driving disk ( 86 ), to transmission main drive 

E inion shaft (80), thence through transmission to rear axle. 

1 running position, the two sets of vanes are i'* apart, there 
being no mechanical connection between them. This accounts 
for toe smemthness of the fluid drive, as no shocks are trans¬ 
mitted thro^h the oil. 

Surrounding the runner shaft is a simple and ingenious ^pe 
of gland or seal (8) and (8) which prevents any leakage of fluid 
from within the casing. 

Through one of the small filler holes (8 or 84), a special type 
of oil is poured into the casing, which has the property of main¬ 
taining an almost constant viscosity over a wide range of 
temperature. In practice, it is impossible to overfill the cou¬ 
pling, because the filler hole can only be uncovered at an angle 
that permits filling to no more than 80 per cent capacity. 

Fluid Drive Action 

The couplin|[ is now complete, installed, and ready to run. 
When the engine is started, the. coupling revolves with the 
crankshaft just as the flywheel did. 

But what’s happening inside it? The vanes attached to the 
casing are rotating with it, throwing the oil around and outward 
like a vertical whirlpool until it crosses the l-inch gap between 
the driver and runn^ impinges on the vanes of the runner, and 
causes it to turn. Thus we visualize the oil whirling around 
and around in this closed circuit, snaking in and out between 
the vanes of the driver and runner—picking up a load of energy 
from the driver, earring it across to the runner, and returning 
again and again to the driver for more energy. In operation, 
the path of the oil spirals, like the stripes on a barber pole, is 
bent into a hoop. 

Actually, of course, the driver, revolving at crankshaft speed, 
always turns just a little faster than the runner, or driven mem¬ 
ber, resulting in what might be called a “cushioning” effect. 

The torque transmitted by the fluid coupling is not sufficient 
to move the car when the engine is idlii^. when the engine 
speed is increased slightly above idling, it takes hold without 
the slightest jerk or jar, and the car moves from a standstill. 
This is true even though the accelerator pedal is pushed right 
down to the floor board. At about 850 r.p.m. the fluid drive 
delivers the full torque of the engine. From this point, engine 
speed can only increase as the car's speed increases. For a 
quick start, by opening the throttle wide, the engine speeds up 
quickly to approximately 850 r.p.m. 

Adjustments and Maintenance 
There are no adjustments, as the fluid drive unit is entirely 
self-contained and is factory sealed. 

The fluid used in the coupling, to replace the loss of fluid 
through leakage or otherwise, is alow viscosity Qigbt) oil, which 
must be of the correct chemical analysis and viscositv. This 
fluid is obtainable only through Chrysler Division dealers, and 
no other should be used under any circumstances. Seventeen 
pints are required for initial filling. 

Advantages 

Some of the'advantages claimed are: 

Affords easv operation of the car due to the possibility of 
driving with the transmission in high gear about W per cent of 
the time under all ordinary driving conditions, without touch¬ 
ing the clutch pedal or gearshift lever, and using only the 
acederator pedal and brake t>edal. 

Protection from shocks and resultant wear of sueh parts as 
the dutch, transmission, and rear axle, due to sudden applica¬ 
tion of power. This contributes materially toward keeping 
the mechanical efficiency of the car at a hii^er point over a 
longer period of time. 


' Comj^ed from literature published by Chrysler Corpora¬ 
tion, 1939. Offered as standard equipment on the Chrysler 
Custom Imperial line and optional equipmen*- qn the Ch^sler 
Imperial line for 1989, llAo. 
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Fig. 1. Part sectional view of Chrysler fluid drive (fluid coupling) assemblv (30), showing how it is connected between the 
engine crankshaft (34) and the conventional friction clutch and transmission. Names of parts follow: 


1. Runner hub bearing snap ring. 

2. Sylphon seal ring. 

3. Sylphon seal or bellows. 

4. Sylphon seal spring 

6. Sylphon spring retainer. 

6. dlutch housing ventilator hole screen. 

7. lilller plug gasket. 

8. Filler plug. 

9. Sylphon spring retainer snap ring. 

10. Sylphon retainer gasket. 

11. Clutch driving plate. 

12. dutch cover to driving plate screw and lockwasher. 

13. R^ner hub nut lock. 

14. Clutch oover and prenure plate assembly. 

16. Runner hub nut. 

16. Runner hub-nut gasket. 

17.. dutch housing. 

18. Runner hub ou seal. 

19. Clntoh housing ventilator hole screen—rear. 

20. Tnnsmiesion main drive pinion shaft. 

21. Clutch-release bearing and sleeve assembly. 

22. Transmission main drive pinion-bearing retainer. 

23. Transmission main drive pinion bearing. 

24. Rngine crankshaft. 

26. iltud drive to crankshaft b<dt nut and lockwasher. 


26. Pluid drive to cranknhaft holt grummet. 

27. Fluid drive to crankshaft gasket. 

28. Runner expansion plug. 

29. Driver flange bearing snap ring. 

30. Runner hub bearing. 

31. Runner inner bearing—front for extension of shaft (20). 

32. Runner inner bearing—rear for extension of shaft (^). 

33. l^ller plug gasket. 

34. Filler plug. 

35. Fluid drive assembly. 

36. Clutch driving disk. 

37. Clutch housing pan ventilator screen—rear. 

38. Clutch housing pan. 

39. Transmission assembly. 


Fig. lA. View showing the fluid drive (81) before assembly. 
The casing, or driver (A) is bolted to crankshaft (34) and 
revolves with it. The runner, or driven member OB), connects 
with the clutch driving plate (11). The oover (C), in assembly, 
is inseparably welded to casing (A). This is possible only be¬ 
cause the coupling is eelf-lubncating and requires no adjust¬ 
ment or attention beyond keeping the fluid contents to thi 
proper level. 
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Some Questions and Answers 

S UMTiour: !• it pow ibl s to itArt the engine of e cer equipped 
1 fluid drive by puehlng or towing the our? 

Answioi: Yee—in exaetly the eeme manner ee any other car 
equipped with overdrive. In this oaee. the oil is energiied by 
the runner, thus turning the dr iver, wmob transmite its rotary 
motion to the orankshatt of the engine. 

Question: Does fluid drive permit the engine to be used as a 
brake on long, steep grades? 

Answeb: Yes, the same as any conventional oar equipped 
with overdrive. 

QuEanoN: How does the fluid drive operate when the oar is 
in reverse gear? 

Answeb: There is no difference in operation of the fluid 
drive in forward or reverse gear. The fluid coupling always 
turns forward, and the reverse drive is obtained in toe trans> 
mission behind the fluid drive. 

Question: How can car be stopped and held on an up¬ 
grade? 


Answeb: By opening the throttle a little with the car in gear 
and the clutch engaged; also, by applying brakes. 

C^estion: Is an overdrive and free-wheeling unit emifloyed 
and what are the gear ratios? 

Answeb: The kick-down overdrive in the transmission adds 
to the value of the fluid coupling because it permits a lower 
engine to rear-wheel ratio, which gives greater speed of oar with 
less engine revolutions than would be obtained without the 
overdrive. The overdrive may be op^ted only at speeds 
id>ove the overdrive ‘'cut-in” speed which is about 25 m.p.h. 
and free-wheeling may be operate only at speeds below the 
overdrive/‘cut-in” speed. Owir^ to the overdrive in the 
transmiseion, a rear-axle gear ratio of 4.90 to 1 is employed. 
When the overdrive is in engagement with the transmission in 
high (direct) gear, the overaU ratio from the engine to the rear 
wheels becomes 3.54 to 1. When in overdrive, the change to 
direct drive can be made by depressing the accelerator to the 
flo6r board. Then for a return to overdrive engagement it is 
only neceee^ to momentarily release the aooderator pedal. 
The overdrive and free-wheeling units are inoperative at all 
. speeds when the overdrive hand control button is pulled "out” 
to the limit of its travel. 


GM HYDRAULIC TRANSMISSION^ 


The operation of the Yellow Coach hvdraulic 
transmission js simplicity itself. A hand lever on 
the dash, when placed in either the forward or the 
reverse position, upon pressing the accelerator the 
coach will move. When the ooach is in re^ar 
service, the lever remains in the forward position 
and is not touched. The coach starts in the hy¬ 
draulic drive and direct-drive engagement automat¬ 
ically takes place at the correct road sprod. When 
the coach approaches a stop, direct drive is auto¬ 
matically disconnected and the hydraulic system 
(turbine) engaged. It should be noted that with 
any form of manual control the driver can operate 
indefinitely in the turbine stage. 

The passage from the turbine to direct drive and 
vice versa is acoomplished without the slightest 
sound and without any effort or thought on the part 
of the operator. Ac^ally, it is difficult to resize v 
if the vehicle is being propelled through the turbine 
or through the direct-drive system. 

When slowing down, ther hydraulic system is 
automatically re-engaged before the coach has come 
to a standstill. AU that the driver must do is to 
operate the accelerator pedal. If he desires more 
speed, he depresses the pedal^ he wishes to slow 
down, he releases the pedal, normal travel of 
the accelerator pedal opens the throttle fully. 
When maximum acceleration is desired, for example, 
when passing another vehicle, the driver merely 
follows his natural impulse and presses the pedal 
further, which automatically engages the turbine. 

The Structure 

The hydraulic transmission is contained in a 
housing similar in form and size to a conventional 
transnussion and is bolted direct to the rear of the 
crankcase. The housing contains in order from the 
engine end: 

1. A single acting friction clutch, which connects 
or disconnects the engine from the hydraulic system. 

2. The hydraulic system (turbine), which includes 
the pump wheel, the rotor, and the turbine housing 
with its two sets of reaetion blades. 

3. The reverse gear. 

4. The roller clutch,^ which disconnects the turbine 
from the angle gear output shaft when in direct 
drive. 

5. The directrdrive lockup or clutch, which con¬ 
nects the through shaft to the angle gears. 

6. The angle gearing. 


Principle of Operation 

Illustration Fi^. 1 shows schemHtioally what takes place when 
the hydraulic drive is in operation. The power flows from the 
engine through the engaged friction rJutch into the turbine 
where the torque is multiplied and speed reduced. The turbine 
output shaft is connected to the angle gears through a roller 
clutch, the direct-drive clutch being released. 

From illustration Fig. 1, it will be noted that, when in reverse, 
the power flows through the friction clutch and turbine, ana 
that rotation is reversed in the gearing between the turbine 
and the angle gears. 

Illustration Fig. 2 shows schematically what takes place when 
in direct drive, which automatically occurs when sumcient road 
speed has bean attained. Power is then transmitted directly 
through the center shaft to the angle drive gears. The pump 
wheel is disconnected from the engine ana the roller clutch 
permits the turbine unit to come completely to rest, which 
eliminates friction losses due to the churning of the fluid. 

The dutches: Two clutches are employed—a friction clutch, 
which engages the turbine element and a direct-drive clutch. 
In the latter, engagement of the direct drive is accomplished 
by an ingenious device consisting of a balking ring placed be¬ 
tween two sets of dogs. 

‘The hydraulic svstem (turbine): The design of the hydraulic 
system or the turbine incorporates a coaxial pump impeller, a 
rotor, and a fixed reaction member through which fluid is circu¬ 
lated. Fluid couplings, which are termed "fluid flywhcells” 
and are widely used in Europe in conjunction with planetary 
transmissions, do not provide for torque multiplication. 
Hense, no direct comparison can be made between the design 
of these couplings and this turbine element. 

Illustration Fig. 3 shows schematically, in what is believed 
to be the simplest possible form, the operation of the hydraulic 
s>^tem, the path of the fluid, etc. 

The turbine element consists of a centrifugal pump wheel 
driven by the engine; a three-stage rotor wheel connected to 
the propeller shaft with three sets of blades, 1, 3, and 5; and a 
casing with stationary blades 2 and 4 interposed between the 
rotor blades. The engine-driven pump wheel forces fluid 
against the rotor blades (1) exerting a thrust tending to rotate 
the wheel. The fluid then passes the stationary olades (2) 
which direct it against the rotor blades (3). The stationary 
blades (4) again change the flow of the fluid directing it against 
the rotor blades (5). The fluid is then picked up by the pump 
whe^ and the cycle repeated. Torque multiplication reaches 
a maximum of 5:1 when the coach is started, this ratio is 
gradually reduced as the vehicle gains speed. 

niustration Fig. 4 shows the actual parts involved in a punm 
wheel, rotor wheel, and casing with stationary blades. It wul 
be seen that the casing carries both reaction stages; one stage 
is formed by riveting the blades directly into the casing, and 
the other is made as an independent ring which is attached to 
the casing. The pump and turbine shafts together with their 
oorrespondiim end plates are machined from stamp!nra, thus 
forming rigid and accurate parts for the mounting of the blade 
system. The pump and third-stage turbine blades are made 
from rolled-steiu sections, as these blades form the chief me¬ 
chanical coupling to their respective shafts. The remaining 
turbine and reaction blades are made from extruded brass ^sec¬ 
tions. The dowels which secure the blades are machined 
integral with the blades. AO the blades are riveted in position. 


^ Conned from literature from General Motors Truck and 
Coach Division of Yellow Truck and Coach Manufacturing 
Co. by George A. Gtto, vice-president, in charge of engineer¬ 
ing, as appeared in Bus Transportation, September, 1938. 
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The fluid gjetem: Sehenuitio Uluetntion Fig. 5 shows the 
fltud system. The fluid enters the hydraulic system from the 
supply tank through an injector or booster. The injector 



functions on the jet principle and is operated by means of the 
circulation of the fluid, which is byMmssed from a region of high 
pressure to one of low pressure. The fluid serves to build up 
the pressure and supercharge the hydraulic system, which in¬ 
creases the efficieney and output by preventing foaming and 
cavitation. 

A limited amount of fluid is constantly permitted to escape 
from the hi^h-pressure side of hydraulic system and carries off 
any gas which may form. The fluid flows to the supply tank 
through an aspirator, which works on the same principle os an 
injector (in other words, a jet suction pump), and sucks the 
fluid from the sump tank located underneath the transmission. 
This tank collects the fluid which finds its way past the hy¬ 
draulic system seals and is in this manner recirculated. 

A small cooler is provided to prevent the overheating of the 
fluid where the hydraulic system (turbine) is used for prolonged 
periods. The fluid flows from the high-pressure side of the 
hydraulic system to the cooler and is returned to the low- 

I iressure side. The fluid consists in a mixture of 95 per cent 
;erosene and 5 per cent lubricating oil. A total of five and a 
quarter gallons are recjuired. 

The reverse gearing: In the Yellow design the outer member 
of the overrunning dutch is split and an internally and ex¬ 
ternally toothed ring surrounds it. In the forward speed the 
ring looks up the overrunning clutch; to engage reverse, the 
ring is moved sideways. This disengages the overrunning 
dutch and engages the reverse gearing. 

Again referring to illustration Fig. 1, it will be seen that the 
reverse is eni^aged hydraulically, i.e., through the turbine, 
which insures immunity from shock loading. 

The angular gearing: The angular gearing connects the 
transmission through the propeller shaft to the rear axle: an 
arrangement of this general nature being required in all in¬ 
stances where transversely mounted rear engines are used. 
The angularity permits a satisfactory location for the driving 
dements. 

The automatic cohtrols: The hydraulic drive consists of a 
fully automatic control which eliminated the necessity for any 
physioal effort on the part of the driver. Furthermore, there is 
no need for him to exercise either skill or judgment. He merely 
relies on his natural impulses—when he desires more speed, the 
accdsrator is depressea; to reduos the speed, he merely eases 
up on the pedal. A fu^her and very important advantage is 
that the engagement and disengagement of the hydraulic sys¬ 
tem automatically takes place at tns correct road speed. Con¬ 


s^uently, the coaoh oaaaot be oMntad throogli the hydraulic 
drive beyond the point at whioh the eeeoadary Mgl primary 
torques are equal. 

The controla are of the eleotro^neumatie typo. A eimple 
form of speod-eonsdoue governor aetenainee when the shift is 
to be made and actuates s valve admitting or releasing air to 
the control cylindars, and momentarily eloeing the engine 
throttle. Then, engagement of either the hydraulic system or 
the direct drive takes place. 

Advantages 

The hydraulic transmission has a number of speeifle ad- 
vaatagea claimed for it—the more important of which are: 

1. No matter how carelessly the accelerator is manipulated, 
the coach glides away with dTortless ease. There can be no 
jerky starts with conseouent passenger discomfort. A vehicle 
may be allowed to run Daekward downhill, then the direction 
reversed, almost without the passengers’ knowledge that any 
change has taken place. 

2. Sinee aoceleration cannot be ansthing but perfectly 
smooth, passengers ean safely reach their seats in a starting or 
moving coach without risk of losing their balance. 

3. The accelerator and brake pedals are the only controls. 
All shifting is fully automatic. The driver need give no thought 
to it. The driver’s work is, therefore, substantially reduced; 
coDsequentiy, he can devote his entire time and attention to 
the sate control of a vehicle since the mental and physical exer¬ 
tion of driving is reduced to the minimum. 

4. There is a minimum time lag, and consequent minimum 
loss of acceleration as when changing speed in a gear-driven 
coach. With the hydraulic transmission aoceleration is rapid 
and smooth. 

5. Since no gearing is employed during the forward motion of 
the vehicle, the operation ot the hydraulic transmission is noise¬ 
less; and. since tnere are no gears to repair or replace, main¬ 
tenance expense is automatically reduced. 

6. The hydraulic system automatically provides an abso¬ 
lutely foolproof form of governor. It is impossible to race the 
engine when the turbine is engaged. This is a matter of very 
great imporiance. Racing of the engine creates undue noise, 
which is irritating to the passengers and results in needlees wear 
and tear on the mechanism generally, particularly the clutch. 

7. Since the design of the friction clutch and also the direct- 
drive clutch is such that engagement takes place under condi¬ 
tions of no load, repairs and renewals should bo practically sero; 
a matter of very great importance from an operating stand¬ 
point. 

8. Kffieiency losses due to oil churning, prevalent with all 

{ ;ear transmissions, are eliminated. This situation is particu- 
arly favorable when in direct drive, at which time there is only 
a single shaft revolving. 

9. Since the engine operates consistently at its most efficient 
speed, intermittent and fast engine acceleration and decelera¬ 
tion, so detrimental to engine life and economy, are eliminated. 

10. Since the drive element consists in a fluid cushion, all pro¬ 
peller shaft vibrations are automatically damped out; a par¬ 
ticularly important issue where Diesel power plants are em¬ 
ployed. *11160. too, the life of the engine and all parts subject 
to torque are lengthened. This includes the drive line, axle, 
gears and shafts, tires, etc. The absence of shocks lengthens 
the life of practically every part in the entire vehicular struc¬ 
ture. 

11. The hydraulic transmission can be used as a dynamom¬ 
eter for a periodic check-up of the engine condition. It is, of 
course, necessary to know the engine r.p.m. at which the 
maximum power output is attained. The brakes are then set, 
or the wheels blocked, the throttle fuUy opened, and the engine 
speed noted. A tachometer attachment is provided for this 
purpose. If the engine r.p.m. is below the standard set, it is, 
of course, obvious that repairs or adjustments are required. 


OLDSMOBILE’S HYDRA-MATIC DRIVE' 


Oldsmobile’s '^Hydra-Matio” transmission com¬ 
bines a four-speed automatic geared transmission 
with a “liquid flywheel" The automatic trans¬ 
mission follows the same basic design as the one 
introduced by Oldsmobile several years ago, con¬ 
sisting primarily of two planetary gear sets whioh 
are constantly in mesh, in back of which is a reverse 
set 

The liquid flywheel acts to cushion the impaot 
the gears as they shift automatically, as well as to 
damp the torque reactions of the engine. The liquid 
flywheel is placed in front of the automatic trans¬ 
mission, replacing the clutoh. No clutch ped^ are 
provided in cars equipp^ with the new transmission, 
control beihg aoooniplished entirely by acc^ator 
and brake. Oil is supplied to the liquid flywheel 


from the transmission under a pressure of 30 lb. 
per sq. in. 

The planetary gear sets are placed in series as 
shown in the illustration (Fig. 1) so that power may 
be transmitted through pither or both of the sets to 
produce either of four forward ratios or reverse. 

A centrifugal govemor incorrorated in the trans¬ 
mission selects the proper gear for each speed. The 
change from one gear to another is accomplished 
through hydraulic^y operated pistons, in some 
cases assists by springs, which control brake bands 
on the planetaiy gear sets and clutches within the 
planeta^ units. 


i The text end OlttetmtkMi (Big. 1) whieh follow Is ranted 
in pert from an artiole entitled Trends in Design of 1940 Cars’* 
in Noven^ier, 1939, SAB Jovmal by TboiaMe A. Biwell, 
Teehntcal Edflter- 
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FiK< 1. Cross-section of Oldsmobile “Hydra-Matk*’ transmission nlioMinK the power Mow in Hrst Koar. 


The Bpe^ at which the various shifts occur is ttoNeriKsi by 
throttle position as well uh by the cenir if until i/ortrnor ho tiuil, ax 
the throttle ia opened, the gears shift at higher and higher 
speeds. Furthermore, the pressure on the brake band and 
clutches is varied in prop<»rti<m to the throttle opening. The 
iirst feature permits maximum power and acceleration when 
needed, and the second reduces the weixe of the brakcH or clutch 
when relatively low torque is being transmitted. 

When the transmission is in low gear, as shown in the sec¬ 
tional drawing, the brake bands of both gear sets are held 
against the drums and power is transmitted through two sets 
of gears as indicated by the lines of iiower flijw. When in 
second gear, the brake band of the forward gear is released anti 
the power is transmitted through the rear gear set. In third 
gear the brake band on the rear gear set is released and the 
front band tightened, and the drive is through the forward 

r [ear. When in fourth gear, the bands of both gear sets are re- 
and power is trunsinilted directly through the trans¬ 
mission from tho engine to the roar axle. 

In third and fourth gears the arrangement is such that the 
torq^ue is split two ways, only about 40 per cent going through 
the liquid flywheel. The remaining torque is carried rearward 
by an intermediate shaft and joins tne^irtion of the torque that 
has gone through the liquid flywheel at the rear unit planet 
carrier. 

^ A feature of the transmission is that there is a geared reduc¬ 
tion between the crankshaft and the fluid flywheel when the car 
is started. The slower speed of the flmd driving member 
is claimed to reduce the tendency for the cur to creep under 
idling conditions. Dividlni^ the torque in third ana fourth 
speeds so that only part of it goes through the liquid flywheel 
was done to minimise slip under normal driving conditions. 

Gear ratios: The first gear ratio is 3.658:1; second, 2.533:1; 
third, 1.444:1; fourth, 1:1; and reverse, 4.309:1. A 3.63:1 
rear-axle ratio is used with the transmissions. 

Control is provided by a lever and sector segment mounted 
on the steering column directly beneath the steering wheel 
which can be adjusted to any one of four positions: neutral, 
high, low, and reverse. In the *'high" position, all four 
forward gears automatically change from one to the other and 
back again at the proper speed and throttle position; cruising 
above 23 m.p.h. is in fourth gear. In the "low’" position only 
low and, second gears are available; this range is recommended 
for use onW when goinf down steep hills or when pulling in 
heavy sand or mud. 

Where extra power and acceleration are needed, as when 
passing a ear on the road, with the engine in the fourth-speed 
range, the transmission offers the same feature found in current 
erverdrira—pressing the accelerator all the way down beyond 
the fuU-thriktle position instantly changes the gear from 
fourth to third. The gear is returned to fourth speed by 
partially rsleesing the aooelerator. 


Sonic QiK'HlionH anil AnntverM^ 

(^: Whttt are the benolitH of tho hydra-mutic drive? 

Anh.: 1 . IncrriiHed gasoline and oil economy. 2. No cliitoh 
(o press, no geiirn to shift. 3. lucreused sufi ly. 4. T,onger engine 
life. 5. Kliininatioii of clutch niaintenanoo expense. 6. Loss 
driving fatigue. 7. Added performance. 

Q.: Wliy do wo call this tho hydra-mutic drive? 

A.ns.: “Ifydrii” infers hydraulically operated; "matic’* infers 
automatic control. I'his is a coined name. 

Q.: What are the mainteuarwo o|>erations rcviuired during the 
one-year warranty period in tho hydra-matio drive? 

Ans.: 1. Change oil at 5,000 miles. 2. Hervo band adjust¬ 
ment at 10,000 miles. 

Q.; If this transmission is fully automatic, then why do you 
Imve a high-gear and low-gear range on it? 

Anb.: Transmimion is fully automatic for practically all types 
of operation that you will encounter in its usage. However, 
there are certain situations where the driver may find it advis¬ 
able to stay in second gear and not shift into third and fourth, 
such os de<*p sand or when a car is apcideutally put into a ditch 
or negotiating severe hills with a trailer. There are also a few 
mountains such as Pikes Peak where tho power in third gear is 
not sufficient to maintain a desired speed. However, by shift- 
iiig into the low pusitioix, the full benefit of the secoud-speed 
reaucliun can be mode available to negotiate the lull at any 
si>eed desired. 

Q.: Can it be left in gear to bold it on a hill? 

Axs.; Yes, turn off the Ignition key and shift lever to reverse. 

Q.: How does tho fluid drive work? 

Aks.: It is very similar to a turbine drive, the same as used 
In power stations such as Boulder Dam, with tho difference that 
the pressure at Boulder Dam is derived from a water head, 
whereas, we create pressure to drive the car by centrifugal oil 
pressure generated within the fluid drive. 

Q.: What is the pressure in the fluid coupling? 

Ans.: Oil comes in at the center at 30 pounds p.s i. and builds 
up to 500 pounds p.s.i. pressure at tbe rim. 

: If the starter will not crank the engine, can the car be 
ed to start it? 

Anb. ; Yes, the control lever should be put in neutral and the 
car speed be brought np to 20 m.p.h. ana then shifted to high 
and the engine will start. 

1 From OldomobUe 1940 HydrorMatic Herxice InetrucUone, 
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SERVICE ADJUSTMENTS ON DELCO-REMY REGULATORS^. * 


Thirty-four ampere shunt (two-brush) generators 
and a new design of single-core current and voltage 
regulator* are the news on the 1940 Delco-Remy 
automotive electrical equipment. Fig. 1 illustrates 
its wiring circuit. The operation of the regulator 
is similar to earlier types. 



Fiji. 1. Wiring circuit of Delco-Remy single core electro¬ 
magnetic vibrating current and TOltage regulator with two¬ 
brush, shunt-wound generator. The cut-out relay ia shown 
above at left, current reyulator in the center and voltaye regula¬ 
tor on the right, all mounted on the same base aa one unit. 
This type unit ia for use with two-brush generators. Many of 
the regulators are designed to be used with a poeitiv^rounded 
battery only, while others are designed to be used with a nega¬ 
tive-grounded battery only. Never attempt to use the wrong- 
polanty regulator on an application. 

The current regulator ia a current limiting device which, for 
passenger-car apinioations, is set to operate at 34 amperes (hot) 
and acts to prevent the generator output from ever exceeding 
this value.* It is thus a protective device for the generator. 

The voltage regulator operates to hold the voltage of the 
system to a safe, predeteqnined value.' With a charged 
battery and only a small electrical load on the line, the voltage 
regulator reduces the generator output to a small value, re¬ 
gardless of generator speed, and thus protects the battery fronl 
overcharge and the system from high voltage. 

When the hattery %» in a discharged condition, and a heavy 
electrical load is put on the line, the voltage regulator permits the 
output to increase to a value necessary to balance the demand, 
up to the current regulator setting. When the current regula¬ 
tor setting ia reached, the voltage regulator stops working, and 
the current regulator takes over the job of regulating the output. 
Then, when the need for full output is past, the voltage regula¬ 
tor automatically takes over and begins to reduce the output 
to the value needed to balance the load. 

Quick Generator-Regulator Checks 

The following system of quick checks enables the service man 
to determine if the units are operating normally and, if they 
are not, to locate the unit causing the trouble, so that corrective 
steps may be quickly taken. 

(1) —A fully charged battery and a low charging rate indicates 
normal operation ot the voltage regulator, but a low charging 
rate sometimee worries a car operator. It should be explained 
to the customer that the voltage r^ulator reduces the output 
when the battery ia charged to protect the battery from over¬ 
charge. 

(2) — A folly charged battery and a hi|^ charging rate. It 
should be remembwed in analysing this complaint that the 
charging rate at any given voltage depends on tottery tempera¬ 
ture aa well aa on battery specific gravity. In torrid climates it 
may be advisable to reduce the voltage regulator setting four- 
or nve-tentha of a volt as a protection against overcharge re- 
smting from high battery temperatures. When this is done, 
the out-out relay cloaing voltage mdst be correspondingly 
reduced. 

If the high charging rate is not a result of high battm 
temperatures, check to locate cause by dieconnecting the (F) 
temi^ lead from the regulator. This opens the generator 
field dreuit, and the out|>ut should normally drop off. If it does 
not. the generator field is grounded either intcnudly or in the 
wiring harness. 


If the output drops off to sero with the (F) terminal lead 
disconnected, the trouble has been isolated in the regulator. 
Check for high voltage setting, welded contacts or ground 
within the regulator. 

(3)— With a low battery and a low or no charging rate check 
the circuit for poor oonneotions and damaged leads, which would 
put abnormal resistance in the circuit and prevent a proper 
charge from reaching the battery. If the wiring is okay, 
ground the (F) terminal lead and note whethor or not this in¬ 
creases the output. If it doee, check the regulator for oxidised 
contact points and low voltage setting. 

If the output does not increase, the generator is probably at 
fault, although it is possible that it is the cut-out relay which 
ia preventing the output from passing from the gentfator into 
the circuit. 

Adjustments 

Cut-out relay (Fig. 2). With a voltmeter connected from 
the “GEN" termini of the regulator to the regulator base, 
slowly increase the generator speed and note closing voltsge 
of the cut-out relay. This should be between 6.2 and6.7 volts 
and is adjusted by bending the spring post. Bend up to in¬ 
crease the setting, bend down to lower toe setting. The air gap 
should be .020 in. and is checked by measuring between the 



Fig. 2. Essential adjustments to the cut-out relay part of the 
unit are made as indicated on this illustration. 


^ Reprinted from Aiulonwtivc Merchandising, January, 1940. 
By 'mUiam H. Oouse, Service Department, Delco-Remy 
Division, Anderson, Ind. Footnotes were added. 

a The units are sealed to indicate that they have the original 
factory setting, and only United Motors service stations are 
authorised to oreak the seal. Adjustments may be made by 
competent operators, but warranty will be void if the unit is 
danuiged by improper servicing. 

* The advantage of this two-hrush generator with current and 
voltage regulation, over the third-brush regulated generator is 
chiefly due to: The shunt wound (two-brush) generator 
reaches its maximum output at a lower speed and maintains a 
constant output throughout the higher speed ranges without the 
**taper-off" characteristic o( third-brusn generators. See also 
page 58 of Addenda and pages 357, 362. 

' Such as models 1118201 and 1118202. 

> Total generator output is taken through the current regula¬ 
tor winding (W). When this reaches the value for which the 
current regulator is set, the magnetism in core (C) is strong 
enough to pull the current regulator armature (Air) down and 
separate the regulator points (P). The generator field (F) 
is normally grounded throimh points (P) in series with the 
voltage regulator points, when points (P) of the current 
r^ffulator are separated, the two resistance units (R) (in parallel) 
connected across the points, are inserted in the generator field, 
causing the generator ou^ut to drop off. Aa soon as the output 
drops wlow the regulator setting, the armature is rdessed, the 
points close, output increases. This causes vibrating action 
which regulates for a constant output. 

• When the velti^e exceeds this value, the voltage regiUatoi 
points open, inserting one resistance (the bottom one in Fig. 1) 
into genwator field, causing a drop in the output which lowen 
the voltage. This allows toe points to again close, the output 
and voltage build up, the points again open. This causes a 
vibrathif action which hdds the voltage to a constant value 
The current reaalator usee two resistance units in parallel foi 
the low value of resistance while the voltage regulator uaes bat 
one, a higher value resistance. 
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winding core and the armature as the points just close. The 
regulator must be disconnected when this check is made. 

If both sets of points do not meet simultaneously, bend the 
spring fingws until they do. Adjust the air gap by loosening 
the two aa jus ting screws, and raising or lowenng the armature 
as required. Tighten the screws after adjustment. 

The point opening should be .020 in. and is adjusted by 
bending the upper armature stop. Relay points open with 
0-4.0 amps, reverse current. 

Current regulator. Connect ammeter at the “BAT” terminal 
and bridge the voltage regulator points from the frame to the 
upper point support with a jumper lead, as shown in Fig. 3. 
Turn on radio, heater, and lighte to prevent battery overcharge, 
operate tlm generator at a medium speed, and note the current 
setting. The regulator must be at operating temperature wh^ 
the current setting is checked and adjusted. 



Fig. 3. When checking the current regulator, the ammeter is 
connected as shown here. 


The current setting should be .34 amperes with the unit hot. 
If necessary, adjust by bending the spiral spring hanger of one 
spring only with a regulator adjusting tool without touching 
the hanger of the other .spring (Fig, 5). Bend down to increase 
setting. 

When making a complete readjustment of the unit, it is necessary 
to make sure each spring i.s carrying one-half the total required 
armature tension, as foUoxvs: 


1. With one spring only, adjust the current 
amperes. 

UOMf AO MOUNIIMQ 



setting to 17 


Fig. 4. Show¬ 
ing location of 
regulator air- 
gap setting 
and method 
of adjust¬ 
ment. 



Fig. 5. This 
diagram shows 
how to make 
all essential 
adjustments to 
the current and 
voltage regula¬ 
tors. Make ad¬ 
justment on one 
NNO po*N to MCMAMtUuNTuniMO spring. Change 

springs only 
when adjustment of one spring will not bring setting within 
Bpeoidoations. 


VOLTAGE MOUL/ 
lOWCE SPtUNO HANGCfl 

MNO OOWM to MtMAN VOllAOl UniNO 
MND Ur la BtOWAM VOilAQI Mnwo 


2. Install second spring, and complete adjustment entirely 
on this spring to 34 amperss. 

The air gap (Fig. 4), should be .080 in. and is measured be¬ 
tween the oenUir of the core and the armature with the points 
just touching. Adjust by loosening the two oontfEot mounting 
screws and moving the upper contact aupport up or down. 

Voltage regulator. Disconnect the “BAT** terminal lead. 
Connect a heavy-duty f-ohm fixed resistance^ and a voltmeter 
from the *‘BAT'^ terminal to the regulator base (Fig. 6). Note 
voltage setting at a medium generator speed. The regtdator 
must oe at operating temperature when the voltaM eettiim is 
checked and adjustM. The voltage setting should be 7.2 to 
7.4 volte with the regulator hot. 

If i^^cessary, adjust the voltage setting (Fig. 5) by bending 
the spring banger of one spring. 

When making eomnl^ adjuttmenU of the unit, it is necessary 
that each spring will carry the correct proportion of armature 
tension, ae/ollowa: 



Fig. 6. Using the 
fixedresistance method 
for checking the voltage 
regulator, a voltmeter 
is connected as shown. 


1. With one spring only, and a voltmeter connected from 
the “GEN” terminal to the regulator bash, open voltage regu¬ 
lator points by hand and slowly increase generator speed until 
the voltage is 3 volts. 

2. Release armature, hold generator speed, and adjust 
setting to approximately 3.7 volts. 

3. Install other spring and complete adjustment on this 
spring oniy. to 7.2 to 7.4 volts, without again touching the 
first spring hanger. 

The air gap of the voltage regulatcsr should be .075 in. and is 
checked and adjusted as described under air gap, current 
regulator, above. 

Insulators must be assembled in the order as shown in Fig. 7, 
whenever the contact points have been disassembled for clean¬ 
ing, or when new upper contacts are installed. Note that the 
connector strap is insulated from the voltage regulator contact 
mounting screws, but is in contact with the current regulator 
contact mounting screws. New bushings should be used. 



Fig. 7. 

Method of as¬ 
sembling the 
upper contact 
supports of 
the current 
and voltage 
regfilators. 


Cleaning Contact Points 

One of the most important service operations on regulators is 
cleaning contact points. Dirty or oxidised points arc and burn, 
cause r^uoed generator output and rundown batteries. If 
points are properly cleaned, the regulator will be restored to 
normal operation. If im^perly cleaned, improvement in per¬ 
formance will be smEtll and omy temporary. Remove the upper 
contact supports (Fig. 7) so that each point may be separately 
cleaned. Use a tnin, fine-out contact file and file ea^ point 
separately. Do not use the flat file excessively oa the rounded 
(smaller) point. If the flat point has a cavity in it, nse a spoon 
or riffler file to clean out the pit. Reassemble contact supports 
as illustrated in Fig. 7. Adjust air gap (Fig. 4). Never use 
emery cloth or sandipaper to clean the contact points. 

Do not operate the passenger-car type generator and regula¬ 
tor on open circuit, 

7 Available through United Motors Service stations. 
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S2 DYKE'S AUTOMOBILE AND GASOLINE ENGINE ENCYCLOPEDIA 


AIRCRAFT 

Intrdduetory 

Tlie idrcralt engine, like the automobile engine, 
is an internal combustion engine^ which converts 
heat energy into mechanical energy, and operates on 
practically the same basic principle as the auto- 
mobOe engine. Although there are a few aircraft 
engines iwch operate on the two-stroke cycle 
principle,* the majority operate on the four-stroke 
cycle principle,* and use gasoline as a fuel. 

Differrace between the Automobile and 
Aircraft Engine 

The chief differences between automobile and 
aircrait engines are largely in details of design, con¬ 
struction, and maintenance. 

Some of the vital characteristics in design of air¬ 
craft engines^ as compared to automobile engines, 
are lower weight per horsepower, low frontal area, 
and compactness. 

There are many differences in construction. Air¬ 
craft engines generally use lighter material and of 
the very best quality, as dependability and safety 
are the essential requirements. A careful review of 
the specifications. Insert No. 9y will give an idea as to 
the construction of aircraft engines. 

Dependability and safety are also the essential re¬ 
quirements of maintenance, servicing, and repair 
operations. For this reason particularly, work on 
aircraft engines or aircraft which are used in air com¬ 
merce is under civil air regulations, as explained on 
Addenda page 111. 

Engine Parts, Similar 

The aircraft engine employs the same parts as 
an automobile engine, namely: crankcase, crank¬ 
shaft, cylinders, pistons, connecting rods, inlet and 
exhaust valves, etc., but there is a difference in the 
construction and arrangement and more exacting fits 
are required. 

The crankcase and crankshaft are affected con¬ 
siderably by the arrangement of the cylinders as will 
be noted under “Types of Engines,"' Addenda page 
86. and under “Crankcase’^ and “Crankshaft," 
Addenda pages 89, 91. 

The cylinders being mostly air cooled are usually 
of steel and aluminum construction, the aluminum 
head being screwed and shrunk onto the steel 
(Cylinder barrel as explained on Addenda page 91. 

The valves overhead and are operaied by push 
rods on the majority of aircraft engines. See Ad. p. 
91. Some of the and “inverted-V," “in-line," 
and “inverted in-line" type engines have oveibe^ 
valves operated by overhead camshajis, the camshaft 
being driven from a vertical shaft wnidi takes its 
drive from the front end of the ci^ankshaft (some¬ 
what mmilar to the method shown in Figs. 95, 96, 
pages 53, 54)i 

Lubrioatiim^ 

Practiic^y all of the radial and inserted type air- 
craft'enginea, and many of the other types use the 
pressure dry sump lumicaticm system. With this 
systeioi ,tlieM»ricating oil tank is separate from the 
en|^e, and oil is drawn from it by meahs of a 
presmts ailf,pu/ilip £iid forced through the hollow 


ENGINES 

crankshaft to the various parts, draining kito a stuhp 
from which it is immediately drawn out by a 
scavenger pump and returned to the tank. Some> 
times the oU is cooled before it is returned to thb 
engine. With the wet sump principle, oil is in the 
lower part of the crankcase of the engine. 

Ciril fUr roKulations Part 04 .—Airplans Airworthiness under 
section 04.630 pertaiziiag to lubrication syitema reads: 

“Each engine shall have an independent oil supply. The oil 
capacity of the system shall be at least 1 gallon for every 16 
gallons of fuel for single-engine aircraft and 1 to SO for multi- 
engine aircraft but shall not be less than the minimum specifted 
by the engine manufacturer for safe operation of the engine. 
A special ruling concerning capacity will be made by the Secre¬ 
tary when oil may be transferred between engines in flight or 
when a suitable reserve is provided. The suitability of the 
lubrication system shall be demonstrated in flight tests in which 
engine temperature measurements are obtained. The system 
shall provide the engine with an ample quantity of oil at a 
temperature suitable for satisfactory engine operatibn." 

Other subjects which follow in this same Part 04 are: Tank 
installation, tank strength, gauge,< piping, drains, oil tempera^ 
ture,^ filler openings. 


Cooling 

Cooling is by means of air or liquid. By referring 
to the specifications. Insert No. it will be observed 
that the majority of aircraft engines are cooled by 
air. 

Air-cooled engines permit lighter weights by 
omission of water, radiator piping, and shutters, 
and thus with the elimination of power-plant weight 
the airplane itself may be made lighter. By means 
of deflectors, air ducts, and baffle ^ates it is possible 
to cool the rear of the air-cooled cylinders which 
otherwise would have a much higher temperature 
than the front. 

Quoting from Wasp and Wasp Junior Manual 
“Desired cylinder temperature—oontimious cruising: bead 
400® F. or less; base 200-260® F.“ 


1 See page 30 explaining the meaning of internal combustion 
engine. Aleo, see **SuuQ 98 tu>na for the Bspinner," Ad. p. 111. 

> See page 908B for explanation of the principle of operation 
of a two-atroke cysle gasoline engine^ and page 1033E for the two- 
Stroke cycle Diesel engine. 

’ See pages 31-33 for explanation of the principle of opera¬ 
tion of a four-stroke cycle gasoline engine^ and page 1029 for the 
four-stroke cycle Diesd engine. 

«To determine the amount of oil in the system during the 
filling operation. 

» Quoting from Part 04.—Section 04.636: “Oil temperature. 
A suitable means shall be provided for measuring the oil tem¬ 
perature at the engine inlet.” 

S noting from Twin Wasp Operators Manual: “In extremely 
weather it is advisable to provide some means of beating the 
oU before starting to insure lubrication of the engine during the 
starting period and to lessen the time required to warm mp the 
oil to we minimum take-off oil temperature. 104^ F. (4<r C.) 
Several electrical beating units are available for warming up the 
oil in the tank. 

“Oa Inlet Temperatures ®P ®0 

Desired range. 140-167 60-75 

Minimumforfli^t..... 104 40 

Maximum level flight. 185 85 

Maximum in dimo. 212 100 

“OU Preaaorea Lb. per aq. in. 

Oil ^nimum idling at oil temp. 

Oil pressure, minimum oruising above 1500 

r.p.m.... 55 

OU pressure, desired above 1500 r.p.m.«.85-100 

••The oil preasure should nohaaUv start registeriiii wHhin 15 
aeoonds after the 4H^ne is started. If there is no indication of ofl 
pressure after 30 seoonds, STOP, ^eok the dl supply and 
check the oil inlet and oU outlet oonneotions for tights. A 
very smi^ l^ia the oil sueeloo Une triU prevent the oil ptimi 
from working properly. Do not oontinue rumdng me engiiis 
unless Oil pressure is ^tainsd/' 
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Liquid cool^. Ethvlene glycol* is being used 
with succesS) instead of water on some of the air¬ 
craft engines with water jackets, making it ^ssible 
to reduce the radiator frontal area by 70 per cent or 
more* This method, commonly termed *‘liquid> 
eoding^** should be more properly designated 
**chem{cal cooling^^^ or ^‘highrteniperature chemi^ 
cooling.” because ethylene glycol has a boiling point 
of 387^ F. and permits operating the water-cooled 
type of engine with a coolant jacket outlet tempera¬ 
ture of 300° F., whereas with water it would boil at 
21^ F. The temperature found most suitable at 
which to operate aircraft engines is 250-300° F. It 
is of course necessary to give consideration to the 
Question of push rod, valve, piston rings, and piston 
clearances because of the higher operating temperar 
tures. 

Ignition 

Ignition employed on aircraft engines is usually 
magneto ignition, although some engines employ 
battery ignition. 

The proposed Civil Aeronautics Manual 13, under section 
13.43 pertaining to ignition system^ reads: 

"All spark ignition engines should be squipped with a dual 
ignition system having at least two spark pli^s p^ cylinder 
with two separate electrical circuits, or an ignition system 
which will produce equivalent safety in flight. The electrical 
circuits in the dual ignition system may be composed of any 
one of the following combinations: 

“o) Two magnetos or a dual magneto with separate electrical 
circuits. 

"!>) A.battery ignition circuit including a generator and a 
storage battery, and a magneto ignition circuit. 

"c) Two battery ignition circuits including a generator and a 
storage battery which will not be connected with any other 
electrical load in the airplane. The generator should be capable 
of carrying the ignition load when the engine is idling in a glide 
with the engine operating at a speed approximately 45% of the 
maximum, except take-ofl speed. 

**d) Two battery ignition circuits includinj two generators 
^ and two separate storage batteries each connected to an ignition 
, circuit. One of the batteries may be used for dectrioal loads 
• in the airplane which are not excessive. 

*V) Two battery ignition circuits including a generator and a 
storage battery when it is conclusively proven that the generator 
will carry the ignition load and all possible electrical loads from 
the airplane under flight conditions including gliding with the 
engine idling." 

Carburetion 

Carburetion* is by means of a float type carbure¬ 
tor, either of the updraft or downdraft type. It is 
similar in construction in many respects to the 
automobile carburetor, but is fitted with a mizitcre 
control,^ On some carburetors the primer lines 
connect directly to the carburetor accelerating pump 
and are termed ^‘self-priming.” 

Another carburetion principle coming into general 
' use is the injection type of carburetor. 

Induction Systems 

Induction systems applies to methods employed 
to conduct the air-fuel mixture, or charge as it is 
sometimes called, into the engine cylinders. These 
methods may be classified as: (1) ^ect through 
the inlet manifold, (2) rotary induction, (3) super¬ 
charger. 

Direct inlet manifold system refers to passage of 
the charge into the engine cylinders directly through 
the inlet pipes leading from the carburetor to the 
inlet valve ports of the cylinders without the aid of a 
^ blower. 

Rdtaxy induction consists of a centrifugal im- 
. pellet |uaced in the induction system between the 
carburetor and cylinders and driven from the engine 
crankshaft. This principle is employed in a number 
^ hlrqraft engines to break up thoroughly or diffuse 
the fud char^, also to assist m distributing m equal 
charp to ea^ of the cylinders and to assist in over¬ 
coming losses in volumetric efficiency.^ Rotary in¬ 


duction delivers less pressure than a superoharger.. 
Although often termed “supercharging,” a more^ 
applicable term would be “rotary inouevon.”^ 

Supercharger.^ In addition to breaking up the* 
charge and distributing an equal charge to each 
cylinder, the supercharger forces the charge to the- 
cylinders under pressure. The amount of this pres¬ 
sure depends upon the speed and design of the im¬ 
peller. It produces a higher pressure than a rotary 
mduction system. It may be stated that the essen¬ 
tial difference between rotary induction and super-* 
charging is in the capacity of the supercharger 

• Ethylene glvcol containing patented inhibitors to prevent 
foanung, creeping, rust loosening, and corrosion has bMn 
markets for years as " Prettone” anti-freese for win^ use with 
water in automobile cooling systems. The addition of this 
anti-freese to water lowers the freesing point of the solution un¬ 
til the maximum freesing protection —62® F. is reached with 
a 60% "Prestone" anti-freese-water mixture, which hM a 
boiling point of 230® F. Undiluted ethylene glycol has a boiling 
point of 387® F. 

7 This maniial is a supplement to the propos^ Civil Air 
Regulations, Part 13.— Aircraft Engine Airworthineea, and is 
intended to interpret and explain the aircraft engine air¬ 
worthiness requirements speoined in Part 13. See Addenda 
page 111. 

• For the meaning of carburetion, and the proportion of air 
and gasoline required, by weight, see page 95. 

• The purpose and operation of the mixture control it bri^y 
explained as follows: As the airplane ascends in altitude, the 
atmosphere decreases in pressure, temperature, and density. 
The weight of the air charge taken into the engine decrease 
with the decrease in air density, cutting down (he power in 
about the same percentage. In addition, the mixture propor¬ 
tion delivered by the carburetor is affected, the mixture becom¬ 
ing "ricAer” at a rate inversdy proportional to the square root 
(A the change in air density. In order to compensate for this 
change in mixture, a manually operated mixture control is pro¬ 
vided to make the mixture "leaner," i.e., decrease the amount 
of fuel in relation to the amount of air entering the inlet mani¬ 
folds. 2^00 lean a mixture will overheat the engine—see 
Addenda page 98. See also Nomenclature^ "mixture control- 
altitude" (Addenda page 107). See also Addenda page 98, 
"automatic mixture control." 

Quoting from Dyke*a Carburetor Book: **The mixture sup¬ 
plied by a carburetor may be made **leaner^* by the following 
methods: (1) by reducing the effective suction on the metering 
system, termed the “float chamber suction type of control** or 
‘7>acA; suction control.* which reduces the fuel flow by placing a 
certain proportion of the air passage suction upon the fuel in 
the float chamber, so that it opposes the suction existing in the 
main disoharge jet. (2) By restricting the flow of fuel through 
the fuel passage to the main disoharge jet by means of a needle 
valve, termea **needle valve tyvs of mixture control.** (3) By 
admitting additional air into the induction ssrstem thro^h an 
auxiliary air entrance termed the “air port control,** This type 
is not used to any great extent. 

10 Quoting from Dyke*s Carburetor Book in which it describes 
the Stromberg aircraft injection carburetor: "This injection 
carburetor employs the simple, long used and trouble-proof 
method of metering the fuel through fixed orifices according to 
air venturi suction, combined with the new function of atomis¬ 
ing the fuel spray under positive pump pressure. Many im¬ 
portant advantages are claimed from this constructioK., among 
them the following: No ioe formation in carburetor throttle 
body from vaporization of fuel; complete maneuverability. 
Gravity and inertia affects are negli^ble; accurate meruering at 
all engine speeds and load, independent of changes in altitude, 
propeller pitch, or throttle position (completely automatic); 

S reesure atomization of the fuel resulting in increased economy, 
ezibility and smoothness; simplicity and uniformity of settings; 
protection against fuel boiling and vapor lock. 

"The engine installation requirements of this injection car¬ 
buretor ^ffer chiefly from those of previous carburetor models 
in requiring first, the fitting of spray nozzles directed toward 
the Bupoxhfurger entrance, and second, the use of an engine fuel 
pump that will deliver fuel to the carburetor at 15 pounds 
pressure." 

u See p. 1079B for definition. Note that gas inertia is one 
of the factors that reduces volumetric efficiency, and this factor 
assumes greatest importance at high engine speeds. The chief 
elms of rotary induction are twofold: (1) To overcome the 
inertia of the slow-movini^ gasee by increasing the pressure in 
the manifold at higher engine speeds so that it is near the pres¬ 
sure of the surrou^ng atmosphere. The increase in pressure 
causes the gases to flow faster, resulting in a greater weight 
charge of gasoline and air vapor beihg introduced into, the 
cylinders than would be the case vith the dirbet inlet manifedd 
system. (2) To break up the globules of gasoline into a finely 
ffivided mixture. These factors produce more power and 
smoother engine operation. 

M See Nomenclature. Addenda page 108, giving the definition* 
The subject of superchargers is discussed in Dykc*s Carburetm 
Book. 
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impdl^, sinoe the she of the impeller as well as the 
sp^ 18 a fact(»*.^ 

Because.more fuel and air is packed into the 
cylinder by a supercharger (from which it derives 
more power), the compression pressure is increased, 
which in turn increases the temperature; therefore 
the engine must be designed accordingly. 

The superchca^ is especiMy desirable at high 
ottUfudeBj as it increases engine performance con¬ 
siderably. As an example, take a non-supercharged 
engine that ^ill deliver 400 horsepower at sea le^; 
it will deliver less than 200 horsq>ower at cm altitude 
of 20,000 feet due to the fact^at the air at that 
altitude has less than half the density and pressure 
of the air at sea level. Therefore, if an engine 
operating at 20,000-feet altitude is supplied with 
air at sea-level density, it will again deliver its 
original 400 horsepower. 

The supercharger will partly or completely restore 
the pressure in the inlet manifold at various mtitudes 
to that exis^g under normal operation at sea level. 
It wiU also increase the rated h.p. of an engine oi sea 
level due to the fact that a supercharger supplies the 
engine with a greater weight of air or mixture than 
would normaUy be inducted at the prevailing 
atmospheric pressure. 

The cenlrifygal induction type of supercharger is 
the type in general use. With this tyro the super-^ 
charger is between the carburetor ana the engine 
cylinder^ and the carburetor air-fuel mixture is 
dravm into the supercharger and the pressure is in¬ 
creased as it leaves the supercharger. The impeller 
is usually carried internally in the blower section 
(on a radial engine) and is positively driven from the 
crankshaft, by means of gea!m and may incorporate a 
clutch or spring coupling arrangement to absorb 
shocks when engine is suddenly accelerated. This 
type may be used as rotary induction, or as a super¬ 
charger, depending upon the speed at which it is 
operated and the design of the impeller. The car¬ 
buretor throttle acts as a control of the amount of 
supercharging in this type. 


retor with fuel^ or fqr emergency putpoee^ such eg 

which caaea%^pa88 valve penmtfl ^ f^^^w 
around the fuel pump to the carburetor. 

The various or units of a fpei system include 
the fuel tanks, Hnes and fittings, strainers, valves, 
gauge, drains, also the carburetor. Fig. fi, Addenda" 
page 97, shows a typcal fuel system. 

The fuel-pressure gauge measures the gasdine 
pressure near the carburetor, reading in lbs. per 
square inch. Fuel-level gauges indicate the quan¬ 
tity of fuel in each tank. 

A priming pump is located on the pQot’s cockpit 
to facilitate starting. The priming pump draws 
gasoline from the fuel line and injects it mto the inlet 
passages. See Addenda page 92. Self-priming 
c^buretors are sometimes used in which a connec¬ 
tion is provided so that the engine primer lines con¬ 
nect directly to the carburetor accelerating pump. 

Civil air regulations Part 04 .—Airplane Ainvorthinese under 
section 04.620 pertaining to capacity and feed of fuel systems 
reads: 

“The fuel capacity shall be at least 0.15 gallons per maximum 
(except take-off) horsepower for which the airplane is cer¬ 
tificated. Air-pressure fuel systems shall not be used. Only 
straight gravity feed or mechanical pumping of fuel is permitted. 
The extern ^all be so arranged that the entire fuel supplv may 
be utilised in the steepest climb and at the best sliding angle and 
BO that the feed ports will not be uncovered during normal 
maneuvers involving moderate rolling or side slipping. The 
system shall also feed fuel promptly after one tank has run dry 
and another tank is turned on. If a mechanical pump is used., 
an emergency hand pump of equal capacity shall be installed 
and available for immediate use in case of a pump failure during 
take-off. Hand pumps of suitable capacity may; also be used 
for pumping fuel from an auxihary tank to a main fuel tank.** 

Other subjects which follow in this same Part 04 are: Tank 
installation, tank construction, tank strength, gauge, lines and 
fittings, strainers, valves, dunm valves, drama and miscellaneous 
fuel-system requirements. See Addenda page 111 statiUg 
where this literature can be obtained. 

Fuel. See Addenda page 92. 

Power-Plant Instruments 

In general, some of the instruments^^ used to indi¬ 
cate the pedormance of aircraft engines in flight 


Two-speed or two-stage superchargers are provided 
on some engines: a slow speed for taking-off and 
flymg at low altitudes and a higher speed for high 
altitudes, and are controlled by the pilot. 

Some superchargers have the impeller placed ahead of the 
carburetor and are mounted externally. One type is the turbo- 
driten centrifugal type supercharger, the impeller being operated 
by an exhaust driven turbine-wheel mounted on the same shaft 
as the impeller. With this type, the carburetor is between the 
supercharger and engine^ consequently the air is forced under 
pressure into the omuretion system. The speed of the tur¬ 
bine wheel, hence the amount ot supercharging, are controlled 
by a by-pass valve or “waste gate.*’ When this type of super- 
oharger is employed, the fuel pressure must be in excess of the 
supercharger ouUet pressure and the installation of the fuel 
pressure gauge must be such that this excess is indicated. 

Another type of supercharger is the Root’s supercharger; a 
rotary, posiuve^plaoement blower type, consisting of two 
double-lobed rotors or impeUers, rotated in opposite sections 
at the same speed within a ease. Rotors are mounted on sepa¬ 
rate shafts*,^one is driven from the crankshaft, the other through 
timiitf gears, as it is timed, so that maximum pressure wiU 
ooincide with the inlet stroke of piston. 

Fuel-Feed Systems 

Fuel may be Stt^ed to the carburetor by gravity, 
Le., from zud tauks placed above the level of the 
carburetor, or by mechanical pumping. The use of 
air-pressure fud systems is prohibiteo. 

Where mechanical fuel pumps are used, a pres^ 
sure relief valve is employed whidz opens when the 
pressure exceeds the pressure it is set for, and allows 
we excess fuel to flow back to the fuel tank or feed 
line. 


*The main difference between supercharging and rotary 
induction: Supercharging can produce manifold pressures above 
that of the surrounding atmosphere, therefca^e can produce sea- 
level conditions at high altitudes. Rotary induction produces 
pressures nearly equal t^ but not exceeding that of surrounding 
atmosphere which is sufiadent pressure to overcome losses due 
to high engine speeds but not sufifident to overcome altitude 
losses. 

In engines equipped with a two-apeed supercharge, the 
pilot uses the low-blower ratio for low-altitude flying and shifts 
into the high-blower ratio at high altitude when the normal 
rated power begins to drop off. For example, the Twin Wasp 
model S3C4-0 at its maximum normal rating of 1100 h.p. Gow- 
blowe ratio) is usually shifted into high-blower ratio somewhere 
around 8,000^ to 10,000^ at which airitude 1000 h.p. may be r 
carried up to approximately 12,000^ before the power begins to 
again drop off. 

The simfl^speed supercharger has oMy one stage of super- 
ofaafgiDg and has a sinide blowerepeed ratio, whereas the two- 
speed supercharger has a high and low speed ratio. The high- 
or low-epeed gear ratio is t^ovemed by the pilot through a 
cockpit control. The twoHipeed supercbarger allowr use 
of a higher gear ratio at altitude which reeults in Mgher super¬ 
charging and increased altitude performance yet retains maid- 
mum sea-level power for good take-off and low-aldtudepe^ 
fonnance. For example, m Pratt and Whitney Twin Wasp 
engines, which use superchargers of the centrifugal type, the 
pressure in the induction system is built up as high as 
mercunr {absolute pressure) at 2700 rj;>.m. (etudne speed) for 
take-off. This is approximately 18^ Hg. above^tazidard 
atmospheric pressure (at sea level or Hg.). Ine Twin 
Wasp is able to oany^its maximum cruisliig power of TOO h.p. 
from sea level to 15.000' altitude. 

With a non-topereliarg^ en^nS, on the other band, the 
maximum pressure in the induction system during tiOcfKvtt at 
sea level is only about 27'' Hg. absdute pressure. Tms is ep- 
proximately 3" Hg. bidow standard at m ospheric premum <a 
tion ori>artiaI vacuum). 


The hand fad etnamoiily toraned ^*wohble 
py/tnpf* ig used for staruzig by Supplyizig w 


Part 04.—* Mphias dinrafthjncm, * ' . 
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mre; tachometer, manifbldrpressure indicator,^* oil- 
pmeure indioator, fuel-pressure indicator, oil- 
temperature indicator, fuel-flow indicator; carbu¬ 
retor thermometer,“ cylinder-temperature ther¬ 
mometer, These instruments are provided for each 
enme. Fuel-quantity indicators are provided to 
indicate the quantity of fuel in each tanic. Suction 
gauges are provided in connection with the suction 
pump to in^cate the vacuum supi^y required for 
gymcopic instruments, such as turn indicators, 
ertihoial horizons, etc. 

With the tntomi? remote indicating avstem for aircraft en- 
ginea it is poesible to indicate two functions on a single dial, 
and means of a selector switch in conjunction with a multiple 
scale indicator a single indicstor can be used for several funo- 
tioDs, such as oil, fud. and manifold pressure and oil tempera¬ 
ture. 

Engine Starters 

The different methods of starting an aircraft 

3 ine are briefly stated as follows: (1) rotating pro- 
er by hand, (2) hand cranking through reduction 
gears atoched to the crankshaft (a booster magneto 
is sometimes a part of this unitr—also the concentric 
type hand inertia starter), (3) combination direct 
cranking electric and inertia starter,(4) direct 
cranking electric, (5) combination hand and electric 
inertia, (6) air injection, (7) combustion. 

, Generators 

The increased use of storage batteries for the 
operation of accessory equipment such as navigating 
and landing lights, electric starting equipment, re- 
tractible landing gear motors, radio, etc., has 
necessitated the development of dependable and 
efficient generator units and regulating devices. 
Generators (such as Eclipse) are available in a range 
of capacities to coVer a wide variety of service re- 
f quirements. Eclipse dynamotor and alternator units 
of various tj^pes are also available for two-way radio 
communication and autosyn operated instruments. 

Electrical systems are mostly twelve and twenty- 
four volt. Six-volt systems are used on some of the 
small training planes, while most of the larger 
planes, including transport planes, use twelve-volt 
systems. Some of the systems on planes used in 
military work are twenty-four volts 

Sp^iiications 

By carefully reading and studying the aircraft 
engine specifications on Addenda pages 86-89 and 
Insert No. 9y a great deal of information can be 
gained. 

For example, it will be observed that there are 
api^ximately twenty manufacturers of aircraft 
en^es, and then looking under the column headed 
**cylinder arrangemmtj^^ the reader will note the 
types of engines made by the different manu¬ 
facturers, and under *^v(dve arrangement” the type of 
valve op^ation is given. Most of the valves, it will 
be observed, are of the overhead-operated ty^ with 
push rods on the side. Some of the V and in- 
verted-V engines have overhead valves operated by 
an overhead camshaft, the latter being driven from 
a vertical shaft which takes its drive from the front 
end of the crankshaft 

In addition^ the general conetruction of aircr^t 
. engines^ as well as the rated har8epov>ery piston dis- 
fiacemienl^ oompression redid, blower rattOy etc., is 

give»v 

Airi»lane 

names of the parts of an airplane, norrmdaturey 
end me f%tndam^iM prinoijdes of flight are given on 
. Addenda pe^ lOfi-UO and 105. 


Civil Air Regulation^ 

This subject is d^ussed on Addenda page 111. 

Nomendaturo 

See Addenda pages 106-110. 

^ Purpose of a manifold-pressiire stage: In order to control 
the amount of superchargiDic and to prevent over^uperchMrg- 
ing, it is necessary to know toe absolute pressure of the fuel-air 
mixture after leaving the superoharm. Quotino from Wasp 
Operators Handbook: **A supercharge engine, being capable at 
low altitude of developing power in eucese of ite rating, must 
be controlled with partial throttle opening when <»eratea below 
its rated altitude. The recommended method for governing 
operation o^ a supercharged engine is by the use of a manifold 
pressure gauge for which limiting pressure figures are given by 
the engine manufacturer. These pressure hmite cover opera¬ 
tion at take-off, climb or cruising, and are expressed clearly with 
reference to power output, r.p.m., and altitude on the power 
curve for each engine. 

‘The manifold pressure gaige is calibrated for pressure in 
* inches of mercury' and is connected to the enpne either at the 
inlet port on an upper cylinder, or to a fitting in the top of 
l^ower section. Connection to the blower section is preferred 
as the gauge line will be shorter and need not be led through 
cylinder baffles.” 

Quoting from Pioneer Instrument literature: “A decrease in 
the operating inlet manifold pressure will result in diminished 
power output while an increase in manifold pressure beyond 
the maximum limit prescribed by the manufacturer will result 
in overload and possible serious dafnsge to the engine. 

“Manifold pressure gauges are indispensable for supercharged 
engines, and mag also be used on engines thai are not super¬ 
charged to determine the horsepower output, and the general 
operating characteristics, since it is possible to make adjust¬ 
ments lor both idling and full throttle conditions by utilising 
the manifold pressure gauge as an indicator of the absolute 
pressure in the manifold. The product of manifold pressure, 
engine speed and propeller pitch with a factor (calculated for 
each engine) is horsepower output:” 

^•Indicates the temperature of the carburetor air inlet to 
avoid ice forming in the carburetor throttle body from vapor¬ 
isation of fuel. A heater utilising the exhaust gas is generally, 
used to warm the air passing to the carburetor. It is said that 
icing conditions are possible in the carburetor up to tempera¬ 
tures of 76** F. As to the desired temp^ature of operation, it 
should of course be above the poesible icing condition. The air 
must, of course, not be preheated too much, or detonation 
difficulties will be encountered. Since detonation is dependent 
upon the type of fuel used, as well as the compression-ratio, it 
can readily be appreciated that the maximum temperature 
would be difficult to evaluate as a generality. Quoting from 
Twin Wasp ‘T’” series operators handbook, under Proper 
Operating Conditions" it gives 90® F. temperature of air at the 
carburetor and farther states that no carburetor air temper- 
ture regulation is necessary on non-icing type carburetors. 

The word "autosyn* ’ is the Pioneer Instrument trade-name 
for the self-synchronising remote indication system. It basi¬ 
cally applies the principle of self-synchronous motor operation. 
The prime function of self-eynchronoUB motors is the duplica¬ 
tion of motion of one motor in another.^ These two motors, 
which may be remotely separated, operate in exact synchronism, 
the rotor of one motor following the least motion of the rotor 
of the other motor. Simple electrical wiring between these two 
units eliminates all mechanical connections and tubing. For 
an opsratxrig source of power, alternatu^ current is used. If 
alternating current is not available, or is not a part of the air¬ 
craft’s power supply, a separate graerator may be included. 

There are several other remote indicating systems available 
on the market. These operate on direct current and have 
different basic principles in their design. 

The basic design of sU Eclipse inertia starters consists of 
the storage of energy in a small flywheel by accelerating it to a 
high speed either manually by means of a hand crank or electri¬ 
cally by means of an dectric motor. The enornr thus stored 
is expended in rotating; the engine crankshaft. Iraxismittal of 
the kinetic energy of the rotating flywheel to the engine is ac¬ 
complished through a multiple-gear reduction, adjustable 
torque overload release in the form of a multiple-disk clutch, an 
engaging mechanism and driving jaw. When the engine fires, 
automauo disengagement of the starter occurs. In case of 
engine back-fire the clutch slips, preventing damage to the 
starter. 

The Eclipse eztemiU energizer, consisting of a portable motor 
and batteries to supply the current, is used at many of the air¬ 
ports. It can be connected to the shaft of the inertia starter 
and thus eUminates band cranking. 

u The EcUiwe combustion starting equipment consists of a 
basic engine mounted starter, loading breecn, and firing control 
■witch. In operation, cra&king torque is applied to the engine 
crankshaft by means of a piston and screw shaft arrangement 
which is actuated by the ruease of concentrated energy stored 
in cartridge form and fired by means of an electric contact from 
the main aircraft deotrioal system or a small dzy cell. It is 
partiouiarly adaptable for single-eniine military aircraft. 


86 DYKE^S AUTOMOBILE AND GASOLINE ENGINE ENCYCLOPEDIA 

TYPES OF AIRCRAFT ENGINES^ 


To exemplify types* of aircraft engines in current 
production, a few of the illustrations of aircraft 
engines, together with data, are taken from Aero 
Digest,^ These types are classified with respect to 
.the cylinder arrangement as follows: 

1. Horizontally opposed 

2. In-line inverted 

3. V 

4. V inverted 

5. Radial single row 
(o) 3 cylinder 
(b) 5 cylinder 
(e) 7 cylinder 
(d) 9 cylinder 

6. Radial double row 

(a) 14 cylinder 

(b) 18 cylinder 

Horizontally Opposed^ 

As an example of this type of engine the Air¬ 
cooled Franklin 4AC-17(>-B2® four-cylinder engine is 
shown. ATC 221.® 



Specifications. Direct drive, air cooled. KatinK: 65 h.p. 
at 2200 r.p.m.; bwe: 4"; stroke 3i"; piston displacement: 176 
cu. in.; compression ratio; 6.3:1. Weight including dual 
magnetos, propeller bub bolts, flange, 36" oreather pipe: 182 
lbs. Length overall: 30i"; height overall: 19 31/32"; width 
overall including shielded magnetos: 29}". Fuel con.sump- 
tion at rated power: .53 Ib. per brake horsepower hour. Oil con¬ 
sumption: 1.7 oa. per hour. Firing order: 1-4-2-3 considering 
•outside eylinder at left (see illustration) as No. 1, outside right 
No. 2, rear left No. 3, and rear right No. 4. P'uel (recom¬ 
mend^) : 73 octane or better. Oil (recommended): SAE 20. 
Oil temperature (safe maximum): 240® F. Oil pressure: 35 to 
45 pounds. Oil sump capacity: normal 5 quarts, safe capacity 
4 Quarts. Crankshaft rotation: counterclockwise, facing pro¬ 
peller. Valve clearance: .040" (no oil in valve lifter and fully 
•depressed). Spark setting: 30® advance. 

Construction. Crankcase two-piece casting of high strength 
aluminum alloy with removable pressed steel top cover and 
aluminum oil pan allowing ready inspection of and access to 
connecting rods, connecting-rod beannms, and other internal 
working parts. Crankshaft SAE 3140 alloy steel forging. 
Pistons developed by Franklin Engineering Department and 
cast from selected aircraft aluminum alloy and aliov steel strut 
that controls expnnaion, permitting clearance of .003" without 
danger of piston seizing; full floating piston pins; two compres¬ 
sion rings and one oil control ring above the pin in each ^linder. 
Cylinder heads cast of British Y aluminum alloy. Exhaust 
and intake ports extend downward. Cylinder barrels, chrome 
nickel iron alloy screwed and shrunk into the cylinder heads. 
Connectinif rods heat-treated SAE 3140 steel. Camshaft 
forged of his^-strength oarbon steel and rides in three bearUigs. 
Camshgft bearings are precision ste^ back, babbitt linra. 
Main and connecting-roa bearings of steel back copper lead 
lined. 

Lubrication is a wet sump system, but the oil reservoir is an 
integral part of the crankcase. Oil is preesu^e-fed to hydraulio 
valve tappets, main bearings, connecting-rod bearings, and 
valve rocktf mechanism. 

Aceessoriea. Eisemann dual magnetos, Marvel-Schebler 
carburetor, Champion spark plugs, Pmect Circle piston rings, 


Wiloox-Rioh valves and hydraulio valve lifters.. Optional 
equipment: radio shielded magnetos and AC fuel piimp. 


In-Line Inverted 

As an example of this tjrpe ot^gine the Menasco 
Pirate C4S four-cjrtinder engine ih^ovm. ATC 134. 



Specifications. Direct drive, air cooled, (^vil Aeroimuti«'.» 
Administration and manufacturer’s rating 150 h.p. at 2260 
r.p.m. at 3000 feet. Hlower-gear ratio 9.6:1. Bore 4.75"; 
stroke 5.125"; displacement 363 cu. in. Length 47.53"; height 
28.562"; width 14.5"; frontal area 3.25 square feet. Bare 
weight 320 lbs. Weight in pounds per h.p. 2.13. Fuel con¬ 
sumption at rated h.p. .55 Ib/b.h.p./hr. Oil consumption at 
rated h.p. .025 lb. b.h.p./hr. 

Construction. Crankcase cast aluminum alloy in two sec¬ 
tions; split on center line of crankshaft; lower section heavily 
ribbed. Crankshaft Wyman-Gordon chrome nickel steel, one 
iece: SAE No. 10 spline hub; SAE 3240 five bronze-backed 
abbitt metal main bearings and one ball thrust bearing. 
Cylinders SAE 3140 steel. Cylinder heads cast ahiminunt 
alloy attached to crankcase by nickel steel bolts. Pistons cast 
aluminum alloy with four compression and one oil ring to each 
^linder. Bearings bronze backed and babbitt metal lined. 
Dry sump, pressure lubrication from external tank to all bear¬ 
ings; one pressure and two scavenging pumps. Connecting 
ro^ forgoa I-section duralumin. 

Accessories. Bendix Scintilla dual magnetos, BendU Stroin- 
berg carburetor, f^lipse starter. Centrifugal type super¬ 
charger. 


1 In order to make compuison between automobile and air¬ 
craft gasoline engines, study the types of automobile engines 
on pages xiv-xxxv, particularly those with overhead valves. 

3 There are several other t^es of aircraft en^es, for ex¬ 
ample, the and “W’* type, but we will confine our 

attention to those types listed in tne specification!. ‘ ^ V 

The “in-line vertical” type has been supplanted by the "in¬ 
line inverted" type principally for visibility. 

The “rotary radiiu” type, that is, the type of engine having 
revolving cylinders arranged radially around a common fixed 
crankshaft is now obsolete (see pages 1006, 91). 

See the Nomenclature Addenda page 106, for meaning of 
"Radial," "Double-row radial" and other terms. See also 
Insert No. 9. 

I Compiled from Aero Digest Magazine by permission, March. 
1940. copyrighted 1940. Note: Aero Digest^ also the editor ana 
publisher of this book do not assume, responsibility for the 
figures given. All specifications are subject to change. 

4 By referring to the specifications, Insert No. P, it will be 
noted that there are several makes and models of horizontally 
oroos^ typ^ of engines. For example, the Lycoming 
Q<J-14^C series which is a geared drive^ ana the Continental 
series "A" engines offer as optional equipment a fuel injector in 
the place of a carburetor. See footnote 7, Addenda page 88, ( 
pertaining to the fuel injector. 

* There is also a model 4AC-176-F3 rated at 80 h.p. at 2BOO 
r.p.m., and a six-cylinder direct drive, horisontally opposed, air- 
oi^ed engine. Model 6AC-264, rated at 117 h.p. at 26(X) r.p.ih., 
btdlt under ATC |22. 

• ATC means that these enrines are manufactured under Civil 
Aeronautics Admihistration Approved Type Certfiloates. 
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V 

As an example of this type, of engine the Allison 
V-1710-C15, twelve cylinder, 60® V is shown. 
ATC pending. 


cylinder heads screwed and shrunk on. Connecting rods 
forged steel. Full automatic valve gear lubrication. 

Accessories. Supercharger, Bendix-Sointilla magneto with 
distributors, Bendix-Stromberg carburetor, BQ spark plugs, 
Ranger radio shielding. Eclipse starter, generator, Romeo or 
Pesco fuel pumjM. 



Specifications. Geared, hi^h-temperature ethylene glycol 
cooled. ‘ Maximum normal rating 84(5 h.p. at 2fi(M) r.p.m. at sea 
level; 930 h.p. at 2000 r.p.m. at 12,800 ft.; 1040 h.p. at 3000 
r.p.m. at 14,300 h. Cruising rating 720 h.p. at 2280 r.p.n*. at 
12,000 ft. Power available for take-off 1040 h.p. at 3(KX) r.p.m. 
at 42.9" Hg. Compression ratio 6.65:1; blower ratio 8.77:1; 
propeller rwuction gearing 2:1. Bore 6.5": stroke 6"; dis¬ 
placement 1710 cu. in. Length 98.53"; height 41.18"; width 
29.28". Weight (with carburetor and screen, radio shielding, 
spark plugs, magneto, exhaust flanges, spark-plug c(>oling tubes, 
primer system, tachometer drives, oil and coolant pump?, oil 
strainer) 1340 lbs. 

Construction. Crankcase cast aluminum alloy; two halves 
'^plit on horizontal crankshaft line. Crankshaft chrome nickel 
molybdenum forging. Cast aluminum alloy cylinder heads; 
six-cylinder block, roof-type combustion chamber; two intake 
and two exhaust valves per cylinder, each pair inclined at 22.5° 
from vertical. Cylinder barrels steel shrunk in head with 
single coolant jacket bolted to each head and fastened to lower 
end by large nut. Pistons aluminum alloy forging; waffle 
head; flat top; three compression and two oil rings. 

Accessories. Allison supercharger, Bendix-Scintilla mag¬ 
neto, Bendix-Stromberg carburetor, Eclipse starter and gen¬ 
erator, BG spark plugs, J’esco fuel and vacuum pumps. 


V Inverted 

As an example of this type of engine Ranger 
SGV-770-B, twelve-cylinder, 60° V engine is shown. 
ATC 207. 



Models SGV-770B-3 and SGV-770B-6; data on latter indi¬ 
cated in brackets. 

Specifications. Geared, air cooled; CAA rating 420 h.p. at 
2860 r.p.m. at 6700 ft.; cruising rating 300 h.p, ot 2^ r.p.m. 


o:l; Diower ratio 1 . 1 /, r 

4"* stroke 6.126"; displacement 773 cu. in. Length , 

height 32.26"; width 28". Weight (with magneto, distribu¬ 
tors, wiring, carburetor, oil pump, two scavenging pv^ps) 640 
lbs Weight in Ibe./h p. at critical altitude 1.52. Fuel con¬ 
sumption at rated ^wer .66 Ib./b.h.p./hr, Oil consumption, 
.025 Ib./b.h.p./hr. Fuel ootone rating 87. 

Construction. Crankcase oast aluminum, divided on crank¬ 
shaft cenUr line; halves webbed full depth at seven main br¬ 
ings with two studs extending thrown case at each 
Cronkihaft forged and machined all oyer; statically and 
namieally balanced. Pistons forced aluminum. Piston-nng 
combination on all tio SGV senes is as follows: three compres¬ 
sion rinM and two oil soraper rioj/n to each piston. Cylinders 
forged steel with integral machined fins and cast aluminum 


Radial Single Row—3 Cylinder 

As an example of this type of engine the Lenape 
Papoose three-cylinder engine is shown. ATCs 203- 
215. 



Models LM3, LM-365, LM-375; data given in that order. 

Specificatiems. Direct drive, air cooled. Maximum rating 
52 h.p. at 2325 r.p.m.; 65 h.p. at 2350 r.p.m.; 75 h.p. at 2450 
r.p.m. Compression ratio 4.9:1 and 6.8:1; 3.8:1; 6.8:1. Bore 
4.125"; 4.125"; 4.25". Stroke 4". Displacement 160 cu. in.; 
167 cu. in.; 170 cu. in. I.,ength height 34.25"; diameter 
34.25". Weight (with magnetos, starter dog) 138 lbs.; 140 
lbs.; 142 lbs. Weight in Ibs./h.p. 2.12; 2.1; 1.8, Fuel con¬ 
sumption at rated power .55 Ib./b.h.p./hr. 

Coilistruction. Crankcase magnesium casting divided at 
center through cylinder axis and joined by six through bolts 
and three short, studs. Crankshaft alloy steel drop forging; 
two-piece clamped and bolted at roar cheek. Pistons cast 
aluminum alloy turned with two compression and one oil ring 
to each cylinaer; floating wrist pin. Cylinder barrels alloy 
.steel, heat treated and hardened, ground and honed; eight stud 
flange at base. Cylinder heads cast aluminum alloy, screwed 
and shrunk on barrels. Single cam runs on forward end of 
crankshaft, driven through countershaft. Connecting rods, 
articulated type; one master two link; alloy steel tubular 
finished to close ground dimensions. Ball thrust bearing; ball 
front and rear main. Foroo-feed lubrication. 

Accessories. Bendix-Stromberg carburetor, Edison Split- 
dorf magnetos, electric concentric starter, Edison Splitdorf 
generator, Edison Splitdorf spark plugs. 


Radial Single Row—5 Cylinder 

As an example of this type of engine the Kinner 
B-5 five-cylinder engine is shown. ATC 51. 

Specifications. Direct drive, air cooled. CAA and manu¬ 
facturer’s rating 125 h.p. at 1925 r.p.m. Compression ratio 
.5.25:1. Bore 4.625"; stroke 5.25"; displacement 441 cu. in. 
Length 32.312"; diameter 45.37". Weight (with hub nut. 
carburetor, and magnetos) 325 lbs. Fuel consumption at rated 
h.p. .55 Ib./b.h.p./hr. Oil consumption at rated h.p. .025 
Ib./b.h.p./hr. Fuel octane rating 73. 

Construction. Crankcase aluminum alloy; barrel type. 
Crankshaft 8AE 3140 steel; one piece; runs in plain bearings, 
with single-row radial thrust bearing. Pistons aluminum alloy 
with one oil ring and three compression rings above pin; hollow 
pin full floating and located with aluminum alloy end buttons. 
Cylinder assemblies consist of forged-steel cylinders with 
integral fins and rear exhaust type cylinder heads of cast 
aluminum alloy bolted on barrels. Connecting rods forged and 
heat-treated alloy steel, machined all over; split master con¬ 
necting rod at big end; 1-eection auxiliary rods. Accessory 
drive section provides for two half-enmne speed tachometer 
drives, two magnetos, carburetor. Lubrication is high pres¬ 
sure, forced feed, circulating dry sump system. 

Accessories. Two Scintilla magnetos, Stromberg or Holley 
carburetor, Eclipse electric or hand-cranking inertia starter, 
fuel pump. 
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Radial Single Row—7 Cylinder 

As an example of this type of engine the Continen¬ 
tal \V670 seven-cylinder engine is shown below. 
ATCs 162-158. 


Radial Single Row—9 Cylinder 

As an example of this type of engine the Lvcom- 
ing R-680-E series nine-cylinder engine is shown. 
ATC 202. 




Models Series K and M; and Series K-1 and M-1; data given 
in that order. K-1 and M-1 engines are manifold fuel injection 
types.' 


Specitcations. Direct drive; air cooled. Maximum rating 
225 n.p. at 2175 r.p.m.; 240 h.p. at 2200 r.p.m.; 230 h.p. at 2125 
r.p.m.; 250h.p. at 2200 r.p.m. Compression ratio 5.4:1; 6.1:1; 
5.4:1; 6.1:1. Bore 5.12a^; stroke 4.625^'; displacement 668 
eu. in. Len^ 30.1 25" from center of propeller, height 42Jt5 "; 
diameter 42.25", Weight (with carburetor and magiietoe) 
465 lbs. (with fuel isJeotor and magnetos) 460 lbs. Wtight in 
lba./h.p. at sea level 2, Fuel consumption at rated h.p. (max.) 
.54 Ib./b.b.p./br. Series K (.45 for Sense M-1). C)il consump¬ 
tion at ratM h.p. (max.) .020 Ib./b.h.p./hr. 

ConstmoCieii. CrsDkoAae hnat-treated oast aluminum alloy, 
split on oent«r line of eylindfln. Oankshaft, two-piece 
roaehined, beat-treat^ cteel lormnc. SAB No. 20 shaft s^. 
Heat-treated almnhim aUoy CQrniMir beads (can be f widdied 
with exhaust directed to sear or front) with heat-treated fcned 
steel oylinders, screwed and shnmk ofsto beads, l^toas, rarged 
aluminum alloy with three ootupresaion s^ one oil ring to each 
cylinder. Heat-treated steel forging and machined oonneetiDg 
rods; one-pieoe maater rod; lead bronie master-rod bearing. 


Aeeeaaories.._ 

or fuel injseter, Scttpsa starter 


Scintilla magnetos (2), Stromh^ oarburelor 

artcraadi 


Breeae shiddbg, Evans fuel pump. 


generator, TO spark plugs, 


Models R-680-E1, R-680-F2, R-680-E3: data given in that 
order. 

Specifications. Direct drive, air cooled. CAA rating 275 
h.p. at 2200 r.p.m.; 266 h.p. at 2200 r.p.m.; 285 h.p. at 2200 
r.p.m. Cruising rating 210 h.p. at 2000 r.p.m. at 2000 ft.; 
200 h.p. at 2000 r.p.m. at 2000 ft.; 222 h.p. at 2000 r.p.m. at 
2000 ft. Power available for take-off 290 h.p. at 2.300 r.p.m. 
at 28.3" Hg. manifold pressure; 280 h.p. nt 2300 r.p.m. at 28.3" 
Hg. manifold pressure; 300 h.p. at 2300 r.p.m. at 28.3" Hg. 
manifold pressure. Compression ratio 6.2:1; 5.5:1; 7.0:1. 
Bore 4.625"; stroke 4.5"; displacement 680.4 cu. in. Length 
37.04"; diameter 43.5". Weight 526 lbs. with radio shielding; 
fuel pump, starter, generator, tachometer, and vacuum pump 
drives; ^linder cooling baffles; and propeller hub attaching 
parts. Fuel consumption at cruising h.p. 50 Ib./b.h.p./hr. 

Construction. Crankcase heat-treated aluminum alloy 
casting; main bearing plate aluminum alloy forging; thrust ' 
bearing, accessory, and starter drive housings magnesium alloy 
castings. Crankshaft chrome nickel steel; two piece; single 
throw. Pistons forged aluminum alloy; full floating pins; three 
compression, one oil regulating and one oil scraper ring to each 
cylinder. Machined carbon steel cylinders; aluminum alloy 
cylinder heads. 

Accessories. Scintilla dual vertical type magneto (with two 
distributors). Bendiz-Stromberg carburetor, Eclipse starter 
and generator, BO spark plugs, radio shielding. Pesoo fuel and 
vacuum pumps. 


Radial Double Row—14 Cylinder 

As an exai^le of this t 3 rpe of ei^;in6 the Wright 
doublerfow Cyclone fourteen-cylinder engine is 
shown. ATC 176.® 


' This is a direct-fuel injection tjrstem (optional equipment) 
replacing the carburetor, develops by The FSiei InjecMon 
Corporation of Muskegon, Mioh., in qtmjunotion with Conti¬ 
nental Motors (Corporation. The iniedor ooneists of a oompaot 
unit housing cylindriMl plungers which redprooate for pumping 
and rotate for positive valving. These plungers su^ly 
^metered quantities of fuel to each cylinder, each cycle. The 
injector is driven from a sepmte unit and is inoloBM m an air 
seoop which directs the air flow to the inlet pipes. Tubes eon- 
duct fuel from the inieotor to the spray jets (mounted in the 
upm part of each inlet pipe just outside the inlet ports)i and 
fud is injected at the proM dme, at approximately 65 Ibe. 
prsesure, along with the air flow into the solet ports. An air 
thrattU looatea in the alr-ennoifold passage and oonneoted by 
linkage to the metering pin in the iojeetor. Serves for the pur¬ 
pose of eootroUng the spM ol engine. This air throttle is oon- 
neoted with the throttle-oeotroi in the oookpit. Owing to 
the absenoe of icing ooxuUttona and improved (UBtrlbutioii, no 
heating device is deeawary even for the coldest weather opera¬ 
tion. 

* ATC eovsn models A3 and ASB; others pea^ng. 
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Models CU-2600A2, GK-2600A2A, GR-2600A2n. GH- 
2600A5A, GR-26I)0A5B, GR-20()(iA,'in. Double-row C%rlon« 
14 series consists of six geared models, three having tt 85 1 com¬ 
pression ratio and three having 6.3:1 eompr<‘s--ion ratio. Bore 
6.125"; stroke 6 312"; displacement 26U3 on in.; propeller re¬ 
duction gearing either 3* 2 or 16:9; length 62 06"; diameter 55"; 
fuel consumption at i ited power .68 Ih./b h p./hr. Jiasie con¬ 
struction similar lu other respects. 

Specifications. GR-2600A2 max. rating 1200 h p. at 2100 
r.p.m. at 5400 ft ; power available for take-off 1500 at 2300 
r.p.m. blower ratio 7.4:1, weight 1875 lbs.; weight in Ibs./h.p. 
1.25; 95 octane fuel. GR-2600A2A, max rating 13.50 h p. at 
2300 r.p.m., sea level to 5000 ft.; power available for take-off 
1600 at 2400 r.p.m ; blow'er ratio 7:1; weight 1935 lbs ; weight in 
Ibs./h.p. 1.21; 95 octane fuel. GR-2600A2B max. rating 1350 h.p. 
at 2.300 r.p m from sea level to 6800 ft.; power available for take¬ 
off 1600at24(K)r p.m.; blowerratio7.1; weight 1935lbs.; weight 
in Ibs./h.p. 1.21; 90 octane fuel. GR-2600A5A max. rating, low 
ratio 1350 h.p. from sea level to 5000 ft., high ratio 127.5 h.p. 
at 12,000 ft ; power available for take-off 1600 at 2400 r.p.m.; 
blower ratio 7.14 and 10:1; weight 1950 lbs.; weight iii lbs /h p. 
1.2; 95 octane fuel. GR-26(X) V5B max. rating, low ratio 1.350 
h.p. from sea level to 5000 ft., high ratio 1275 h.p. at 12,000 ft.; 
power available for take-off 1600 at 2400 r.p.m.; blower ratio 
7.14:1 and 10:1; weight 1960lbs.; 90 octane fuel. GR-2600A5D 
max. rating, low ratio 1200 h.p. at 8000 ft , high ratio 1100 h.p. 
at 15,000 ft.; blower ratio 7.14:1 and 10.1; weight 1955 lbs.; 
87 octane fud. 

Construction. Crankcase aluminum alloy forging; three- 
sectioned divided through centerline of the two cylinder banks; 
through-bolts join center section to fore and aft sections; valve 
tapi^t mechanism included in front and rear sections; combined 
sections contain three main crankshaft roller bearings. Crank- 
shrft alloy steel forjungs; two throw type supported on bearings; 
forward section splTned to accommodate dnving bell-gear; rear 
section splined inside rear bearing journal to receive accessory 
diive shaft; provided with double dynamic damper to eliminate 
torsional vibration resulting from power impulses. Cinder 
barrels Nitralloy steel, nitrided and fitted with pressure bafflee; 
cylinder bea^ aluminum alloy casting screwed and shrimk 
on to barrels, intake and exhaust ports located on different side 
of cylinders which are faced in opposite directions to receive 
valve actuation from either end ol crankcase. Pistoas forged 
aluminum alloy provided with five compressUMi and one oil nng 
to each cylinder; inte^sd cooling spikee inside and Uniflow 
lubrication as well as thick bridge across underside of head to 
distribute loads unifco’mly to noeses. Valves forged steel; 
exhaust valves have hollow head and stem partially filled with 
metallic sodium and are provided with stainless steel seats; in¬ 
take valves have bronse seats. Master rod one-piece, H- 


section tapering shank blending into cheeks which support 
knuckle pins; six I-aection connecting rods. Cam ring mounted 
on large bearing supported by crankcase. Drives provided for 
generator, fuel pump, tachometer, hydromatic knd-electric pro¬ 
peller governor, vacuum and hydraulic pumps. Lubricauon. 
dry sump, full-pressure, gear type oil pump; self-cleaning oil 
Btrainer; internal automatic valve gear lubrication; jets in 
crankpin for piston cooling and lubrication. 

^ Accessories. Hendix-Scintilla magnetos (2)» Chandler- 
Evans carburetor, Echpse starter and generator. BQ spark 
plugs (2 per cylinder). Breeze radio shielding, Pesco fuel pump. 


Radial Double Row—18 Cylinder 

As an example of this t 3 rpe of engine the Pratt and 
Whitney dounle-row W^asp A4-G series is shown. 
ATC jM nding. 



Models S1A4-G and S2A4-G; data on latter indicated in 
brackets 

Specifications. Geared, air cooled; two-epeed supercharger.* 
Maximum normal rating low blower 1600 (1450) h.p. at 24rX) 
r.p.m. at 7500 (8500) ft.; high blower 1450 (1200) h.p. at 2400 
r.p.m. at 12,(KK) (16,000) ft. Cruising rating low blower 1000 
(980) h p. at 2100 r p.m. at 14,000 (14,600) ft.; high blower 980 
(800) h.p. at 2100 r.p m. at 14,000 (22,600) ft. Power available 
for take-off 1850 (1625) at 2600 r.p.m. Compreebion ratio 
6.7:1; propeller ratios 2:1, or 5:2, or 16:9. Bore 5.76"; stroke 
6"; displacement 2804 cu. in. Length 75.66"; diameter 52" 
Weight (with carburetor, radio shielded igmtion system, prim 
ing system, standard accessory drives) 23(X) lbs. Weight lu 
Ibs./h.p. at sea level 1.24 (1.41) lbs. Fuel consumption at 
maximum cruising power and speed .44 Ib./b.h.p./hr. Oil con 
sumption .025 Ib/D.h.p./hr. 

Construction. Crankcase forged aluminum alloy; consists of 
reduction gear bousing, power section; blower and rear or 
accessory section. Crankshaft machined from steel alloy 
forging; three-piece, double throw. Cylinder heads cast 
aluminum alloy screwed and shrunk on nitralloy steel forging 
cylinder barrels which are machined. Pistons aluminum alloy 
forgings; underside of head ribbed; three compression and three 
Oil rings to each piston. Connecting rods steel alloy forgings 
machined all over; I-seotion: bronze bushed for knuckle and 
wrist pins; solid master rod. Full-pressure dry sump type 
lubrication with full-presSure valve gear lubrication. 

Accessories. QE supercha^er, Bendix-Scintilla magnetos 
(one double magneto and two distributors). Bendix-Stromberg 
downdraft carburetor, Thompson valves, radio shielding. 


• The type R-2800 Double Wai^ engine is built in two pro- 
duorion series, namely: the A6-G stngU-speed series and the 
A4-Q troo-^peed series. There are at present two models of each 
series. These are as follows: models SI A6-G, S2A6-G, S1A4-G, 
and 82A4-G. See Addenda page 84 (footnote) for meaning of 
single-speed and two-speed supercharger. 


HOW A RADIAL SINGLE-ROW AIRCRAFT ENGINE WORKS 

Construction 


As an example of how a single-row radial type of 
aircraft engine is constructed and how it operate^ 
we will use the Lycoming nine-cylinder, K-680-E 
series engine.^ 

4 T>e. This engine is a direct propeller drive. 

e-row, nine-cylinder, static, radial, air-cooled 
engme. 

Specifications of this engine are given on Addenda 
pafe 8$ and in the specifications table, Inmt No. 9. 


The crankcase construction (see Figs. 1 and 2) 
consists of four component sections, namely: 

The main crankcase^ an aluminum alloy casting, 
provides mounting pads for the cylinders and 


1 Compiled from literature of Aviation Mfg. Corp.. Lyoomiug 
Diviaioii, Williameport, Pa. 
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Fig. 1. Side cross-sectional view 
of Lycoming model 11-680-E serieH 
aircraft engine. The valve-operat¬ 
ing mechanism is on the front, and 
the nine inlet pipes are on the rear. 
There are one inlet and one exhaust 
valve located in the cylinder head of 
each cylinder. 


Names of Parts 

1— Inlet pipe wket 

2— Inlet pipe Ton rear of engine; one 
for each cylinder) 

3— Spark-plug rear (shielded) 

4— Crankcaee breatner outlet" 

6—Flexible breather pipe leads to 
carburetor air intake or piped 
outboard through gill in cowling 

6— Inlet pipe lower end (No. 2 cyl¬ 
inder) in induction chamber; in¬ 
let pipes are tangential to induc¬ 
tion chamber 

7— Impe^er seal 

8— Deflector 

9— Magneto 

10— Distributor drive shaft and gear 

11— Generator drive*assembly 

12— Accessory drive shaft 

13— Generator drive bevel gear 

14— Starter driven gear 
1.5—Starter gear ana jaw 

16— Pressure oil pump 

17— Scavenging oil pumps (two) 

18— Oil stramer; drain oil, from rear 
sump to upper scavenging pump 

10—Carburetor fuel inlet 

20— Carburetor 

21— Oil strainer screen; drain oil. 
from front sump to lower 
scavenging pump 

22— Suction line to lower scavenging 

? ump 
mpeller 

24—Induction passage from carbu' 
retor to induction chamber 
2.5—Accessory drive shaft oil seal 

26—Crankshaft rear main bearing 

27—Crankshaft front main bearing 

28—Master connecting rod 

29—Crankshaft crankpin 

30—Link connecting-rod pin 

31—Crankshaft clamping bolt 

32—Cylinder barrel 
3.3—Link connecting rod 

34—Piston pin 

35—Piston 

36—(Cylinder head 

37—Spark-plug front (shielded) 



38—Valve rocker arm 

39 — Valve adjusting screw 

40— Valve rocker box 

41— Valve springs (two; inner 
and outer) 

42— Valve push rod shroud tube 

43— Valve push rod 

44— Valve cam follower (com¬ 
monly called tappets) 

45— Valve cam follower guide 

46— Valve cam ring lobes 

47— Valve cam ring 

48— Propeller thrust bearing 

49— Crankshaft front section 

50— Crankshaft cam drive gear 

61—Hydro-propeller manual 

control 

52— Camddler gear assembly 

53— Oil sump assembly 

54— Reinforcing web in oil 
sump 

55— Exhaust valve (see Fig. 2) 

66— Inlet valve (see Fig. 2) 

67— Inlet valve seat (see Fig. 2) 

68— Exhaust valve seat (see 

Fig. 2) 

59— Rocker box oil drain hose 
for valve lubrication 

60— Priming connection 

61— Cylinder baffle assembly 

62— Cylinder head baffle as¬ 
sembly 

C, Cl—Crankshaft counter¬ 
weights (front, rear) 


Front of engine: Propeller 
end. Rear: Accessory end. 

Direction of rotation of 
crankshaft: Anti-clockwise 

when viewed from the front. 

Cylinders how numbered: 
Numbered consecutively in the 
direction of rotation beginning 
with the top cylinder as No. 1. 

Right and left sides of en¬ 
gine: As if viewed from the 
rear, or from the cockpit. 
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carries the rear main bearing (26). Eight mounting 
lugs are provided on the rear circumference of this 
section for mounting engine to the mounting ring 
in the airplane using 3/8''-diameter nickel sted 
bolts, locked with cotter pins. 

The ihricst-hearing housing a magnesium alloy 
casting, supports the propeller thrust bearing (48) 
and contains the valve cam followers and guides. 

The front i^in-hearing plate is an aluminum alloy 
forging and is attached to the front end of the main 
(Tankcase carrying the front main bearing (27) and 
(!am idler gear assembly (62). 

The accessory drive housing is attached to the rear 
of the main crank(;ase. It supports the accessory 
equipment, starter drive housing, and accessory 
drives. 

Cylinders. The cyliruler barrel (32) (Figs. 1, 2) is 
machined from a carbon steel forging and heat- 
treated between machining ojicrations. 1'he cylin¬ 
der head (36), with rocker arm supports and fins 
integral, is machined from an aluminum alloy cast¬ 
ing. The cylinder head is screwed and shrunk over 
the steel barrel to provide a permanent joint An 
inlet valve seat (67) and exhaust valve seat (68) of 
aluminum bronze, an inlet valve guide and exhaust 
valve guide of aluminum bronze, and aluminum 
bronze spark-plug bushings j are shrunk into the 
aluminum head. 

Crankshaft is a two-piece, single-throw, counter¬ 
balanced assembly. The front crankshaft section 
(49), which is bored through practically its entire 
length for lightness, incorporates the shaft proi)er, 
the front crankc^heek with its integral counter¬ 
weight (C), and the crankpin (29). The rear crank¬ 
shaft section consists of the rear crankcheek with its 
integral counterweight (Cl) and the rear main- 
bearing hub. The rear crankcheek is bored at one 
end to receive the crankpin and is bored for the 
crankshaft clamping bolt (31). The end of the 
(Tankcheek is split through the crankpin bore to 
jK?rmit proper clamping action on the crankpin when 
the clamping bolt and nut is tightened. The rear 
main-bearing hub is bored for a splined bushing 
which drives the accessory drive shaft (12). 

Master rod and link rods. The connecting rods 
consist of a one-piece master rod (28) and eight link 
rods (33). The master rod is machined from a 
(;hrome nickel steel forging, the widened flanges on 
the large end being drilled to receive the liiik pins 
(30). A steel-backed, lead-bronze bearing is pro¬ 
vided for the crankpin and an aluminum bronze 
bushing for the piston pin. The eight link rods, 
machined from chrome nickel molybdenum sb3el, 
are articulated to the master rod with nitralloy link 
pins. 

The master rod is assembled in No. 7 cylinder in 
all nine-cylinder engines, and in No. 5 cylinder in the 
seven-cylmder engines, in order to insure proper 
lubrication of the master-rod piston when starting 
the engine and when operating at idling speeds. 

Pistons. Pistons (36)^ machined froin aluminum 
alloy forgings, provide wide ring lands with a ribbed 
head construction for efficient heat transfer. Three 
commession rings and one oil regulator ring are 
used above the piston pin (34) and one oil scraper 
ring below the piston pin. The 5.5:1 compression- 
ratio engine models have the standard piston 

whereas the domed-type piston is used 6h all other 
engine models with higher compression ratios. 

Piston pins. Full-floating type piston pins (34) 
are made of nitralloy, ground and polished to a 
hi^ finish. Aluminum alloy plugs are inserted in 
each end of the pins. 
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Valves. The valves have a modified tiilip-shaped 
head and are machined from steel forgings. The 
inlet valves (66) are made of tungsten steel with solid 
stems and slightly concave heads. The exhaust 
valves (66) are made of chrome tungsten steel with 
hollow stems containing metallic sodium as a cooling 
medium. 

Two concentric valve springs (41) are used on each 
exhaust and inlet valve, both wound in the same 
direction to promote valve rotation. 

Valve-operating mechanism. The cam assembly, 
a hardened steel cam ring (47) riveted to an alumi¬ 
num alloy hub, is driven by spur gears. The two 
rows of four loliis (46) each on the cam ring actuate 
the cam followers (44) which operate the exhaust 
and intake valves through push rods (43) and rocker 
arms (38). Camfollou ers are of two-piece construc¬ 
tion, drilled to provide oil passages from the thrust- 
bearing housing to the push rods for automatic valve 
gear lubrication. Push rods (43) of seamless steel 
tubing with hardened steel ball ends are inclosed by 
removable oil tight shroud tubes (42). Each valve 
rocker arm is supported by two ball bearings mounted 
on a rocker-arm bolt in each rocker box (40). A 
ball socket in the valve rocker adjusting screw (39) 
receives one end of the push rod. A roller rotating 
on a sleeve riveted in the other end of the rocker arm 
minimizes friction and wear on the end of the valve 
stem. Engine pressure oil is led through the push 
rods to each valve rocker bearing, eliminating 
manual lubrication of valve-operating mechanism. 
Valve seats are discussed under ‘^Cylinders.” 

Oil sump. The oil sump (63) of cast magnesium 
alloy is attached by studs and nuts to the main 
crankcase section and thrust-bearing housing be¬ 
tween No. 5 and No. 6 cylinders in nine-cylinder 
engines, and between No. 4 and No. 5 cylinders in 
seven-cylinder engines. Oil from the thrust-bearing 
housing and main crankcase section drains into this 
sump. This oil is scavenged through the removable 
oil strainer screen (21) in the sump by one of the two 
scavenging oil pumps (17). 

Accessory drives. All engine accessories are 
grouped at rear of engine and driven by the accessory 
drive shaft (12) splined to fit a nitralloy bushing in 
rear of crankshaft. This accessory drive shaft drives 
the distributor drive shaft, magneto drive gear, 
tachometer drive shaft, oil pump, generator drive 
gear, fuel-pump drive gear and vacuum-pump drive 
gear. The starter drive is transmitted through a 
spur gear on accessory drive shaft from a starter 
gear and jaw (16) in accessory drive housing. 

Carburetor and Induction System 

Carburetor. A Bendix-Stromberg model NA-R7A 
carburetor (20) is used on all models of the R-680 
and R-530 engines. These carburetors are of the 
single-barrel type, equipped with an economizer, a 
metering-type mixture control, and an accelerating 
pump. 

Air is led to the carburetor through an air intake 
housing furnished by the airplane manufacturer and 
attached to the bottom of the carburetor (not shown 
attached). Provision is made for connecting hot 
and cold air intake pipes to the air intake housing. 
By means of controls attached to the butterfly 
valves in the housing, the temperature of the air Zed 
to the carburetor may be controlled by the pilot. 

The carburetor mixture control should be used to 
maintain the proper ratio of air and fuel when 
operating the engine at altitudes over 5000 feet. 
Under no circumstances, especially at full throttle^ 
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should anv other position than fvUrrich mixture be 
used for all flying at eea level 
When flying at altitudes above 6000 feet at any 
throttle setting, adjust the carburetor mixture con¬ 
trol toward the ‘‘lean’" position until the maxipaum 
engine r.p.m. is obtained. Too lean a mixture will 
result in overheating with subsequent damage to the 
engine. Care should be taken to readjust the con¬ 
trol for each change in the throttle settmg and, par¬ 
ticularly, to return the mixture control to the 
rich^* pinion prior to an approach for landing or 
a descent to a tower altitude. 

Induction system. The fitel-air mixture frwn the 
carburetor is led throi^h an oil-heated jacket in the 
accessory drive housing to the induction chamber 
which is formed by the rear of the main crankcase 
section and the front of the accessory drive housing. 
A 12i"-diameter cast magnesium impeUer (23j, 
which is attached to the rear of the crankshaft, dif¬ 
fuses the fuel-air mixture to the cylinders through 
inlet pipes (2) (only one shown; there are nine), 
radiating tangentially from the induction chamber. 
For impeller drive ratio see specifications in Insert 
No. 9f under ^'blower ratio.’* 

Leakage of oil from the crankcase to the induction 
chamber is prevented by an impeller seal (7). 

Inlet pipes (2) are attached to each cylinder inlet 
port by means of a flange and three studs. The 
inner end of each inlet pipe is secured to the inlet 
pipe openings in the mam crankcase by means of a 
packing and packing nut. 


Fuel 

One of the most important factors in satisfactory 
engine operation is the use of proper fuel. Under 
no circumstances should an engine be operated on 
automobile gasoline or on a fuel of unknown quality. 
The octane rating required for a fuel is determine 
from a consideration of various engine character¬ 
istics, such as compression ratio, cylinder operation 
temperature, and shape of the combustion cnamber. 
In order to secure the required anti-knock quality 
from different sources of crude petroleum, various 
amounts of tetra-ethyl lead are added. However, 
high concentration of tetra-ethyl lead must be 
avoided in order to prevent excessive corrosion of 
valves, spark plugs, and cylinder bores. 

The minimum octane rating required and the 
maximum concentration of lead permitted for do¬ 
mestic aviation-grade gasoline to be used in the 
following Lycommg engines are: 


Engine Modd 

Fuel Octane Rating 
(Minimum) 

Maximum Lead 
Content (co.’s> 
per U.S. Gallon) 

R^80-E1 

80 

2 cc. 

R-e80-E2 

73 

1 cc. 

R-680-E3 

87 

4 00. 


Careful handling of aviation fuel when servicing 
the airplane is of the utmost importance. Water 
and foreign matter must be removed bv the use of 
suitable straining devices at the time fuel is being 
poured into the fuel tank of the airplane. 

Fuel-Feed Fittings and Accessories 

The carburetor is fitt^ for a 3/8" pipe thread con¬ 
nection for a 3/8" outside diameter fuel-supply line 
from the fuel shut-off valve. The fmi-supply line 
should be broken and an approv^ type flexible 
coupling used to take up vibration and prevent 
sphtting of the tubing. The fuel-supply lines should 
^ as sunple as possible and free from sharp bends 
in which vapor locks may form. 


Fuel pressure of 1} to 2 lbs. per sq. in. should be 
provided at the carburetor when gra/vity feed is used 
and 6 lbs. per sq. in. when an engine fuel pwnp is 
used. 

The fuel supply for the priming line of 1/8" out¬ 
side diameter copper tubing should be taken from a 
reducing tee in the main fuel-supply line where fuel is 
always available. A shut-off vawe should be in¬ 
corporated in the primer line, near the primer pump, 
to prevent fuel from flowing to the engine cylinders 
when the primer pump is not in use. The priming 
line shoula be connected to the standard primer con¬ 
nection (60) in the top of the engine crankcase at the 
rear of No. 1 cylinder. " 

Ignition System 

Ignition is furnished by one Scintilla, dual-type 
vertical magneto (9) mounted on top of the accessory 
drive housing, with two independent distributorSy 
mounted one on*^each side of the same housing. 
The magneto consists of two stationary sets of pri¬ 
mary and secondary coils and a rotating element. 
The rotating element consists of a four-pole magnet 
mounted on ball beaiings and carries the breaker 
cam at its upper end. The magneto is driven 
from a l)evel gear on the accessory drive shaft. 
The distributors are driven by a separate shaft at 
right angles to the accessory drive shaft. 

Ignition cables from the right distributor are at¬ 
tached to the rear spark plugs (3) and from the left 
distributor to the front spark plugs (37). Two sepa¬ 
rate ignition circuits are thus provided. An indi¬ 
vidual radio-shielded ignition harness is available as 
standard equipment on all current engine models. 

A high-tension booster coil should be used to 
facilitate starting the engine. The booster coil should 
be connected to the left-hand distributor cap, using 
the ten-foot length of high-tension cable furnished 
with the engine. 



Lubrication System 

Lubrication system is of the f\IU<*preBsure type 
except for the Cylinder walls and piston pins, which . 


*ccmiNaiBcubiccefUim«tet§. There sr<i 8,786 in s'C.B. gaUoiL 
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are lubricated by excess ofl thrown from the crank- 
pin. The engine oil pump consists of one pressure 
pump (16) and two scavenging pumps (17) built into 
one complete unit and mounted m the lower left 
side of the accessory drive housing. 

Oil is drawn from the supply line hy the pressure 
pump and is forced through drilled passages into 
the forward end of the crankshaft into the cam idler 
gear pin, into the imtion distributor drive shaft 
(10), into the cam followers, through the push rods 
to the valve rocker bearings, then ctaining to the oil 
sump and returning to the main oil tank. A Cuno 
oil filter insures a supply of clean oil to engine at all 
times. 

Oil pressure is controlled hy the oilrpressure relief 
rofoe, mounted on the left side of the accessoiy drive 
housing. The pressure relief vake unit consists of a 
ball-and-spring relief valve which lifts from its seat 
when the desired oil pressure is obtained and dis¬ 
charges the excess oil back to the inlet side of the 
pressure pump. The recommended oil pressure (SO¬ 
TS lbs. per sq. in.) may be obtained by turning the 
adjusting screw so as to increase or decrease the 
tension on the oil relief spring. 

The oil tank should be located as near to the engine 
as possible without interfering with the adjustment 
or removal of engine accessories. The bottom of 
the tank should be slightly above the engine oil inlet 
connection when the anplane is at rest on the ground. 

The oil intake and oiUlet supply lines are fitted to 
pipe thread connections in the rear of the engine by 
means of an approved type flexible connection. 


The oil tank overflow line may be fitted to a pipe 
thread connection in the rear of the engine by means 
of an approved typo flexible connection. 

Accessories 

Accessories furnished as standard equipment on model 
R-680-E scries engines are: carburetor, luel-priming connec¬ 
tions, dual-type magneto, Cuno oil filter, propter hub attach¬ 
ing parts, individual radio shielding, tachometer drive connec¬ 
tion, fuel-pump drive, generator drive, vacuum pump drive, 
hydro-propeller manual control mechanism, pressure-type 
cylinder baffles, an engine tool kit, and an operator's manual. 
Provision for the installation of a constant-speed propeller 
governor must be specified in the original order for this engine. 

Accessory equipment which can be furnished upon quotation 
include the following: air intake housing, front eichaust collector 
ring and shutter-type cowling for Model R-680 engines; 
thermocouple equipmept, hand inertia or electric starter, 
generator, fuel pump, and vacuum pump. 


Proper Operating Conditions 

Minimum safe quantity of lubricating oil in 

whole system. 2 U.S. gallons 

Maximum permissible oik outlet temperature 
under worst condition 

70® F. above outside air temp, or 185® F, max. 


Minimum oil pressture: 

Engine idling speed. 15 Ibs./sq. in. 

Ei^ne cruising speed. 36 Ibs./sq. in. 

Maximum oil pressure. 80 Ibs./sq. in. 

Desired fuel pressure at carburetor: 

Gravity feed . 1.5 Ibs/sq. in. 

Fuel-pump pressure . 6.0 Ibs/sq. in. 

Maximum cylinder temperature at spark-plug gasket: 

During one minute at take-off. 600° F. 

During normal cruising. 450° F. 

Minimum air speed in climb for engines equipped 
with pressure-type cylinder air baffles.85 m.p.h. 
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HOW A RADIAL DOUBLE-ROW AIRCRAFT ENGINE WORKS . 


As an example of how a double-row radial type of 
aircraft engine is constructed and how it operates^ 
we will use the Pratt and Whitney fourteen-cylinder 
Twin Wasp R-1830 series C3-G engine. 

Type. Fourteen-cylinder, twin-row, air-cooled 


radial with geared propeller drive. 

Reference to the illustrations and the legends 
under them will .give the reader the basic prin¬ 
ciples upon which an engine of this typ)e oper¬ 
ates. 



Fig, 1. Three-ouarter front view of the Pratt and Whitney Twin Wasp Id-cylinder, double-row, aircraft engine, showing the 
nose section which nouses the engine-propeller reduction gears. The constant speed governor which is used in conjunction with the 
Hamilton Standard constant speed propeller is shown as (1). Through this governor tlie pilot is able to select and maintain any 
power-r.p.m. combination within the operating limits of the propeller and engine. Its purpose is to meter oil at high pressure to 
the propeller or to allow oil to drain from the propeller for changes to a high- or low-blaae angle position. Once set in the cockpit 
by means of a cable or similar control to the pulley (2), a selected r.p.m. will be maintained with no further attention from the 
pilot. Names of parts follow: 


1 . Constant speed control; a self-contained governor, used to 
control blade angles of propeller by controlling the flow of 
oil to and from the propeller. 

2 . Control pulley, used to adjust tension of a spring inside the 

g overnor to obtain a specified or desired r.p.m. It is 
ooked up to the cockpit by suitable cables or sitnilar con¬ 
trols. 

3. Cylinder, arranged to slide back and forth on a piston which 
is screwed to the crankshaft. It is moved forward by oil 
pressure and backward by the centrifugal action of the 
counterweights (4J . The oil pressure carries the blades to 
the low-blade angle position while the counterweights take 
the blades to the high angle position. 

4. Blade counterweights. 

6 . Spider, provides means of attaching propeller to the shaft 
and carries the thrust and torque loc^ in part. The blades 
(not shown) are aluminum aUoy forgin|» which are ground 
to the proper site and shape, then policed. 

6 . Barr^ carries the centrifugal loads of the blades. It is sup- 


orted on the spider by means of three micarta blocks and 
y the blades outer thrust bearing ring. 

7. Nose section. 

8 . Nose section oil scavenge and breather-pipe assembly. 

9. Valv^rocker box oil sump. 

10. Ignition manifold. 

11 . Inter-cyUnder drain line for valve-rocker lubrication. 

12 . Eadio-shielded ignition lead to rear spark plug. 

13. Ignition lead to front spark plug. 

14. Cylinder inter-ear deflector. 

15. Valve-rocker arm housing (oiltigbt). The entire valve 
mechanism is pressure lubricated. 

16. Radio-ehielded ignition wire duct from magneto. 

17. Valve push rod cover tube (oiltight). There are fourteen 
push rods in the front to ojMrate the seven inlet and seven 
exhaust valves in the cylinder heads, and the same number 
for the rear row of cylinders. 
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Fig. 2. Three-quarter left rear view of the accessory section of the Pratt and Whitney Twin Wasp 14 cylinder, double-row 
aircraft engine showing the accessories and mounting lugs for installation of engine in the airplane. The intermediate blower sec¬ 
tion, which is bolted directly to the rear of the blower section, contains the mounting flange for the downchaft carburetor, also enter¬ 
ing vanes which direct the mixture to the impeller. The impeller forces the mixture into the annulus in the blower section, from 
which it passes through the fourteen inlet pipes into the front and rear cylinders. Names of parts follow: 


20. One of the fourteen inlet pipes 

21. Engine primer connection 

22. Throttle control linkage 

23. Manual mixture control and idle cut-off control lever 

24. Automatic mixture control unit 

25. Bendix-Stromberg injection type carburetor 

26. Booster connections for starting 

27. Radio-shielded ignition harness 

28. Magneto ground connections 

29. Magnetos with radio-shielded ignition harnesf* 

30. Ta^ometer drive 

31. Oil-pressure relief valve 

32. Generator drive 


33. Oil outlet 

34. Oil inlet 

35. Vacuum pump drive 

36. Fuel-pump drive 

37. Rear oil sump 

38. One of the engine mounting lugs 

39. Front oil sump 

40. Valve rockcr-arm hoxising (oil tight) 

41. Valve push rod cover tube (oiltight) 

42. Inter-cylinder drain line for valve rocker lubrication 

43. Part of cylinder cooling baffle 

44. Cowling seal line—inter-cylinder ear cooling baffle. 
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Fi^. 4. Typical wiring dia^am Twin Wtisp engine ^ Igni¬ 
tion 18 furnianed by two Scintilla magneto-? located at the rear 
of the engine, each firing one of the two soark plaga in each of 
the fourteen cyhnders, thus giving two independent sources of 
ignition. The right magneto fires the front spark plug and the 
left magneto fires the roar spark plug in each cylinder. 

The numbers on the distributor blocks show the serial firing 
order of the magneto, not the firing order of the engine. 

Observe that each mameto is wired to its ^oper set of wires 
as given in the wiring diagram, and that wires lead from the 
magneto so that No. 1 on the distributor block goes to No. 1 or 
first cyli ider in the firing order of the engine, wliile No. 2 on 
the distributor block goes to the second cylinder in the firing 
order of the engine which is No. 10. No. 3 on the distributor 
block goes to the third cylinder in the firing order of the enrine, 
which is No. 6, etc., until all cylinders have been wired in tneir 
proper firing order. Clamp distributor blocks in place. 

The firing order of the Twin Wasp engine is 1-10-5-14-9-4- 
13-8-3-12-7-2-11-6. 


^SUPERCHARGER AIR PRESSURE ON 
\EXTERNAL SUPERCHARGER INSTAL ONLY 


»MIT EXTERNAL 
-PRIMER priming system 
PUMP WHEN USING SELF* 
PRIMING CARO 


ij-FUEL PRESSURE GAUGE O-IOUeS. 



^ruEL PUMP with 

INTEGRAL BYPASS 

AND RELIEF VALVE RELIEF VALVE VALVE 

Fig. 5. Typical fuel-system dianam^ Twin Wasp engine. 
Fuel is suppuw to the carburetor ny a fuel pump. Several 
types of fuel pumps are available. In this diagram a fuel pump 
with a pressure relief vahre and by-pass valve are an integral 
part of the fuel pump and the fud pump is driven by the oil 
fc>amp drive gear shaft. 

Fig. 6. Typical oil system diagram^ Twin Wasp eimne. The 
lubrication system is of the dry sump type, as the ou is camied 
in an oil tank separate from the engine rather than in the orank- 
case of the engine. 

% 

Oil is circulated through the engine by means of niulti*-8ta|e- 
gsar typo pumps, one supplying ou under pressure to the engme 
bearings arid gears and the other scavenging and returning used 
oil to toe tank. The oil pump is driven from the bevei gear oti 
the left magneto drive shaft. A high-pressure oil system is pro¬ 
vide for the power section, the accessory section being fed by a 
nieter^low-SiNnure system. 

CufroAt engines include as standard equipment a thermo- 
atafie oil temperature rei^tor to be .incorporated in the oil 



IN COCKPIT Fig. 6. 

system of any airplane. This device automatically regulates 
the temperature of the oil entering the engine to about 140® F.- 
167® F. (60° C.-76® C.), thus reeving the pilot of manually 
controlling the oil temperature. It also reduces the warming- 
up period. 

The entire valve mechanism is pressure lubricated, oil enter¬ 
ing the tappets through the guides, thence through the push rods 
and rockers. A separate sump and scavenge stage completes 
the circulating system. This full automatic lubrication makes 
possible greatly extended operating periods without any atten¬ 
tion to the valve mechanism and practically eliminates all wear. 
All valve operating parts are inclosed. 



Fig. 7. Operation of manual mixture control.^ The mixture 
or altitude control is a device on the carburetor for leaning out 
the mixture to compensate ^or altitude and to obtain the proper 
fuel-air ratio for the desired operating conditions. The 
standard oarburetor ineoii^atea a manual mixture control and 
may have an automdiHc mixture control. When the automatic 
mixture control is employed, the manual mixture control is used 
only in eases of emargensy or imder those conditions under 
which the automatio oontrol is not effective. 


t CompUsd from Operatore Handbook of (he Tunn TTosp "C** 
tSsrfes snyinss. 
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It is possible to ruin the power section of an enmne com¬ 
pletely by improper use of the mixture control even for only a 
few minutes. The reasons for this are as follows: (1) too lean 
a mixture will cause overheating of the engine which might re¬ 
sult in burned pistons and valves; (2) detonation which may be 
severe enough to cause physical damage to pistons and related 
parts. 

To clarii^ the eflfects of mixture control, the following expres¬ 
sions are defined: 

Best power. —The range of the mixture control while the 
revolutions are at their maximum value is called "'Best Powers 

Rich best power. —Referring to the diagram, it will be noted 
that moving toward the lean from the full-rich position, the 
engine spe^ will increase to a maximum value. The point at 
wmch this maximum value is first noted is called ''Rich Best 
Power.” (Used for rated power level flight and rated power 
climb.) 

Lean best power. —Further leaning will result in the r.p.m. 
remaining constant at the maximum value for an appreciable 
movement of the mixture control. Still farther leaning will 
cause a drop in the r.p.m. The point just before the revolutions 
per minute start to drop from the maximum is called ''Lean 
Best Power.'* (Used only for cruising in level flight.) 


The idle cut-off valve is part of the mixture control assembly 
and is operated by the mixture control stop. This valve is 
opened during the last few degrees of mixture control movement 
beyond the full lean position. With the idle cut-off valve 
opened and the throttle closed, the high-manifold suction is 
plac^ directly on the top of the fuel in the float chamber by 
means of drilled passages in the carburetor bodjr- whereby the 
fuel flow through the idle system is stopped, causing the engine 
to stop firing immediately. 

The Pratt and Whitney automatic mixture and power control 
units is a device for maintaining the air entering the carburetor 
at a constant pressure, thereby maintaining a constant fuel-air 
ratio at all altitudes within its operating range, when the carbu¬ 
retor air temperature is held constant. The unit also opens the 
correct number of jets in the carburetor to give the proper mix¬ 
ture strength for the selected operating condition. This feature 
together with a special carburetor having no economiser gives 
this unit its automatic mixture control action. 


2 The Stromberg injection carburetor has replaced the former 
Pratt and Whitney carburetor using this automatic mixture 
control. 


AIRCRAFT ENGINE MAINTENANCE 


The following paragraphs are taken from Pratt 
and Whitney’s Operator's Handbook dealing with the 
Twin WasjD C series engines. Limited space pre¬ 
vents our giving the detail of procedure for inspect¬ 
ing and checking adjustments of the various units 
or parts. The idea is to give our readers an idea 
what operations comprise the periodic inspection. 

“To insure realizing the maximum service and 
efficiency from an engine, it is necessary that it be 
given proper care. It is recommended that it be 
overhauled at 300 to 400 hours of average military 
service and at 400 to 500 hours of average com¬ 
mercial service. This operation should be done by a 
shop having the necessary facilities and tools and a 
personnel experienced in the overhauling of Pratt & 
Whitney engines. 

“An overhaul manual is published by the manu¬ 
facturer which describes the proper procedure to be 
followed in overhauling the Twin Wasp C series 
engines. When having an exigine overhauled^ it is 
essential to have the carburetor, magnetos and fuel 
pump overhauled at the same time. 

“Top overhauling, that is the overhauling of the 
valve mechanism,1 pistons, and rings, is not recom¬ 
mended except in case of emergency. Under normal 
operating conditions, where engines are overhauled 
at regular intervals and periodically checked and 
inspected in accordance with current instructions, 
top overhauling is an unnecessary procedure. 
Under unusual circumstances when top overhauling 
might be considered essential, it is far more practic^ 
and satisfactory to completely disassemble the en¬ 
gine in an overhaul shop to make certain that the 
internal parts of the engine have not also suffered. 

“If the engine is operated and maintained as de¬ 
scribed in the Handbook^ trouble should not develop 
between overhauls and the time spent in caring for 
the engine will be repaid by freedom from engine 
difficulties and excessive mamtenance expense. 

**A light weight tool kit, Huitable for carrying in an airplane, is 
furnished with each Pratt & Whitney engine. The tools are in 
a sealed canvas crying roll with a list designating the tools 
contained and their uses. The tools in the kit are emergency 
tools required for making minor adjustments to the engine such 
as removing valve mechanism, adjusting valve clearances, 
tightening the various external nuts, screws and bolts, removing 
and disassembling the spark plugs, and all operations required 
for the periodic checks of the engine. Any additional tools wN 'h 
may be desired will be found in the Parts oat^og.*’ 

Periodic Inspection 

tad at regular intervals. The following defli^e 
checks are recommended: 


Before Each Flight 

1. Check fuel and oil levels. 

2. Test ignition by running momentarily on each magneto 
alone with the propeller in the low pitch position. (The drop 
should not be over 100 r.p.m. at the cruising r.p.m.) 

.3. See that the desired oil and fuel pressures show on gauges. 

4. See that engine will turn up its usual revolutions per 
minute. On supercharged engines the revolution.s per minute 
will be correlated Avith the throttle stop or manifold pressure 
with the propeller in full low pitch position. 

5. Oil inlet temperature should be nt least 104° F. (40° C.) 
before take-off, preferably 140° F. (60° C’.). 

6. Check the propeller to see that it is functioning properly. 

It is also recommended that engines be run up just prior to 
take-off and the magnetos again checked together with oil inlet 
temperature. This insures against the engine having possibly 
loaded up or the oil cooled down in case the engine has been 
allowed to stand or idle slowly for any length of time after the 
above checks were made. 


Preliminary Check 

It is recommended that a new engine or an engine which has 
just undergone overhaul be given a thorough checking over 15 
to 30 hours after installation in the airplane. This should be in 
accordance with Periodic Check—Form II. The purpose of this 
Preliminary Check is to inspect thoroughly and make any 
necessary adjiLstments after the engine has been "shaken down.’^' 

Following the Preliminary Check comes the 50-60 hour and 
the 100-120 hour checks alternately as outlined in the following 
paragraphs: 


60 to 60 Hour Check 

It is recommended that the engine be checked over after 
every 50 to 60 hours of average operation. This check-over 
should include all the points listed on the Periodic Inspection 
Form I, 


100 to 120 Hour Check 

It is recommended that the engine be complete^ checked 
over every 100 to 120 hours of average operation. This check 
should include all the points shown under Periodic Inspection 
Form II and in addition should include the following itenis 
which are included in the Periodic Inspection Form I and ex¬ 
plained thereafter.* 

2. Wash Down Engine 

3. Oil Strainer 

4. Draining Sump 

5. Change (5il 

6. Spark plugs 


1 The entire valve mechanism is pressure lubricated. This 
full automatic lubrication makes p^ble mreatly extended 
operating periods withput any attention to the valve meoha- 
niam. 

* These explanations are not given due to limited space. 
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PERIODIC INSPECTION—FORM I 
(0 to 60 Hour Check 


Work Order No. 

Name of Operator .Airplane... 

Engine No.Total Time. Time S. 0.... 

Work should be done in order listed. 

Special work to be indicated in colored pencil. 


1. Disconnoci battery and 10. 

ground plane. 

2. Clean oil pressure 11. 

strainer (engine). 

3. Drain sumps. 12. 

4. Change oil. 13. 

5. Clean and adjust 14. 

spark plugs. 

6. Inspect ignition harness 15. 

—ground and booster connec¬ 
tions. 16. 

7. Check nuts and screws for 17. 

tightness and safetying. 

8. Check engine controls:. 

Throttle 

Mixture 

Heater 

Propeller 

9. Check oil lines and 
brackets. 


Check fuel lines and 
brackets. 

Clean fviel strainer 
(plane). 

Check mounting bolts. 
Check carburetor braces. 
Check propeller for 
tightness. 

Check exhaust systcn.. 
and supporting brackets. 
Chock accc.^sories. 

Hun up engine on ground, 
r.p.m. (both mags.) 
r.p.m. (right mag.) .. 
r.p.m. (left mag.» 

Idle r.p.m. . 

Idle Oil Pressure . 

Max. Oil Pressure 
Max. Fuel Pressure 
Min. Fuel Pressure 


PERIODIC INSPECTION—FORM II 
too to 120 Hour Check 

Work Order No.. 

Name of Operator.Airplane. 

Engine No.Total Time.Time S. 0.. 

Work should be done in order listed. 

Special work to be indicated in colored pencil. 


Disconnect battery and 
ground plane. 

W .sh down engine. 

('lean oil pressure 
.strainer (engine). 

Drain Sumps. 

Change Oil. 

Check Spark Plugs, clean 
and adjust. 

Check valve springs for 
breakage and tension 
Check rocker and play. 
Adjust valve clearance. 
Check rocker box gaskets 
when replacing covers. 
Check intake pipes. 
Check magneto contact 
points and oil magnetos. 
Oil carburetor and drain. 
Inject ignition harness 
—(Ground and booster 
connections. 

(’heck nuts and screws 
for tightness and safe- 
tying. 


16. Check all engine controls. 

Throttle 

Mixture 

Heater 

Oil Regulator 
Shutter and Spark (if 
used). 

Propeller 

17. Check oil lines. 

18. Check fuel lines. 

19. Clean fuel strainer 
^lane). 

20. Cliock mounting bolts. 

21. Check carburetor braces. 

22. Remove propeller— 
check cones and shaft. 

23. Check exhaust system. 

24. Check accessories. 

25. Run up engine on ground. 

r.p.m. (both mags.) . 

r.p.m. Oeft mag.). 

r.p.m. (right mag.) .... 
Idle r.p.m, 

Idle on pressure 
Max. oil pressure . . 
Max. fuel pressure .... 
Min. fuel pressure.;. 


Remarks . 

Signed. 


Dated . 


Remarks 
Signed. 


Date 


AIRCRAFT MAGNETOS 


As examples of typical aircraft engine magnetos 
two types of the Bendix-Scintilla magnetos are 
illustrated: (1) a single magneto which has one 
rotating magnet, one coil, one breaker contact, etc., 
and (2) a double magneto which has one rotating 
magnet, two coils, two breaker contacts, etc., all 
combined in one complete unit which is used in 
conjunction with two separate independently driven 
distributor head assemblies. 

The phrase ‘‘dual ignition” consists of two inde¬ 
pendent sources of ignition for one set of sparkplugs. 
Any engine having two sets of spark vlugs with an 
independent ignition system for eacn set is con¬ 
sidered as having double ignition” (often referred 
to as “dual ignition”). Two single magnetos can be 
used, or one double magneto with its two distributor 
heads. Actually one double magneto with two 
independently driven distributor heads is the equiva¬ 
lent of two single magnetos. 

Reference to the illustrations and text will give 
the reader the basic principles of the construction 
and operation of a typical sifigle and a double type 
aircraft magneto.^ There are a number of other 
mociels and types. There are also other manu¬ 
facturers of aircraft magnetos, but lack of space 
limits our showing them. The types shown, how¬ 
ever, will give an idea of the general construction 
and operation. 

Scintilla Type “SF14L(N)-3” Single Magneto 

General description:® The SF14L{N)~8 magneto 
is a single, flange-mounted, fourteen-cylinder mag¬ 


neto of anti-clock wise rotation. It is driven at J 
engine crankshaft speed. 

The eight-pole rotating magnet (see Fig. 1), turns on 
two annular bearings, one located at the breaker end 
and the other at the drive end. These bearings are 
packed with a high-temperature grec.se and do not 
require lubrication between overhaul periods. 

The breaker cam has fourteen lobes and is driven at 
i engine crankshaft speed by means of reduction 
gears at the breaker end. The cam is secured to a 
camshaft which rotates on two single-row, annular 
bearings located in the adaptor assembly. The large 
cam gear is secured to the other end of the cam shaft 
and is turned by means of a somewhat smaller gear 
secured directly to the rotating magnet shaft. The 
gear ratio between these two cam gears is 4:7. The 
cam speed in relation to the engine crankshaft speed 
is lxf, or J engine crankshaft speed. 

The ratio between the large distributor gear and the 
small distributor gear is also 4: 7 and consequently, 
as in all magnetos, the distributor finger turns also 
at J engine crankshaft speed. 


1 A study of pages 250-254 and 271-274 will assist in \inder> 
standing magneto magnetic and electrical circuits. Bear in 
mind however that the Scintilla is a “rotating magnet" type of 
magneto. 

* Compiled from Bendix-Scintilla Service Instructions (copy¬ 
righted 1040). 
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T/ie cam lobes are ^und at unequal intervals to 
ompensate for the alight characteristic top dead- 
mter variations of each piston on radial t 3 rpe en- 
;ines. The unequal intervals between the cam 
obes result in having the contact points open at the 
ixact predetermined full advance firing position of 
he pistons. On the magneto, however, the “E”* 
jap varies for each contact point opening. The 
sam lobe which opens the contact points for firing 
>lo. 1 cylinder is indicated with a timing mark. 

Scintilla Type Double Magneto 

Generd description:^ The DF magnetos employ 
he principle of the rotating magnet and stationary 
joils which is characteristic of all Scintilla magnetos. 
Their distinctive feature, however, is the provision 
>f true dovble ignition from a single unit. 

One f&nT’pole rotating magnet (see Fig. 2) is 
nounted between two pairs of pole shoes. The 
magnet produces simultaneous reversals of magnetic 
lux through the core of each coil every ninety de¬ 
grees of rotation. Consequently four sparks are 


produced in each coil for every revolution of the 
magneto drive shaft. 

The high-tensioji curre^ifrom the coils is distributed 
to two independent sets of spark plugs through two 
separate distributor heads which are mountea inde-f' 
pendently on the engine and driven at one-half 
crankshaft speed. 

Since the niagneto gives four sparks per revolution^ 
it is driven at crankshdt speed for nine-cylinder 
engines and IJ crankshaft speed for twelve-cylinder 
engines. 

The pivotless breaker assembly consists of a sinifle 
breaker housing with two contact point assemblies 
operated by a smgle cam. A fi ve-leaf primary brush 
on each contact point assembly provides the connec¬ 
tion with their respective coils. 


2 The ‘*E’^ gap is the number of degrees the rotating magnet 
has passed its neutral position when the contact points begin to 
open. 

3 Compiled from Bondix-Scintilla Service Inatruclione (copy¬ 
righted 1939). 
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SCHEMATIC DIAGRAM OF ELECTRIC AND MAGNETIC CIRCUITS 

1 DISTRIBUTOR BLOCK ELCCTROOC 

2 SEGMENT IN DISTRIBUTOR FINGER 
CARRYING SECONDARY CURRENT 

3 HIGH TENSION CONTACT BUTTON 

4 CARBON BRUSH 

5 SECONDARY CONDENSER 

6 DISTRIBUTOR GEAR AXLE 

7 DISTRIBUTOR FINGER 

8 DISTRIBUTOR GEAR-LARGE 

9 SEGMENT IN DISTRIBUTOR FINGER 
CARRYING BOOSTER CURRENT 


21 CAM SHAFT BEARINGS 

22 CAM DRIVE GEAR-LARGE 

23 CAM DRIVE GEAR-SMALL 

24 ROTATING MAGNET 

25 SUPPORT-CONTACT BREAKER 

26 SPRING-CONTACT BREAKER-MAIN 

27 CAM follower 

28 BREAKER CAM 

18 PRIMARY CONDENSER 

19 PRIMARY CONNECTOR 

20 CAM SHAFT 


10 DISTRIBUTOR GEAR-SMALL. 

It DISTRIBUTOR BLOCK 

12 COLLECTOR RING-BOOSTER CURRENT 

13 SECONDARY WINDING 

14 GROUND CONTACT BUTTON 

15 PRIMARY WINDING 

16 COIL CORE 

17 POLE SHOES 


Fig. l. Diagram of electric and magnetic circuits of the Bendiz-Scintilla type SF14L(N)-8 single aircraft magneto. 

Electrical operation: The poles of the rotating magnet are arranged in alternate polarity (see diagram) so that the flux 
can pass from a north pole through the coil core and back to a south pole. As the magnet is turned, the polarity con- 
tinu^y changes thereby producing flux reversals in the coil core. The number of flux reversals during one complete * 
revolution of the magnet is equal to the number of poles on the magnet. 

The fltix revereala induce current in the primary winding when the contact points close. The flow of current in the 
primary winding stores enerj^ which is released later by the opening of the contact points thereby producing high 
voltage in the secondary winmng. 

One end of the primary winding is connected to ground. The other end is connected to the insulated contact point. 
When the contact points are closed, the primary current passes to ground. The condenser is connected across the 
contact points. 

The ground terminal on the magneto is electrically connected to the insulated contact point. A wire is connected 
between the ground terminal and the switch. When the switch is in the ‘*OFF” position, this wire provides a direct 
path to groimd for the primary current. This prevents the production of high voHage in the eeooiMlary winding. 

One end of the secondary windir^ is also grounded to the magneto. The other end terminates at the high-tension insert 
on the coil. High-tension ourrent in the secondary windhng is then conducted to the central insert of the distributor 
finger by means of a carbon brush. From here it is conducted through the seoondaiy condenser to the high-tension 
segment on the distributor finger and across a small air gap to the electrodes of the (ustributor block. High-tensioii 
cables then carry it to the spark plugs, where the discharge or spark oooitfs for ignition purpose^. 

The booster dectrode is located so that it trails the hii^-tension segment on the distributor finger to give a retarded 
spark for starting the engine. 












_ ADDENDA _^ 

• highrtension and ground ^minals are located each contact point assembly is located on each side 
m the mam covers. The high-tension terminal of the housing, 
makes contact with the high-tension segment which 

is an integral part of the coil. The ground terminal -The magneto weighs approximately 13J lbs. The 
ma^s contact with a ground spring which is located two independently driven distributor heads weigh ap^ 
in the center line of the magneto. A condenser for proximately IJ lbs. each. 



Fig. 2. Diagram of electric and magnetic circuits of the Bendix-Scintilla type DF double aircraft magneto. 

Electrical operation:^ The rotating magnet haa four poles of alternate polarity and is mounted between two pairs of pole shoes, 
A coil is mounted on each pair of the pole shoe extensions. Each time the magnet rotates through a quarter turn, the polarity 
changes and causes the flux to flow in tno opposite direction through the core of each coil. This reversing flux causes a current to 
flow in the primary winding of each coil. 

Entergy is stored in the magnetic circuits when the current flows in the primary windings. A contact point assembly is connected in 
series with each primary winding. When the maximum energy has been stor^ in each magnetic circuit, the cam lifts the cam fol¬ 
lowers which in turn separate each set of contact points. This breaks the primary circuits and causes a rapid change in flux through 
the cores of each coil. This flux links the secondary windings of each coil which have many turns of fine wire. The rapid efuange 
in flux due to the opening of each set of contact points causes a high-tension spark to be delivered to bach set of spark plugs. 

One end of each primary urinding is connected to the ground. The other end takes an insulated path through its respective con¬ 
tact point assembly and then back to the ground. A condenser is connected acri)MS each set of contact points. 

One end of each secondary winding is grounded and tlie other end terminates at its respective coil high tension contact surface. 
The spark then goes from here to the high-tension terminal, distributor head, .spark plugs, and back to the ground. 

The booster current is supplied directly from its source to the distributor head and spark plugs. 
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AIRCRAFT PROPELLERS 


The general principle of an aircraft propeller is 

quite similar to that of a water-craft propeller in 
that by moving back a volume of air or water a 
forward thrust or motion is imparted to the propeller 
resulting in the advance of the aircraft or boat 
through the fluid medium as the case might be. In 
the case of an aircraft propeller, this body or volume 
of air, which is being moved away from and to the 
rear of the propeller, is called the slipstream.*^ 

In order to achieve maximum efficiency and to 
obtain the best performance from any aircraft- 
engine-propeller combination, the propeller must be 
accurately designed as to plan form, pitch distribu¬ 
tion, and diameter to best suit the conditions under 
which it will be called upon to operate. Fixed-pitch 
propellers are generally designed for a compromise 
on the three performances, namely, take-off and 
climb, cruising speed, and maximum top speed. 
Emphasis on any one of the three characteristics will 
usually result in penalizing the performance of either 
or both of the other two. 

Aircraft propellers may be classified into possibly 
five groups as follows: 

1. Fixed-pitch propellers. 

2. Ground adjustable propellers. 

3. Two-position controllable propellers. 

4. Constant-speed propellers. 

5. Feathering proixillers. 

1. Fixed-pitch propellers are those which have a 
definite pitch built into the blades at the time of 
manufacture and which have no provision for any 
variation of pitch or blade angle on the ground or in 
the air. This type is used at present only on train¬ 
ing aircraft or very light-weight commercial aircraft. 
Fixed-pitch proocllers are usually constructed of 
laminated kiln-dried woods such as oak, maple, 
walnut, birch, and mahogany, although solid one- 
piece propellers have been made of twisted steel 
flat-stock, aluminum alloy slabs, or aluminum alloy 
forgings. 

2. Ground adjustable propellers are those made 
wdth two or more blades which are screwed into or 
otherwise fastened to a hub fitted and held on i;he 
propeller shaft. These have generally been made 
using aluminum alloy blades and a steel hub. The 
arrangement is such that the blades can be turned or 
rotated in the hub for blade angle adjustment while 
on the ground and are locked in such pitch position 
by means of suitable clamping devices. Ground 
adjustable propellers are not adapted to changes of 
angles while in flight; therefore, in order to hold the 
engine to the rated r.p.m. in flight, sacrifices must 
be made in take-off and climb.^ 

3. The two-position controllable propeller was the 
first to incorporate changes of pitch angles while in 
flight. This propeller was a distinct improvement 
over former types, but had only two positions—high 
and low. Low pitch was set to permit the engine to 
turn up to full rated power and r.p.m, at take-joff. 
while the high pitch was set to effect a desired 
cruisin^-power-r.p.m. compromise. Changes in alti¬ 
tude still could not be taken care of, although the 
pitch angles could be set to take care of any particu¬ 
lar altitude condition. The loss in take-off and 
climb in a fixed-pitch propeller can largely be avoided 
in the two-position controllable propeller. In opera¬ 
tion of this propeller, oil pressure is utilized to move 
the blades to the low-pitch position (high r.p.m.). 
whereas the blades are moved to th^mgh-pitch 
position (low r.p.m.) by centrifugal force acting on 
counterwei^ts attached to the blade brackets. The 
centrifugal lorce is overcome by oil pressure from the 


engine lubrication system inducted through the 
propeller shaft and acting against the head of a 
cyhnder moving fore and cut on a piston fixed on the 
propeller shaft. When this oil pressure is released, 
the centrifugal force of the counterweights forces the 
cylinder back on the piston and the propeller goes 
to the high-pitch position. In the Hamilton Stand¬ 
ard two-position controllable propeller the range is 
not usually more than 10°. This range can be set for 
any angles with a 10° differential between low and 
high, and further adjustment within this 10° is pro¬ 
vided by stops located in the counterweights. 

4. Constant-speed propellers. The Hamilton 
Standard constant-speed propeller is a refinemerit 
of the two-position controllable propeller in that it 
permits, by control from the cockpit, the automatic 
selection of any blade angle within the range of the 
propeller to meet a specified condition. A range uj) 
to 20° is provided, and the pilot may select any 
power-r.p.m. combination within the operating 
limits of the particular installation. The constant- 
speed propeller operates on exactly the same prin¬ 
ciple as the two-position .controllable propeller but 
also utilizes a constant-speed control governor, 
mounted usually on the engine nose section, which 
meters oil to or from the cylinder as conditions war¬ 
rant. Thus when a higher pitch is required, oil is 
allowed to flow away from the propeller, allowing the 
counterweights to move it to a higher pitch. When 
a lower pitch is required oil is fed to the cylinder, 
overcoming the counterweight forces and moving the 
cylinder forward and the blades to a lower pitch 
position. The governor incorporates a booster 
pump which raises the engine oil pressure to ap¬ 
proximately 200 p.s.i. depending on the particular 
installation. In the case of the two-position con¬ 
trollable propeller, the propeller actually operates as 
a fixed-pitch propeller during flight; but, with the 
constant-speed propeller, blade angle is controlled 
by the governor responding to correct for changes in 
the attitude of the airplane or changes in power. 
Therefore, should one engine of a multi-engined 
aircraft be weak, the governor will automatically 
reduce the pitch of its propeller so that perfe(!t 
synchronization with the other engine will be possi¬ 
ble. Constant speed eliminates the annoying ‘ ^beat’ ’ 
of multi-engined aircraft with fixed-position or ground 
adjustable propellers. The pilot merely selects a 
power-r.p.m. condition by moving the cockpit control 
and the governor will maintain this r.p.m. regardless 
of changes in the attitude of the aircraft (climbing 
or diving). 

5. Feathering propellers. The Hydromatic pro¬ 
peller, the latest Hamilton Standard development, 
embodies all the features of the constant speed pro¬ 
peller and in addition incorporates the “featherine 
feature.” It has a rangq of 80°, 33° of which is used 
for normal operation, and the remaining range takes 
the propeller to ‘leathered position.’” Feathering 
means that it is possible to stop the rotation of an 
engine while in flight by so balancing the pitch 
distribution of the blades that the aerodynamic 
loads will prevent the propeller from rotating or 
*^windmiUing”^ This eliminates the drag of a 
‘Vindmilling” propeller and is useful to prevent 
further damage to an enmne which has failed. On 
large aircraft where nacdles are accessible, engines 
can be stopped while minor repairs are being made. 

^ For ezample: the sp^ of a 6xed-pitch propeller, properly 
adjusted for sea level, will inorease approximately 40 per cent 
at 20,000‘foot altitude. If the fixed-pitch propeller blades were 
to be set for the specified r.p.m. and mean effective pressure at 
altitude, the propeller^ould then turn too slowly at sea level. 
This would result in an additional loss in engine power available 
for take-off and climb. 

* See footnote 2 next page. 
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The Heniiltoii Stendard hydromatic propeller 
represents a new ^e of pitch-changing mechanism. 

A piston (8) (Fii. 2), operating in a dome (2) 
mounted on the front of the propeller, is moved 
forward w the high-pitch position by means of oil 
pressure from the propeller governor (16); it moves 
backward to the low-pitch position by the combined 
forces of engine pressure coming through the pro¬ 
peller shaft and to the front of the piston plus the 
twisting moment of the blades toward low pitch. 
An automatic distributor valve screwed into the 
front of the propeller shaft guides and leads the oil 
pressures to the front and rear of this piston. The 
governor oil pressure is capable of overcoming the 
forces tending to move the propeller to low pitch; 
therefore, delivery of oil from the governor to the 
propeller moves tlie piston forward to a higher pitch. 
When through the metering aidion of the governor, 
oil is permitted to drain from the propeller, the 
piston, actuated by the engine oil pressure and 
twisting moment of the blades, moves backward to 
a lower pitch position. This fore and aft, move¬ 
ment of the piston imparts a rotating force on a 
cam (6) which in turn has a gear (8) which mt'shos 
with gears mounted on the blade butts thus changing 
the pitch of the propeller as the piston is n\ov(‘d 
forward and backward. 

For “feathering,*’* oil at a higher than governor pressure is 
introduced through a line connected to the oase of the governor 
from an electric high pressure oil pump, or other auxiliary source 
and through the same channel which ordinarily conducts the oil 
from governor to propeller. This high pressure is sufficient to 
carry the piston forward over a '‘hump’’ in the cam’s slopes, 
and the piston moves the blades to the highest pitch or the 
“feathered” position. When the piston reacmes the high-pitch 
stops, the pressure in the line rises and at a predetermined 
pressure the electric pump is stopped by an automatic pressure 
cutout switch. 

For “unfeathering,” this same hi^h pressure is allowed to 
build up sufficiently to operate the distributor valve in such a 
fashion that the oil channels are reversed, and the high pressure 
is conducted to the front of the piston, moving the piston back 
until the normal operating range is reachcci. For the “un¬ 
feathering operation” the pilot mast overcontrol the pressure 
cutout switch until the engine has reached about 1000 r.p.m., 
at which time the cam rollers have passed over the hump in the 
cam slopes, and is once again in the normal operating position. 
When the feathering electric pump is stopped, the distributor 
valve returns to the normal position and constant-speed opera¬ 
tion is automatically resumed. 



Fig. 1. Dianam of the three fundamental forces used to 
control the blade angle: (a) Centrifugal twisting moment of the 
blades toward low pitch which is utilized to decrease the blade 
angle, (b) Engine oil under normal engine pressure which sup¬ 
plements the centrifugal moment, thus insuring adeouate con¬ 
trol force toward low pitch at low propeller speeds, (c) Engine 
oil under booeted pressure from the governor which moves the 
blades towani high pitch. These forces are indicated above. 

Fig. 2. (See next column.) Cutaway view of the Hydro- 
nutic propeller. Names of some of the parts are: 

1. Dome breather hole nut. 

2 . Dome shell; contains the pitch-changing mechanism. 

3. Piston. Piston motion is transmitted to the rotating cam 
by meana of four sets of cam rollers carried on shafts sup¬ 
ported by the inner and outer walls of the piston. 

4. Outer or stationary cam. 

5. Inner or rotating cam. 

6. Piston gasket. 



7. Cam roller .shaft. 

8. Rotating earn gear (integral part of rotating cam). 

9. Propeller blade. 

10. Propeller retaining nut. 

11. Bpider. 

12. Rcductitai gear housing or no.se section of engine. 

1.3. Propeller shaft. 

14. Engine-propeller .speed reduction gear assembly (planetary 
type). 

15. Propeller shaft. 

16. Constant-speed control; a governor of the centrifugal flyball 
type. It incorporates a gear pump to boost the engine oil 
to the required pressure, and a pilot valve, which is sensitive 
to changes in engine r.p.m., to meter the oil to or from the 
propeller in order to adjust the blade angle as required for 
the maintenance of constant engine speed. 

17. Oil passage from constant-speed control to propeller. 

18. Blade balancing plug. 

Propellers are driven either at engine crankshaft speed, 
termed “direct drive,” or they are driven at less than crankshaft 
8}>eed through reduction gears in the engine, termed ”geared 
drive."* This allows the propeller to turn slower than the 
engine crankshaft. This naa been made necessary by the 
limitations placed on tip speed* of propellers and other factors 
which make it advisable to keep the propeller tips spe^ below 
1000 ft./sec. at which point tip-spe^ losses begin to become 
substantial. Gearing of the engine affords the possibility of 
using larger diameters with higher blade angles and results 
in gener^ly increased performance of the engine-propeller 
combination. Conventional gear ratios are 3:2, 16:11, and 
2 : 1 . 


* To farther simplify this meaning, feathering is the term ap¬ 
plied when the blades of a propeller are turned to such a high 
pitch that they lie in the direction of flight. In this position 
they act as powerful brakes to atoo the engine rotation and at 
the same time offer the least possible drag on the airplane. To 
return from feathering to normal operation (commo^y called 
unfeathering) the blades are turned from the feathering position 

• to a lower pitch where the pressure of the air flow due to the 
forward speed of the airplane causes the propeller to windmill 
and crank the engine. 

* Tip speed means the number of feet per second the propeller 
tip travcM. 
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The Curtis 8 *eleotric propeller,^ a controllable* con- 
Btant-apeed. full-feathering type, is operated iMohri- 
oaUy hom we airplane electrieal ^wer supply: thus 
its pitch-changing system is ooamletely divoroea from 
dej^ndence upon the engine. The electrical energy 
for controlling the propeller blade angles passes 
through brushes mounted in a housing attached to 
the engine nose, to slip rings mounted on the reiu 
of the propeller hub, and thence to the pitch-chang¬ 
ing motor by way of connector leads in the hub and 
speed reducer. 

The eleeiric pitch^changing motor controls the angle 
of Hade-setting through a two-stage planetary gear 
spe^ reducer which drives a power bevel gear. 
This gear meshes with a bevel gear on the shank of 
each of the blades. Reversibility of pitch change 
is accomplished throiigh a double-field winding m 
the electric motor. That is to say, the electric 
motor is designed to operate in either a clockwise or 
counter-clockwise direction. 

The two typos now in Mneral use differ from each other in the 
construction of the bladm; aluminum alloy blades being used in 
one, and hollow steel blades in the other. 



Tig. 4. Schematic diagram tyiucal control fyatem Curtise 
eUotric propeller. In order to decrease r.p.m., the blades should 
increase pitch; in order to increase r.p.m., the blades should 
decrease pitch. 

The control system of the Curtiss electric propeller 
consists of a oonstant speed governor, constant speed 
cockpit oontrol, and cockpit swit<me 8 . The pur¬ 
pose of the governor is to maintain the engine at a 
selected oonstant speed by controlHng the prop<dler 
blade angle to correct for varying conditions of 
operation such as engine power, air^ane speed, and 
air density. 

^There are two general types of governors now in use.' 
{the operation m both types is very similar. Both 


utilise flyweight force to operate a three-position 
switch (increase pitoh^ decrease pitch, and off por¬ 
tion) by means which the current to the electric 
motor 18 regulated, thereby controlling the blade 
angles. 

During constant speed operation the governor does 
the switchir^ of current to the pitch diange motor. 
Any variation in speed of the flyweights which are 
driven by the engine will automatically operate the 
switch iu the governor, .thereby causing the pro¬ 
peller blade angles to increase or decrease pitch, 
whichever is necessary to maintain the selected 
constant speed. 

During manual selective operationy the propeller 
is essentially a fixed-pitch propeller which is con¬ 
trollable tlu-ough a momentary contact switch. 
This switch controls the movement of the propeller 

wy setting within the flight range. The manual 
aeleoUve oontrol system is entirely separate from the 
constant speed control and therefore offers added 
reliability. 

The feathering control is a toggle switch which 
opens the normal propeller circuit and simul¬ 
taneously closes the circuit to the feathering limit 
switch in the propeller. The blades will then as¬ 
sume the feather setting at which point the current 
is cut off by the opening of the limit switch. 

A voltage booster is available for accelerating the feathering 
operation. The function of thie unit is to quadruple the normal 
voltage of the airplane system. Thus a twelve-volt supplv is 
boosted to forty-eight volte for feathering, and a twenty-four 
volt supply to ninety-eix volts. The booster provides for 
feathering from low pitch in from ten to twelve seconds. 

*‘The four-blade coatroUable propeller (quoting from Curtiss 
electric propeller literature), has been developed to increase the 
effective blade area of the propulsion unit, thus permitting 
efficient absorption of power from endnes of increasingly high 
output with propellers of smaller diameter than would be 
feasible with a three-bladed design.” 

The Lycoming controllable propeller® accomplishes 
a change in blade angle mechanioally from tlie rota¬ 
tion of the propeller shaft. The blades are turned 



«Bxper](Ct from oopyrighUd (1990) literature of the Curtiss 
Propeller Dlvtiioa Oartias-Wrigbt Corporation by pennissiea. 

i Coi^td from Handbook of InabruciionM for Lyeonir^ Ttso- 
Blade 7^ ConbrodlabU Propellers. Lyoomutf ttatat **Lyoom- 
inf propter is tnulU-^elHon in that tbs pilot oan sslsot any 
pi ton within a predetermined tsDgef* 
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about their longitudinal axis bv ongadug and disen¬ 
gaging a series of gears in the hub witii a stationary 
worm mounted on the engine. The propeller gears 
are inoperative when a change in blade angle is not 
being made. The high gear ratio affords a suf¬ 
ficiently slow movement of the blades to permit the 
pilot to select the particular blade angle desired. 
The propeller pars are engaged and disengaged from 
the pilot’s cockpit either by means of a manual con¬ 


trol or by an electric solenoid control. 

The solenoii control is operated by a switch on the 
instrument panel or inteffal with the throttle con¬ 
trol. The manual contra consists of a push-and- 
pull cable operated by a handle mounted adjacent^ 
to the instrument panel. A pitch indicator, which 
may be mounted on the engine instrument panel, 
indicates the propeller blade angle at all times. 


FUNDAMENTALS OF FLIGHT 


The airplane, a mechanically driven fixed-wing 
heavier-than-air machine, depends on several factors 
in order that it may rise from the ground and travel 
through the air at high speeds. Most important of 
these factors are lift and drag. 

Lift is the result of an increase in i>res8ure of air 
above atmospheric acting on the lower surface of 
airfoil (wing), and a decrease in pressure below 
atmospheric (often referred to as a jjartial vacuum) 
acting on the upper surface of the airfoil. These 
pressures are brought about by its forward mo (Jon 
through the air. This liftmg action will continue 
only so long as there remains a difference in pressure 
between the upper and lower surfaces of the airfoil. 
To maintain this difference in pressure the airfoil 
must continue to move forward through the air 
suflBciently fast that the total lift is equal to or 
exceeds the weight of the airplane. This is known 
as “flying speed.” 



Fit. 1. Shows the pressure acting on an airfoil in flight. 
Arrows on lower surface indicate positive pre.s8ure. Arrows 
on upper surface indicate negative pressure. Positive pressure 
as referred to here means pressure above or greater tiian atmos¬ 
pheric; neaative jtressure means pressure below or less than 
atmospheric. Anqle of attack refers to the angle at which the 
alrplgne attacks the wind. During a steep climb the angle 
of attack is greater than during normal flight. 

Drag may be defined as the resistance offered by a 
body passing through the air. In the case of an 
airplane, drag may be considered as the resistance 
encountered by the airplane due to its shape and 
size. 

For a farther study of the principles of flight a few 

paragraphs from Simplified Aerodynamics^ are given. 

*'Slomentarv principles of flight. There is a certain similar¬ 
ity between airplane flight and swimming. If a i^n in deep 
water remains motionlese he will sink. When swimming, the 
reaction of the water against his moving body will support him. 
To attain movement through the water he muet exert muscular 
energy, propeUing himself by the use of arms and legs against 
the resistance of the water. In the ain^ne, the win^ or sup¬ 
porting surfaces xpeet the rush of air anq eKperience a lift which 
suatoins the plane against the action of gravity. The thrust or 
puH of the prop^ler. actuated by the power of the engine, over¬ 
comes the orag or resistance of the plane to forward motion. 

*'Pxlxioipte of relative motion. A stationary object with air 
moving by at a certain speed will have the identical forces acting 
on it ai an object moving thro^h the air at that ^eed. This 
may be tmpm the Prineij^e of Relative Motion. The Relative 
wind’ then determinee ine amount and direction of the air 


forces. ‘ In flight the speed of a plane relative to the air may be 
greater or less than its speed relative to the ground. When fly¬ 
ing against the wind its air speed is greater than its ground 
speed and vice versa. 

“Taking-off into the wind. Flying instructors insist quite 
rightly that iake-ofT should always be made into the wind. 

"If an ail plane w’hich akea off at a normal air speed of 45 
miles per hour, heads into a wind of 20 miles, the ground speed 
H t take-off will only be 25 miles an hour. Therefore heading 
into the wind, the acceleration needed is less, and there is less 
work in overoomiug ground friction. A take-off into the wind 
13 therefore botli quiver and shorter than in calm air. 

“Also when taking-off into the wind the relief from the lift 
of the wings is much greater, and bumpy ground produces less 
shocks. 

"liVen if there is a head-on wind for take-off, careful pilots 
tjke all the run they can get, as a precaution against possible 
difficulties. 

“Conversely, if taxynu with the wind, the ground speed at 
take-off is higher, and the landing roll longer. Moreover, no 
relief of the weight of the airplane is possible from the lift of the 
wings until a ground speed higher than the wind speed is 
reaolied. Shocks between wheels and ground are high and 
unpleasant riding follows.” 


Axes of an Airplane 

An airplane is controlled about three axes. It 

turns about its normal, axis (Z), banks about its 
longitudinal axis (X), and pitches about its lateral 
axis (Y). 

An airplane is controlled in its movement about 
these three axes by the pilot’s manipulation of the 
rudder bar (or pedals) operating the rudder, and the 
control stick (or wheel) operating the ailerons and 
elevators. 



Movements of all three controls are frequently 
simultaneous, and to some extent are interrelated 
but each may be considered separately as affectin, 
the motion of the airplane about one axis: th 
rudder (F) turning the ship about the normal axi 
(Z), the aUerone (A) banking the plane about th 
longitudinal axis (X)^ and the elevators (Q) pitching 1 
about the lateral axis (Y). 


1 Published by The Goodheart-Willcox Co., Inc., 2009 Soul 
Michigan Ave., Chicago. Ilk 
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NOMENCLATURE FOR AERONAUTICS* 


AerodyiuuiUct: The branch of d 3 mamio 8 that treats of the mo¬ 
tion of air and other gaseous fluids and of the forces acting on 
solids in motion relative to such fluids. 

Aeronautics: The science and art of flight. 

Aileron: A hinged or movable portion of an urplane wing, the 
primary function of which is to impress a rolling motion on 
the airplane. It is usually part of the trailing edge of a wing. 
(See Fig. 5, Addenda page }09.) 

Aircraft: Any weight-carrying device designed to be supported 
by the air, either by buoyancy or by dynamic action. 

Airfoil: Any surface, such as an airplane wing, aileron, or 
rudder, designed to obtain reaction from the air through 
which It moves. 

Airplane: A mechanically driven fi^ed-wing aircraft, l^eavier 
than air, which is supported by the dynan^o reaction of the 
air against it^ wings (Fig. 5). 

pusher airplane: An airplane with the propeller or pro¬ 
pellers aft of the main supporting surfaces, 
tailless airplane: An airplane in which the devices used to 
obtain stability and control are incorporated in the wing, 
tractor airplane: An airplane with the propeller or pro¬ 
pellers forward of the main supporting surfaces. 

Airworthiness: The quality of an aircraft denoting its fitness 
and safety for operation in the air under normal flying condi¬ 
tions. 

Amphibian: An airplane designed to rise from and alight on 
either land or water. 

Angle: 

dihedral angle: The acute angle between a line per¬ 
pendicular to the plane of symmetry and the projection 
of the wing axis on a plane perpendicular to the longi¬ 
tudinal axis of the airplane. If the wing axis is not ap¬ 
proximately a straight line, the angle is measured from 
the projection of a line joining the intersection of the 
wing axis with the plane of symmetry and the aero¬ 
dynamic center of the half-wing on either side of the 
plane of symmetry. (See Fig. 5.) 
landing angle: The acute angle between the wing chord and 
the horizontal when the airplane is resting on level 
ground in its normal position: also called “ground 
angle.” 

Angle of attack: The acute angle between a reference line in a 
body and the line of the relative wind direction projected on 
a plane containing the reference line and parallel to the plane 
of symmetry, (^e Fig. 9, Addenda page 110.) 

Angle of pitch (aircraft); The acute angle between two planes 
defined as follows: One plane includes the.lateral axis of the 
aircraft and the direction of the relative wind; the other 
plane includes the lateral axis and the longitudinal axis. The 
angle is positive when the nose of the aircraft is above the 
direction of the relative wind. (In normal flight the angle 
of pitch is the angle between the longitudinal axis and the 
direction of the relative wind.) 

An^e of roll (or angle of bank); The angle through which an 
aircraft must be rotated about its longitudinal axis in order 
to bring its lateral axis into the horizontal plane. The angle 
is positive when the left side is higher than the right. 

Ani^e of stabilizer setting: The acute angle between the longi¬ 
tudinal axis of an airplane and the chord of the stabilizer. 
The angle is positive when the leading edge is higher than 
the traiBng edge. (See Fig. 6.) 

Angle of wing setting: The acute angle between the plane of the 
wing chord and the lonmtudinal axis of the airplane. The 
angle is positive when the leading edge is higher than the 
trailing edge. (See Fig. 6.) 

Antidrag wire; See WIRE (AIRPLANE), ANTIDRAG. 

Aviation: The operation of aircraft heavier than air. 

Aviator: The pilot of an aircraft heavier than air. 

Balanced surface: 

aerodynamic balanced surface: A contol surface that ex¬ 
tends on both sides of the axis of the hinge or pivot or 
that has auxiliary devices or extensions connected with 
it in such a manner as to effect a small or sero resultant 
moment of the air forces about the hinge axis, 
static balanced surface: A control surface whose center of 
mass is in the hinge axis. 

Bi-plane: An airplane with two main supporting surfaces placed 
one above the other. 

Boost: To supply an engine with more air or mixture than it 
would normally induct at sea level. 

Booster magneto: See MAGNETO, BOOSTER. 

Camber: The rise of the curve of an airfoil section, usually ex¬ 
pressed as the ratio of the departure of the curve from a 
st^ght line joining the extremities of the curve to the length 
of tins straight line. ”Upper camber” refers to the upper 
surface; “lower camber” to the lower surface; and ‘‘mean 
camber” to the mean line of the section. Camber is positive 
when the departure is upward, and negative when it is down¬ 
ward. 


Center of pressure of an airfoil: The point in the chord of an 
airfoil, prolonged if necessary, which is at the intersection of 
the chord ana the line of action of the resultant air force. 

Center-of-pressure coefficient; The ratio of the distance of the 
center of pressure from the leading edge to the chord length. 

Chandelle: An abrupt olizpbing turn to api>roximately a stall in 
which the momentum of the airplane is used to obtain a 
higher rate of climb than would be possible in unaccelerated 
flight. The purpose of this maneuver is to gain altitude at 
the same time that the direction of flight is changed (Fig. 8). 

Chord: An arbitrary datum line from which the ordinates and 
angles of an airfoil are measured. It is usually the straight 
line tangent to the lower surface at two points, the straight 
line joining the ends of the mean line, or the straight line be¬ 
tween the leading and trailing edges. (See Fig. 5.) 

Chord length: The length of the projection of the airfoil profile 
on its chord. 

Cockpit: An open space in an airplane for the accommodation 
of pilots or passengers. When completely enclosed, such a 
space is usually called a cabin. (See Fig. 5.) 

Compression-ignition engine: See ENGINE, COMPRES¬ 
SION-IGNITION. 

Compression ratio: The ratio of the volume of the gas in an 
engine cylinder at the beginning of the oompression stroke 
to its volume at the end oi the stroke. 

Control-cable: The line of wire or stranded cable leading from 
the control levers to the control surfaces or interconnecting 
the control surfaces. (See Fig. 5.) 

Control column: A lever having a rotatable wheel mounted at 
its upper end for operating the longitudinal and lateral con¬ 
trol surfaces of an airplane. This type of control is called 
“wheel control.” 

Control stick: The vertical lever by means of which the longi¬ 
tudinal and lateral control surfaces of an airplane are 
operated. The elevator is operated by a fore-and-aft move¬ 
ment of the stick; the ailerons, by a side-to-side movement. 
(See Fig. 5.) 

Controls: A general term applied to the means provided to 
enable the pilot to control the speed, direction of flight, atti¬ 
tude, power, etc., of an aircraft. 

Cowling: A removable covering. 

cockpit cowling: A metal or plywood cowling placed 
around a cockpit. 

engine cowling: A removable covering placed around all f)r 
part of an airplane engine. 

N.A.C.A. cowling: A cowling enclosing a radial air-coolwi 
engine, consisting of a hood, or ring, and a portion of the 
body behind thg enrine so arranged that the cooling air 
smoothly enters the hood at the front and leaves through 
a smooth annular slot between the body and the rear of 
the hood; the whole forming a relatively low-drag body 
with a passage through a portion of it for the cooling air. 

Decalage: The difference between the angular settings of the 
wings of a biplane or multiplane. The decalage is measured 
by the acute angle between the chords in a plane parallel to 
the plane of symmetry. The decalage is considers positive 
if the upper wing is set at the larger angle. (See Fig. 6.) 

Dihedral angle: See ANGLE, DIHEDRAL. 

Displacement, engine: The total volume swept by the pistouK 
of all the cylinders during one complete sltoke of each piston. 

Drag: The component of the total air force on a body parallel 
to the relative wind. (See Fig. 9.) 
induced drag: That part of the drag induced by the Uft. 
parasite drag: That portion of the drag of an aircraft exclu¬ 
sive of the induced drag of the wings. 

Drag stmt: A fore-and-aft compression member of the internal 
oraoing system of an aircraft. (See Fig. 5.) 

Elevator: A movable auxiliary airfoil, the function of which is 
to impress a pitching moment on the aircraft. It is usually 
Mnged to the stabiliser. (See Fig. 5.) 

Engine: 

axial-type engine: An engine having its cylinders equidis¬ 
tant from and parallel to the main shaft. Power is 
transmitted to the shaft through a wabble plate, swash 
plate, or gears. 

cam engine: A type of engine in which the pistons are 
reciprocated by means of a oam-and-roUer mechanism, 
compression-ignition engine: A type of engine in which 
the fuel is sprayed into the^ cylinder and ignited by the 
beat of oompression of the air charge, 
double-row radial engine: An engine having two rows of 
cylinders arranged radially around a common crank- 


1 Excerpts from Report No. 47Aj ” NomonekUttro for Atro- 
natUicOf'* by National Advisory Committee for Aeronautics. 
This is not the complete report, it is only part of it. The com¬ 
plete report is for^ale by the Superintendent of Documents, 
Washington, D.C., price 20 cents. (Postal stamps, foreign 
money, or smooth coins not acceptable. Currency may be 
sent at sender's risk.) 
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shaft. The oorresponding front and rear cylinders may 
or may not be in line. 

left-hand engine: An engine whose propeller shaft, to an 
obs^ver facing the propeller from the engine end of the 
shaft, rotates in a coimterdookwise direction, 
rigl^-hand engine: An engine whose propeller shaft, to an 
obswver facing the propter from the engine end of the 
shaft, rotates in a olookwise direction. 

•ttperclurged engine: An engine with a compressor for in¬ 
creasing the air or mixture charge taken into the cylinder 
bwond that inducted normally at the existing atmos¬ 
pheric pressure. 

Engine, dry wei^t of an: The weight of an engine exclusive of 
fuel, oil, and liquid coolant. 

Engine weight per horsepower: The dry weight of an engine 
divided by the rated horsepower. 

Exhaust-collector ring: A circular duct into which the exhaust 
gases from the cylinders of a radial engine are discharged. 

Fairing: An auxiliarv member or structure whase primary func¬ 
tion is to reduce the drag of the part to which it is fitted. 

Feather: In rotary wing systems, to periodically increase and 
decrease the incidence of a blade or wing by oscillating the 
blade or wing about its span axis. 

Fin: A fixed or adjustable airfoil, attached to an aircraft ap¬ 
proximately parallel to the plane of symmetry, to afford direc¬ 
tional stability; for example, tail fin, skid fin, etc. Fig. 

5. ) 

Flight path: The flight path of the center of gravity of an air¬ 
craft with reference to the earth, or with reference to a frame 
fixed relative to the air. (See F\g. 9.) 

Float: A completely enclosed watertight structure attached to 
an aircraft to give it buoyancy and stability wlien in contact 
with water. 

Flying boat: A form of seaplane whose main body or hull pro¬ 
vides flotation. 

Fuel bypass regulator: See REGULATOR, FUEL BYPASS. 

Fuselage: The body, of approximately streamline form, to 
whicu the wings and tail unit of an airplane are attached. 
(See Fig. 5.) 

monocoque fuselage: A fuselage construction which relies 
on the strength of the skin or shell to carry either the 
.shear or the load due to bending moments. Monocoques 
may be divided into three classes (reinforced shell, semi- 
monocoque, and monocoque), and different portions of 
the same fuselage may belong to any one of these classes. 
The reinforced shell has the skin reinforced by a complete 
framework of structural members. The semimonocoque 
has the skin reinforced by longerons and vertical bulk¬ 
heads, but has no diagonal web members. The mono¬ 
coque has as its only reinforcement vertical bulkheads 
formed of structural members. 

Gap: The distance sei>arating two adjacent wings of a multi¬ 
plane. (See Fig. 5.) 

Glide: To descend at a normal angle of attack with little or no 
thrust. 

Ground loop: An uncontrollable violent turn of an airplane 
while taxying, or during the landing or take-off run. 

Horn: A short lever attached to a control surface of an aircraft, 
to which the operating wire or rod is connected. (See Fig. 

6 . ) 

Horsepower of an engine, rated: The average horsepower de¬ 
veloped by a given type of engine at the rated speed when 
operating at full t^ottle, or at a specified altitude or mani¬ 
fold pressure. 

Immelman turn, normal: A maneuver made by completing the 
first half of a normal loop; from the inverted position at the 
top (rf the loop, half-rolling the airplane to the level position, 
thus obtain!^ a 180® change in direction simultaneously with 
a gain in altitude. (See 8.) 

Induction system, rotary: A carburetor induction system used 
on radial engines, in which a rotary fan assists in distributing 
the fuel charge to the cylinders. 

Intake header: A short duct extending from outside the engine 
cowling to the supercharger intake. 

Landing: The act of termi^ting flight in which the aircraft is 
made to descend, lose flying speed, establish contact with the 
ground, and finally come to rest. 

Landing gear: The imderstructure which supports the weight 
of an aircraft when in contact with the land or water and which 
usually contains a mechanism for reducing the shock of land¬ 
ing. Also called undercarriage.** (Fig. 5.) 
retractable landing gear: A type of landing gear which may 
be withdrawn into the body or wings of an airplane while 
it is in flight, in order to reduce the parasite drag. 

Landplanc: An airplane designed to rise from and alight on the 
land. 

Leading edge: The foremost edge of an airfoil or propeller 
blade. 

Lift: 

dynamic lift: The component of the total aerodynamic 
force on a body perpendicular to the relative wind. 
(See Fig. 9.) 


Uft/drag ratio: The ratio of the lift to the drag of any body- 
loiiMron: A principal longitudinal member of the framing 
m an airplane fuselage or nacelle, usually continuous 
across a number of points of support. (See Fig. 6.) 

Loop: A maneuver executed in such a manner that the airplane 
fimows a closed curve approximately in a vertical plane, 
normal loop: A loop starting from normal flight and 
passing successively through a climb, invertea flight, 
dive, and back to normal flight. (See Fig. 8.) 

Magneto, booster: An auxiliary magneto used for starting. 

Mixture control, altitude: A device on the carburetor for regu¬ 
lating the weight proportions of air and fuel supplied to the 
engine at different altitudes. 

Monocoque fuselage: See FUSELAGE, MONOCOQUE. 

Monoplane: An airplane with but one main supporting surface, 
sometimes divided into two parts by the fuselage, 
high-wing monoplane: A monoplane in which the wing is 
locatea at, or near, the top of the fuselage, 
low-wing monoplane: A monoplane in which the wing is 
locatea at, or near, the bottom of the fuselage, 
mid wing monoplane; A monoplane in which the wing is 
locat^ approximately midway between the top and 
bottom of the fuselage. 

parasol monoplane: A monoplane in which the wing is 
above the fuselage. 

Multiplane: An airplane with two or more main supporting 
surfaces placed one above another. 

Nacelle: An enclosed shelter for personnel or for a power plant. 
A nacelle is usually shorter than a fuselage, and does not 
carry the tail unit. 

Overhang; (l> One half the difference in span of any two main 
supporting surfaces of an airplane. The overhang is p<jsi- 
tive when the upper of the two main •mpporting surfaces has 
the larger span. (See Fig. 5.)^ (2) The distance from the 
outer strut attachment to tne tip of a wing. 

Pitching: Angular motion about the lateral axis (Fig. 12;. 

Pitch of a propeller: 

effective pitch; The distance an aircraft advances along 
its flight path for one revolution of the propeller, 
geometrical pitch; The distance an element of a propeller 
would advance in one revolution if it were moving along 
a helix having an angle equal to its blade angle, 
zero-thrust pitch: The distance a propeller would have to 
advance in one revolution to give no thrust. Also called 
“experimental mean pitch.*' 

Pitch ratio (propeller); The ratio of the pitch to the diameter. 

Propeller: Any device for propelling a craft through a fluid, 
such as water or air; especially a device having blades which, 
when mounted on a power-driven shaft, produce a thrust by 
their action on the fluid. 

adjustable propeller: A propeller whose blades are so at¬ 
tached to the hub that the pitch may be changed while 
the propeller is at rest. 

automatic propeller: A propeller whose blades are attached 
to a mechanism that automatically sets them at their 
optimum pitch for various flight conditions, 
controllable propeller: A propeller whose blades are so 
mounted that the pitch may be changed while the pro¬ 
peller is rotating. 

geared propeller: A propeller driven through gearing, 
generally at some speed other than the engine speed, 
pusher propeller: A propeller mounted on the rear end of 
the engine or propeller shaft. 

tractor propeller: A propeller mounted on the forward end 
^of the engine or propeller shaft. 

Propefler root: That part of the propeller blade near the hub. 
(See Fig. 5.) 

Propeller thrust: The component of the total air force on the 
propeller which is parallel to the direction of advance. 

Propeller thrust, effective: The net driving force developed by 
a propeller when mounted on an aircraft, i.e., the actual 
thrust exerted by the propeller, as mounted on an airplane 
minus any increase in the resistance of the airplane due to th( 
action of the propeller. 

Propeller thrust, static: The thrust developed by a propelle 
when rotating without translation. 

Propeller tipping: A protective covering of the blade of a pro 
peller near the tip. (See Fig. 5.) 

Regulator, fuel bypass: A device placed in the fuel line of 
supercharged engine for regulating the fuel pressure in th 
carburetor float chamber so that it will be a fixed amour 
above the carburetor air pressure. 

Roll: A maneuver in which a complete revolution about tk 
longitudinal axis is made, the horixoutal direction of fligl 
being approximately maintained, 
aileron roll: A roll in which the motion is largely mail 
tained by forces arising from the displacement of tl 
aileron (tHg. 8). 
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snap roll: A roll oxeouted by a quiek movement of the con> 
trois, in whioh the motion is largely maintained by 
autorotational couples on the wings (i^g. 8). 

Roll: An angular displacement about an axis parallel to the 
longitudincd axis of an aircraft. 

Rolling: Angular motion about the longitudinal axis (Fig. 10.) 

Rodder: A hinged or movable auxiliary airfoil on an aircraft, 
the function of which is to impress a yawing moment on the 
aircraft. (See Fig. 5.) 

Rodder bar: The foot bar by means of which the control cables 
leading to the rudder are operated. (See Fig. 5.) 

Seaplane: An airplane designed to rise from and alight on the 
water, 

Side8lh>ping: Motion of an aircraft relative to the air, in which 
the lateral axis is inclined and the airplane has a velocity 
component along the lateral axis. Wh^ it occurs in connec¬ 
tion with a turn, it is the opposite of akidding. (See Fig. 11.) 

Slipstream: The current of air driven astern by a propeller. 

Span: The maximum distance, measured parallel to the lateral 
axis, from tip to tip of an airfoil, of an airplane wing inclusive 
of ailerons, or of a stabilizer inclusive of elevator. (See Fig. 
5.) 

Spin: A maneuver in which an airplane descends along a helical 
path of large pitch and small radius while flying at a mean 
angle of attack greater than the angle of attack at maximum 
lift (cf. apiral), 

flat spin: A spin in which the longitudinal axis is less than 
45° from the horizontal. 

inverted spin: A maneuver having the characteristics of a 
normal spin except that the airplane is in an inverted 
attitude. 

normal spin: A spin which is continued by reason of the 
voluntary position of the control surfaces, recovery from 
which can be effected within two turns by neutralizing or 
reversing all the controls. Sometimes called “con¬ 
trolled spin” (Fig. 8). 

uncontrolled spin: A spin in whioh the controls are of little 
or no use in effecting a recovery. 

Spinner: A fairing of approximately conical or paraboloidal 
shape, which is fitted coaxilly with the propeller hub and re¬ 
volves with the propeller. (See Fig. 5.) 

Spiral: A maneuver in which an airplane descends in a helix 
of small pitch and large radius, the angle of attack being 
within the normal range of flight angles (Fig. 8) (cf. spin). 

Split S: A maneuver consisting of a half snap roll followed by a 
pull-out to normal flight, thus obtaining a 180® change in 
direction accompanied by a loss of altitude (Fig. 8). 

Stabilizer (airplane}: Any air foil whose primary function is to 
increase the stability of an aircraft. It usually ref^ to the 
fixed horizontal tail surface of an airplane, as distinguished 
from the fixed vertical surface. (See Fig. 5.) 

Stagger: A term referring to the longitudinal position of the 
axes of two wings of an airplane. Stagger of any section is 
measured by the acute angle betwera a Tine joining the wins 
axes and a une perpendioular to the upper wing chord, beta 
lines lying in a {uane paraU^ to the plane of symmetry. The 
stagger is positive when the upper wing is in advance of the 
lower. (See Fig. 5.) 

Strut: A compression member of a truss frame. (See Fig. 5.) 

oleo strut: A shook-absorbing telescopic strut in which an 
oleo gear is incorporated. 

Supercharge: To supply an enmne with more air or mixture 
than would be inducted normally at the prevailing atmospheric 
pressure. The term ’’supercharged” is generally used to 
refer to conditions at altitudes where the pressure in the in¬ 
take manifold is partly or completely restored to that existing 
under normal operation at sea level (cf. boost). 

Supercharger: A. pump for supplying the engine with a greater 
weight of air or mixture than would normally be inducted at 
the prevailing atmospheric pressure. 

ceatrifttgal-type aupercharger: A high-speed rotary blower 
equipped with one or more multi4)laae imj^ers wWch, 
through centrifugal action, compress the air or mixture 
in the induction system. 

poaitive-driven^tjpe aupercharger: A supercharger driven 
at a fixed speea ratio from the engine shaft by gears or 

* other positive means. 

reciprocating-type aupercharger: A positive-displacement 
reciprocating pump in which the air or mixture is com¬ 
pressed by a piston working in a.cylinder. 

RfK^tsrpe supercharger: A positive-displacement rotary 
blower consisting of two doubie-lobcd impellers turning in 
opposite directions on parallel shafts within a housing, 
St impellers rolling together except for a small dear¬ 
ie, meanwhile alternately trapping incoming air or 


mixture in the ends of the housing and sweeping it 
through to the outlet. 

▼sne-type supercharger: A podtive-displaoement rotapr 
blower having an eooentrieally located rotor provided 
with one or more vanes. 

Supercharger control bypaasing (Roots): Regulating the pres¬ 
sure of the air supplied to the oarburetor by discharging into 
the free atmosphere the excess delivered by the supercharger. 

Sweepback: The acute angle between a Une perpendiculaf to 
the plane of symmetry and the plan projection of a reference 
line in the wing. (See Fig. 6.) 

Tachometer: An instrument that measures in revolutions per 
minute the rate at which the crankshaft of an engine turns. 

Tail skid: A skid for supporting the tail of an airplane on the 
ground. (See Fig. 6.) 

Take-off: The act of beginning flight in which an airplane is 
accelerated from a state of rest to that of normal flitmt. In 
a more restricted sense, the final breaking of contact with the 
land or water. 

Trailing edge: The rearmost edge of an airfoil or of a propeller 
blade. 

Washout: A warp of an airplane wing giving a decrease of the 
angle of attack toward the tip. 

Weight: 

fixed power plant weight for a given airplane weight: The 
weight of the power plant and its accessories, exclusive of 
fuel and oil and their tanks. 

Wheel control: See CONTROL COLUMN. 

Wheel, tail: A wheel used to support the tail of an airplane 
when on the ground. It may be steerable or nonsteerable, 
fixed or swiveling. 

Window, inspection: A small transparent window fitted in the 
envelope of a balloon or airship, or in the wing or fuselage 
of an airplane, to allow inspection of the interior. (See 
Fig. 5.) 

Wind tunnel: An apparatus producing an artificial wind or air 
stream, in which objects are placed for investigating the air 
flow about them and the aerodynamic forces exerted on them. 

Wing: A general term applied to the airfoil, or one of the air¬ 
foils, designed to develop a major part of the lift uf u heavier- 
than-air oraft. 

Wing-over: A maneuver in which the airplane is put into a 
climbing turn until nearly stalled, at which point the nose is 
allowed to fall while continuing the turn, then returned to 
normal flight from the ensuing dive or glide in a direction 
approximately 180® from that at the start of the evolution 

(Fig. 8). 

Wing rib: A chord-wjse member of the wing structure of an 
airplane, used to give the wing section its form and to trans¬ 
mit the load from the fabric to the spars. 

compression wing rib: A heavy rib designed to perform the 
function of an ordinary wing rib and also to act as a 
strut opposing the pull of the wires in the internal drag 
truss. 

former (or false) wing rib: An incomplete rib, frequently 
consisting only of a strip of wood extending from the 
leading edge to the front spar, which is used to assist in 
maintaining the fc^rm of the wing where the curvature 
of the airfoil section is sharpest. (See Fig. 5.) 

Wing spar: A principal span-wise member of the wing struc¬ 
ture of an airplane. (8^ Fig. 5.) 

Wing tip: The outer end of an airplane wing. 

Wire (airplane): 

antidrag wire: A wire intended primarily to resist the forces 
acting forward in the chord direction. It id generally 
enclosed in the wing. (See Fig. 6.) 

drag wire: A wire intended primarily to resist the forces 
acting backward in the chord direction. It is generally 
enclosed in the wing. (See Fig. 6.) 

landing wire: A wire or cable which braces the wing against 
the forces opposite to the normal direction of the lift. 
(See Fig. 6.) 

lift wire: A wire or cable which braces l^e wings against 
the lift force; sometimes called ’’flying wire.” (See 
ITg. 6.) 

stagger wire: A wire connecting the upper and lower wings 
oTan airplane and lying in a plane substantially parallel 
to the plane of ssrmmetry; also called ’’incidence wire.” 
(See Fig. 5.) 

Yaw: An a^ular displacement about an axis parallel to the 
normal axis of an aircraft. 

Yawing: Angular motion about the normal azia (Fig. 13). 

Zoom: To climb for a short time at an angle grekter than the 
normal climbing an^e, the airplane being carried upward at 
the expense of kfnetio energy. 
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A, atlsron 

A', lift wires 

B, angle of landing 

B', longeron 

C, angle of stabilizer setting 

C', overhang 

0. angle of wing setting 

O', propeller blade 

E, antidrag wires 

£', propeller boss 

F, balanced surface 

F', propeller hub 

G, chord 

G', propeller root 

H. cockpit 

H', propeller tipping 

1, control stick 

r, rudder 

J, control wires 

J', rudder bar 

K. cowling 

K', shock absorber 

L, decalage 

L', span 

M. dihedral angle 

M', splmner 

N. drag strut 

N', stabilizer 

0. drag wires, external 

O', siagger 

P, drag wires, Internal 

P', stagger wires 

Q. elevator 

Q'. stay 

R, fin 

R', strut 

S. fire v‘all 

S', sweepback 

T, foseldiiC 

T', tail skid 

U, cap 

U'. trailing edge 

V, horn 

V', wing rib 

W, iriioection window 

W', wing rib, former 

X,landing gear 

X'. wing spar 

Y, l.- nding wires 

Y'. wing tip 

1. leading edge 






f 


6 An airplane. This illustration, taken from Nomenclature for Aeronautics, Report No. 474, by National Advisoiy^i 
s for Aeronautics (1933), dvea the names of the various parts of tn airplane. By referring to the Nomenclature, Adden< 
.106-110, the function of these parts will be found. 
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